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AA 115Q: The Global Positioning System: Where on Earth are We, and What Time is It?
Preference to freshmen. Why people want to know where they are: answers include cross-Pacific trips of Polynesians, missile guidance, and distraught callers. How
people determine where they are: navigation technology from dead-reckoning, sextants, and satellite navigation (GPS). Hands-on experience. How GPS works;
when it does not work; possibilities for improving performance.

Terms: Win | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR | Grading: Letter (ABCD/NP)

Instructors: ; Lo, S. (PI)

AA 116Q: Electric Automobiles and Aircraft
Transportation accounts for nearly one-third of American energy use and greenhouse gas emissions and three-quarters of American oil consumption. It has crucial
impacts on climate change, air pollution, resource depletion, and national security. Students wishing to address these issues reconsider how we move, finding
sustainable transportation solutions. An introduction to the issue, covering the past and present of transportation and its impacts; examining alternative fuel
proposals; and digging deeper into the most promising option: battery electric vehicles. Energy requirements of air, ground, and maritime transportation; design of
electric motors, power control systems, drive trains, and batteries; and technologies for generating renewable energy. Two opportunities for hands-on experiences
with electric cars. Prerequisites: Introduction to calculus and Physics AP or elementary mechanics.

Last offered: Autumn 2016 | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR, WAY-SMA | Grading: Letter (ABCD/NP)

AA 251: Introduction to the Space Environment
The environment through which space probes and vehicles travel and orbit. Survey of physical phenomena in the sun, solar wind, magnetospheres, ionospheres, and
upper atmospheres of objects in the solar system. Introduction to the physical processes governing space plasmas, solar-terrestrial interactions, and ionized and
neutral media surrounding the Earth and other solar system bodies. Prerequisite: AA 244A.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Close, S. (PI); Hedges, T. (TA)

AA 280: Smart Structures
Mechanics of smart materials and current approaches for engineering smart structures to monitor health, self heal, and adapt to environment. Definition of smart
structures; constitutive models for smart materials; piezoelectric ceramics; electro-active polymers; shape memory alloys; bio-inspired materials and structures;
self-healing materials; sensors and sensor networks; structural health monitoring; and energy harvesting. Prerequisite: AA 240 or consent of instructor.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Senesky, D. (PI); Liu, C. (TA)

AFRICAAM 47: History of South Africa (CSRE 74, HISTORY 47)
(Same as HISTORY 147. HISTORY 47 is for 3 units; HISTORY 147 is for 5 units.) Introduction, focusing particularly on the modern era. Topics include: precolonial
African societies; European colonization; the impact of the mineral revolution; the evolution of African and Afrikaner nationalism; the rise and fall of the apartheid
state; the politics of post-apartheid transformation; and the AIDS crisis.

Last offered: Winter 2020 | Units: 3 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

AFRICAAM 50B: Nineteenth Century America (CSRE 50S, HISTORY 50B)
(Same as HISTORY 150B. HISTORY 50B is for 3 units; HISTORY 150B is for 5 units.) Territorial expansion, social change, and economic transformation. The causes and
consequences of the Civil War. Topics include: urbanization and the market revolution; slavery and the Old South; sectional conflict; successes and failures of
Reconstruction; and late 19th-century society and culture.

Terms: Win | Units: 3 | UG Reqs: GER:DB-SocSci, GER:EC-AmerCul, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Campbell, J. (PI); Allread, T. (TA); Clements, A. (TA)

AFRICAAM 51A: Race in Science (CEE 151A, COMM 51A, CSRE 51A, HUMBIO 71A, STS 51A)
What are the roles of race and racism in science, technology, and medicine? 3-course sequence; each quarter can be taken independently. Fall quarter focuses on
science. What is the science of race and racism? How does race affect scientific work? Weekly guest speakers will address such issues as the psychology and
anthropology of race and racism; how race, language, and culture affect education; race in environmental science and environmental justice; the science of
reducing police violence; and the role of race in genomic research. Talks will take a variety of forms, from panel discussions to interviews and lectures. Weekly
assignments: read a related article and participate in an online discussion.

Last offered: Autumn 2020 | Units: 1 | Grading: Satisfactory/No Credit

AFRICAAM 58Q: American Landscapes of Segregation (AMSTUD 58Q, HISTORY 58Q)
This course examines various landscapes of segregation in U.S. history from 19th century reconstruction and settler expansion through the contemporary U.S.
security state. Each week we consider different histories of segregation including native reservation and boarding school stories, Jim Crow and post-World War II
urban/suburban segregation, school integration and bussing, and the rise of the carceral state. We will ask: How have Americans moved through space with
different degrees of freedom and constraint over time, and how has that shaped what it has meant to be an American in different ways for different groups? How
has access to land, property, consumer, recreational and educational spaces and resources been regulated by categories of race, gender, sexuality, colonial
subjectivity, immigrant status and class? To gain a better sense of our local history, we will also consider how structures of segregation have historically mapped the
Bay Area. Sources include primary and secondary historic texts, feature and documentary films, photography, and poetry.

Last offered: Winter 2018 | Units: 3-4 | UG Reqs: WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)
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AFRICAAM 95: Liberation Through Land: Organic Gardening and Racial Justice (CSRE 95, EARTHSYS 95)
Through field trips, practical work and readings, this course provides students with the tools to begin cultivating a relationship to land that focuses on direct
engagement with sustainable gardening, from seed to harvest. The course will take place on the O'Donohue Family Stanford Educational Farm, where students will
be given the opportunity to learn how to sow seeds, prepare garden beds, amend soils, build compost, and take care of plants. The history of forced farm labor in
the U.S., from slavery to low-wage migrant labor, means that many people of color encounter agricultural spaces as sites of trauma and oppression. In this course
we will explore the potential for revisiting a narrative of peaceful relation to land and crop that existed long before the trauma occurred, acknowledging the
beautiful history of POC coexistence with land. Since this is a practical course, there will be a strong emphasis on participation. Application available at
https://goo.gl/forms/cbYX3gSGdrHgHBJH3; deadline to apply is September 18, 2018, at midnight. The course is co-sponsored by the Institute for Diversity in the
Arts (IDA) and the Earth Systems Program.

Last offered: Autumn 2018 | Units: 2 | Grading: Satisfactory/No Credit

AFRICAAM 111: AIDS, Literacy, and Land: Foreign Aid and Development in Africa (AFRICAST 112, AFRICAST 212)
Foreign aid can help Africa, say the advocates. Certainly not, say the critics. Is foreign aid a solution? or a problem? Should there be more aid, less aid, or none at
all? Africa has developed imaginative and innovative approaches in many sectors. At the same time, many African countries have become increasingly dependent on
foreign aid. How do foreign aid and local initiatives intersect? We will examine several contentious issues in contemporary Africa, exploring roots, contested
analyses, and proposed solutions, examining foreign aid and the aid relationship. As African communities and countries work to shape their future, what are the
foreign roles, and what are their consequences?

Last offered: Winter 2020 | Units: 3-5 | UG Reqs: GER:EC-GlobalCom, WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

AFRICAAM 147: History of South Africa (CSRE 174, HISTORY 147)
(Same as HISTORY 47. HISTORY 147 is for 5 units; HISTORY 47 is for 3 units) Introduction, focusing particularly on the modern era. Topics include: precolonial African
societies; European colonization; the impact of the mineral revolution; the evolution of African and Afrikaner nationalism; the rise and fall of the apartheid state;
the politics of post-apartheid transformation; and the AIDS crisis.

Last offered: Winter 2020 | Units: 5 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

AFRICAAM 150B: Nineteenth Century America (AMSTUD 150B, CSRE 150S, HISTORY 150B)
(Same as HISTORY 50B. 150B is for 5 units; 50B is for 3 units.) Territorial expansion, social change, and economic transformation. The causes and consequences of
the Civil War. Topics include: urbanization and the market revolution; slavery and the Old South; sectional conflict; successes and failures of Reconstruction; and
late 19th-century society and culture.

Terms: Win | Units: 5 | UG Reqs: GER:DB-SocSci, GER:EC-AmerCul, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Campbell, J. (PI); Allread, T. (TA); Clements, A. (TA)

AFRICAAM 168: RACE, NATURE, AND THE CITY (CSRE 168, EARTHSYS 169, SOC 168A, URBANST 168)
This course provides an introduction to the study of race and place within urban political ecology (UPE). Geographer Natasha Cornea defines UPE as a 'conceptual
approach that understands urbanization to be a political, economic, social, and ecological process, one that often results in highly uneven and inequitable
landscapes' in and beyond cities. The primary focus will be cities in the Americas, but we will draw on insights from scholars studying the mutually constitutive
nature of race and place in other regions. In line with critical theories that frame intersectional experiences of race, the course readings also take into account
class, gender, sexuality, and nation.

Terms: Spr | Units: 4 | UG Reqs: WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Montgomery, A. (PI)

AFRICAAM 204: Race, Colonialism, and Climate Justice in the Caribbean
Caribbean nations and territories remain on the frontlines of climate change despite being minor contributors to global warming. How has the history of
environmental racism, colonialism, and environmental justice movements shaped our understanding of blackness and the environment in the Caribbean
archipelago? In the face of the climate crisis, this course examines the role that (neo)coloniality plays in constructing precarious subjectivities. Environmental
disasters namely, the 2010 Earthquake in Haiti, the 2017 Hurricanes Irma and Maria in the U.S. and British Virgin Islands, Puerto Rico, and Dominica, and the 2019
Hurricane Dorian in the Bahamas breathe new life into fervent conversations about precarity, dependency, disaster capitalism, anti-Blackness, colonial oversight,
neoliberalism, and debt. Students will participate in these critical conversations and gain a deeper understanding of imperial and colonial histories and the
intersections of decolonial, racial, and environmental politics.

Last offered: Spring 2021 | Units: 3-5 | Grading: Letter (ABCD/NP)

AFRICAST 112: AIDS, Literacy, and Land: Foreign Aid and Development in Africa (AFRICAAM 111, AFRICAST 212)
Foreign aid can help Africa, say the advocates. Certainly not, say the critics. Is foreign aid a solution? or a problem? Should there be more aid, less aid, or none at
all? Africa has developed imaginative and innovative approaches in many sectors. At the same time, many African countries have become increasingly dependent on
foreign aid. How do foreign aid and local initiatives intersect? We will examine several contentious issues in contemporary Africa, exploring roots, contested
analyses, and proposed solutions, examining foreign aid and the aid relationship. As African communities and countries work to shape their future, what are the
foreign roles, and what are their consequences?

Last offered: Winter 2020 | Units: 3-5 | UG Reqs: GER:EC-GlobalCom, WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

AFRICAST 114N: Desert Biogeography of Namibia Prefield Seminar (EARTHSYS 115N)
Desert environments make up a third of the land areas on Earth, ranging from the hottest to the coldest environments. Aridity leads to the development of unique
adaptations among the organisms that inhabit them. Climate change and other processes of desertification as well as increasing human demand for habitable and
cultivatable areas have resulting in increasing need to better understand these systems. Namibia is a model system for studying these processes and includes the
Sossuvlei (Sand Sea) World Heritable Site. This seminar will prepare students for their overseas field experience in Namibia. The seminar will provide an
introduction to desert biogeography and culture, using Namibia as a case study. During the seminar, students will each give two presentations on aspects of desert
biogeography and ecology, specific organisms and their adaptations to arid environments, cultural adaptations of indigenous peoples and immigrants, ecological
threats and conservation efforts, and/or national and international policy towards deserts. Additional assignments include a comprehensive dossier and a final
exam. Students will also carry out background research for the presentations they will be giving during the field seminar where access to the internet and to other
scholarly resources will be limited. In addition, we will cover logistics, health and safety, cultural sensitivity, geography, and politics. We will deal with post-field
issues such as reverse culture shock, and ways in which participants can consolidate and build up their abroad experiences after they return to campus.
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Last offered: Spring 2018 | Units: 3 | Grading: Letter (ABCD/NP)

AMELANG 127: Short Stories from Israel
Short stories from Israel, the US and Europe including works by Agnon, Kafka, Keret, Castel-Bloom, Kashua, Singer, Benjamin, Freud, biblical myths and more. The
class will engage with questions related to the short story as a literary form and the history of the short story. Reading and discussion in English. Optional: special
section with readings and discussions in Hebrew. Note: To be eligible for WAYS credit, you must take the course for a Letter Grade.

| Units: 3-5 | UG Reqs: GER:DB-Hum, GER:EC-GlobalCom | Grading: Letter or Credit/No Credit

AMSTUD 1B: Media, Culture, and Society (COMM 1B)
The institutions and practices of mass media, including television, film, radio, and digital media, and their role in shaping culture and social life. The media's
shifting relationships to politics, commerce, and identity.

Terms: Spr | Units: 5 | UG Reqs: GER:DB-SocSci, WAY-A-II, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Turner, F. (PI); Lewis, R. (TA); Newcomb, M. (TA); Schwaller, K. (TA)

AMSTUD 124A: The American West (ARTHIST 152, ENGLISH 124, HISTORY 151, POLISCI 124A)
The American West is characterized by frontier mythology, vast distances, marked aridity, and unique political and economic characteristics. This course integrates
several disciplinary perspectives into a comprehensive examination of Western North America: its history, physical geography, climate, literature, art, film,
institutions, politics, demography, economy, and continuing policy challenges. Students examine themes fundamental to understanding the region: time, space,
water, peoples, and boom and bust cycles.

Terms: Spr | Units: 5 | UG Reqs: GER:DB-Hum, GER:EC-AmerCul, WAY-A-II, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Cain, B. (PI); Fishkin, S. (PI); Freyberg, D. (PI); Kennedy, D. (PI); Hammann, A. (TA); Messarra, L. (TA); Vargas Nunez, C. (TA)

AMSTUD 150X: From Gold Rush to Google Bus: History of San Francisco (HISTORY 252E, URBANST 150)
This class will examine the history of San Francisco from Native American and colonial settlement through the present. Focus is on social, environmental, and
political history, with the theme of power in the city. Topics include Native Americans, the Gold Rush, immigration and nativism, railroads and robber barons,
earthquake and fire, progressive reform and unionism, gender, race and civil rights, sexuality and politics, counterculture, redevelopment and gentrification.
Students write final project in collaboration with ShapingSF, a participatory community history project documenting and archiving overlooked stories and memories
of San Francisco. (Cardinal Course certified by the Haas Center)

Last offered: Spring 2021 | Units: 4 | UG Reqs: WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

ANTHRO 12SC: Parks and Peoples: Dilemmas of Protected Area Conservation in East Africa
The world-famous landscapes of East Africa, including Serengeti National Park, Ngorongoro Conservation Area, and the Rift Valley lakes of Tanzania represent iconic
national parks for which Africa is known. This course focuses on protected area conservation and its impacts on local people in the East African context. The course
is designed to explore the pros and cons of parks and protected areas as they affect flora, fauna, and human inhabitants, and to address the dilemma of how to
achieve conservation in a manner that creates local community benefits and promotes social justice. These issues, and the insights gained are relevant for
protected area conservation worldwide.nWe will use a case study approach to ask:n(1) What approach to protected area (PA) conservation has been taken in each
case? Who are the key proponents and what are their main social and ecological objectives? n(2) How successful has the protected area been at achieving its
conservation goals?n(3) What are the benefits of the PA to people and who receives them?n(4) What are the costs of the PA to people and who pays them?n(5)
Where benefits are not commensurate to costs, what, if anything, is being done to address the imbalance? How well is it working?nn(6) Are there alternative
conservation models that would make the interests of parks and local people more compatible, and reduce the tradeoffs between them? What is needed to
operationalize these alternatives, and how do they incentivize conservation behavior among local residents?nnThe class emphasizes student contributions and
presentations. Students are required to read one or two books a month over the summer, and to come to campus in the fall well-prepared to discuss each one,
including co-leading the discussion of one of the readings. Students are also expected to carry out literature research on a particular conservation dilemma in East
Africa that is of interest to them for the final assignment of the seminar, an 8- to 10-page paper, and to present the main findings of that paper to the class during
our last few meetings.

Last offered: Summer 2021 | Units: 2 | Grading: Letter (ABCD/NP)

ANTHRO 34: Animals and Us (ARCHLGY 34)
The human-animal relationship is dynamic, all encompassing and durable. Without exception, all socio-cultural groups have evidenced complex interactions with
the animals around them, both domesticated and wild. However, the individual circumstances of these interactions are hugely complicated, and involve much more
than direct human-animal contact, going far beyond this to incorporate social, ecological and spiritual contexts.n This course delves into this complexity, covering
the gamut of social roles played by animals, as well as the methods and approaches to studying these, both traditional and scientific. While the notion of `animals
as social actors is well acknowledged, their use as proxies for human autecology (the relationship between a species and its environment) is also increasingly
recognized as a viable mechanism for understanding our cultural and economic past. It will piece together the breadth of human-animal relationships using a wide
geographic range of case studies.

Last offered: Autumn 2020 | Units: 5 | UG Reqs: WAY-ER, WAY-SI | Grading: Letter (ABCD/NP)

ANTHRO 39: Sense of Place
This course examines the life of places as shaped by environmental events and projects aimed towards rural or urban development. Drawing methodological insights
from anthropology, cultural geography and environmental studies, we examine the forces that generate place problems for humans and nonhumans. Each encounter
with place and displacement sets up a particular issue for us to grapple with: How would we address issues created by natural disasters, the seizure of land through
legal means that fall under eminent domain or gentrification projects? Through a critical dialogue with interdisciplinary fields that inform the readings, the seminar
aims to bring theoretical and methodological insights to inform our practical suggestions for how to address placeness and displaceness at different scales.

Last offered: Autumn 2019 | Units: 3 | Grading: Letter (ABCD/NP)

ANTHRO 42: Megacities
This class will examine a variety of ways that the city has been represented and understood in anthropology, architecture, literature, film, and journalism in order
to better understand how everyday life and experience has been read in conjunction with urban forms. Issues covered will include the co-constitution of space and
identities; consumption, spectacle, and economic disparity; transportation and health; colonialism and post-colonialism. Assignments will include writing and
drawing projects based on close observation and reading.

https://explorecourses.stanford.edu/instructor/fturner
https://explorecourses.stanford.edu/instructor/beccalew
https://explorecourses.stanford.edu/instructor/mnewcomb
https://explorecourses.stanford.edu/instructor/kschwall
https://explorecourses.stanford.edu/instructor/bcain
https://explorecourses.stanford.edu/instructor/sfishkin
https://explorecourses.stanford.edu/instructor/freyberg
https://explorecourses.stanford.edu/instructor/dmk
https://explorecourses.stanford.edu/instructor/ahammann
https://explorecourses.stanford.edu/instructor/messarra
https://explorecourses.stanford.edu/instructor/cdvargas


Last offered: Summer 2021 | Units: 5 | UG Reqs: WAY-A-II | Grading: Letter (ABCD/NP)

ANTHRO 78A: Disruption and Diffusion: The Archaeology of Innovation (ARCHLGY 78)
This undergraduate seminar uses engagement with canonical archaeological topics and questions about the emergence of civilization to introduce students to
critical perspectives on the nature of novelty, progress, and modernity. The first weeks of the course will be spent learning about archaeological hypotheses and
debates on early human innovation (e.g. urban development, agriculture). Later weeks will focus on developing a robust theoretical framework through which to
better understand and interrogate claims about the origin of innovation.

Last offered: Autumn 2018 | Units: 3-5 | Grading: Letter (ABCD/NP)

ANTHRO 103: The Archaeology of Climate
This course reviews the long-term relationships between human societies and Earth's climatic systems. It provides a critical review of how archaeologists have
approached climate change through various case studies and historical paradigms (e.g., societal `collapse,¿ resilience, historical ecology) and also addresses
feedbacks between past human land use and global climate change, including current debates about the onset of the Anthropocene.

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit

ANTHRO 106: Incas and their Ancestors: Peruvian Archaeology (ANTHRO 206A, ARCHLGY 102B)
The development of high civilizations in Andean S. America from hunter-gatherer origins to the powerful, expansive Inca empire. The contrasting ecologies of coast,
sierra, and jungle areas of early Peruvian societies from 12,000 to 2,000 B.C.E. The domestication of indigenous plants which provided the economic foundation for
monumental cities, ceramics, and textiles. Cultural evolution, and why and how major transformations occurred.

Last offered: Autumn 2019 | Units: 3-5 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-SI | Grading: Letter (ABCD/NP)

ANTHRO 110: Environmental Archaeology (ANTHRO 210, ARCHLGY 110)
This course investigates the field of environmental archaeology. Its goals are twofold: 1) to critically consider the intellectual histories of environmental
archaeology, and, 2) to survey the various techniques and methods by which archaeologists assess historical environmental conditions through material proxies. The
course will include lab activities.

Terms: Win | Units: 5 | Grading: Letter (ABCD/NP)

Instructors: ; Bauer, A. (PI)

ANTHRO 112A: Archaeology of Human Rights (URBANST 147)
This introductory seminar provides a critical vantage point about human rights discourse from an archaeological perspective. The seminar is organized around four
main questions: (1) Is cultural heritage a human right? (2) What are archaeologists learning about how the material and temporal dimensions of power and
resistance? (3) How is archaeological evidence being used in investigations of human rights violations? (4) Can research about the past shape the politics of the
present? Topics to be discussed include archaeological research on mass internment, colonialism, enslavement and coerced labor, ethnic cleansing, homelessness,
gender discrimination, indigenous rights, and environmental justice.

Last offered: Spring 2018 | Units: 5 | Repeatable 2 times (up to 5 units total) | Grading: Letter (ABCD/NP)

ANTHRO 113: Culture and Epigenetics: Towards A Non-Darwinian Synthesis (ANTHRO 213, ARCHLGY 113)
The course examines the impact of new research in epigenetics on our understanding of long-term cultural change. The course examines the various attempts that
have been made over recent decades to find a synthesis between cultural and biological evolution. These approaches, often termed neo-Darwinian, include memes,
dual inheritance theory, theories of cultural selection and transmission, niche construction theory and macro-evolutionary approaches. Research in all these areas
will be examined, with particular reference to explanations for the origins of agriculture, but also including other transformations, and critiqued. New research in
epigenetics offers an alternative non-Darwinian evolutionary perspective that avoids many of the problems and pitfalls in the neo-Darwinian approaches. Cultural
evolution comes to be viewed as cumulative, directional and Lamarckian, since heritable epigenetic variation can underlie evolutionary change. Epigenetics opens
the way for human cultural entanglements to become the drivers for evolutionary change, thus allowing the full range of social processes studied in the social and
cultural sciences to take their place in the study and analysis of long-term change.

Last offered: Autumn 2018 | Units: 4-5 | Grading: Letter (ABCD/NP)

ANTHRO 116B: Anthropology of the Environment (ANTHRO 216B, ARCHLGY 116B)
This seminar interrogates the history of anthropology's approach to the environment, beginning with early functionalist, structuralist, and Marxist accounts of
human-environment relationships. It builds towards more recent developments in the field, focusing on nonhuman and relational ontologies as well as current
projects on the intersections of nature, capital, politics, and landscape histories. At the end of this class, students will be familiar with the intellectual histories of
environmental anthropology and contemporary debates and tensions around questions of ethics, agency, environment, and historical causality.

Terms: Spr | Units: 5 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Bauer, A. (PI)

ANTHRO 119: Zooarchaeology: An Introduction to Faunal Remains
As regularly noted, whether historic or pre-historic, animal bones are often the most commonly occurring artefacts on archaeological sites. As bioarchaeological
samples, they offer the archaeologist an insight into food culture, provisioning, trade and the social aspects of human-animal interactions. The course will be
taught through both practical and lecture sessions: the `hands-on¿ component is an essential complement to the lectures. The lectures will offer grounding in the
main methodological approaches developed, as well as provide case-studies to illustrate where and how the methods have been applied. The practical session will
walk students through the skeletal anatomy of a range of species. It will guide students on the identification of different parts of the animal, how to age / sex
individuals, as well as recognise taphonomic indicators and what these mean to reconstructing post-depositional modifications.

Terms: Win | Units: 5 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Seetah, K. (PI)

ANTHRO 123B: Government of Water and Crisis: Corporations, States and the Environment
As the Flint, Michigan water situation began to attract attention and condemnation, Michigan State Representative, Sheldon Neeley, describing the 200 troops on
the ground and the Red Cross distributing water bottles, said that the Governor had ¿turned an American city into a Third World country [¿] it¿s terrible what he¿s
done [¿] no fresh water.¿ Then at the first Congressional hearing, the Chairman of the House Oversight & Government Reform Committee, Jason Chaffetz, said, ¿This
is the United States of America ¿ this isn't supposed to happen here. We are not some Third World country.¿nnWhat is a `third world problem¿? And is the `water
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problem¿ the same across the world? This course examines how water is governed in a time that is increasingly seen as one of crisis. We will examine how crises are
imagined, constructed, sought to be averted, and the governance regimes they give rise to. And how does water, whether as natural resource, public good, a human
right, or commodity, determine the contours of such regimes? We will focus mostly on ethnographies, but also examine texts produced by government bodies and
aid and environmental organizations, as well as case law. The course will show what anthropology can contribute to the conversation on state and corporate
bureaucracies, and their relation with water.

Last offered: Spring 2019 | Units: 3-5 | Grading: Letter (ABCD/NP)

ANTHRO 123C: "Third World Problems?" Environmental Justice Around the World (CSRE 123C)
As the Flint, Michigan water situation began to attract attention and condemnation, Michigan State Representative, Sheldon Neeley, describing the troops on the
ground and the Red Cross distributing water bottles, said that the Governor had "turned an American city into a Third World country [...] it's terrible what he's done
[...] no fresh water. Then, at a Congressional hearing, the Chairman of the House Oversight & Government Reform Committee said, "This is the United States of
America - this isn't supposed to happen here. We are not some Third World country."nnWhat is a "third world problem?" This introductory environmental
anthropology course examines how such imaginaries materialize in development programmes and literature, and bespeak charged geopolitical and racial histories;
and invites reflection on what futures for working in common they enable/constrain. We will examine how crises are imagined and constructed, and the governance
regimes they give rise to. How does water - as natural resource, public good, human right, need, or commodity - determine the contours of such regimes? We will
also study chronic, quieter environmental problems and the responses they (do not) generate. Working through a variety of writing genres - ethnographies, policy
literature, and legal and corporate publicity material - will enable students to appreciate what anthropology can contribute to the conversation on environmental
justice, and state and corporate bureaucracies and their mandates. The course draws on examples from a wide range of settings. The course is offered as an
introduction to environmental anthropology and takes students through key themes - infrastructure, race, class, privatization, justice, violence - by focusing on
water. It requires no background in anthropology.

Last offered: Spring 2021 | Units: 3-4 | UG Reqs: WAY-ER | Grading: Letter (ABCD/NP)

ANTHRO 124B: Environmental Justice and Anthropology (ANTHRO 224B)
This course builds on the idea that considering environmental and social justice concerns together is possible and necessary. As such, it examines key issues in
environmental justice alongside anthropological studies of related social and environmental concerns. We will study topics related to cities, agriculture, extraction,
water, toxicity, and climate, alongside attentions to racial capitalism, settler colonialism, development, war-making, and state-sanctioned violence. In doing so, we
will center a critical race and historical perspective that is attentive to social and environmental dynamics that have shaped present injustices. Through readings,
discussions, hands-on projects, and interactive classroom engagement, we will consider the ongoing lived, analytical, and political stakes of these issues. Further
emphasis on environmental justice strategies and movements will enhance our critical and heterogeneous understanding of these topics, their lived impacts, and
their alternative possibilities.

Terms: Aut | Units: 5 | Grading: Letter or Credit/No Credit

Instructors: ; Kendra, A. (PI)

ANTHRO 135B: Waste Politics: Contesting Toxicity, Value, and Power (ANTHRO 235B, EARTHSYS 135B)
Waste is increasingly central as an object and medium of political contestation in the contemporary world, from struggles over garbage, labor, and dignity in
Senegal; to explosive remnants of war acting as rogue infrastructure in the Korean demilitarized zone. In response, waste has also become a productive concept in
the environmental humanities and humanistic social sciences. In this course we will read a selection of foundational texts focused on waste, many of which draw on
case studies from different parts of the world. The case of China will be emphasized, however, since China has emerged in the last few decades as a center not only
of global industrial production, but also for processing the world¿s waste, contesting pollution, and fighting for environmental justice. By pairing key theoretical
texts with texts dealing with waste-related issues in China and elsewhere, we will ultimately ask how contemporary global waste politics disrupts western
understandings of waste, recycling, value, and more.

Last offered: Winter 2019 | Units: 3 | Grading: Letter (ABCD/NP)

ANTHRO 136: The Anthropology of Global Supply Chains
This upper-division undergraduate seminar focuses on recent studies by anthropologists and scholars in related disciplines on global supply chains and consumption
practices.The goal of the course is to assess concepts and methods for integrating a cultural analysis of transnational production with a cultural analysis of
transnational consumption. We will review ethnographic studies of the production and consumption of commodities linked by transnational and global networks.
The class will thennpursue collaborative research on the global production, distribution, and consumption of a selected commodity. Prerequisite: junior or senior
standing and previous coursework in cultural anthropology or permission of instructor.

Terms: Sum | Units: 5 | Grading: Letter (ABCD/NP)

ANTHRO 137: The Politics of Humanitarianism (ANTHRO 237)
What does it mean to want to help, to organize humanitarian aid, in times of crisis? At first glance, the impulse to help issue generis a good one. Helping is surely
preferable to indifference and inaction. This does not mean that humanitarian interventions entail no ethical or political stakes or that they are beyond engaged
critique. We need to critique precisely that which we value, and to ask some hard questions, among them these: What are the differences among humanitarianism,
charity, and philanthropy? What of social obligations and solidarities? How does the neoliberal world order currently create structural inequalities that ensure the
reproduction of poverty and violence? How does the current order of things resemble or differ from the colonial world order? This course examines the history of
humanitarian sensibilities and the emergence of organized action in the ¿cause of humanity¿. In the early years of humanitarian intervention, political neutrality
was a key principle; it has now come under ever greater analytical and political scrutiny. We will examine the reasons for the politicization and militarization of aid
-- be it humanitarian aid in natural disasters or political crises; development programs in the impoverished south (¿the Third World¿), or peace-keeping. We will end
with a critical exploration of the concept of human rights, humanity, and personhood. The overall methodological aim of the course is to demonstrate what insights
an ethnographic approach to the politics, ethics, and aesthetics of humanitarianism can offer.

Last offered: Autumn 2019 | Units: 5 | Grading: Letter (ABCD/NP)

ANTHRO 140C: Mobilizing Nature
From Brazil's Landless Worker's Movement (MST) to Water Wars of Cochabamba to Standing Rock, these moments of protest have turned into movements. This
seminar will examine how theoretical framings of movements have shifted from claims about political rights to environmental ones. We will address two
overarching questions: How are notions of ethnicity, gender, and class constructed in relation to the environment? And how do people understand these
relationships in such a way that motivates them to mobilize? Students will explore what kinds of ecological claims are being made, who is making, how, and who
benefits from them. The objective is to ultimately understand how movements not only reflect, but also (re)shape political and social practices around the
environment.

Last offered: Autumn 2017 | Units: 3 | Grading: Letter or Credit/No Credit

https://explorecourses.stanford.edu/instructor/akendra


ANTHRO 159C: Ecological Humanities (ANTHRO 259C, DLCL 259C, REES 259C)
What sort of topics, research questions, approaches, theories and concepts lead to an integration of various kinds of knowledges? Ecological Humanities provides a
conceptual platform for a merger of humanities and social sciences with earth and life sciences, soil science and forensic sciences. The course will discuss such
selected topics as the Anthropocene, geologic/mineral and exhumed subjects/personae, bio- and geosocial collectives, symbiotic life-forms, non-human agencies,
and forensic landscapes as examples of this merger.

Last offered: Spring 2018 | Units: 3 | Grading: Letter (ABCD/NP)

ANTHRO 184A: Vital Curse: Oil As Culture
Rapidly-evolving technology draws increasing amounts of petroleum from the ground, while wars and friendly agreements move it around the globe, all to
occasionally-disastrous result. Pronounced environmental concerns such as fracking, pipelines, plastics, climate change are nearly synonymous with the petroleum
industry. And yet, oil is integral to meeting basic human needs like food and water, and integral to meeting modern desires for mobility, energy, and consumer-
products on demand. This class approaches the modern world¿s increasingly-reluctant reliance on oil¿from extraction to consumption with problems included¿as a
complex cultural practice to be analyzed using anthropology, geography, and environmental studies.

Last offered: Spring 2020 | Units: 3 | Grading: Letter or Credit/No Credit

ANTHRO 216B: Anthropology of the Environment (ANTHRO 116B, ARCHLGY 116B)
This seminar interrogates the history of anthropology's approach to the environment, beginning with early functionalist, structuralist, and Marxist accounts of
human-environment relationships. It builds towards more recent developments in the field, focusing on nonhuman and relational ontologies as well as current
projects on the intersections of nature, capital, politics, and landscape histories. At the end of this class, students will be familiar with the intellectual histories of
environmental anthropology and contemporary debates and tensions around questions of ethics, agency, environment, and historical causality.

Terms: Spr | Units: 5 | Grading: Letter or Credit/No Credit

Instructors: ; Bauer, A. (PI)

ANTHRO 224B: Environmental Justice and Anthropology (ANTHRO 124B)
This course builds on the idea that considering environmental and social justice concerns together is possible and necessary. As such, it examines key issues in
environmental justice alongside anthropological studies of related social and environmental concerns. We will study topics related to cities, agriculture, extraction,
water, toxicity, and climate, alongside attentions to racial capitalism, settler colonialism, development, war-making, and state-sanctioned violence. In doing so, we
will center a critical race and historical perspective that is attentive to social and environmental dynamics that have shaped present injustices. Through readings,
discussions, hands-on projects, and interactive classroom engagement, we will consider the ongoing lived, analytical, and political stakes of these issues. Further
emphasis on environmental justice strategies and movements will enhance our critical and heterogeneous understanding of these topics, their lived impacts, and
their alternative possibilities.

Terms: Aut | Units: 5 | Grading: Letter or Credit/No Credit

Instructors: ; Kendra, A. (PI)

ANTHRO 235B: Waste Politics: Contesting Toxicity, Value, and Power (ANTHRO 135B, EARTHSYS 135B)
Waste is increasingly central as an object and medium of political contestation in the contemporary world, from struggles over garbage, labor, and dignity in
Senegal; to explosive remnants of war acting as rogue infrastructure in the Korean demilitarized zone. In response, waste has also become a productive concept in
the environmental humanities and humanistic social sciences. In this course we will read a selection of foundational texts focused on waste, many of which draw on
case studies from different parts of the world. The case of China will be emphasized, however, since China has emerged in the last few decades as a center not only
of global industrial production, but also for processing the world¿s waste, contesting pollution, and fighting for environmental justice. By pairing key theoretical
texts with texts dealing with waste-related issues in China and elsewhere, we will ultimately ask how contemporary global waste politics disrupts western
understandings of waste, recycling, value, and more.

Last offered: Winter 2019 | Units: 3 | Grading: Letter (ABCD/NP)

ANTHRO 237: The Politics of Humanitarianism (ANTHRO 137)
What does it mean to want to help, to organize humanitarian aid, in times of crisis? At first glance, the impulse to help issue generis a good one. Helping is surely
preferable to indifference and inaction. This does not mean that humanitarian interventions entail no ethical or political stakes or that they are beyond engaged
critique. We need to critique precisely that which we value, and to ask some hard questions, among them these: What are the differences among humanitarianism,
charity, and philanthropy? What of social obligations and solidarities? How does the neoliberal world order currently create structural inequalities that ensure the
reproduction of poverty and violence? How does the current order of things resemble or differ from the colonial world order? This course examines the history of
humanitarian sensibilities and the emergence of organized action in the ¿cause of humanity¿. In the early years of humanitarian intervention, political neutrality
was a key principle; it has now come under ever greater analytical and political scrutiny. We will examine the reasons for the politicization and militarization of aid
-- be it humanitarian aid in natural disasters or political crises; development programs in the impoverished south (¿the Third World¿), or peace-keeping. We will end
with a critical exploration of the concept of human rights, humanity, and personhood. The overall methodological aim of the course is to demonstrate what insights
an ethnographic approach to the politics, ethics, and aesthetics of humanitarianism can offer.

Last offered: Autumn 2019 | Units: 5 | Grading: Letter (ABCD/NP)

ANTHRO 372: Urban Ecologies
At the intersections of urbanism and environmental studies, political ecology, postcolonial theory and the new materialism, new fields are in formation. This
seminar explores scholarship that connects cities with countrysides rough questions of resources and infrastructures. We will consider questions id inequality access
and community as well as unexpected urban ecologies

Last offered: Autumn 2017 | Units: 5 | Grading: Letter (ABCD/NP)

ANTHRO 445: Anthropology Brown Bag Series
Current topics and trends in cultural/social anthropology, archaeology, and environmental and ecological anthropology. Enrollment in this noon-time series is
restricted to the Department of Anthropology Masters students and First and Second-year PhD students.

Terms: Aut, Win, Spr | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Hansen, T. (PI)

https://explorecourses.stanford.edu/instructor/ambauer
https://explorecourses.stanford.edu/instructor/akendra
https://explorecourses.stanford.edu/instructor/tbhansen


APPPHYS 79N: Energy Options for the 21st Century
Preference to frosh. Choices for meeting the future energy needs of the U.S. and the world. Basic physics of energy sources, technologies that might be employed,
and related public policy issues. Trade-offs and societal impacts of different energy sources. Policy options for making rational choices for a sustainable world
energy economy.

Terms: Aut | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Fox, J. (PI)

APPPHYS 205: Introduction to Biophysics (BIO 126, BIO 226)
Core course appropriate for advanced undergraduate students and graduate students with prior knowledge of calculus and a college physics course. Introduction to
how physical principles offer insights into modern biology, with regard to the structural, dynamical, and functional organization of biological systems. Topics include
the roles of free energy, diffusion, electromotive forces, non-equilibrium dynamics, and information in fundamental biological processes.

Terms: Win | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Good, B. (PI); Schnitzer, M. (PI)

APPPHYS 219: Solid State Physics Problems in Energy Technology
Technology issues for a secure energy future; role of solid state physics in energy technologies. Topics include the physics principles behind future technologies
related to solar energy and solar cells, solid state lighting, superconductivity, solid state fuel cells and batteries, electrical energy storage, materials under extreme
condition, nanomaterials.

Last offered: Spring 2017 | Units: 3 | Grading: Letter or Credit/No Credit

APPPHYS 294: Cellular Biophysics (BIO 294, BIOPHYS 294)
Physical biology of dynamical and mechanical processes in cells. Emphasis is on qualitative understanding of biological functions through quantitative analysis and
simple mathematical models. Sensory transduction, signaling, adaptation, switches, molecular motors, actin and microtubules, motility, and circadian clocks.
Prerequisites: differential equations and introductory statistical mechanics.

Terms: Win, Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Fisher, D. (PI)

ARCHLGY 102B: Incas and their Ancestors: Peruvian Archaeology (ANTHRO 106, ANTHRO 206A)
The development of high civilizations in Andean S. America from hunter-gatherer origins to the powerful, expansive Inca empire. The contrasting ecologies of coast,
sierra, and jungle areas of early Peruvian societies from 12,000 to 2,000 B.C.E. The domestication of indigenous plants which provided the economic foundation for
monumental cities, ceramics, and textiles. Cultural evolution, and why and how major transformations occurred.

Last offered: Autumn 2019 | Units: 3-5 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-SI | Grading: Letter (ABCD/NP)

ARCHLGY 106: The Archaeology of Climate
This course reviews the long-term relationships between human societies and Earth's climatic systems. It provides a critical review of how archaeologists have
approached climate change through various case studies and historical paradigms (e.g., societal `collapse,¿ resilience, historical ecology) and also addresses
feedbacks between past human land use and global climate change, including current debates about the onset of the Anthropocene.

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit

ARCHLGY 111: Emergence of Chinese Civilization from Caves to Palaces (ARCHLGY 211, CHINA 176, CHINA 276)
Introduces processes of cultural evolution from the Paleolithic to the Three Dynasties in China. By examining archaeological remains, ancient inscriptions, and
traditional texts, four major topics will be discussed: origins of modern humans, beginnings of agriculture, development of social stratification, and emergence of
states and urbanism.

Terms: Spr | Units: 3-4 | UG Reqs: GER:DB-Hum, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Liu, L. (PI)

ARCHLGY 124: Archaeology of Food: production, consumption and ritual (ARCHLGY 224)
This course explores many aspects of food in human history from an archaeological perspective. We will discuss how the origins of agriculture helped to transform
human society; how food and feasting played a prominent role in the emergence of social hierarchies and the development of civilization; and how various
foodways influenced particular cultures. We will also conduct experimental studies to understand how certain methods of food procurement, preparation, and
consumption can be recovered archaeologically.

Terms: Win | Units: 3-5 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Liu, L. (PI)

ARCHLGY 126: Archaeobotany (ARCHLGY 226, BIO 186, BIO 286)
Archaeobotany, also known as paleoethnobotany, is the study of the interrelationships of plants and humans through the archaeological record. Knowledge and
understanding of Archaeobotany sufficient to interpret, evaluate, and understand archaeobotanical data. Dominant approaches in the study of archaeobotanical
remains: plant macro-remains, pollen, phytoliths, and starch grains in the identification of diet and environmental reconstruction.

Terms: Spr | Units: 5 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Grauer, K. (PI); He, Y. (TA)

ARCHLGY 156: Design of Cities (CLASSICS 156, CLASSICS 256)
Long-term, comparative and archaeological view of urban planning and design. Cities are the fastest changing components of the human landscape and are
challenging our relationships with nature. They are the historical loci of innovation and change, are cultural hotspots, and present a tremendous challenge through
growth, industrial development, the consumption of goods and materials. We will unpack such topics by tracking the genealogy of qualities of life in the ancient
Near Eastern city states and those of Graeco-Roman antiquity, with reference also to prehistoric built environments and cities in the Indus Valley and through the
Americas. The class takes an explicitly human-centered view of urban design and one that emphasizes long term processes.

Last offered: Spring 2021 | Units: 3-5 | Grading: Letter or Credit/No Credit

https://explorecourses.stanford.edu/instructor/jdfox
https://explorecourses.stanford.edu/instructor/bhgood
https://explorecourses.stanford.edu/instructor/mschnitz
https://explorecourses.stanford.edu/instructor/dsfisher
https://explorecourses.stanford.edu/instructor/liliu
https://explorecourses.stanford.edu/instructor/liliu
https://explorecourses.stanford.edu/instructor/kcgrauer
https://explorecourses.stanford.edu/instructor/yahuihe


ARCHLGY 224: Archaeology of Food: production, consumption and ritual (ARCHLGY 124)
This course explores many aspects of food in human history from an archaeological perspective. We will discuss how the origins of agriculture helped to transform
human society; how food and feasting played a prominent role in the emergence of social hierarchies and the development of civilization; and how various
foodways influenced particular cultures. We will also conduct experimental studies to understand how certain methods of food procurement, preparation, and
consumption can be recovered archaeologically.

Terms: Win | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Liu, L. (PI)

ARCHLGY 226: Archaeobotany (ARCHLGY 126, BIO 186, BIO 286)
Archaeobotany, also known as paleoethnobotany, is the study of the interrelationships of plants and humans through the archaeological record. Knowledge and
understanding of Archaeobotany sufficient to interpret, evaluate, and understand archaeobotanical data. Dominant approaches in the study of archaeobotanical
remains: plant macro-remains, pollen, phytoliths, and starch grains in the identification of diet and environmental reconstruction.

Terms: Spr | Units: 5 | Grading: Letter (ABCD/NP)

Instructors: ; Grauer, K. (PI); He, Y. (TA)

ARTHIST 152: The American West (AMSTUD 124A, ENGLISH 124, HISTORY 151, POLISCI 124A)
The American West is characterized by frontier mythology, vast distances, marked aridity, and unique political and economic characteristics. This course integrates
several disciplinary perspectives into a comprehensive examination of Western North America: its history, physical geography, climate, literature, art, film,
institutions, politics, demography, economy, and continuing policy challenges. Students examine themes fundamental to understanding the region: time, space,
water, peoples, and boom and bust cycles.

Terms: Spr | Units: 5 | UG Reqs: GER:DB-Hum, GER:EC-AmerCul, WAY-A-II, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Cain, B. (PI); Fishkin, S. (PI); Freyberg, D. (PI); Kennedy, D. (PI); Hammann, A. (TA); Messarra, L. (TA); Vargas Nunez, C. (TA)

ARTHIST 450: Art in the Age of Precarity
Art and precarity in the age of neoliberalism. How artists and critics engage questions of immaterial labor, human capital, structural racism, environmental crisis,
the anthropocene and other current issues in their work. The question of art as activism and social practice relative to such themes. Enrollment contingent upon
permission of instructor; permission numbers will be provided by staff upon professor's approval.

Last offered: Spring 2018 | Units: 5 | Grading: Letter (ABCD/NP)

ARTSTUDI 141S: Drawing Outdoors
In this introductory class, we take drawing out into the world, exploring different environments, techniques, and approaches as we go. The fundamental nuts-and-
bolts of basic drawing techniques: light logic, depicting depth and drawing the figure, are integrated into each environment. From the Stanford campus: its cafe's,
architecture and landscaping, to redwoods and water, to more urban settings, drawings will range from high-speed gestures to longer, more contemplative work.
Through pen, graphite, charcoal, ink, watercolor/gouache and mixed media, we explore dichotomous relationships, as well as those in seemingly perfect harmony.
We move from the inanimate to animate, figure and architecture, motion and stillness, to the micro and macro, considering how even the smallest patch of earth
may be as monumental as Hoover Tower. Both beginning and advanced students are welcome. Summer.

Terms: Sum | Units: 3 | UG Reqs: WAY-CE | Grading: Letter or Credit/No Credit

Instructors: ; Catanese, A. (PI)

ARTSTUDI 153: Ecology of Materials
Studio-based sculpture course. Materials used in sculpture and environmental concerns surrounding them. Artists concerned with environmental impact and the
interconnection of art with other fields. The impact of material and technique upon form and content; understanding the physical and expressive possibilities of
diverse materials. Conceptual and technical considerations. Group discussions, critiques, readings, video presentations, a field trip to a local artist-in-residence
program, and visiting lecturers. (lower level)

Terms: Spr | Units: 4 | UG Reqs: WAY-CE | Grading: Letter or Credit/No Credit

Instructors: ; Berlier, T. (PI)

ARTSTUDI 184: Art and Environmental Engagement
The aim of this course is to use the tools of art as a means to actively engage with the natural world. Students will be required to go beyond surface
representations and dig deep with their work to uncover conceptual, ecological and historical meaning. Whether the focus is on a plant, animal, mineral, or an
ecological system, students will be encouraged to investigate and interact with their subjects. Scientists who experiment in the field will be brought in to discuss
their research and working processes. Collaborations are welcome. We will examine the work by artists, from past to present, who address the environment in a
critical way. Students will work on creative projects with the goal to open new avenues of dialogue between culture and nature.

Last offered: Spring 2018 | Units: 4 | UG Reqs: WAY-CE | Grading: Letter or Credit/No Credit

BIO 2N: Ecology and Evolution of Infectious Disease in a Changing World
This seminar will explore the ways in which anthropogenic change, climate change, habitat destruction, land use change, and species invasions effects the ecology
and evolution of infectious diseases. Topics will include infectious diseases of humans, wildlife, livestock, and crops, effects of disease on threatened species,
disease spillover, emerging diseases, and the role of disease in natural systems. Course will be taught through a combination of popular and scientific readings,
discussion, and lecture. .

Last offered: Spring 2021 | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

BIO 3: Frontiers in Marine Biology
An introduction to contemporary research in marine biology, including ecology, conservation biology, environmental toxicology, behavior, biomechanics, evolution,
neurobiology, and molecular biology. Emphasis is on new discoveries and the technologies used to make them. Weekly lectures by faculty from the Hopkins Marine
Station.

Terms: Aut | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Thompson, S. (PI)

https://explorecourses.stanford.edu/instructor/liliu
https://explorecourses.stanford.edu/instructor/kcgrauer
https://explorecourses.stanford.edu/instructor/yahuihe
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https://explorecourses.stanford.edu/instructor/cdvargas
https://explorecourses.stanford.edu/instructor/acat22
https://explorecourses.stanford.edu/instructor/berlier
https://explorecourses.stanford.edu/instructor/stuartt


BIO 3N: Views of a Changing Sea: Literature & Science
The state of a changing world ocean, particularly in the eastern Pacific, will be examined through historical and contemporary fiction, non-fiction and scientific
publications. Issues will include harvest and mariculture fisheries, land-sea interactions and oceanic climate change in both surface and deep waters.

Terms: Win | Units: 3 | UG Reqs: GER: DB-NatSci, WAY-A-II | Grading: Letter or Credit/No Credit

Instructors: ; Gilly, W. (PI)

BIO 6N: Ocean Conservation: Pathways to Solutions
We will learn how to design pathways to solutions by integrating social sciences and governance into our case studies. We will address both conventional (fisheries
management, reducing the impacts of global shipping, marine protected areas) and emerging research and management approaches (marine spatial planning,
dynamic ocean management, environmental DNA). Oceans are facing long-term challenges, like overfishing and pollution that we know how to solve, and emerging
challenges, like climate change and ocean plastics, for which solutions are more elusive. Ultimately to achieve long-term sustainability, solutions have to work for
both people and the planet. These puzzles offer challenging complex systems problems that will require our best interdisciplinary thinking to solve.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Crowder, L. (PI)

BIO 7N: Conservation Photography
Introduction to the field of conservation photography and the strategic use of visual communication in addressing issues concerning the environment and
conservation. Students will be introduced to basic digital photography, digital image processing, and the theory and application of photographic techniques. Case
studies of conservation issues will be examined through photographs and multimedia platforms including images, video, and audio. Lectures, tutorials,
demonstrations, and optional field trips will culminate in the production of individual and group projects.

Terms: Win | Units: 3 | UG Reqs: WAY-CE | Grading: Letter or Credit/No Credit

Instructors: ; McConnell, S. (PI)

BIO 8N: Human Origins
A survey of the anatomical and behavioral evidence for human evolution and of the increasingly important information from molecular genetics. Emphasis on the
split between the human and chimpanzee lines 6-7 million years ago, the appearance of the australopiths by 4.1 million years ago, the emergence of the genus
Homo about 2.5 million years ago, the spread of Homo from Africa 1.7-1.6 million years ago, the subsequent divergence of Homo into different species on different
continents, and the expansion of fully modern humans (Homo sapiens) from Africa about 50,000 years ago to replace the Neanderthals and other non-modern
Eurasians.

Terms: Win | Units: 3 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Klein, R. (PI)

BIO 10SC: Natural History, Marine Biology, and Research
Monterey Bay is home to the nation's largest marine sanctuary and also home to Stanford's Hopkins Marine Station. This course, based at Hopkins, explores the
spectacular biology of Monterey Bay and the artistic and political history of the region. We will conduct investigations across all of these contexts toward an
inclusive understanding of 'place', ultimately to lead us to explore our own lives in relation to the natural world, historical and cultural milieu, and the direction of
our individual life path.n The location at the entry point to the Big Sur Coast of California provides a unique outdoor laboratory in which to study the biology of the
bay and the adjacent coastal lands. It is also an area with a deep cultural, literary and artistic history. We will meet marine biologists, experts in the literary history
of Cannery Row and the writings of John Steinbeck, local artists and photographers, experts in the neuroscience of creativity, as well as people who are very much
involved in the forces and fluxes that steer modern culture. This rich and immersive approach provides students a rare opportunity to reflect on their relationships
to nature, culture, and their own individual goals.nThe course emphasizes interactions and discussions. We will be together all of the time, either at our base at the
Belden House in Pacific Grove, hiking and camping in Big Sur's pristine Big Creek Reserve on the rocky coast, and traveling to the Tassajara Mountain Zen Center in
the Ventana wilderness for several days. This is not an ordinary academic experience, instead it is an adventure of a personal, intellectual, spiritual and physical
kind. We welcome people with wide interests; artists, poets, writers, engineers, scientists and musicians. Mostly we invite people with an open mind and a sense of
adventure. nStudents are expected to have read the several books provided as introductory material before the course begins, and each is also expected to become
our local expert in an area such as plant identification, bird identification, poetry, weather prediction, photography, history, ethnography, etc. The course requires
an individual research project of your choice on a topic related to the general theme. Final reports will be presented at the last meeting of the group and may
involve any medium, including written, oral, and performance media.n Note: This course will be held at the Hopkins Marine Station in the Monterey region, and
housing will be provided nearby. Transportation from campus to the housing site will be provided once students arrive to campus on Monday, September 4 (Labor
Day). Transportation to campus from the Belden House in Pacific Grove will be provided on Saturday, September 23.

Terms: Sum | Units: 2 | Grading: Letter (ABCD/NP)

Instructors: ; Thompson, S. (PI)

BIO 12N: Sensory Ecology of Marine Animals
Animals living in the oceans experience a highly varied range of environmental stimuli. An aquatic lifestyle requires an equally rich range of sensory adaptations,
including some that are totally foreign to us. In this course we will examine sensory system in marine animals from both an environmental and behavioral
perspective and from the point of view of neuroscience and information systems engineering.

Terms: Aut | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Thompson, S. (PI)

BIO 16: Conservation Storytelling: Pre-course for BOSP South Africa
Limited to students admitted to the BOSP South Africa overseas seminar. Through 5 workshop meetings, students will develop and pitch story ideas, form teams in
which a writer and a photographer agree to collaborate on a story, and conduct background research prior to departing for South Africa.

Last offered: Spring 2020 | Units: 1 | Grading: Satisfactory/No Credit

BIO 16N: Island Ecology
Preference to freshmen. How ecologists think about the world. Focus is on the Hawaiian Islands: origin, geology, climate, evolution and ecology of flora and fauna,
and ecosystems. The reasons for the concentration of threatened and endangered species in Hawaii, the scientific basis for their protection and recovery. How
knowledge of island ecosystems can contribute to ecology and conservation biology on continents.

https://explorecourses.stanford.edu/instructor/lignje
https://explorecourses.stanford.edu/instructor/lbcrowd
https://explorecourses.stanford.edu/instructor/suemcc
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Last offered: Autumn 2020 | Units: 3 | UG Reqs: GER: DB-NatSci | Grading: Letter (ABCD/NP)

BIO 20Q: Partner with Trees
We're surrounded by magnificent trees on the Stanford campus. This course is an invitation to pause, marvel at and learn about trees! We will explore several
aspects of these natural wonders. Accompanied by guest lecturers and experts, we will wind our way around campus, using Ron Bracewell's unique Trees of Stanford
and its Environs as a guide. Our walks will let you discover, appreciate, and recognize unique tree species on campus and even how to safely climb trees, helping
you gain a higher perspective and find your inner child. We will learn the fascinating science and ecology of trees, their importance in sustaining the Earth's
environment and how indigenous peoples have protected trees. Alongside, we'll explore how trees have inspired poetry, song, fiction, photography, and painting.
The course will introduce you to tree-enthusiasts from around the world. You will develop a short project related to trees, based on your own interests in
art/literature, science, or the environment. Ideally, we want you to walk away with an appreciation for the importance and majesty of trees or to agree with
Thoreau who wrote - I took a walk in the woods and came out taller than the trees.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Bhaya, D. (PI)

BIO 30: Ecology for Everyone
Ecology is the science of interactions and the changes they generate. This project-based course links individual behavior, population growth, species interactions,
and ecosystem function. Introduction to measurement, observation, experimental design and hypothesis testing in field projects. The goal is to learn to think
analytically about everyday ecological processes, including those that you participate in, which involve bacteria, fungi, plants, animals and humans. The course
uses basic statistics to analyze data; there are no math prerequisites except arithmetic. Open to everyone, including those who may be headed for more advanced
courses in ecology and environmental science. The online version will meet synchronously and involve preparation outside of class for interactive discussions during
class time. We will organize field projects that you can do wherever you are. Projects begin in the first week of the quarter. For questions please contact Prof.
Gordon at dmgordon@stanford.edu.

Last offered: Winter 2021 | Units: 4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

BIO 35N: Catching up with Traditional Ecological Knowledge
Traditional ecological knowledge - the knowledge developed and maintained by local communities over many generations about their natural environment - is
increasingly appreciated as fundamental to solving environmental problems. In this seminar, we will explore some of the cutting-edge research on traditional
ecological knowledge and its conceptual and practical role in guiding ecosystem restoration. We will address some key questions. For example, what makes
traditional ecological knowledge different from Western science? What led to the recent increase in Western scientists' appreciation of traditional ecological
knowledge? How can traditional ecological knowledge inform ecosystem restoration in a world that is undergoing rapid climate change, land use change, and
biological invasion? And how can traditional ecological knowledge be merged with Western science to achieve more successful ecosystem restoration? The core of
this seminar will be discussion based on reading of primary articles. We will also practice science communication through podcast projects. The final goal is for
each group consisting of 2-3 students to make a 5-minute podcast on the scientific topic of their choice from the materials we discuss in class.

Terms: Spr | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Fukami, T. (PI)

BIO 46: Introduction to Research in Ecology and Evolutionary Biology
The goal of this course is to develop an understanding of how to conduct biological research, using topics in Ecology as practical examples. This includes the
complete scientific process: assessing background literature, generating testable hypotheses, learning techniques for data collection, analyzing data using
appropriate statistical methods, and writing and sharing results. To build these skills, this course focuses on the microorganisms associated with lichen epiphytes
and their interactions with air pollution and other environmental variables. Students, working in teams, develop novel research hypotheses and execute the
necessary experiments and measurements to test these hypotheses. In addition, students will learn how to manipulate, visualize, and analyze data in the statistical
programming language R. The capstone of the course is a research paper in the style of a peer-reviewed journal article, as well as an educational video designed
for a general audience that communicates research findings. The Tuesday lecture session will generally meet for only about 60-70 minutes. IMPORTANT NOTE:
Students who require BIO 46 to satisfy the WIM requirement for the Biology major MUST take this course for a letter grade.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Fukami, T. (PI); Miller, J. (PI); DiGiacomo, A. (TA)

BIO 47: Introduction to Research in Ecology and Evolutionary Biology
The goal of this course is to develop an understanding of how to conduct biological research, using a topic in Ecology, Evolutionary Biology, and Plant Biology as a
practical example. This includes the complete scientific process: assessing background literature, generating testable hypotheses, learning techniques for field- and
lab-based data collection, analyzing data using appropriate statistical methods, and, finally, writing and sharing your results. To build these skills, this course will
focus on nectar microbes at Stanford's nearby Jasper Ridge Biological Preserve. Students, working in teams, will develop novel research hypotheses and execute the
necessary experiments and measurements to test these hypotheses. The capstone of the course is an oral presentation of student teams' research findings, as well
as a research paper written in the style of a peer-reviewed journal article. Labs will be completed both on campus and at Jasper Ridge. Although there are no pre-
requisites to enroll in the class, it will be helpful if you have already taken BIO 81 or HUMBIO 2A. IMPORTANT NOTE: Satisfies WIM requirement in Biology but must
be taken for a letter grade.

Terms: Spr | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Fukami, T. (PI); Hekmat-Scafe, D. (PI); Malladi, S. (PI); Miller, J. (PI)

BIO 53: Conservation Photography
Introduction to the field of conservation photography and the strategic use of visual communication in addressing issues concerning the environment and
conservation. Students will be introduced to basic digital photography, digital image processing, and the theory and application of photographic techniques. Case
studies of conservation issues will be examined through photographs and multimedia platforms including images, video, and audio. Lectures, tutorials,
demonstrations, and optional field trips will culminate in the production of individual and group projects. This course is identical to Bio 7N, so students enrolled in
the former should not take this course. Open to undergraduates and graduate students. Students must have access to a DSLR camera and lenses - we can accept up
to 20 students who can share 10 course-provided cameras and lenses, by application. Application for camera use: https://forms.gle/1yAD3my8GoDseXw59.

Last offered: Spring 2020 | Units: 3 | UG Reqs: WAY-CE | Grading: Letter (ABCD/NP)

BIO 71: Planet Ocean (ESS 71)
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Oceans make up the majority of our planet's area and living spaces and are fundamental to biodiversity, climate, food and commerce.This course covers integration
of the oceanography and marine biology of diverse ocean habitats such as the deep sea, coral reefs, open ocean, temperate coasts, estuaries and polar seas.
Lectures include state of the art knowledge as well as emerging technologies for future exploration. The second section focuses on how the oceans link to the
global environment, and how ocean capacity helps determine human sustainability.

Terms: Win | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Dunbar, R. (PI); Micheli, F. (PI); Palumbi, S. (PI)

BIO 81: Introduction to Ecology
This course will introduce you to the first principles of the science of ecology, the study of interactions between organisms and their environment. Contact Waheeda
Khalfan (wkhalfan@stanford.edu) for logistical questions. Prerequisites: None.

Terms: Aut | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Khalfan, W. (PI); Mordecai, E. (PI); Peay, K. (PI)

BIO 101: Science for Conservation Policy: Meeting California's Pledge to Protect 30% by 2030 (EARTHSYS 101C)
California has set the ambitious goal of conserving 30% of its lands and waters by the year 2030. In this course, students will develop science-based
recommendations to help policymakers reach this '30 by 30' goal. Through lectures, labs, and field trips, students will gain practical skills in ecology, protected area
design in the face of climate change, and science communication. Students will apply these skills to analyze real-world data, formulate conservation
recommendations, and communicate their findings in verbal and written testimony to policymakers. Prerequisites: BIO 81 or BIO/EARTHSYS 105 or BIO/EARTHSYS
111 or instructor approval.

Terms: Win | Units: 4 | UG Reqs: WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; McFadden, T. (PI); Viteri, M. (TA)

BIO 103: Human and Planetary Health (BIO 203, SOC 103)
Two of the biggest challenges humanity has to face - promoting human health and halting environmental degradation - are strongly linked. The emerging field of
Planetary Health recognizes these inter-linkages and promotes creative, interdisciplinary solutions that protect human health and the health of the ecosystems on
which we depend. Through a series of lectures and case-study discussions, students will develop an in-depth understanding of the 'Planetary Health' concept, its
foundation, goals, priority areas of action, methods of investigation, and the most relevant immediate challenges.

Terms: Aut | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Burke, K. (PI); De Leo, G. (PI); Luby, S. (PI); Sokolow, S. (PI); Mitchell, K. (TA); Pagowski, V. (TA)

BIO 105A: Ecology and Natural History of Jasper Ridge Biological Preserve (EARTHSYS 105A)
The Ecology and Natural History of the Jasper Ridge Biological Preserve is an upper-division course that aims to help students learn ecology and natural history using
a 'living laboratory,' the Jasper Ridge Biological Preserve. The course's central goal is that, as a community of learning, we examine 'via introductory discussions,
followed by hands-on experiences in the field' the scientific basis of ecological research, archaeology, edaphology, geology, species interactions, land management,
and multidisciplinary environmental education. The first 10 sessions that compose the academic program are led by the instructors, faculty (world-experts on the
themes of each session), and JRBP staff. In addition, this 20-week class (winter and spring quarters) trains students to become JRBP Docents that will join the
Jasper Ridge education affiliates community. Completion of both Winter (BIO 105A) and Spring (BIO 105B) sequence training program is required to join the Ecology
and Natural History of Jasper Ridge Biological Preserve course.

Terms: Win | Units: 4 | Grading: Satisfactory/No Credit

Instructors: ; Dirzo, R. (PI); Ramos, J. (PI); Leonard, J. (TA); Ueda, J. (TA)

BIO 105B: Ecology and Natural History of Jasper Ridge Biological Preserve (EARTHSYS 105B)
The Ecology and Natural History of the Jasper Ridge Biological Preserve is an upper-division course that aims to help students learn ecology and natural history using
a 'living laboratory,' the Jasper Ridge Biological Preserve. The course's central goal is that, as a community of learning, we examine 'via introductory discussions,
followed by hands-on experiences in the field' the scientific basis of ecological research, archaeology, edaphology, geology, species interactions, land management,
and multidisciplinary environmental education. The first 10 sessions that compose the academic program are led by the instructors, faculty (world-experts on the
themes of each session), and JRBP staff. In addition, this 20-week class (winter and spring quarters) trains students to become JRBP Docents that will join the
Jasper Ridge education affiliates community. Completion of both Winter (BIO 105A) and Spring (BIO 105B) sequence training program is required to join the Ecology
and Natural History of Jasper Ridge Biological Preserve course.

Terms: Spr | Units: 4 | Grading: Satisfactory/No Credit

Instructors: ; Dirzo, R. (PI); Ramos, J. (PI); Leonard, J. (TA); Ueda, J. (TA)

BIO 115: The Hidden Kingdom - Evolution, Ecology and Diversity of Fungi (BIO 239)
Fungi are critical, yet often hidden, components of the biosphere. They regulate decomposition, are primary partners in plant symbiosis and strongly impact
agriculture and economics. Students will explore the fascinating world of fungal biology, ecology and evolution via lecture, lab, field exercises and Saturday field
trips that will provide traditional and molecular experiences in the collection, analysis and industrial use of diverse fungi. Students will chose an environmental
niche, collect and identify resident fungi, and hypothesize about their community relationship. Prerequisite: BIO 81, 85 recommended.

Terms: Win | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Peay, K. (PI); Alvarez Manjarrez, J. (TA)

BIO 116: Ecology of the Hawaiian Islands (EARTHSYS 116)
Terrestrial and marine ecology and conservation biology of the Hawaiian Archipelago. Taught in the field in Hawaii as part of quarter-long sequence of courses
including Earth Sciences and Anthropology. Topics include ecological succession, plant-soil interactions, conservation biology, biological invasions and ecosystem
consequences, and coral reef ecology. Restricted to students accepted into the Earth Systems of Hawaii Program.

Last offered: Autumn 2018 | Units: 4 | UG Reqs: GER: DB-NatSci | Grading: Letter (ABCD/NP)

BIO 117: Biology and Global Change (EARTHSYS 111, EARTHSYS 217, ESS 111)
The biological causes and consequences of anthropogenic and natural changes in the atmosphere, oceans, and terrestrial and freshwater ecosystems. Topics: glacial
cycles and marine circulation, greenhouse gases and climate change, tropical deforestation and species extinctions, and human population growth and resource
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use. Prerequisite: Biology or Human Biology core or BIO 81 or graduate standing.

Terms: Win | Units: 4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Casciotti, K. (PI); Vitousek, P. (PI); Meyers, A. (TA); Mi, J. (TA); Sonawane, C. (TA)

BIO 121: ORNITHOLOGY (BIO 221)
Advanced undergraduate survey of ornithology, introducing students to the biology of birds and giving them to tools to use birds as model systems for research.
Topics will include avian evolution, physiology, adaptations, behavior, and ecology. Focus throughout on identification of California birds and applications to current
bird conservation issues. Course will include lectures and a field component which will expose students to standard avian research techniques such as mistnetting,
banding, and point count surveys. Prerequisite: BIO 81 or BIO 105 or instructor approval.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Dirzo, R. (PI); McFadden, T. (PI); Pavan, L. (PI)

BIO 129: Fundamentals and Frontiers in Plant Biology (BIO 229)
This course will serve as a primer for all levels of graduate, co-term, and upper-level undergraduates interested in learning about the fundamental aspects of plant
biology, the latest advances in tools, techniques, and theories that link basic science with translational science and applications for solving major societal
challenges of today and tomorrow. In addition, this course will serve to introduce the breadth of plant research on campus and help solidify a cohort of students
interested in plant biology.

Terms: Spr | Units: 3 | Repeatable 2 times (up to 6 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Rhee, S. (PI); Walbot, V. (PI)

BIO 130: Ecosystems of California (EARTHSYS 130A)
California is home to a huge diversity of ecosystem types and processes. This course provides an introduction to the natural history, systematics, and ecosystem
ecology of California ecosystems, based on a combination of lectures, student-led projects, and weekend field trips. Ecosystems to be explored will range from
coasts to mountains and from desert to wetlands. Requirements include three essays and participation in three field trips (of six options).

Last offered: Spring 2019 | Units: 4 | Grading: Letter or Credit/No Credit

BIO 136: Macroevolution (BIO 236, GEOLSCI 136, GEOLSCI 236)
The course will focus on the macroevolution of animals. We will be exploring how paleobiology and developmental biology/genomics have contributed to our
understanding of the origins of animals, and how patterns of evolution and extinction have shaped the diversity of animal forms we observe today.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Lowe, C. (PI); Payne, J. (PI); Dulitzki, C. (TA)

BIO 140: The Science of Extreme Life of the Sea
Covers the way marine animals and plants live in extreme environments by examining morphological, ecological, and genetic adaptations to low temperature, high
heat, deep water, etc. We also cover extreme lifestyles such as fast swimming, small and large body size, and novel reproductive systems. Lecture material is
punctuated with a series of tutorials on narrative writing skills in science, especially creative non-fiction, memoirs, braided essays and short fiction. The goal is to
integrate quantitative thinking about the life sciences with creative writing that brings facts to life. Prerequisites: core courses in biology, creative writing,
environmental sciences or engineering. Two lectures back to back on Tuesdays with a Writing Intermezzo between.

Terms: Spr | Units: 3 | UG Reqs: WAY-CE | Grading: Letter (ABCD/NP)

Instructors: ; Palumbi, S. (PI)

BIO 141: Biostatistics (STATS 141)
Introductory statistical methods for biological data: describing data (numerical and graphical summaries); introduction to probability; and statistical inference
(hypothesis tests and confidence intervals). Intermediate statistical methods: comparing groups (analysis of variance); analyzing associations (linear and logistic
regression); and methods for categorical data (contingency tables and odds ratio). Course content integrated with statistical computing in R.

Terms: Aut | Units: 5 | UG Reqs: GER:DB-Math, WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Sklar, M. (PI); Lu, S. (TA); Morrison, T. (TA); Rajanala, S. (TA)

BIO 142: Molecular Geomicrobiology Laboratory (EARTHSYS 143, ESS 143, ESS 243)
In this course, students will be studying the biosynthesis of cyclic lipid biomarkers, molecules that are produced by modern microbes that can be preserved in rocks
that are over a billion years old and which geologist use as molecular fossils. Students will be tasked with identifying potential biomarker lipid synthesis genes in
environmental genomic databases, expressing those genes in a model bacterial expression system in the lab, and then analyzing the lipid products that are
produced. The overall goal is for students to experience the scientific research process including generating hypotheses, testing these hypotheses in laboratory
experiments, and communicating their results through a publication style paper. Prerequisites: BIO83 and CHEM 121 or permission of the instructor.

Terms: Spr | Units: 3-4 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Welander, P. (PI); Brown, M. (TA)

BIO 143: Quantitative methods for marine ecology and conservation (BIO 243, BIOHOPK 143H, BIOHOPK 243H, CEE 164H,
CEE 264H, EARTHSYS 143H, EARTHSYS 243H)
NOTE: This course will be taught in-person on main campus, in hybrid format with Zoom options. The goal of this course is to learn the foundations of ecological
modeling with a specific (but not exclusive) focus on marine conservation and sustainable exploitation of renewable resources. Students will be introduced to a
range of methods - from basic to advanced - to characterize population structure, conduct demographic analyses, estimate extinction risk, identify temporal trends
and spatial patterns, quantify the effect of environmental determinants and anthropogenic pressures on the dynamics of marine populations, describe the potential
for adaptation to climate change. This course will emphasize learning by doing, and will rely heavily on practical computer laboratories, in R and/or Phyton, based
on data from our own research activities or peer reviewed publications. Students with a background knowledge of statistics, programming and calculus will be most
welcome.

Terms: Win | Units: 4 | UG Reqs: WAY-AQR, WAY-FR | Grading: Letter or Credit/No Credit

Instructors: ; De Leo, G. (PI); Goodman, M. (SI); Grewelle, R. (SI); Mathur, S. (TA)
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BIO 144: Conservation Biology: A Latin American Perspective (BIO 234, HUMBIO 112)
Principles and application of the science of preserving biological diversity. Conceptually, this course is designed to explore the major components relevant to the
conservation of biodiversity, as exemplified by the Latin American region. The conceptual frameworks and principles, however, should be generally applicable, and
provide insights for all regions of the world. All students will be expected to conduct a literature research exercise leading to a written report, addressing a topic of
their choosing, derived from any of the themes discussed in class. Prerequisite: BIO 101 or BIO 43 or HUMBIO 2A or BIO 81 and 84 or consent of instructor.

Terms: Spr | Units: 3 | UG Reqs: GER: DB-NatSci | Grading: Letter or Credit/No Credit

Instructors: ; Dirzo, R. (PI)

BIO 145: Ecology and Evolution of Animal Behavior (BIO 245)
Ecological and evolutionary perspectives on animal behavior, with an emphasis on social and collective behavior. This is a project-based course in a lecture/seminar
format. Seminars will be based on discussion of journal articles. Independent research projects on the behavior of animals on campus. Prerequisites: Biology or
Human Biology core or BIO 81 and 85 or consent of instructor; Biology/ES 30. Recommended: statistics.

Terms: Win | Units: 3 | UG Reqs: GER: DB-NatSci | Grading: Letter (ABCD/NP)

Instructors: ; Gordon, D. (PI)

BIO 147: Ecosystem Ecology and Biogeochemistry (BIO 240, EARTHSYS 147, EARTHSYS 247)
An introduction to ecosystem ecology and terrestrial biogeochemistry. This course will focus on the dynamics of carbon and other biologically essential elements in
the Earth System, on spatial scales from local to global. Prerequisites: Biology 117, Earth Systems 111, or graduate standing.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Vitousek, P. (PI)

BIO 148: Evolution of Terrestrial Ecosystems (BIO 228, EARTHSYS 128, GEOLSCI 128, GEOLSCI 228)
The what, when, where, and how do we know it regarding life on land through time. Fossil plants, fungi, invertebrates, and vertebrates (yes, dinosaurs) are all
covered, including how all of those components interact with each other and with changing climates, continental drift, atmospheric composition, and
environmental perturbations like glaciation and mass extinction. The course involves both lecture and lab components. Graduate students registering at the 200-
level are expected to write a term paper, but can opt out of some labs where appropriate.

Last offered: Spring 2021 | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

BIO 166: Historical Ecology at Hopkins Marine Station (BIO 266, BIOHOPK 166H, BIOHOPK 266H)
NOTE: This course will be taught on main campus as a hybrid in-person and virtual course, with a field trip to Hopkins Marine Station as the primary component.This
course is an exploration of the rich intertidal flora and fauna at Hopkins Marine Station, through the lens of historical ecology and long-term change. During weeks
1-7, students will attend in-person discussions with the TA, while the instructor zooms in from Hopkins Marine Station. During week 8, students will go on a field trip
to Hopkins Marine Station, the culminating experience in the course. Main campus lectures and discussions will provide an overview of historical ecology and the
natural history of rocky shores. In the lab at Hopkins Marine Station, students will focus on species identification and scientific illustration. These skills will be put
to use in the field, where we will quantify patterns of intertidal biodiversity. During weeks 9 and 10, students will answer a data-based question and reflect on the
long-term data collection. Students will sign up for Fridays, 2-5pm. Open to undergraduate and graduate students (3 units). Course requires application and
instructor consent. Application link: https://bit.ly/bio166-application or go to: https://hopkinsmarinestation.stanford.edu/undergraduate-studies/majors-
courses/biohopk-166h-historical-ecology

Terms: Win | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Elahi, R. (PI); Hafner, L. (TA)

BIO 172: Ecological Dynamics: Theory and Applications (BIO 272)
Structured population models with age and phenotypic variation. Integral population models, model fitting and dynamics. Fitness and dynamic heterogeneity.
Examples from natural populations (sheep, roe deer, plants, birds). Graduate students will be responsible for additional problem sets. Prerequisites: calculus and
linear algebra.

Last offered: Winter 2020 | Units: 4 | Grading: Letter (ABCD/NP)

BIO 179: Integrated Valuation of Ecosystem Services and Tradeoffs (BIO 279, EARTHSYS 179, EARTHSYS 279)
This course explores the science of valuing nature, through two interwoven pathways. One is biophysical, focused on human dependence and impacts on Earths life-
support systems. If well managed, lands, waters, and biodiversity yield a flow of vital benefits that sustain and fulfill human life. A wild bee buzzes through a farm,
pollinating vegetables as it goes. Nearby, wetlands remove chemicals from the farms runoff, protecting a source of drinking water. In parklands at a cities edge,
kids play and adults walk and talk, their exposure to nature promoting physical activity and improved mental health. The trees help maintain a favorable climate,
locally and globally. We will develop a framework and practical tools for quantifying this stream of benefits from nature to people.nThe second pathway is social,
economic, and philosophical, weaving through concepts of well-being, human development, and conservation and the ethics and effects of their pursuit. We will
look back, ahead into the future, and inward, taking a global view and considering diverse cultural perspectives. Our discussions will be situated in the context of
the COVID-19 pandemic, movements for racial justice and socioeconomic equity, and efforts to enable people and nature to thrive in cities and countries
worldwide.nAll of the science we will explore is in service of decisions. We will dive into real-world examples to see how science can inform why, where, how, and
how much people need nature. We will learn the basics of the InVEST tools (for Integrated Valuation of Ecosystem Services and Tradeoffs) to quantify benefits of
nature, the equitability in access to these benefits, and the transformation of policy, finance, management, and practice to sustain and enhance them. nThe course
is intended for diverse, advanced students, with interests in research and in moving from science to action for a more just and sustainable world. The instructors
aim to provide an enjoyable and productive opportunity to connect remotely and yet with a lot of heart as well as intellectual drive and commitment, bringing
empathy, flexibility and hopefully some humor to the day-to-day challenges we are all facing in different difficult ways. Prerequisite: Basic to intermediate GIS
(Geographic Information Systems) skills are necessary. We will help with these, but not teach GIS specifically in class. Basic skills include, for example: working with
raster, vector and tabular data; loading rasters, shapefiles, and tables into a GIS; changing the symbology of rasters and shapefiles in your chosen GIS; editing raster
and shapefile attribute tables; understanding coordinate systems and how to re-project layers; looking at individual raster cell values; and performing basic raster
math.

Terms: Aut | Units: 1-3 | Grading: Letter or Credit/No Credit

Instructors: ; Daily, G. (PI); Farner, J. (TA); Nathan, N. (TA)

BIO 180: Microbial Physiology (EARTHSYS 255, ESS 255, GEOLSCI 233A)
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Introduction to the physiology of microbes including cellular structure, transcription and translation, growth and metabolism, mechanisms for stress resistance and
the formation of microbial communities. These topics will be covered in relation to the evolution of early life on Earth, ancient ecosystems, and the interpretation
of the rock record. Recommended: introductory biology and chemistry.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Welander, P. (PI); Castaneda Juarez, A. (TA)

BIO 182: Modeling Cultural Evolution (BIO 282)
Seminar. Quantitative models for the evolution of socially transmitted traits. Rates of change of learned traits in populations and patterns of cultural diversity as a
function of innovation and cultural transmission. Learning in constant and changing environments. Possible avenues for gene-culture coevolution.

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit

BIO 196A: Biology Senior Reflection
Capstone course series for seniors. Creative, self-reflective and scientifically relevant projects conceived, produced and exhibited over the course of three
quarters. Explore scientific content of personal interest through creative forms including but not limited to writing, music, fine arts, performing arts, photography,
film or new media. A written essay on the creative process and scientific significance of the selected topic will accompany the creative work. Completed projects
may be included in a creative portfolio. Required enrollment in 196A,B,C. Satisfies WIM in Biology. May be repeat for credit. More information can be found at visit
https://web.stanford.edu/~suemcc/TSR/.

Terms: Aut | Units: 3 | Repeatable 2 times (up to 6 units total) | Grading: Letter (ABCD/NP)

Instructors: ; McConnell, S. (PI); Todhunter, A. (PI)

BIO 196B: Biology Senior Reflection
Capstone course series for seniors. Creative, self-reflective and scientifically relevant projects conceived, produced and exhibited over the course of three
quarters. Explore scientific content of personal interest through creative forms including but not limited to writing, music, fine arts, performing arts, photography,
film or new media. A written essay on the creative process and scientific significance of the selected topic will accompany the creative work. Completed projects
may be included in a creative portfolio. Required enrollment in 196A,B,C. May be repeat for credit. More information can be found at visit
https://web.stanford.edu/~suemcc/TSR/.

Terms: Win | Units: 3 | UG Reqs: WAY-CE | Repeatable 2 times (up to 6 units total) | Grading: Letter (ABCD/NP)

Instructors: ; McConnell, S. (PI); Todhunter, A. (PI)

BIO 196C: Biology Senior Reflection
Capstone course series for seniors. Creative, self-reflective and scientifically relevant projects conceived, produced and exhibited over the course of three
quarters. Explore scientific content of personal interest through creative forms including but not limited to writing, music, fine arts, performing arts, photography,
film or new media. A written essay on the creative process and scientific significance of the selected topic will accompany the creative work. Completed projects
may be included in a creative portfolio. Required enrollment in 196A,B,C. May be repeat for credit. More information can be found at visit
https://web.stanford.edu/~suemcc/TSR/.

Terms: Spr | Units: 3 | UG Reqs: WAY-CE | Repeatable 2 times (up to 6 units total) | Grading: Letter (ABCD/NP)

Instructors: ; McConnell, S. (PI); Todhunter, A. (PI)

BIO 201: Techniques in Environmental Microbiology (ESS 210)
Fundamentals and application of laboratory techniques to study the diversity and activity of microorganisms in environmental samples, including soil, sediment, and
water. Emphasis is on culture-independent approaches, including epifluorescence microscopy, extraction and analysis of major biomolecules (DNA, RNA, protein,
lipids), stable isotope probing, and metabolic rate measurements. Format will include lectures, laboratory exercises, and discussions. Students will learn how to
collect, analyze, and understand common and cutting-edge datasets in environmental microbiology. Permission from instructor is required to enroll as C/NC or for
1-3 units.

Terms: Aut, Spr | Units: 1-4 | Grading: Letter or Credit/No Credit

Instructors: ; Dekas, A. (PI); Kapili, B. (TA); Meyer, N. (TA)

BIO 202: Ecological Statistics
Intended for graduate students (and advanced undergraduates in special circumstances with consent of instructors) in biology and related environmental sciences,
this course is an introduction to statistical methods for ecological data analysis, using the programming language R. The course will have lectures, discussions, and
independent research projects using the students¿ own data or simulated or publicly available data.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

BIO 203: Human and Planetary Health (BIO 103, SOC 103)
Two of the biggest challenges humanity has to face - promoting human health and halting environmental degradation - are strongly linked. The emerging field of
Planetary Health recognizes these inter-linkages and promotes creative, interdisciplinary solutions that protect human health and the health of the ecosystems on
which we depend. Through a series of lectures and case-study discussions, students will develop an in-depth understanding of the 'Planetary Health' concept, its
foundation, goals, priority areas of action, methods of investigation, and the most relevant immediate challenges.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Burke, K. (PI); De Leo, G. (PI); Luby, S. (PI); Sokolow, S. (PI); Mitchell, K. (TA); Pagowski, V. (TA)

BIO 208: Spanish in Science/Science in Spanish (EARTHSYS 207, LATINAM 207)
For graduate and undergraduate students interested in the natural sciences and the Spanish language. Students will acquire the ability to communicate in Spanish
using scientific language and will enhance their ability to read scientific literature written in Spanish. Emphasis on the development of science in Spanish-speaking
countries or regions. Course is conducted in Spanish and intended for students pursuing degrees in the sciences, particularly disciplines such as ecology,
environmental science, sustainability, resource management, anthropology, and archeology.

Terms: Spr | Units: 2 | Repeatable 2 times (up to 4 units total) | Grading: Satisfactory/No Credit

Instructors: ; Dirzo, R. (PI)
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BIO 221: ORNITHOLOGY (BIO 121)
Advanced undergraduate survey of ornithology, introducing students to the biology of birds and giving them to tools to use birds as model systems for research.
Topics will include avian evolution, physiology, adaptations, behavior, and ecology. Focus throughout on identification of California birds and applications to current
bird conservation issues. Course will include lectures and a field component which will expose students to standard avian research techniques such as mistnetting,
banding, and point count surveys. Prerequisite: BIO 81 or BIO 105 or instructor approval.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Dirzo, R. (PI); McFadden, T. (PI); Pavan, L. (PI)

BIO 224: Plant Ecology & Evolution in Arid Climates (BIO 164, EARTHSYS 224)
Understanding responses of plants to climate change is paramount to protect our ecosystems. In this course, we will review classical work on fundamental concepts
of plant biology and evolutionary ecology in arid climates. We will study plant biodiversity patterns in arid climates, we will collect and investigate plants and their
ecophysiological stress coping strategies, and we will learn how to use genomics to understand plant adaptation. The course will introduce some new technologies,
such as bioinformatic tools, DNA sequencing, biodiversity databases, etc. And we will have field trips to Jasper Ridge and other ecosystems to see living examples
across the California landscape. Enrollment limited; application required. Apply at https://docs.google.com/forms/d/e/1FAIpQLScWPTN4HI-
IUoFhgOMaXwFVpGZnOB5-9O0qufaObYf5iAK6KA/viewform.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Exposito-Alonso, M. (PI)

BIO 227: Foundations of Community Ecology
Discussion of classic papers in community ecology (Forbes, Clements, Gleason, Grinnell, Lindeman, Preston, Elton, Hutchinson, May, MacArthur, Odum, Connell,
Paine, Tilman, etc.) and contemporary papers on related topics, to develop historical perspectives to understand current issues and identify future directions.
Prerequisite for undergraduates: consent of instructor.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Fukami, T. (PI)

BIO 228: Evolution of Terrestrial Ecosystems (BIO 148, EARTHSYS 128, GEOLSCI 128, GEOLSCI 228)
The what, when, where, and how do we know it regarding life on land through time. Fossil plants, fungi, invertebrates, and vertebrates (yes, dinosaurs) are all
covered, including how all of those components interact with each other and with changing climates, continental drift, atmospheric composition, and
environmental perturbations like glaciation and mass extinction. The course involves both lecture and lab components. Graduate students registering at the 200-
level are expected to write a term paper, but can opt out of some labs where appropriate.

Terms: Spr | Units: 4 | Grading: Letter or Credit/No Credit

BIO 229: Fundamentals and Frontiers in Plant Biology (BIO 129)
This course will serve as a primer for all levels of graduate, co-term, and upper-level undergraduates interested in learning about the fundamental aspects of plant
biology, the latest advances in tools, techniques, and theories that link basic science with translational science and applications for solving major societal
challenges of today and tomorrow. In addition, this course will serve to introduce the breadth of plant research on campus and help solidify a cohort of students
interested in plant biology.

Terms: Spr | Units: 3 | Repeatable 2 times (up to 6 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Rhee, S. (PI); Walbot, V. (PI)

BIO 231: Structural Equation Modeling for Ecologists
We will focus on learning to use structural equation modeling (SEM) as a technique for ecological inference. Class will include short lectures, paper discussions, and
SEM coding workshops in R. IMPORTANT NOTE: class meets in Gilbert 115.

Terms: Aut | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Miller, J. (PI)

BIO 234: Conservation Biology: A Latin American Perspective (BIO 144, HUMBIO 112)
Principles and application of the science of preserving biological diversity. Conceptually, this course is designed to explore the major components relevant to the
conservation of biodiversity, as exemplified by the Latin American region. The conceptual frameworks and principles, however, should be generally applicable, and
provide insights for all regions of the world. All students will be expected to conduct a literature research exercise leading to a written report, addressing a topic of
their choosing, derived from any of the themes discussed in class. Prerequisite: BIO 101 or BIO 43 or HUMBIO 2A or BIO 81 and 84 or consent of instructor.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Dirzo, R. (PI)

BIO 236: Macroevolution (BIO 136, GEOLSCI 136, GEOLSCI 236)
The course will focus on the macroevolution of animals. We will be exploring how paleobiology and developmental biology/genomics have contributed to our
understanding of the origins of animals, and how patterns of evolution and extinction have shaped the diversity of animal forms we observe today.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Lowe, C. (PI); Payne, J. (PI); Dulitzki, C. (TA)

BIO 239: The Hidden Kingdom - Evolution, Ecology and Diversity of Fungi (BIO 115)
Fungi are critical, yet often hidden, components of the biosphere. They regulate decomposition, are primary partners in plant symbiosis and strongly impact
agriculture and economics. Students will explore the fascinating world of fungal biology, ecology and evolution via lecture, lab, field exercises and Saturday field
trips that will provide traditional and molecular experiences in the collection, analysis and industrial use of diverse fungi. Students will chose an environmental
niche, collect and identify resident fungi, and hypothesize about their community relationship. Prerequisite: BIO 81, 85 recommended.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Peay, K. (PI); Alvarez Manjarrez, J. (TA)
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BIO 240: Ecosystem Ecology and Biogeochemistry (BIO 147, EARTHSYS 147, EARTHSYS 247)
An introduction to ecosystem ecology and terrestrial biogeochemistry. This course will focus on the dynamics of carbon and other biologically essential elements in
the Earth System, on spatial scales from local to global. Prerequisites: Biology 117, Earth Systems 111, or graduate standing.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Vitousek, P. (PI)

BIO 243: Quantitative methods for marine ecology and conservation (BIO 143, BIOHOPK 143H, BIOHOPK 243H, CEE 164H,
CEE 264H, EARTHSYS 143H, EARTHSYS 243H)
NOTE: This course will be taught in-person on main campus, in hybrid format with Zoom options. The goal of this course is to learn the foundations of ecological
modeling with a specific (but not exclusive) focus on marine conservation and sustainable exploitation of renewable resources. Students will be introduced to a
range of methods - from basic to advanced - to characterize population structure, conduct demographic analyses, estimate extinction risk, identify temporal trends
and spatial patterns, quantify the effect of environmental determinants and anthropogenic pressures on the dynamics of marine populations, describe the potential
for adaptation to climate change. This course will emphasize learning by doing, and will rely heavily on practical computer laboratories, in R and/or Phyton, based
on data from our own research activities or peer reviewed publications. Students with a background knowledge of statistics, programming and calculus will be most
welcome.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; De Leo, G. (PI); Goodman, M. (SI); Grewelle, R. (SI); Mathur, S. (TA)

BIO 245: Ecology and Evolution of Animal Behavior (BIO 145)
Ecological and evolutionary perspectives on animal behavior, with an emphasis on social and collective behavior. This is a project-based course in a lecture/seminar
format. Seminars will be based on discussion of journal articles. Independent research projects on the behavior of animals on campus. Prerequisites: Biology or
Human Biology core or BIO 81 and 85 or consent of instructor; Biology/ES 30. Recommended: statistics.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Gordon, D. (PI)

BIO 266: Historical Ecology at Hopkins Marine Station (BIO 166, BIOHOPK 166H, BIOHOPK 266H)
NOTE: This course will be taught on main campus as a hybrid in-person and virtual course, with a field trip to Hopkins Marine Station as the primary component.This
course is an exploration of the rich intertidal flora and fauna at Hopkins Marine Station, through the lens of historical ecology and long-term change. During weeks
1-7, students will attend in-person discussions with the TA, while the instructor zooms in from Hopkins Marine Station. During week 8, students will go on a field trip
to Hopkins Marine Station, the culminating experience in the course. Main campus lectures and discussions will provide an overview of historical ecology and the
natural history of rocky shores. In the lab at Hopkins Marine Station, students will focus on species identification and scientific illustration. These skills will be put
to use in the field, where we will quantify patterns of intertidal biodiversity. During weeks 9 and 10, students will answer a data-based question and reflect on the
long-term data collection. Students will sign up for Fridays, 2-5pm. Open to undergraduate and graduate students (3 units). Course requires application and
instructor consent. Application link: https://bit.ly/bio166-application or go to: https://hopkinsmarinestation.stanford.edu/undergraduate-studies/majors-
courses/biohopk-166h-historical-ecology

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Elahi, R. (PI); Hafner, L. (TA)

BIO 273A: Environmental Microbiology I (CEE 274A, CHEMENG 174, CHEMENG 274)
Basics of microbiology and biochemistry. The biochemical and biophysical principles of biochemical reactions, energetics, and mechanisms of energy conservation.
Diversity of microbial catabolism, flow of organic matter in nature: the carbon cycle, and biogeochemical cycles. Bacterial physiology, phylogeny, and the ecology
of microbes in soil and marine sediments, bacterial adhesion, and biofilm formation. Microbes in the degradation of pollutants. Prerequisites: CHEM 33,CHEM 121
(formerly CHEM 35), and BIOSCI 83, CHEMENG 181, or equivalents.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

BIO 274S: Hopkins Microbiology Course (BIOHOPK 274, CEE 274S, ESS 253S)
(Formerly GES 274S.) Four-week, intensive. The interplay between molecular, physiological, ecological, evolutionary, and geochemical processes that constitute,
cause, and maintain microbial diversity. How to isolate key microorganisms driving marine biological and geochemical diversity, interpret culture-independent
molecular characterization of microbial species, and predict causes and consequences. Laboratory component: what constitutes physiological and metabolic
microbial diversity; how evolutionary and ecological processes diversify individual cells into physiologically heterogeneous populations; and the principles of
interactions between individuals, their population, and other biological entities in a dynamically changing microbial ecosystem. Prerequisites: CEE 274A and CEE
274B, or equivalents.

Last offered: Summer 2021 | Units: 3-12 | Repeatable for credit | Grading: Letter or Credit/No Credit

BIO 276: The Developmental Basis of Animal Body Plan Evolution (BIO 176)
Animals are grouped into phyla with defined organizational characteristics such as multicellularity, axis organization, and nervous system organization, as well as
morphological novelties such as eyes, limbs and segments. This course explores the developmental and molecular origins of there animal innovations. Offered
alternate years. Prerequisites: None.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

BIO 279: Integrated Valuation of Ecosystem Services and Tradeoffs (BIO 179, EARTHSYS 179, EARTHSYS 279)
This course explores the science of valuing nature, through two interwoven pathways. One is biophysical, focused on human dependence and impacts on Earths life-
support systems. If well managed, lands, waters, and biodiversity yield a flow of vital benefits that sustain and fulfill human life. A wild bee buzzes through a farm,
pollinating vegetables as it goes. Nearby, wetlands remove chemicals from the farms runoff, protecting a source of drinking water. In parklands at a cities edge,
kids play and adults walk and talk, their exposure to nature promoting physical activity and improved mental health. The trees help maintain a favorable climate,
locally and globally. We will develop a framework and practical tools for quantifying this stream of benefits from nature to people.nThe second pathway is social,
economic, and philosophical, weaving through concepts of well-being, human development, and conservation and the ethics and effects of their pursuit. We will
look back, ahead into the future, and inward, taking a global view and considering diverse cultural perspectives. Our discussions will be situated in the context of
the COVID-19 pandemic, movements for racial justice and socioeconomic equity, and efforts to enable people and nature to thrive in cities and countries
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worldwide.nAll of the science we will explore is in service of decisions. We will dive into real-world examples to see how science can inform why, where, how, and
how much people need nature. We will learn the basics of the InVEST tools (for Integrated Valuation of Ecosystem Services and Tradeoffs) to quantify benefits of
nature, the equitability in access to these benefits, and the transformation of policy, finance, management, and practice to sustain and enhance them. nThe course
is intended for diverse, advanced students, with interests in research and in moving from science to action for a more just and sustainable world. The instructors
aim to provide an enjoyable and productive opportunity to connect remotely and yet with a lot of heart as well as intellectual drive and commitment, bringing
empathy, flexibility and hopefully some humor to the day-to-day challenges we are all facing in different difficult ways. Prerequisite: Basic to intermediate GIS
(Geographic Information Systems) skills are necessary. We will help with these, but not teach GIS specifically in class. Basic skills include, for example: working with
raster, vector and tabular data; loading rasters, shapefiles, and tables into a GIS; changing the symbology of rasters and shapefiles in your chosen GIS; editing raster
and shapefile attribute tables; understanding coordinate systems and how to re-project layers; looking at individual raster cell values; and performing basic raster
math.

Terms: Aut | Units: 1-3 | Grading: Letter or Credit/No Credit

Instructors: ; Daily, G. (PI); Farner, J. (TA); Nathan, N. (TA)

BIO 302: Current Topics and Concepts in Population Biology, Ecology, and Evolution
Required of first-year PhD students in population biology, and ecology and evolution. Major conceptual issues and developing topics. This course isnnopen only to
Biology PhD students and is not open to auditors."

Terms: Aut | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Feldman, M. (PI)

BIO 303: Current Topics and Concepts in Population Biology, Ecology, and Evolution
Required of first-year PhD students in population biology, and ecology and evolution. Major conceptual issues and developing topics. This course isnnopen only to
Biology PhD students and is not open to auditors."

Terms: Win | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Feldman, M. (PI)

BIO 304: Current Topics and Concepts in Population Biology, Ecology, and Evolution
Required of first-year PhD students in population biology, and ecology and evolution. Major conceptual issues and developing topics. This course is open only to
Biology PhD students and is not open to auditors.

Terms: Spr | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Feldman, M. (PI)

BIO 313: Ethics in the Anthropocene
Today, in the Anthropocene, humankind impacts the environment on a massive scale, with severe outcomes for species, ecosystems, and landscapes. The
consequences of this impact raise many ethical questions, with new dilemmas forcing us to consider new moral values and re-consider old ones. In this course, we
will become acquainted with environmental and conservation ethics and philosophy, and acquire the toolkit of concepts and ideas that will allow us to tackle the
current environmental ethical debates. We will explore the role of ethics in the environmental and conservation sciences by discussing the philosophical
foundations for moral values in the Anthropocene, as well as by examining practical current-day issues, such as reintroductions, invasive species and conservation
advocacy.

Terms: Spr | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Hadly, E. (PI); Sivas, D. (PI)

BIO 355: Coral Reefs of the Western Pacific: Interdisciplinary Perspectives, Emerging Crises, and Solutions (BIOHOPK 355,
CEE 363I, ESS 355)
This new graduate-level course focusses on the complex interplay of biology, physics, chemistry, and human activities that both promotes and limits the
development of coral reefs. We will examine the ecology of these biodiverse systems as well as the service they provide in terms of rapid nutrient recycling, coastal
protection, and maintenance of large populations of fish. New advances in our understanding of coral reefs will be highlighted, including the role of climate
variability and micro- and mesoscale fluid flow in controlling reef growth and persistence, the physiology, genomics, and physics underpinning thermal resilience in
corals, contributing and mitigating factors involved in the current decline of coral reefs, ocean acidification, fishing, reef-scale trophic modeling, ecological
interactions and trophic cascades, and reefs as part of complex seascapes and linkages with other marine ecosystems. The course will conclude with an analysis of
science to policy case studies and future opportunities. The faculty leaders collectively have over 100 years of field experience working in coral reefs of the Pacific
and despite our forced online teaching and learning format will endeavor to bring the coral reef field experience to life for this class.

Terms: Aut | Units: 1 | Grading: Letter or Credit/No Credit

BIO 386: Conservation and Population Genomics
This once a week reading and discussion group will focus on adaptive capacity: how fast and how well species, populations and individual organisms react to climate
change. A rapid change in environment imposes strong changes in ecological communities. Phenotypic plasticity can change physiology or morphology, patterns of
natural selection can alter gene frequencies, demographic changes can shift species ranges, changes in species interactions can change communities in species
composition. This seminar will explore what we know about adaptive capacity of different communities and different species. How fast can adaptation happen?
How much can adaptation `solve¿ the problems generated by climate change? How do we measure adaptive capacity? We will pull readings from the literature and
structure this topic into sections. Students will present their own or published work on adaptive capacity to provide examples and frame questions. At the end, we
will design an international zoom symposium to highlight, define and articulate the role that adaptive capacity can play in managing and protecting complex
ecosystems in the face of climate change.

Last offered: Winter 2021 | Units: 1 | Grading: Satisfactory/No Credit

BIO 459: Frontiers in Interdisciplinary Biosciences (BIOC 459, BIOE 459, CHEM 459, CHEMENG 459, PSYCH 459)
Students register through their affiliated department; otherwise register for CHEMENG 459. For specialists and non-specialists. Sponsored by the Stanford BioX
Program. Three seminars per quarter address scientific and technical themes related to interdisciplinary approaches in bioengineering, medicine, and the chemical,
physical, and biological sciences. Leading investigators from Stanford and the world present breakthroughs and endeavors that cut across core disciplines. Pre-
seminars introduce basic concepts and background for non-experts. Registered students attend all pre-seminars; others welcome. See
http://biox.stanford.edu/courses/459.html. Recommended: basic mathematics, biology, chemistry, and physics.
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Last offered: Spring 2020 | Units: 1 | Repeatable for credit | Grading: Medical Satisfactory/No Credit

BIOC 459: Frontiers in Interdisciplinary Biosciences (BIO 459, BIOE 459, CHEM 459, CHEMENG 459, PSYCH 459)
Students register through their affiliated department; otherwise register for CHEMENG 459. For specialists and non-specialists. Sponsored by the Stanford BioX
Program. Three seminars per quarter address scientific and technical themes related to interdisciplinary approaches in bioengineering, medicine, and the chemical,
physical, and biological sciences. Leading investigators from Stanford and the world present breakthroughs and endeavors that cut across core disciplines. Pre-
seminars introduce basic concepts and background for non-experts. Registered students attend all pre-seminars; others welcome. See
http://biox.stanford.edu/courses/459.html. Recommended: basic mathematics, biology, chemistry, and physics.

Last offered: Spring 2020 | Units: 1 | Repeatable for credit | Grading: Medical Satisfactory/No Credit

BIOE 44: Fundamentals for Engineering Biology Lab
An introduction to next-generation techniques in genetic, molecular, biochemical, cellular and tissue engineering. Lectures cover advances in the field of synthetic
biology with emphasis on genetic engineering, 3D bioprinting, plasmid design, gene synthesis, genetic circuits, safety and bio ethics. Lab modules will teach
students how to: conduct basic lab techniques, add/remove DNA from living matter, engineer prokaryotic and eukaryotic cells, build a 3D bioprinter, and print cells.
Group projects will build upon current research including: 3D bioprinting as an emerging field of synthetic biology, gene and genome engineering via decoupled
design, component engineering with a focus on molecular design and quantitative analysis of experiments, device and system engineering using abstracted
genetically encoded objects, and product development based on useful applications of biological technologies. Concurrent or previous enrollment in BIO 82 or BIO
83

Terms: Aut, Win | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Love, Z. (PI); Skylar-Scott, M. (PI); Wang, B. (PI); Dhawan, S. (TA); Doong, J. (TA); Kwon, W. (TA); Meany, E. (TA); Weiss, J. (TA); Yang, L. (TA)

BIOE 80: Introduction to Bioengineering (Engineering Living Matter) (ENGR 80)
Students completing BIOE.80 should have a working understanding for how to approach the systematic engineering of living systems to benefit all people and the
planet. Our main goals are (1) to help students learn ways of thinking about engineering living matter and (2) to empower students to explore the broader
ramifications of engineering life. Specific concepts and skills covered include but are not limited to: capacities of natural life on Earth; scope of the existing
human-directed bioeconomy; deconstructing complicated problems; reaction & diffusion systems; microbial human anatomy; conceptualizing the engineering of
biology; how atoms can be organized to make molecules; how to print DNA from scratch; programming genetic sensors, logic, & actuators; biology beyond
molecules (photons, electrons, etc.); what constraints limit what life can do?; what will be the major health challenges in 2030?; how does what we want shape
bioengineering?; who should choose and realize various competing bioengineering futures?

Terms: Spr | Units: 4 | UG Reqs: GER:DB-EngrAppSci, WAY-FR | Grading: Letter (ABCD/NP)

Instructors: ; Brophy, J. (PI); Endy, D. (PI); De Sota, R. (TA); El Chemaly, T. (TA); Shah, V. (TA); Weed, L. (TA)

BIOE 191: Bioengineering Problems and Experimental Investigation
Directed study and research for undergraduates on a subject of mutual interest to student and instructor. Prerequisites: consent of instructor and adviser. (Staff)

Terms: Aut, Win, Spr, Sum | Units: 1-5 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Abu-Remaileh, M. (PI); Altman, R. (PI); Andriacchi, T. (PI); Appel, E. (PI); Bammer, R. (PI); Barron, A. (PI); Batzoglou, S. (PI); Bintu, L. (PI); Boahen, K.
(PI); Brophy, J. (PI); Bryant, Z. (PI); Butte, A. (PI); Camarillo, D. (PI); Carter, D. (PI); Cochran, J. (PI); Coleman, T. (PI); Covert, M. (PI); Deisseroth, K. (PI); Delp, S.
(PI); Endy, D. (PI); Ennis, D. (PI); Eshel, N. (PI); Fahrig, R. (PI); Feinstein, J. (PI); Fischbach, M. (PI); Fisher, D. (PI); Fordyce, P. (PI); Gambhir, S. (PI); Gold, G. (PI);
Goodman, S. (PI); Graves, E. (PI); Gurtner, G. (PI); Hargreaves, B. (PI); Heilshorn, S. (PI); Huang, K. (PI); Huang, P. (PI); Kornberg, R. (PI); Kovacs, G. (PI); Krummel,
T. (PI); Kuhl, E. (PI); Lee, J. (PI); Levenston, M. (PI); Levin, C. (PI); Lin, M. (PI); Liphardt, J. (PI); Longaker, M. (PI); Moore, T. (PI); Nuyujukian, P. (PI); Pauly, K. (PI);
Pelc, N. (PI); Plevritis, S. (PI); Prakash, M. (PI); Qi, S. (PI); Quake, S. (PI); Rogers, K. (PI); Sanger, T. (PI); Sapolsky, R. (PI); Schnitzer, M. (PI); Scott, M. (PI); Shenoy,
K. (PI); Skylar-Scott, M. (PI); Smolke, C. (PI); Spielman, D. (PI); Swartz, J. (PI); Taylor, C. (PI); Venook, R. (PI); Wakatsuki, S. (PI); Wall, J. (PI); Wang, B. (PI); Wang,
P. (PI); Woo, J. (PI); Wu, J. (PI); Yang, F. (PI); Yock, P. (PI); Zenios, S. (PI); Xu, S. (GP)

BIOE 240: The Biology Revolution
Over the last century, engineering advances have brought us incredible marvels of transportation, manufacturing, construction, healthcare, and agriculture;
essentially, the modern world as we know it. However, it has been driven in unsustainable means, leading to incredible levels of pollution, global warming, world
hunger, and skyrocketing healthcare costs. But we are at a new juncture in our understanding of biology and the technological tools now available to us. Just as
chemists used engineering principles to create chemical engineering, a natural means to accelerate re-gaining an alignment with nature would be to engineer
biology. In short, this kind of bioengineering research can lead to processes and products where biology itself has been designed through engineering principles:
bacteria engineered to produce chemicals; engineered organs to replace faulty ones; novel diagnostic modalities; the ability to engineer cells as if they were
machines. What are the impacts if incorporating these new technologies and technological modalities? What is the ultimate impact to our society and planet if we
truly begin to engineer biology? And what is the cost of *not* doing so? This course will examine what engineering biology actually means; consider case studies of
what kind of products, companies and innovations are already resulting from this new discipline and approach, from street lights made of luciferous trees to
creating `clean¿ meat in the lab to engineering the immune system to fight cancer; and discuss what kind of systemic shifts will be required to make this happen in
terms of politics, economics, and science.

Last offered: Winter 2019 | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Letter or Credit/No Credit

BIOE 271: Frugal Science
As a society, we find ourselves surrounded by planetary-scale challenges ranging from lack of equitable access to health care to environmental degradation to
dramatic loss of biodiversity. One common theme that runs across these challenges is the need to invent cost-effective solutions with the potential to scale. The
COVID-19 pandemic provides yet another example of such a need. In this course, participants will learn principles of frugal science to design scalable solutions with
a cost versus performance rubric and explore creative means to break the accessibility barrier. Using historic and current examples, we will emphasize the
importance of first-principles science to tackle design challenges with everyday building blocks. Enrollment is open to all Stanford students from all schools/majors,
who will team up with collaborators from across the globe to build concrete solutions to planetary-scale challenges. Come learn how to solve serious challenges
with a little bit of play.

Terms: Win, Spr | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Prakash, M. (PI); Chen, T. (TA); Molina, A. (TA)

BIOE 390: Introduction to Bioengineering Research (MED 289)
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Preference to medical and bioengineering graduate students with first preference given to Bioengineering Scholarly Concentration medical students. Bioengineering
is an interdisciplinary field that leverages the disciplines of biology, medicine, and engineering to understand living systems, and engineer biological systems and
improve engineering designs and human and environmental health. Students and faculty make presentations during the course. Students expected to make
presentations, complete a short paper, read selected articles, and take quizzes on the material.

Terms: Aut | Units: 1-2 | Repeatable 5 times (up to 10 units total) | Grading: Medical Satisfactory/No Credit

Instructors: ; Narayan, S. (PI); Wang, P. (PI); Yang, Y. (PI)

BIOE 459: Frontiers in Interdisciplinary Biosciences (BIO 459, BIOC 459, CHEM 459, CHEMENG 459, PSYCH 459)
Students register through their affiliated department; otherwise register for CHEMENG 459. For specialists and non-specialists. Sponsored by the Stanford BioX
Program. Three seminars per quarter address scientific and technical themes related to interdisciplinary approaches in bioengineering, medicine, and the chemical,
physical, and biological sciences. Leading investigators from Stanford and the world present breakthroughs and endeavors that cut across core disciplines. Pre-
seminars introduce basic concepts and background for non-experts. Registered students attend all pre-seminars; others welcome. See
http://biox.stanford.edu/courses/459.html. Recommended: basic mathematics, biology, chemistry, and physics.

Last offered: Spring 2020 | Units: 1 | Repeatable for credit | Grading: Medical Satisfactory/No Credit

BIOHOPK 14: Bio-logging and Bio-telemetry
Bio-logging is a rapidly growing discipline that includes diverse fields such as consumer electronics, medicine, and marine biology. The use of animal-attached
digital tags is a powerful approach to study the movement and ecology of individuals over a wide range of temporal and spatial scales. This course is an
introduction to bio-logging methods and analysis. Using whales as a model system, students will learn how use multi-sensor tags to study behavioral biomechanics.

Last offered: Spring 2018 | Units: 3 | UG Reqs: WAY-AQR, WAY-SMA | Grading: Letter (ABCD/NP)

BIOHOPK 81: Introduction to Ecology (BIOHOPK 183H)
The course is designed to provide background on key concepts in ecology, familiarize students with key ecological processes and ecosystems, and the methods used
in ecological studies. The course will further build students' skills in critical scientific thinking, reading the literature, and scientific communication. A major goal of
the course is to train students to ask questions in ecology, and to design, conduct and report studies addressing these questions. Thus, emphasis is also placed, in
additional to general ecological concepts, on field observations, experimental design, and the analysis, interpretation and presentation of ecological data (through
computer laboratories, written assignments and presentations). Written assignments, presentations and discussions are designed to provide experience in organizing
and presenting information and to expose students to multiple perspectives on ecological processes and their applications.nThis course fulfills the same
requirement as BIO 81.

Last offered: Spring 2019 | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

BIOHOPK 85: Evolution
Principles of micro- and macro-evolution from molecular genetics to the development of biological diversity. Adaptation, divergence and natural selection in the
past and in contemporary ecological settings. Evolution of humans and human-caused evolution. Emphasis on major body plans in the sea and ocean examples of
major evolutionary processes.nThis course fulfills the same requirements as BIO 85.

Last offered: Spring 2018 | Units: 4 | Grading: Letter or Credit/No Credit

BIOHOPK 140H: Statistical Modeling (BIOHOPK 240H)
(Graduate students register for 240H.) Introduction to applied statistical modeling in a Bayesian framework. Topics will include probability, regression, model
comparison, and hierarchical modeling. We will take a hands-on, computational approach (R, Stan) to gain intuition so that students can later design their own
inferential models. Prerequisites for this course include introductory statistics and some calculus or linear algebra, as well as previous exposure to scientific
computing. Open to graduate students; undergraduate students may enroll with consent of instructor.

Last offered: Winter 2021 | Units: 3 | Grading: Letter (ABCD/NP)

BIOHOPK 143H: Quantitative methods for marine ecology and conservation (BIO 143, BIO 243, BIOHOPK 243H, CEE 164H,
CEE 264H, EARTHSYS 143H, EARTHSYS 243H)
NOTE: This course will be taught in-person on main campus, in hybrid format with Zoom options. The goal of this course is to learn the foundations of ecological
modeling with a specific (but not exclusive) focus on marine conservation and sustainable exploitation of renewable resources. Students will be introduced to a
range of methods - from basic to advanced - to characterize population structure, conduct demographic analyses, estimate extinction risk, identify temporal trends
and spatial patterns, quantify the effect of environmental determinants and anthropogenic pressures on the dynamics of marine populations, describe the potential
for adaptation to climate change. This course will emphasize learning by doing, and will rely heavily on practical computer laboratories, in R and/or Phyton, based
on data from our own research activities or peer reviewed publications. Students with a background knowledge of statistics, programming and calculus will be most
welcome.

Terms: Win | Units: 4 | UG Reqs: WAY-AQR, WAY-FR | Grading: Letter or Credit/No Credit

Instructors: ; De Leo, G. (PI); Goodman, M. (SI); Grewelle, R. (SI); Mathur, S. (TA)

BIOHOPK 150H: Ecological Mechanics (BIOHOPK 250H)
(Graduate students register for 250H.) The principles of life's physical interactions. We will explore basic physics. fluid mechanics, thermal dynamics, and materials
science to see how the principles of these fields can be used to investigate ecology at levels from the individual to the community. Topics include: diffusion,
boundary layers, fluid-dynamic forces, locomotion, heat-budget models, fracture mechanics, adhesion, beam theory, the statistics of extremes, and the theory of
self-organization. Open to students from all backgrounds. Some familiarity with basic physics and calculus advantageous but not necessary.

Last offered: Spring 2019 | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

BIOHOPK 153H: Current Topics and Concepts in Quantitative Fish Dynamics and Fisheries Management (BIOHOPK 253H)
(Graduate students register for 253H) The course will focus on extensive reading of seminal and reference papers published in the literature in the last decade on
modeling population biology, community dynamics and fishery management in the marine environment. Basic knowledge of population dynamics is welcome. The
goal is to develop an appreciation on both traditional and cutting-edge modeling approaches to study the dynamics and management of marine populations
subjected to natural or anthropogenic shocks and pressures.

Last offered: Winter 2021 | Units: 1 | Grading: Satisfactory/No Credit
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BIOHOPK 157H: Creative Writing & Science: The Artful Interpreter (ENGLISH 157H)
What role does creativity play in the life of a scientist? How has science inspired great literature? How do you write accessibly and expressively about things like
whales, DNA or cancer? This course begins with a field trip to Hopkins Marine Station where Stanford labs buzz with activity alongside barking seals and crashing
waves. The trip provides a unique opportunity for students to directly engage with marine animals, coastal habitats and environmental concerns of Monterey Bay. As
historian Jill Lepore writes of Rachel Carson: "She could not have written Silent Spring if she hadnt, for decades, scrambled down rocks, rolled up her pant legs, and
waded into tide pools, thinking about how one thing can change another..." Back on campus students will complete and workshop three original nonfiction essays
that explore the intersection between personal narrative and scientific curiosity. You will develop a more patient and observant eye and improve your ability to
articulate scientific concepts to a general readership. **This course takes place on main campus and is open to all undergraduate students. Hopkins Marine Station
Field Trip Dates: Saturday 1/22 and Sunday 1/23. NOTE: Students must attend the first class meeting to retain their roster spot.

Terms: Win | Units: 5 | UG Reqs: WAY-A-II, WAY-CE | Grading: Letter or Credit/No Credit

Instructors: ; Michas-Martin, S. (PI)

BIOHOPK 158H: Science Meets Literature on the Monterey Peninsula (BIOHOPK 258H, ENGLISH 158H)
(Graduate students register for 258H.) This course will consider the remarkable nexus of scientific research and literature that developed on the Monterey Peninsula
in the first half of the 20th century and how the two areas of creativity influenced each other. The period of focus begins with the 1932 association of John and
Carol Steinbeck, Ed Ricketts, and Joseph Campbell, all of whom were highly influenced by the Carmel poet, Robinson Jeffers ¿ and ends with the novels Cannery
Row (1945) and Sweet Thursday (1954). An indisputable high-tide mark, Sea of Cortez: A Leisurely of Travel and Research (1941) will be considered in detail.
Weekend field trips will include intertidal exploration, a tour of the Jeffers Tor House in Carmel, and whale watching on Monterey Bay.

Last offered: Spring 2019 | Units: 5 | UG Reqs: WAY-A-II, WAY-CE | Grading: Letter (ABCD/NP)

BIOHOPK 159H: Ocean Forensics: Ecological, Conservation and Market Data from Environmental DNA (BIOHOPK 259H)
DNA collected from the environment - air, water, market samples, soil, substrates, etc - contains a wealth of information about the species that have been in those
locations. This course is about the methods to extract DNA, manipulate it and sequence it to determine the species and populations there. It will also delve into the
bioinformatic tools needed to ensure data quality, compare results to existing taxonomic data bases, test hypotheses, and visualize the results.

Terms: Spr | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Palumbi, S. (PI); Cornwell, B. (TA)

BIOHOPK 161H: Between Pacific Tides: Invertebrate Zoology in Monterey Bay (BIOHOPK 261H)
(Graduate students register for 261H.) Invertebrates range in size from microscopic mites to giant squid and are integral to ecosystems and their functioning. More
than 97% of all described animal species lack a spine, and this course is an introductory survey of invertebrate diversity with an emphasis on intertidal habitats of
Monterey Bay. Students will explore the form, function, evolution, and natural history of the major invertebrate groups through lectures, labs, and field trips.
Prerequisite: BIO 81 or BIO 85 recommended.

| Units: 4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

BIOHOPK 162H: Comparative Animal Physiology (BIOHOPK 262H)
(Graduate students register for 262H.) How animals work. Topics: physiology of respiration, circulation, energy metabolism, thermal regulation, osmotic regulation,
muscle physiology, and locomotion. Evolutionary and ecological physiology. Lectures, lab, and field research. An option to combine the course work with a more
intensive research focus, with more units, is available. Prerequisite: Consent of instructor.

Last offered: Spring 2021 | Units: 5 | UG Reqs: GER: DB-NatSci | Grading: Letter or Credit/No Credit

BIOHOPK 163H: Oceanic Biology (BIOHOPK 263H)
(Graduate students register for 263H.) How the physics and chemistry of the oceanic environment affect marine plants and animals. Topics: seawater and ocean
circulation, separation of light and nutrients in the two-layered ocean, oceanic food webs and trophic interactions, oceanic environments, biogeography, and global
change. Lectures, discussion, and field trips. Satisfies Central Menu Area 4 for Bio majors. Recommended: PHYSICS 21 or 51, CHEM 31, or consent of instructor.

Last offered: Winter 2018 | Units: 4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

BIOHOPK 166H: Historical Ecology at Hopkins Marine Station (BIO 166, BIO 266, BIOHOPK 266H)
NOTE: This course will be taught on main campus as a hybrid in-person and virtual course, with a field trip to Hopkins Marine Station as the primary component.This
course is an exploration of the rich intertidal flora and fauna at Hopkins Marine Station, through the lens of historical ecology and long-term change. During weeks
1-7, students will attend in-person discussions with the TA, while the instructor zooms in from Hopkins Marine Station. During week 8, students will go on a field trip
to Hopkins Marine Station, the culminating experience in the course. Main campus lectures and discussions will provide an overview of historical ecology and the
natural history of rocky shores. In the lab at Hopkins Marine Station, students will focus on species identification and scientific illustration. These skills will be put
to use in the field, where we will quantify patterns of intertidal biodiversity. During weeks 9 and 10, students will answer a data-based question and reflect on the
long-term data collection. Students will sign up for Fridays, 2-5pm. Open to undergraduate and graduate students (3 units). Course requires application and
instructor consent. Application link: https://bit.ly/bio166-application or go to: https://hopkinsmarinestation.stanford.edu/undergraduate-studies/majors-
courses/biohopk-166h-historical-ecology

Terms: Win | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Elahi, R. (PI); Hafner, L. (TA)

BIOHOPK 172H: Marine Ecology: From Organisms to Ecosystems
(Graduate students register for 272H.) This course incorporates the approaches of experimental ecology, biomechanics (ecomechanics), and physiology to develop
an integrated perspective on the factors that govern the structures of marine ecosystems and how environment change, including anthropogenic influences, affects
ecosystems' species composition and health. Focus is on rocky intertidal, kelp forest, estuarine, and midwater ecosystems of Monterey Bay. Experimental projects
done in the field offer experience in a variety of ecological techniques and in analysis of ecological data. Students will engage in presentation and debates of
current topics in marine ecology and conservation. Satisfies Central Menu Area 4 for Bio majors. Prerequisite: consent of instructor. Fulfills WIM in Biology.

Last offered: Winter 2018 | Units: 5 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

BIOHOPK 173H: Marine Conservation Biology (BIOHOPK 273H)
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*Class can be taken in-person or via Zoom* Introduction to the key concepts of ecology and policy relevant to marine conservation issues at the population to
ecosystems level. Focus on the origin and maintenance of biodiversity and conservation applications from both the biology and policy perspectives (for example,
endangered species, captive breeding, reserve design, habitat fragmentation, ecosystem restoration/rehabilitation). Also includes emerging approaches such as
ecosystem based management, ocean planning, and coupled social-ecological systems. The course will include lectures, readings and discussions of primary
literature, and attendance at seminars with visiting scholars. Prerequisite: introductory biology; suggested: a policy and/or introductory ecology course. Students
who want to enroll only in the seminar and discussion course (2 units) should register for BIOHOPK 173HA. (Graduate students register for 273H.)

Terms: Spr | Units: 4 | Repeatable for credit (up to 99 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Crowder, L. (PI); Souza, T. (TA)

BIOHOPK 173HA: Marine Conservation Biology - Seminar and Discussion Only (BIOHOPK 273HA)
*Class can be taken in-person or via Zoom* Introduction to the key concepts of ecology and policy relevant to marine conservation issues at the population to
ecosystems level. Focus on the origin and maintenance of biodiversity and conservation applications from both the biology and policy perspectives (for example,
endangered species, captive breeding, reserve design, habitat fragmentation, ecosystem restoration/rehabilitation). Also includes emerging approaches such as
ecosystem based management, ocean planning, and coupled social-ecological systems. The course will include lectures, readings and discussions of primary
literature, and attendance at seminars with visiting scholars. Prerequisite: introductory biology; suggested: a policy and/or introductory ecology course.nStudents
should enroll in this course if they are only joining the seminar and discussion. Students who will engage in the full course should enroll in BIOHOPK 173H/273H.
(Graduate students register for 273HA.)

Terms: Spr | Units: 2 | Grading: Letter or Credit/No Credit

Instructors: ; Block, B. (PI); Crowder, L. (PI); Mikles, C. (TA); Souza, T. (TA)

BIOHOPK 174H: Experimental Design and Probability (BIOHOPK 274H)
Nature is inherently variable. Statistics gives us the tools to quantify the uncertainty of our measurements and draw conclusions from data. This course is an
introduction to probability, statistical analysis, and experimental design. The primary focus is on the use of general linear models (e.g., t-tests, analysis of variance,
regression). Students will use R to explore and analyze datasets relevant to the life and ocean sciences. No programming or statistical background is assumed.
Graduate students register for 274H.

Terms: Spr | Units: 4 | UG Reqs: GER: DB-NatSci, GER:DB-Math, WAY-AQR, WAY-FR | Grading: Letter or Credit/No Credit

Instructors: ; Elahi, R. (PI)

BIOHOPK 175H: Marine Science and Conservation in a Changing World (BIOHOPK 275H)
Graduate students register for 275H. This hands-on, experiential course provides a broad foundation in marine science, and explores emerging opportunities for
innovation in the study of life in the sea. Students are resident at Stanfords Hopkins Marine Station in Pacific Grove (90 miles south of main campus) where the
diverse organisms and environments of Monterey Bay provide the focus for the course. Class meets daily with lectures, discussions, labs, and field work throughout
the day. Three linked concentrations¿each 3 weeks long¿are taught sequentially to address (1) the extraordinary diversity of marine organisms and habitats, (2) the
physiology and behavior of marine animals, and (3) the principles of marine ecology. Connecting these concentrations is a weekly seminar-based discussion of topics
in marine conservation. This design permits deep concentration on each subject, and places emphasis on discussion, group dialog, individual exploration, and
experiential learning. In the final week of the quarter, students complete an individual capstone project of their choosing. For the Biology major, this course fulfills
the same requirements as BIO 47 and BIO 81. Satisfies WIM in Biology.

Last offered: Spring 2020 | Units: 16 | UG Reqs: WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

BIOHOPK 177H: Dynamics and Management of Marine Populations (BIOHOPK 277H)
(Graduate students register for 277H.) Course examines the ecological factors and processes that control natural and harvested marine populations. Course
emphasizes mathematical models as tools to assess the dynamics of populations and to derive projections of their demographic fate under different management
scenarios. Course objectives will be met by a combination of theoretical lectures, assigned readings and class discussions, case study analysis and interactive
computer sessions.

Last offered: Winter 2018 | Units: 4 | UG Reqs: WAY-AQR, WAY-FR | Repeatable 2 times (up to 8 units total) | Grading: Letter or Credit/No Credit

BIOHOPK 182H: Stanford at Sea (BIOHOPK 323H, EARTHSYS 323, ESS 323)
(Graduate students register for 323H.) Five weeks of marine science including oceanography, marine physiology, policy, maritime studies, conservation, and nautical
science at Hopkins Marine Station, followed by five weeks at sea aboard a sailing research vessel in the Pacific Ocean. Shore component comprised of three
multidisciplinary courses meeting daily and continuing aboard ship. Students develop an independent research project plan while ashore, and carry out the research
at sea. In collaboration with the Sea Education Association of Woods Hole, MA. Only 6 units may count towards the Biology major.

Terms: Spr | Units: 16 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Block, B. (PI); Dunbar, R. (PI); Bacasen, K. (TA); Mikles, C. (TA)

BIOHOPK 183H: Introduction to Ecology (BIOHOPK 81)
The course is designed to provide background on key concepts in ecology, familiarize students with key ecological processes and ecosystems, and the methods used
in ecological studies. The course will further build students' skills in critical scientific thinking, reading the literature, and scientific communication. A major goal of
the course is to train students to ask questions in ecology, and to design, conduct and report studies addressing these questions. Thus, emphasis is also placed, in
additional to general ecological concepts, on field observations, experimental design, and the analysis, interpretation and presentation of ecological data (through
computer laboratories, written assignments and presentations). Written assignments, presentations and discussions are designed to provide experience in organizing
and presenting information and to expose students to multiple perspectives on ecological processes and their applications.nThis course fulfills the same
requirement as BIO 81.

Last offered: Spring 2019 | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

BIOHOPK 185H: Ecology and Conservation of Kelp Forest Communities (BIOHOPK 285H)
(Graduate students register for 285H.) Five week course. Daily lectures, labs, and scuba dives focused on scientific diving and quantitative ecological methods in
kelp forests.. Topics include identification and natural history of resident organisms, ecological processes, and subtidal field techniques. Class projects contribute
to long-term monitoring at Hopkins Marine Station. It is recommended (but not required) that students complete the Stanford Scientific Diver Training session,
typically offered prior to the start of the course. Prerequisites: consent of instructor; rescue scuba certification and scuba equipment.

Terms: Sum | Units: 5 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)
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Instructors: ; Elahi, R. (PI)

BIOHOPK 187H: Sensory Ecology (BIOHOPK 287H)
(Graduate students register for 287H.) Topics: the ways animals receive, filter, and process information gleaned from the environment, sensory receptor
mechanisms, neural processing, specialization to life underwater, communication within and between species, importance of behavior to ecosystem structure and
dynamics, impact of acoustic and light pollution on marine animals. Emphasis is on the current scientific literature. The laboratory portion of the class explores
sensory mechanisms using neurobiological methods and methods of experimental animal behavior.

Last offered: Winter 2018 | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

BIOHOPK 198H: Directed Instruction or Reading
May be taken as a prelude to research and may also involve participation in a lab or research group seminar and/or library research. Credit for work arranged with
out-of-department instructors restricted to Biology majors and requires department approval. May be repeated for credit. (Staff)

Terms: Aut, Win, Spr, Sum | Units: 1-15 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Block, B. (PI); Crowder, L. (PI); De Leo, G. (PI); Denny, M. (PI); Elahi, R. (PI); Gilly, W. (PI); Goldbogen, J. (PI); Lowe, C. (PI); Micheli, F. (PI); Palumbi,
S. (PI); Thompson, S. (PI); Watanabe, J. (PI)

BIOHOPK 199H: Undergraduate Research
Qualified undergraduates undertake individual work in the fields listed under 300H. Arrangements must be made by consultation or correspondence.

Terms: Aut, Win, Spr, Sum | Units: 1-15 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Block, B. (PI); Crowder, L. (PI); De Leo, G. (PI); Denny, M. (PI); Elahi, R. (PI); Gilly, W. (PI); Goldbogen, J. (PI); Lowe, C. (PI); Micheli, F. (PI); Palumbi,
S. (PI); Thompson, S. (PI); Watanabe, J. (PI)

BIOHOPK 234H: Topics in Comparative and Environmental Physiology
*Course for Hopkins Marine Station Graduate Students ONLY* *Offered in-person, on site ONLY* Seminar and discussion focused on current topics and research at the
interface of physiology and ecology

Last offered: Summer 2021 | Units: 1 | Grading: Satisfactory/No Credit

BIOHOPK 240H: Statistical Modeling (BIOHOPK 140H)
(Graduate students register for 240H.) Introduction to applied statistical modeling in a Bayesian framework. Topics will include probability, regression, model
comparison, and hierarchical modeling. We will take a hands-on, computational approach (R, Stan) to gain intuition so that students can later design their own
inferential models. Prerequisites for this course include introductory statistics and some calculus or linear algebra, as well as previous exposure to scientific
computing. Open to graduate students; undergraduate students may enroll with consent of instructor.

Last offered: Winter 2021 | Units: 3 | Grading: Letter (ABCD/NP)

BIOHOPK 243H: Quantitative methods for marine ecology and conservation (BIO 143, BIO 243, BIOHOPK 143H, CEE 164H,
CEE 264H, EARTHSYS 143H, EARTHSYS 243H)
NOTE: This course will be taught in-person on main campus, in hybrid format with Zoom options. The goal of this course is to learn the foundations of ecological
modeling with a specific (but not exclusive) focus on marine conservation and sustainable exploitation of renewable resources. Students will be introduced to a
range of methods - from basic to advanced - to characterize population structure, conduct demographic analyses, estimate extinction risk, identify temporal trends
and spatial patterns, quantify the effect of environmental determinants and anthropogenic pressures on the dynamics of marine populations, describe the potential
for adaptation to climate change. This course will emphasize learning by doing, and will rely heavily on practical computer laboratories, in R and/or Phyton, based
on data from our own research activities or peer reviewed publications. Students with a background knowledge of statistics, programming and calculus will be most
welcome.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; De Leo, G. (PI); Goodman, M. (SI); Grewelle, R. (SI); Mathur, S. (TA)

BIOHOPK 250H: Ecological Mechanics (BIOHOPK 150H)
(Graduate students register for 250H.) The principles of life's physical interactions. We will explore basic physics. fluid mechanics, thermal dynamics, and materials
science to see how the principles of these fields can be used to investigate ecology at levels from the individual to the community. Topics include: diffusion,
boundary layers, fluid-dynamic forces, locomotion, heat-budget models, fracture mechanics, adhesion, beam theory, the statistics of extremes, and the theory of
self-organization. Open to students from all backgrounds. Some familiarity with basic physics and calculus advantageous but not necessary.

Last offered: Spring 2019 | Units: 3 | Grading: Letter or Credit/No Credit

BIOHOPK 253H: Current Topics and Concepts in Quantitative Fish Dynamics and Fisheries Management (BIOHOPK 153H)
(Graduate students register for 253H) The course will focus on extensive reading of seminal and reference papers published in the literature in the last decade on
modeling population biology, community dynamics and fishery management in the marine environment. Basic knowledge of population dynamics is welcome. The
goal is to develop an appreciation on both traditional and cutting-edge modeling approaches to study the dynamics and management of marine populations
subjected to natural or anthropogenic shocks and pressures.

Last offered: Winter 2021 | Units: 1 | Grading: Satisfactory/No Credit

BIOHOPK 261H: Between Pacific Tides: Invertebrate Zoology in Monterey Bay (BIOHOPK 161H)
(Graduate students register for 261H.) Invertebrates range in size from microscopic mites to giant squid and are integral to ecosystems and their functioning. More
than 97% of all described animal species lack a spine, and this course is an introductory survey of invertebrate diversity with an emphasis on intertidal habitats of
Monterey Bay. Students will explore the form, function, evolution, and natural history of the major invertebrate groups through lectures, labs, and field trips.
Prerequisite: BIO 81 or BIO 85 recommended.

| Units: 4 | Grading: Letter or Credit/No Credit

BIOHOPK 262H: Comparative Animal Physiology (BIOHOPK 162H)
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(Graduate students register for 262H.) How animals work. Topics: physiology of respiration, circulation, energy metabolism, thermal regulation, osmotic regulation,
muscle physiology, and locomotion. Evolutionary and ecological physiology. Lectures, lab, and field research. An option to combine the course work with a more
intensive research focus, with more units, is available. Prerequisite: Consent of instructor.

Last offered: Spring 2021 | Units: 5 | Grading: Letter or Credit/No Credit

BIOHOPK 263H: Oceanic Biology (BIOHOPK 163H)
(Graduate students register for 263H.) How the physics and chemistry of the oceanic environment affect marine plants and animals. Topics: seawater and ocean
circulation, separation of light and nutrients in the two-layered ocean, oceanic food webs and trophic interactions, oceanic environments, biogeography, and global
change. Lectures, discussion, and field trips. Satisfies Central Menu Area 4 for Bio majors. Recommended: PHYSICS 21 or 51, CHEM 31, or consent of instructor.

Last offered: Winter 2018 | Units: 4 | Grading: Letter or Credit/No Credit

BIOHOPK 266H: Historical Ecology at Hopkins Marine Station (BIO 166, BIO 266, BIOHOPK 166H)
NOTE: This course will be taught on main campus as a hybrid in-person and virtual course, with a field trip to Hopkins Marine Station as the primary component.This
course is an exploration of the rich intertidal flora and fauna at Hopkins Marine Station, through the lens of historical ecology and long-term change. During weeks
1-7, students will attend in-person discussions with the TA, while the instructor zooms in from Hopkins Marine Station. During week 8, students will go on a field trip
to Hopkins Marine Station, the culminating experience in the course. Main campus lectures and discussions will provide an overview of historical ecology and the
natural history of rocky shores. In the lab at Hopkins Marine Station, students will focus on species identification and scientific illustration. These skills will be put
to use in the field, where we will quantify patterns of intertidal biodiversity. During weeks 9 and 10, students will answer a data-based question and reflect on the
long-term data collection. Students will sign up for Fridays, 2-5pm. Open to undergraduate and graduate students (3 units). Course requires application and
instructor consent. Application link: https://bit.ly/bio166-application or go to: https://hopkinsmarinestation.stanford.edu/undergraduate-studies/majors-
courses/biohopk-166h-historical-ecology

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Elahi, R. (PI); Hafner, L. (TA)

BIOHOPK 272H: Marine Ecology: From Organisms to Ecosystems
(Graduate students register for 272H.) This course incorporates the approaches of experimental ecology, biomechanics (ecomechanics), and physiology to develop
an integrated perspective on the factors that govern the structures of marine ecosystems and how environment change, including anthropogenic influences, affects
ecosystems' species composition and health. Focus is on rocky intertidal, kelp forest, estuarine, and midwater ecosystems of Monterey Bay. Experimental projects
done in the field offer experience in a variety of ecological techniques and in analysis of ecological data. Students will engage in presentation and debates of
current topics in marine ecology and conservation. Satisfies Central Menu Area 4 for Bio majors. Prerequisite: consent of instructor. Fulfills WIM in Biology.

Last offered: Winter 2018 | Units: 5 | Grading: Letter or Credit/No Credit

BIOHOPK 273H: Marine Conservation Biology (BIOHOPK 173H)
*Class can be taken in-person or via Zoom* Introduction to the key concepts of ecology and policy relevant to marine conservation issues at the population to
ecosystems level. Focus on the origin and maintenance of biodiversity and conservation applications from both the biology and policy perspectives (for example,
endangered species, captive breeding, reserve design, habitat fragmentation, ecosystem restoration/rehabilitation). Also includes emerging approaches such as
ecosystem based management, ocean planning, and coupled social-ecological systems. The course will include lectures, readings and discussions of primary
literature, and attendance at seminars with visiting scholars. Prerequisite: introductory biology; suggested: a policy and/or introductory ecology course. Students
who want to enroll only in the seminar and discussion course (2 units) should register for BIOHOPK 173HA. (Graduate students register for 273H.)

Terms: Spr | Units: 4 | Repeatable for credit (up to 99 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Crowder, L. (PI); Souza, T. (TA)

BIOHOPK 273HA: Marine Conservation Biology - Seminar and Discussion Only (BIOHOPK 173HA)
*Class can be taken in-person or via Zoom* Introduction to the key concepts of ecology and policy relevant to marine conservation issues at the population to
ecosystems level. Focus on the origin and maintenance of biodiversity and conservation applications from both the biology and policy perspectives (for example,
endangered species, captive breeding, reserve design, habitat fragmentation, ecosystem restoration/rehabilitation). Also includes emerging approaches such as
ecosystem based management, ocean planning, and coupled social-ecological systems. The course will include lectures, readings and discussions of primary
literature, and attendance at seminars with visiting scholars. Prerequisite: introductory biology; suggested: a policy and/or introductory ecology course.nStudents
should enroll in this course if they are only joining the seminar and discussion. Students who will engage in the full course should enroll in BIOHOPK 173H/273H.
(Graduate students register for 273HA.)

Terms: Spr | Units: 2 | Grading: Letter or Credit/No Credit

Instructors: ; Block, B. (PI); Mikles, C. (TA)

BIOHOPK 274: Hopkins Microbiology Course (BIO 274S, CEE 274S, ESS 253S)
(Formerly GES 274S.) Four-week, intensive. The interplay between molecular, physiological, ecological, evolutionary, and geochemical processes that constitute,
cause, and maintain microbial diversity. How to isolate key microorganisms driving marine biological and geochemical diversity, interpret culture-independent
molecular characterization of microbial species, and predict causes and consequences. Laboratory component: what constitutes physiological and metabolic
microbial diversity; how evolutionary and ecological processes diversify individual cells into physiologically heterogeneous populations; and the principles of
interactions between individuals, their population, and other biological entities in a dynamically changing microbial ecosystem. Prerequisites: CEE 274A and CEE
274B, or equivalents.

Last offered: Summer 2019 | Units: 3-12 | Repeatable for credit | Grading: Letter or Credit/No Credit

BIOHOPK 274H: Experimental Design and Probability (BIOHOPK 174H)
Nature is inherently variable. Statistics gives us the tools to quantify the uncertainty of our measurements and draw conclusions from data. This course is an
introduction to probability, statistical analysis, and experimental design. The primary focus is on the use of general linear models (e.g., t-tests, analysis of variance,
regression). Students will use R to explore and analyze datasets relevant to the life and ocean sciences. No programming or statistical background is assumed.
Graduate students register for 274H.

Terms: Spr | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Elahi, R. (PI)
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BIOHOPK 275H: Marine Science and Conservation in a Changing World (BIOHOPK 175H)
Graduate students register for 275H. This hands-on, experiential course provides a broad foundation in marine science, and explores emerging opportunities for
innovation in the study of life in the sea. Students are resident at Stanfords Hopkins Marine Station in Pacific Grove (90 miles south of main campus) where the
diverse organisms and environments of Monterey Bay provide the focus for the course. Class meets daily with lectures, discussions, labs, and field work throughout
the day. Three linked concentrations¿each 3 weeks long¿are taught sequentially to address (1) the extraordinary diversity of marine organisms and habitats, (2) the
physiology and behavior of marine animals, and (3) the principles of marine ecology. Connecting these concentrations is a weekly seminar-based discussion of topics
in marine conservation. This design permits deep concentration on each subject, and places emphasis on discussion, group dialog, individual exploration, and
experiential learning. In the final week of the quarter, students complete an individual capstone project of their choosing. For the Biology major, this course fulfills
the same requirements as BIO 47 and BIO 81. Satisfies WIM in Biology.

Last offered: Spring 2020 | Units: 16 | Grading: Letter or Credit/No Credit

BIOHOPK 276H: Estimates and Errors: The Theory of Scientific Measurement
Measurement plays a fundamental role in science, but many biologists have no formal training in what it means to measure something. Errors are inevitable in any
measurement. Which are inherent, and which can be controlled? How do errors propagate? How can you decide which data to reject? When are uncertainties
normal? In this course we will work our way into the theory of measurement, covering some topics that overlap with inferential statistics (but from a new and
perhaps more intuitive perspective), and extending beyond those basics to include spectral analysis and the dangers of measurement in the digital realm.

Last offered: Autumn 2017 | Units: 3 | Grading: Letter or Credit/No Credit

BIOHOPK 277H: Dynamics and Management of Marine Populations (BIOHOPK 177H)
(Graduate students register for 277H.) Course examines the ecological factors and processes that control natural and harvested marine populations. Course
emphasizes mathematical models as tools to assess the dynamics of populations and to derive projections of their demographic fate under different management
scenarios. Course objectives will be met by a combination of theoretical lectures, assigned readings and class discussions, case study analysis and interactive
computer sessions.

Last offered: Winter 2018 | Units: 4 | Repeatable 2 times (up to 8 units total) | Grading: Letter or Credit/No Credit

BIOHOPK 285H: Ecology and Conservation of Kelp Forest Communities (BIOHOPK 185H)
(Graduate students register for 285H.) Five week course. Daily lectures, labs, and scuba dives focused on scientific diving and quantitative ecological methods in
kelp forests.. Topics include identification and natural history of resident organisms, ecological processes, and subtidal field techniques. Class projects contribute
to long-term monitoring at Hopkins Marine Station. It is recommended (but not required) that students complete the Stanford Scientific Diver Training session,
typically offered prior to the start of the course. Prerequisites: consent of instructor; rescue scuba certification and scuba equipment.

Last offered: Summer 2019 | Units: 5 | Grading: Letter (ABCD/NP)

BIOHOPK 287H: Sensory Ecology (BIOHOPK 187H)
(Graduate students register for 287H.) Topics: the ways animals receive, filter, and process information gleaned from the environment, sensory receptor
mechanisms, neural processing, specialization to life underwater, communication within and between species, importance of behavior to ecosystem structure and
dynamics, impact of acoustic and light pollution on marine animals. Emphasis is on the current scientific literature. The laboratory portion of the class explores
sensory mechanisms using neurobiological methods and methods of experimental animal behavior.

Last offered: Winter 2018 | Units: 4 | Grading: Letter or Credit/No Credit

BIOHOPK 290H: Teaching Practicum in Biology
Open to upper-division undergraduates and graduate students. Practical supervised teaching experience in a biology or lecture course. Training often includes
attending lectures, initiating and planning discussion sections, and assisting in the preparation of course materials. May be repeated for credit. Prerequisite:
consent of instructor.

Terms: Win, Spr, Sum | Units: 1-15 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Block, B. (PI); Crowder, L. (PI); De Leo, G. (PI); Denny, M. (PI); Elahi, R. (PI); Gilly, W. (PI); Goldbogen, J. (PI); Lowe, C. (PI); Micheli, F. (PI); Palumbi,
S. (PI); Thompson, S. (PI); Watanabe, J. (PI)

BIOHOPK 299H: Advanced Topics in Marine Conservation
Graduate students only. Topics will change from year to year but will include such topics as sustainable fisheries, protected areas, ocean planning, social-ecological
systems, dynamic management, sustainable seafood, and impacts of climate change

Last offered: Winter 2020 | Units: 2 | Repeatable 4 times (up to 2 units total) | Grading: Satisfactory/No Credit

BIOHOPK 300H: Research
Graduate study involving original work undertaken with staff in the fields indicated. B. Block: Comparative Vertebrate Physiology (biomechanics, metabolic
physiology and phylogeny of pelagic fishes, evolution of endothermy); L. Crowder: Marine ecology, fisheries, bycatch, integrating science and policy, marine
conservation; G. De Leo: Population dynamics and management, wildlife diseases, environmental policies and sustainable development; M. Denny: Biomechanics
(the mechanical properties of biological materials and their consequences for animal size, shape, and performance); W. Gilly: Neurobiology (analysis of giant axon
systems in marine invertebrates from molecular to behavioral levels); J. Goldbogen: Physiological and Behavioral Ecology (functional morphology and biomechanics
of marine organisms): C. Lowe: Evolution of Development (origin of chordates, early evolution of body plans); F. Micheli: Marine Ecology (species interactions and
community ecology, scale-dependent aspects of community organization, marine conservation and design of multi-species marine protected areas, behavioral
ecology); S. Palumbi: Molecular Evolution (mechanisms of speciation, genetic differentiations of populations, use of molecular tools in conservation biology, design
of marine protected areas); S. Thompson: Neurobiology (neuronal control of behavior and mechanisms of ion permeation, signal transduction, calcium homeostasis,
and neutrotransmission);

Terms: Aut, Win, Spr, Sum | Units: 1-15 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Block, B. (PI); Crowder, L. (PI); De Leo, G. (PI); Denny, M. (PI); Gilly, W. (PI); Goldbogen, J. (PI); Lowe, C. (PI); Micheli, F. (PI); Palumbi, S. (PI);
Thompson, S. (PI); Watanabe, J. (PI)

BIOHOPK 323H: Stanford at Sea (BIOHOPK 182H, EARTHSYS 323, ESS 323)
(Graduate students register for 323H.) Five weeks of marine science including oceanography, marine physiology, policy, maritime studies, conservation, and nautical
science at Hopkins Marine Station, followed by five weeks at sea aboard a sailing research vessel in the Pacific Ocean. Shore component comprised of three
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multidisciplinary courses meeting daily and continuing aboard ship. Students develop an independent research project plan while ashore, and carry out the research
at sea. In collaboration with the Sea Education Association of Woods Hole, MA. Only 6 units may count towards the Biology major.

Terms: Spr | Units: 16 | Grading: Letter (ABCD/NP)

Instructors: ; Block, B. (PI); Dunbar, R. (PI); Bacasen, K. (TA); Mikles, C. (TA)

BIOHOPK 330H: Scientific Writing
This writer's seminar will workshop the elements of good scientific writing by focusing on a paper's Introduction. We will chart the elements of an effective
Introduction, designed for different audiences and types of scientific journals. The course will provide participants with the chance to craft an Introduction to a
current paper or proposal and have it evaluated in light of the ideal structure we define.

Last offered: Spring 2020 | Units: 2 | Grading: Letter (ABCD/NP)

BIOHOPK 355: Coral Reefs of the Western Pacific: Interdisciplinary Perspectives, Emerging Crises, and Solutions (BIO 355,
CEE 363I, ESS 355)
This new graduate-level course focusses on the complex interplay of biology, physics, chemistry, and human activities that both promotes and limits the
development of coral reefs. We will examine the ecology of these biodiverse systems as well as the service they provide in terms of rapid nutrient recycling, coastal
protection, and maintenance of large populations of fish. New advances in our understanding of coral reefs will be highlighted, including the role of climate
variability and micro- and mesoscale fluid flow in controlling reef growth and persistence, the physiology, genomics, and physics underpinning thermal resilience in
corals, contributing and mitigating factors involved in the current decline of coral reefs, ocean acidification, fishing, reef-scale trophic modeling, ecological
interactions and trophic cascades, and reefs as part of complex seascapes and linkages with other marine ecosystems. The course will conclude with an analysis of
science to policy case studies and future opportunities. The faculty leaders collectively have over 100 years of field experience working in coral reefs of the Pacific
and despite our forced online teaching and learning format will endeavor to bring the coral reef field experience to life for this class.

Terms: Aut | Units: 1 | Grading: Letter or Credit/No Credit

BIOMEDIN 156: Economics of Health and Medical Care (BIOMEDIN 256, ECON 126, HRP 256)
Institutional, theoretical, and empirical analysis of the problems of health and medical care. Topics: demand for medical care and medical insurance; institutions in
the health sector; economics of information applied to the market for health insurance and for health care; measurement and valuation of health; competition in
health care delivery. Graduate students with research interests should take ECON 249. Prerequisites: ECON 50 and either ECON 102A or STATS 116 or the equivalent.
Recommended: ECON 51.

Terms: Aut, Spr | Units: 5 | UG Reqs: WAY-SI | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Bhattacharya, J. (PI); MaCurdy, T. (PI); Wilcher, B. (PI); Anderson, J. (TA); Pousada, B. (TA)

BIOMEDIN 256: Economics of Health and Medical Care (BIOMEDIN 156, ECON 126, HRP 256)
Institutional, theoretical, and empirical analysis of the problems of health and medical care. Topics: demand for medical care and medical insurance; institutions in
the health sector; economics of information applied to the market for health insurance and for health care; measurement and valuation of health; competition in
health care delivery. Graduate students with research interests should take ECON 249. Prerequisites: ECON 50 and either ECON 102A or STATS 116 or the equivalent.
Recommended: ECON 51.

Terms: Aut, Spr | Units: 5 | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Bhattacharya, J. (PI); MaCurdy, T. (PI); Wilcher, B. (PI); Anderson, J. (TA); Pousada, B. (TA)

BIOS 205: Stem Cells, Immunology and Regenerative Medicine
This 3-week course covers fundamentals of hematopoiesis and immune system development and how stem cells can be employed to model hematopoiesis and
immune system development in health and disease. We will also explore different applications of stem cells in regenerative medicine and immunotherapy. Topics
include: stem cells and differentiation, hematopoiesis, lymphopoiesis, thymus development and function, specific immune defects, T-cell immunotherapies, thymic
tissue engineering, and stem cells for immunological research.

| Units: 1 | Grading: Medical Satisfactory/No Credit

BIOS 221: Modern Statistics for Modern Biology (STATS 155, STATS 256, STATS 366)
Application based course in nonparametric statistics. Modern toolbox of visualization and statistical methods for the analysis of data, examples drawn from
immunology, microbiology, cancer research and ecology. Methods covered include multivariate methods (PCA and extensions), sparse representations (trees,
networks, contingency tables) as well as nonparametric testing (Bootstrap, permutation and Monte Carlo methods). Hands on, use R and cover many Bioconductor
packages. Prerequisite: Working knowledge of R and two core Biology courses. Note that the 155 offering is a writing intensive course for undergraduates only and
requires instructor consent. (WIM). See https://web.stanford.edu/class/bios221/index.html

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Holmes, S. (PI); Comess, S. (TA); GAO, Z. (TA)

BIOS 233: Experimental Metagenomics: Nectar Microbes as a Model System
Preference to graduate students and post-docs; open to upper-level undergraduates with instructor consent. Emphasis on developing a practical understanding of
how to conduct metagenomic research by combining cutting-edge molecular sequencing with experimental ecological approaches. Focuses on the community
ecology of the bacterial and yeast species that colonize floral nectar via pollinators and the implications for plant-pollinator interactions within an agriculturally
relevant framework. Ecological, evolutionary, and phylogenetic principles and microbiological and molecular techniques that will be taught are broadly applicable
in many biological fields, including the medical ecology of hte human microbiome. Inquiry-based with individual student-led projects.

| Units: 3 | Grading: Letter (ABCD/NP)

BIOS 235: Metabolism and Metabolic Ecology: Microbes, Gut and Cancer
Preference to graduate students. Focuses on modern aspects of metabolism and metabolic biochemistry as it affects fitness and ecology of cells and organisms on a
systems level. Students obtain a broad understanding of the governing principles and logic of metabolic pathways and their networks as well as an intuition of
metabolism in context of natural selection and fitness acting on the cell or host. Emphasis is primarily on microorganisms and their habitats in nature and the
human gut, but topics also include metabolism of cancer cells and of engineered microbes.

Last offered: Spring 2018 | Units: 2 | Grading: Medical Option (Med-Ltr-CR/NC)
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BIOS 253: Discovery and Innovation in Emerging Viral Infections
An interdisciplinary mini course focused on challenges posed by emerging viruses and innovative efforts to overcome them. Modules include epidemiology and
ecology of emerging viral infections, such as Ebola, dengue, and Zika, discovery of new emerging viruses, development and application of molecular assays for the
diagnosis and management of emerging viral infections, bioinformatics and genetic approaches for antiviral target discovery, and novel therapeutic approaches for
combating emerging viruses. It is intended for graduate students and postdoctoral fellows interested in emerging viral infections. Advanced undergraduates are also
welcome. Prerequisite: background in molecular biology.

Last offered: Winter 2018 | Units: 1 | Grading: Medical Satisfactory/No Credit

BIOS 265: Introduction to Quantitative Reasoning in Biology
Mini-course. Focus on development of basic skills for quantitative reasoning in biology, including order-of-magnitude estimation and use of the broad spectrum of
time scales to enable understanding. Primary examples include going from molecular size and energy scales to functions of single cells and going from mutational
and selective processes acting on organisms to evolution of populations on laboratory and global scales. Examples will include processes relevant to the COVID-19
pandemic.

Last offered: Winter 2021 | Units: 2 | Grading: Medical Satisfactory/No Credit

BIOS 270: Planetary Health: Socioeconomic & Ecological Links Between Human Health & Earth's Natural Ecosystems
Two of the biggest challenges humanity has to face - promoting human health and halting environmental degradation are are strongly connected and too big to be
addressed in an incremental, sector-specific way. Breakthroughs can be achieved through a creative, interdisciplinary approach that fully recognizes the complex
nature of links between human health and healthy, functioning ecosystems. Through a series of lectures and case-study discussions with experts from multiple
Schools and Departments, students will develop an in-depth understanding of the "Planetary Health" concept, its foundation, goals, priority areas of action and
methods of investigation, and the most relevant immediate and long-term challenges.

Last offered: Winter 2020 | Units: 2 | Grading: Medical Satisfactory/No Credit

BIOS 288: Quantitative Methods in Marine Conservation and Ocean Science
The goal of this two-week mini-course will be to quantitatively characterize marine fishery populations and how these populations change as a consequence of
environmental drivers, anthropogenic pressures, and, ultimately, climate change. We will objectively assess the status or health of fishery populations by applying
ecological theory and statistical and mathematical models to real data collected on marine species. We will learn how to effectively communicate quantitative
scientific information and learn what it takes to wisely manage these resources.

Last offered: Winter 2020 | Units: 3 | Grading: Medical Satisfactory/No Credit

BIOS 292: Preparation & Practice: Science Communication & Media
Through tailored lecture, case study, and a practical final project, academic and professional leaders will help you gain insight into the science communications and
media industry. This course assists students in developing the communication skills necessary for post-training and internship success in a science
communications/media field and it provides an understanding of the scope of career opportunities within the science communications sector, focusing on the
development, organization, and management issues specific to it. Through connections with alumni, faculty, and other practitioners from a variety of fields and
organizations, as well as hands-on experience with the techniques and methodologies most useful on the job market, students will define their own professional
goals, increase their awareness of industry terminology and theories, and hone expertise in the areas of: publishing, editing, workflow, ethics, trends, principles of
effective scholarly/news writing, interviewing techniques, and media/website management.

Terms: Sum | Units: 1 | Grading: Medical Satisfactory/No Credit

Instructors: ; Sainani, K. (PI); Adams, A. (SI); Eberle, S. (SI); Genest, P. (SI)

CBIO 243: Principles of Cancer Systems Biology
Focus is on major principles of cancer systems biology research that integrates experimental and computational biology in order to systematically unravel the
complexity of cancer. The opportunity to embark on cancer systems biology research has been enabled by the rapid emergence of numerous and increasingly
accessible technologies that provide global DNA, RNA and protein expression profiles of cells under a variety of conditions following environmental, drug and
genetic perturbations. Course addresses the challenge of how to analyze high-dimensional and highly-multiplexed data in order to synthesize biologically and
clinically relevant insights and generate hypotheses for further functional testing. Aims to broaden student exposure to the experimental and computational skills
needed to apply the emerging principles of systems biology to the study of cancer.

Last offered: Spring 2019 | Units: 3 | Grading: Medical Option (Med-Ltr-CR/NC)

CEE 1: Introduction to Environmental Systems Engineering
Field trips visiting environmental systems installations in Northern California, including coastal, freshwater, and urban infrastructure. Requirements: Several campus
meetings, and field trips. Enrollment limited; priority given to undergraduates who have declared Environmental Systems Engineering major, and undeclared
Fr/Sophs.

Last offered: Spring 2020 | Units: 1 | Grading: Satisfactory/No Credit

CEE 17SC: River and Region: The Columbia-Snake System and the Shaping of the Pacific Northwest (EARTHSYS 16SC,
HISTORY 29SC, POLISCI 14SC)
This seminar will explore the crucial role of the Columbia River in the past, present, and future of the Pacific Northwest. Topics will include the lives and legacies
of the indigenous peoples that Lewis and Clark encountered more than two centuries ago; the historic fisheries that attracted thousands of Chinese and, later,
Scandinavian workers; the New Deal¿s epic dam-building initiatives beginning in the 1930s; the impact of the Manhattan Project¿s plutonium bomb development at
Hanford Atomic Works in WWII; and the twenty-first-century server farms dotted across the Columbia Plateau. We plan to visit with local water managers, farmers,
ranchers, loggers, Native American fishermen, and energy administrators, as well as elected officials and environmental activists, to examine the hydrologic,
meteorologic, and geologic bases of the River¿s water and energy resources, and the practical, social, environmental, economic, and political issues surrounding
their development in the Pacific Northwest region.<br><br>The Columbia River and its watershed provide a revealing lens on a host of issues. A transnational,
multi-state river with the largest residual populations of anadromous salmonids in the continental US, it is a major source of renewable hydroelectric power. (The
Grand Coulee dam powerhouse is the largest-capacity hydropower facility in the US; nearly 50% of Oregon¿s electricity generation flows from hydropower; in
Washington State it¿s nearly two-thirds, the highest in the nation.) The river provides a major bulk commodity transportation link from the interior West to the sea
via an elaborate system of locks. It irrigates nearly 700,000 acres of sprawling wheat ranches and fruit farms in the federally administered Columbia Basin Project.
We will look at all these issues with respect to rapid climate change, ecosystem impacts, economics, and public policy.<br><br>We will begin with classroom
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briefings on campus, in preparation for the two-week field portion of the seminar. We plan to then travel widely throughout the Columbia basin, visiting water and
energy facilities across the watershed, e.g., hydro, solar, wind, and natural gas power plants; dams and reservoirs with their powerhouses, fish passage facilities,
navigation locks, and flood-mitigation systems; tribal organizations; irrigation projects; the Hanford Nuclear Reservation; and offices of regulatory agencies. We
hope to meet with relevant policy experts and public officials, along with several of the stakeholders in the basin.<br><br>Over the summer students will be
responsible for assigned readings from several sources, including monographs, online materials, and recent news articles. During the trip, students will work in
small groups to analyze and assess one aspect of the river¿s utilization, and the challenges to responsible management going forward. The seminar will culminate in
presentations to an audience of Stanford alumni in Portland, Oregon.

| Units: 2 | Grading: Satisfactory/No Credit

CEE 29N: Managing Natural Disaster Risk
Natural disasters arise from the interaction of natural processes, such as earthquakes or floods, with human development that suffers safety-related and economic
losses. We cannot predict exactly when those disasters will occur, or prevent them entirely, but we have a number of engineering and policy options that can
reduce the impacts of such events.

Last offered: Winter 2017 | Units: 3 | UG Reqs: WAY-AQR | Grading: Letter (ABCD/NP)

CEE 32A: Psychology of Architecture
This course argues that architecture often neglects the interdisciplinary investigation of our internal psychological experience and the way it impacts our creation
of space. How does our inner life influence external design? How are we impacted emotionally, physically, psychologically by the spaces we inhabit day to day? How
might we intentionally imbue personal and public spaces with specific emotions? This seminar serves as a call to action for students interested in approaching
architecture with a holistic understanding of the emotional impact of space. Sample topics addressed will include: conscious vs. unconscious design; the ego of
architecture; psycho-spatial perspectives; ideas of home; integral/holistic architecture; phenomenology of inner and outer spaces; exploring archetypal
architecture; and translating emotion through environment.

Terms: Win | Units: 3 | UG Reqs: WAY-A-II, WAY-CE | Grading: Letter or Credit/No Credit

Instructors: ; Krafcik, D. (PI); Larimer, A. (PI); Lin, D. (GP)

CEE 33C: Housing Visions (URBANST 103C)
This course provides an introduction to American Housing practices, spanning from the Industrial Age to the present. Students will examine a range of projects that
have aspired to a range of social, economic and/or environmental visions. While learning about housing typologies, students will also evaluate the ethical role that
housing plays within society. The course focuses on the tactical potentials of housing, whether it is to provide a strong community, solve crisis situations, integrate
social services, or encourage socio-economic mixture. Students will learn housing design principles and organizational strategies, and the impact of design on the
urban environment. They will discuss themes of shared spaces and defensible spaces; and how design can accommodate the evolving demographics and culture of
this country. For example, how can housing design address the changing relationship between living and working? What is the role of housing and ownership in
economic mobility? These issues will be discussed within the context the changing composition of the American population and economy. n nThis course will be
primarily discussion-based, using slideshows, readings and field trips as a departure points for student-generated conversations. Each student will be asked to lead a
class discussion based on his/her research topic. Students will evaluate projects, identifying which aspects of the initial housing visions were realized, which did
not, and why. Eventually, students might identify factors that lead to ¿successful¿ projects, and/or formulate new approaches that can strengthen or redefine the
progressive role of housing: one inclusive of the complex social, economic, and ethical dimensions of design.

Last offered: Autumn 2020 | Units: 3 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

CEE 41Q: Clean Water Now! Urban Water Conflicts
Why do some people have access to as much safe, clean water as they need, while others do not? You will explore answers to this question by learning about,
discussing and debating urban water conflicts including the Flint water crisis, the drought in South Africa, intermittent water supply in Mumbai, and arsenic
contamination in Bangladesh. In this course, you will explore the technical, economic, institutional, social, policy, and legal aspects of urban water using these and
more water conflicts as case studies. You will attend lectures, and participate in discussions, laboratory modules, and field work. In lectures, you will learn about
the link between water and human and ecosystem health, drinking water and wastewater treatment methods, as well as policies and guidelines (local, national,
and global from the World Health Organization) on water and wastewater, and the role of various stakeholders including institutions and the public, in the outcome
of water conflicts. You will dive into details of conflicts over water through case studies using discussion and debate. You will have the opportunity to measure
water contaminants in a laboratory module. You will sample a local stream and measure concentrations of Escherichia coli and enterococci bacteria in the water. A
field trip to a local wastewater treatment plant will allow you to see how a plant operates. By the end of this course, you will have a greater appreciation of the
importance of institutions, stakeholders and human behavior in the outcome of water conflicts, and the complexity of the coupled human-ecosystem-urban water
system.

Terms: Win | Units: 3 | UG Reqs: WAY-AQR, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Boehm, A. (PI)

CEE 63: Weather and Storms (CEE 263C)
Daily and severe weather and global climate. Topics: structure and composition of the atmosphere, fog and cloud formation, rainfall, local winds, wind energy,
global circulation, jet streams, high and low pressure systems, inversions, el Niño, la Niña, atmosphere/ocean interactions, fronts, cyclones, thunderstorms,
lightning, tornadoes, hurricanes, pollutant transport, global climate and atmospheric optics.

Terms: Aut | Units: 3 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Jacobson, M. (PI); Palmer, F. (TA)

CEE 64: Air Pollution and Global Warming: History, Science, and Solutions (CEE 263D)
Survey of Survey of air pollution and global warming and their renewable energy solutions. Topics: evolution of the Earth's atmosphere, history of discovery of
chemicals in the air, bases and particles in urban smog, visibility, indoor air pollution, acid rain, stratospheric and Antarctic ozone loss, the historic climate record,
causes and effects of global warming, impacts of energy systems on pollution and climate, renewable energy solutions to air pollution and global warming. UG Reqs:
GER: DBNatSci

Terms: Win | Units: 3 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Jacobson, M. (PI); Chmanti Houari, O. (TA); Walker, E. (TA)

CEE 70: Environmental Science and Technology (ENGR 90)

https://explorecourses.stanford.edu/instructor/dkrafcik
https://explorecourses.stanford.edu/instructor/alarimer
https://explorecourses.stanford.edu/instructor/lindiana
https://explorecourses.stanford.edu/instructor/aboehm
https://explorecourses.stanford.edu/instructor/jacobson
https://explorecourses.stanford.edu/instructor/fpalmer
https://explorecourses.stanford.edu/instructor/jacobson
https://explorecourses.stanford.edu/instructor/omarchh
https://explorecourses.stanford.edu/instructor/eawalker


Introduction to environmental quality and the technical background necessary for understanding environmental issues, controlling environmental degradation, and
preserving air and water quality. Material balance concepts for tracking substances in the environmental and engineering systems.

Terms: Win | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Kopperud, R. (PI)

CEE 73: Water: An Introduction
Lake Tahoe's waters are so clear you can follow a diver 70 feet below your boat. A Lake Erie summer often means that nearshore waters have a green surface scum
obscuring everything below. California, suffering from drought, is seriously considering reclamation and direct potable reuse of sewage -- aka toilet to tap. Can we
(or should we) do this? Why is Tahoe clear, Erie green? This class introduces students to the fundamental tools and science used to understand and manage both
natural and human-engineered water systems. Each student will use these tools to explore a water topic of their choosing.

| Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

CEE 74N: Grand Challenges in Environmental Engineering
In 2019, the U.S. National Academies of Science assembled a team of leading scientists and engineers to identify the most pressing environmental challenges of the
21st century. From sustainably supplying food, water, and energy to a growing population to curbing climate change and adapting to its impacts, this report
highlights the essential role that environmental engineers will play in preparing humanity to face a new and uncertain future. This Introductory Seminar will engage
students in classroom lectures, small group problem solving, large group discussion, on-site field trips, and an independent research report to explore the key
scientific questions and technical innovations needed to address environmental grand challenges. At the end of the course, students will be literate in pressing
environmental issues, master the basic principles of environmental engineering, and understand the role of environmental engineers in the broader science, policy,
and political ecosystem of scholars and practitioners dedicated to addressing environmental grand challenges. Students from all backgrounds and interest areas are
welcome.

| Units: 3 | Grading: Letter or Credit/No Credit

CEE 80N: Engineering the Built Environment: An Introduction to Structural Engineering
In this seminar, students will be introduced to the history of modern bridges, buildings and other large-scale structures. Classes will include presentations on
transformations in structural design inspired by the development of new materials, increased understanding of hazardous overloads and awareness of environmental
impacts. Basic principles of structural engineering and how to calculate material efficiency and structural safety of structural forms will be taught using case
studies. The course will include a field trip to a Bay Area large-scale structure, hands-on experience building a tower and computational modeling of bridges, and a
paper and presentation on a structure or structural form of interest to the student. The goal of this course is for students to develop an understanding and
appreciation of modern structures, influences that have led to new forms, and the impact of structural design on society and the environment. Students from all
backgrounds are welcome.

Last offered: Autumn 2020 | Units: 3 | UG Reqs: WAY-AQR | Grading: Letter (ABCD/NP)

CEE 83: Seismic Design Workshop
Introduction to seismic design for undergraduate students. Structural design concepts are introduced based on physical and mathematical principles. General
overview of mechanics of materials, structural analysis, structural systems and earthquake resistant design. The class is intended to prepare students for the EERI
2018 Seismic Design Competition, where students design, analyze and fabricate a five-feet tall balsa wood structure. Hands on workshops focus on numerical
simulation using commercial software and experimental testing. All majors are welcome. Pre-requisite: Physics 41, recommended: ENGR 14.

Last offered: Autumn 2018 | Units: 2 | Grading: Satisfactory/No Credit

CEE 100: Managing Sustainable Building Projects
Managing the life cycle of buildings from the owner, designer, and contractor perspectives emphasizing sustainability goals; methods to define, communicate,
coordinate, and manage multidisciplinary project objectives including scope, quality, life cycle cost and value, schedule, safety, energy, and social concerns; roles,
responsibilities, and risks for project participants; virtual design and construction methods for product, organization, and process modeling; lifecycle assessment
methods; individual writing assignment related to a real world project.

Terms: Aut | Units: 4 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter (ABCD/NP)

Instructors: ; Fischer, M. (PI)

CEE 101B: Mechanics of Fluids
Physical properties of fluids and their effect on flow behavior; equations of motion for incompressible ideal flow, including the special case of hydrostatics;
continuity, energy, and momentum principles; control volume analysis; laminar and turbulent flows; internal and external flows in specific engineering applications
including pipes and open channels; elements of boundary-layer theory. Laboratory exercises to illustrate key principles. Prerequisites: E14, Physics 41, Math 51, or
CME 100.

Terms: Aut | Units: 4 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter or Credit/No Credit

Instructors: ; Gorle, C. (PI); Chung, H. (TA); Patil, A. (TA)

CEE 101D: Computations in Civil and Environmental Engineering (CEE 201D)
Computational and visualization methods in the design and analysis of civil and environmental engineering systems. Focus is on applications of MATLAB. How to
develop a more lucid and better organized programming style.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Fong, D. (PI); Tsai, Y. (TA)

CEE 107A: Understand Energy (CEE 207A, EARTHSYS 103)
Energy is the number one contributor to climate change and has significant consequences for our society, political system, economy, and environment. Energy is
also a fundamental driver of human development and opportunity. In taking this course, students will not only understand the fundamentals of each energy resource
-- including significance and potential, conversion processes and technologies, drivers and barriers, policy and regulation, and social, economic, and environmental
impacts -- students will also be able to put this in the context of the broader energy system. Both depletable and renewable energy resources are covered,
including oil, natural gas, coal, nuclear, biomass and biofuel, hydroelectric, wind, solar thermal and photovoltaics (PV), geothermal, and ocean energy, with cross-
cutting topics including electricity, storage, climate change and greenhouse gas emissions (GHG), sustainability, green buildings, energy efficiency, transportation,
and the developing world. The 4 unit course includes lecture and in-class discussion, readings and videos, homework assignments, one on-campus field trip during
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lecture time and two off-campus field trips with brief report assignments. Off-campus field trips to wind farms, solar farms, nuclear power plants, natural gas
power plants, hydroelectric dams, etc. Enroll for 5 units to also attend the Workshop, an interactive discussion section on cross-cutting topics that meets once per
week for 80 minutes (Mondays, 1:30 PM - 2:50 PM). Open to all: pre-majors and majors, with any background! Website: https://energy.stanford.edu/understand-
energy. CEE 107S/207S Understand Energy: Essentials is a shorter (3 unit) version of this course, offered summer quarter. Students should not take both for credit.
Prerequisites: Algebra

Terms: Aut, Spr | Units: 3-5 | UG Reqs: GER:DB-EngrAppSci, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Gragg, D. (PI); Stasio, K. (PI); Woodward, J. (PI); Amoh, B. (TA); Hills-Bunnell, D. (TA); Michielssen, M. (TA); Palmer, F. (TA)

CEE 107H: Applied Hope: Whole-Systems Thinking on Energy Solutions (CEE 207H)
Whole-systems thinking has yielded transformative insights about prospects for sustainability across a series of energy and environmental challenges. Taught by
Amory Lovins, co-founder of Rocky Mountain Institute, this seminar will cover four decades of ground-breaking analysis and validated results that have transformed
what is thought to be possible across multiple fields. Topics will include highly efficient buildings, vehicles, and industrial processes; winning the fossil fuel
endgames; nuclear power and security; natural capitalism; distributed energy and resilience; and profitable climate protection.

Last offered: Autumn 2020 | Units: 2 | Grading: Letter or Credit/No Credit

CEE 107R: E^3: Extreme Energy Efficiency (CEE 207R)
Be part of a unique course about extreme energy efficiency and integrative design! We will meet once a week throughout the quarter. E^3 will focus on efficiency
techniques' design, performance, integration, barrier-busting, profitable business-led implementation, and implications for energy supply, competitive success,
environment, development, security, etc. Examples will span very diverse sectors, applications, issues, and disciplines, covering different energy themes
throughout the quarter: buildings, transportation, industry, and implementation and implications, including renewable energy synergy and integration. The course
will be composed of keynote lectures, exercises, and interactive puzzlers, synthesizing integrative design principles. Exercises will illuminate real-world design
challenges RMI has faced, in which students will explore clean-sheet solutions that meet end-use demands and optimize whole-system resource efficiency, seeking
expanding rather than diminishing returns to investments, i.e. making big savings cheaper than small ones. Students will work closely and interactively with the
instructors Amory Lovins, cofounder and Chief Scientist of Rocky Mountain Institute (RMI), Dr. Joel Swisher, former RMI managing director and Stanford instructor in
CEE, more recently director of the Institute for Energy Studies at Western Washington University, and Dr. Holmes Hummel, founder of Clean Energy Works. All
backgrounds and disciplines, undergraduate and graduate, are welcome to enroll. There is no application this year. Solid technical grounding and acquaintance with
basic economics and business concepts will be helpful. Prerequisite - completion of one of the following courses or their equivalent is required: CEE 107A/207A/
Earthsys 103, CEE 107S/ CEE 207S, CEE 176A, CEE 176B. Course details are available at the website: https://energy.stanford.edu/extreme-energy-efficiency

Terms: Win, Spr | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Hummel, H. (PI); Lovins, A. (PI); Swisher, J. (PI)

CEE 107S: Understand Energy - Essentials (CEE 207S)
Energy is the number one contributor to climate change and has significant consequences for our society, political system, economy, and environment. Energy is
also a fundamental driver of human development and opportunity. Students will learn the fundamentals of each energy resource -- including significance and
potential, drivers and barriers, policy and regulation, and social, economic, and environmental impacts -- and will be able to put this in the context of the broader
energy system. Both depletable and renewable energy resources are covered, including oil, natural gas, coal, nuclear, biomass and biofuel, hydroelectric, wind,
solar thermal and photovoltaics (PV), geothermal, and ocean energy, with cross-cutting topics including electricity, storage, hydrogen, climate change and
greenhouse gas emissions (GHG), sustainability, green buildings, energy efficiency, transportation, and the developing world. The course is 3 units, which includes
lecture, readings and videos, and homework assignments. This is a course for all: pre-majors and majors, with any background - no prior energy knowledge
necessary. For a course that covers all of this plus goes more in-depth, check out CEE 107A/207A/ EarthSys 103 Understand Energy offered in the autumn and spring
quarters (students should not take both for credit). Website: https://energy.stanford.edu/understand-energy Prerequisites: Algebra.

Terms: Sum | Units: 3 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Hsu, K. (PI)

CEE 112A: Industry Applications of Virtual Design & Construction
Building upon the concept of VDC Scorecard, CEE 112A/212A investigates in the management of Virtual Design and Construction (VDC) programs and projects in the
building industry. Interacting with experts and professionals in real estate, architecture, engineering, construction and technology providers, students will learn
from the industry applications of Building Information Modeling and its relationship with Integrated Project Delivery, Sustainable Design and Construction. Students
will conduct case studies to evaluate the maturity of VDC planning, adoption, technology and performance in practice. Students taking 3 or 4 units will be paired up
with independent research or case study projects on the industry applications of VDC. No prerequisite. See CEE112B/212B in the Winter Quarter and CEE 112C/212C
in the Spring Quarter.

Last offered: Spring 2018 | Units: 2-4 | Grading: Letter (ABCD/NP)

CEE 112B: Industry Applications of Virtual Design & Construction (CEE 212B)
CEE 112B/212B is a practicum on the Industry Applications on Virtual Design and Construction (VDC). Students will gain insights and develop skills that are essential
for academic research, internships or industry practice in VDC and Building Information Modeling (BIM). Students can choose between one of the two project topics:
[1] Industrialized Construction with Virtual Parts (No Prerequisite) or [2] Industry Benchmarking & Applications of the VDC Management Scorecard (Suggested
Prerequisite: CEE 112A/212A).

Last offered: Spring 2018 | Units: 2-4 | Grading: Letter (ABCD/NP)

CEE 118X: Shaping the Future of the Bay Area (AMSTUD 118X, CEE 218X, ESS 118X, ESS 218X, GEOLSCI 118X, GEOLSCI
218X, GEOPHYS 118X, GEOPHYS 218X, POLISCI 218X, PUBLPOL 118X, PUBLPOL 218X)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
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linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Aut | Units: 1-5 | UG Reqs: WAY-AQR, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Wong-Parodi, G. (PI); Duan, J. (TA); Srinivas, S. (TA)

CEE 124: Sustainable Development Studio
(Graduate students register for 224A.) Project-based. Sustainable design, development, use and evolution of buildings; connections of building systems to broader
resource systems. Areas include architecture, structure, materials, energy, water, air, landscape, and food. Projects use a cradle-to-cradle approach focusing on
technical and biological nutrient cycles and information and knowledge generation and organization. May be repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-5 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Barton, J. (PI); Fischer, M. (PI); Katz, G. (PI)

CEE 124S: Sustainable Urban Systems Seminar (CEE 224S)
The Sustainable Urban Systems (SUS) Seminar Series will feature speakers from academia, practice, industry, and government who are on the forefront of research
and innovation in sustainable urban systems. The SUS Seminar will be open to the public; students will have the option of obtaining 1 unit of course credit based on
attendance and completion of writing assignments.

Last offered: Spring 2019 | Units: 1 | Grading: Satisfactory/No Credit

CEE 125: Defining Smart Cities: Visions of Urbanism for the 21st Century (CEE 225, URBANST 174)
Technological innovations have and will disrupt all domains of urban life, from housing to healthcare to city management to transportation. This seminar is aimed at
future technologists, entrepreneurs, policymakers, and urban planners to define and evaluate the smartness of a city through three lenses: technology, equity, and
policy. Through readings, seminar discussions, guest speakers, and a final project, we will explore how a smart city can leverage technology for a higher quality of
life, less inequality in access to services, and tighter human communities. You will come away with a framework for understanding how to maximize the social good
of emerging technologies. Course material is appropriate for students from all disciplines. Students who enroll in the course for 4 units will participate in an off-
campus field component during Spring Break.

Last offered: Autumn 2017 | Units: 3-4 | Grading: Letter (ABCD/NP)

CEE 126X: Hard Earth: Environmental Justice (EARTH 126X)
Environmental policies often have disparate impacts on marginalized people. The fall 2019 Hard Earth series will feature biweekly talks by Stanford graduate
students who are investigating pressing questions at the intersection of environmental justice and health, energy, and climate change. On the alternate weeks,
students who have enrolled to take the full Hard Earth series as a one-unit course (CEE 126XYZ | EARTH 126XYZ) meet for a deeper discussion about the prior
week¿s presentation. There will be one culminating talk by a non-student sustainability expert. Learn more about Hard Earth here:
https://roblesustainability.stanford.edu/initiatives/hard-earth.

Last offered: Autumn 2019 | Units: 1 | Grading: Satisfactory/No Credit

CEE 126Y: Hard Earth: Stanford Graduate-Student Talks Exploring Tough Environmental Dilemmas (EARTH 126Y)
Environmental disasters are striking with alarming frequency. Many, including wildfires and ecosystem collapse, are hitting California. The winter 2019 Hard Earth
series will feature biweekly talks by Stanford graduate students whose research probes how people are coping with, adapting to, and changing their lives in the
face of environmental catastrophe. Their talks will focus on events close to home in California. Students who choose to enroll in the entire quarterly series as a 1-
unit class will, in the weeks between the talks, discuss what's happening in California in the context of the rest of the world.

Terms: Win | Units: 1 | Grading: Satisfactory/No Credit

CEE 126Z: Hard Earth: The Interconnected Impacts of Global Climate Change (EARTH 126Z)
The COVID crisis makes one thing clear: society is ill-equipped to deal with disasters that do not respect borders and can cripple social and economic systems.
Climate change, though radically different from a virus, similarly is a global threat. This class will feature virtual biweekly talks by four graduate students whose
research probes a changing climate's already-occurring impacts on livelihoods, jobs, food, and social safety nets around the world. In the weeks in between the
talks, we will hold a group discussion to explore how we can, as a global society, re-imagine our response to disaster.

Last offered: Spring 2021 | Units: 1 | Grading: Satisfactory/No Credit

CEE 130B: Quest for an Inclusive Clean Energy Economy (CEE 330B)
Building bridges across the clean energy divide involves addressing barriers to participation. These barriers affect the pace of investment, especially for distributed
energy solutions such as building energy upgrades, on-site solar, and transportation electrification. This course will explore innovative business models that are
responsive to calls for equity and inclusion, and it will give special attention to California's ongoing clean energy finance rulemaking in the utility sector to open the
clean energy economy for all.

Terms: Win | Units: 2-3 | Grading: Letter (ABCD/NP)

Instructors: ; Hummel, H. (PI); Kinslow, A. (PI); Ferguson, J. (TA)

CEE 130R: Racial Equity in Energy (CEE 330)
The built environment and the energy systems that meet its requirements is a product of decisions forged in a context of historical inequity produced by cultural,
political, and economic forces expressed through decisions at individual and institutional levels. This interdisciplinary course will examine the imprint of systemic
racial inequity in the U.S. that has produced a clean energy divide and a heritage of environmental injustice. Drawing on current events, students will also explore
contemporary strategies that center equity in the quest for rapid technology transitions in the energy sector to address climate change, public health, national
security, and community resilience. Prerequisites: By permission of the instructor. Preferable to have completed Understand Energy ( CEE 107A/207A/ EarthSys 103/
CEE 107S/207S) or a similar course at another institution if a graduate student.

Terms: Aut | Units: 2-3 | Grading: Letter or Credit/No Credit

Instructors: ; Jain, R. (PI); Kinslow, A. (PI)

CEE 131B: Financial Management of Sustainable Urban Systems
Focus is on financial management of sustainable urban systems. The course will study different kinds of financial services available, the management of financial
resources, and relationships to financial service providers. The course will also study how financial services and relationships to financial service providers can be
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used to accomplish construction management, energy, and architecture work in sustainable urban systems. The learning outcome is an understanding of how
financial services can be used in development of sustainable urban systems. nnThe course work is structured so that there are three modules: 1) general knowledge
of financial management, 2) in-depth application in construction management, energy, or architecture, and 3) comparison of similarities and differences in-
between the in-depth applications. Students will focus on one of the in-depth applications in a group work, and present the result of this application to students
that make other applications. A key learning aspect is the understanding of how finance is used in construction management, energy, and architecture work.
Students should be able to show the value, financial viability, and risk management of sustainable urban system development in construction management, energy,
and architecture. Students should be able to finance construction management, energy, and architecture work. nnReadings include applications of finance and
management to construction management, energy, or architecture. Guest speakers include developers, financial managers at construction firms, managers at
energy firms, construction managers.

Last offered: Winter 2016 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 136: Planning Calif: the Intersection of Climate, Land Use, Transportation & the Economy (CEE 236, PUBLPOL 130,
PUBLPOL 230, URBANST 130)
Cities and urban areas have always been transformed by major external changes like pandemics and public health crises. California is both in the midst of its
greatest economic recession since the Great Depression and experiencing a pandemic that has the potential to reshape many aspects of life. Planning for cities and
regions, however, is a long game that requires follow-through on decisions made sometimes over many decades. How do we balance the shocks to our assumptions
from the current Covid world with the need to plan long-term for issues like affordable housing and equitable cities, and perhaps most fundamentally, prepare our
cities and communities for the inevitability of climate change and climate impact? nnnnThis course takes an interdisciplinary view of the key contemporary planning
topics in California. It does so from looking at the intersection of climate laws, land use changes, the need for housing, travel patterns and the availability of high
quality jobs and employment. This course will give you an understanding of the roles of key levels of government, from the state to the region/metropolitan scale,
to the city and county, down to the neighborhood and parcel level. it will give students insight into leading themes and issues of the day in California such as the
future of downtowns, the role of high speed rail, the impact of telework, automation in the construction of housing, drawing from examples in San Jose and San
Francisco, the Central Valley, the state legislature, Southern California. Within each of these topics we will look at the impact of decisions on equity as well as
climate and the economy. nnnnThe instructors are Kristy Wang, formerly SPUR¿s Community Planning Policy Director, and Egon Terplan, Senior Advisor for Economic
Development and Transportation in the California Governor¿s Office, formerly SPUR¿s Regional Planning Director. (Affiliations for identification purposes only)

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 141A: Infrastructure Project Development (CEE 241A)
Infrastructure is critical to the economy, global competitiveness and quality of life. Topics include energy, transportation, water, public facilities, and
communications sectors. Analysis of the condition of the nation's infrastructure and how projects are planned and financed. Focus is on public works in the U.S. The
role of public and private sectors through a step-by-step study of the project development process. Case studies of real infrastructure projects. Industry guest
speakers. Student teams prepare project environmental impact statements.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Lee, Y. (PI); Moscovich, J. (PI)

CEE 141B: Infrastructure Project Delivery (CEE 241B)
Infrastructure is critical to the economy, global competitiveness and quality of life. Topics include energy, transportation, water, public facilities ,and
communications sectors. Analysis of how projects are designed, constructed, operated, and maintained. Focus is on public works projects in the U.S. Alternative
project delivery approaches and organizational strategies. Case studies of real infrastructure projects. Industry guest speakers. Student teams prepare
finance/design/build/operate/maintain project proposals.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Sedar, B. (PI)

CEE 141C: Global Infrastructure Projects Seminar (CEE 241C)
Nine current global infrastructure projects presented by top project executives or company leaders from industry. Water, transportation, energy and communication
projects are featured. Course provides comparisons of project development, win and delivery approaches for mega-projects around the world. Alternative project
delivery methods, the role of public and private sector, different project management and construction strategies, and lessons learned. The course also includes
field trips to local mega-projects. Grade (one unit) is based on attending all 9 lectures and at least 2 field trips.

Terms: Spr | Units: 1-2 | Grading: Letter (ABCD/NP)

Instructors: ; Sedar, B. (PI)

CEE 144: Design and Innovation for the Circular Economy
The last 150 years of our industrial evolution have been material and energy intensive. The linear model of production and consumption manufactures goods from
raw materials, wells and uses them, and then discards the products as waste. Circular economy provides a framework for systems-level redesign. It builds on
schools of thought including regenerative design, performance economy industrial ecology, blue economy, biomimicry, and cradle to cradle. This course introduces
the concepts of the circular economy and applies them to case studies of consumer products, household goods, and fixed assets.n nStudents will conduct
independent projects on circular economy. Students may work alone or in small teams under the guidance of the teaching team and various collaborators
worldwide. Class is limited to 14 students. All disciplines are welcome. This class fulfills the Writing & Rhetoric 2 requirement. Prerequisite: PWR 1.

Last offered: Spring 2019 | Units: 3 | UG Reqs: Writing 2 | Grading: Letter (ABCD/NP)

CEE 146S: Engineering Economics and Sustainability (ENGR 60)
Engineering Economics is a subset of the field of economics that draws upon the logic of economics, but adds that analytical power of mathematics and statistics.
The concepts developed in this course are broadly applicable to many professional and personal decisions, including making purchasing decisions, deciding between
project alternatives, evaluating different processes, and balancing environmental and social costs against economic costs. The concepts taught in this course will be
increasingly valuable as students climb the carrier ladder in private industry, a non-governmental organization, a public agency, or in founding their own startup.
Eventually, the ability to make informed decisions that are based in fundamental analysis of alternatives is a part of every career. As such, this course is
recommended for engineering and non-engineering students alike. This course is taught exclusively online in every quarter it is offered. (Prerequisites: MATH 19 or
20 or approved equivalent.)

Terms: Aut, Spr, Sum | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Lepech, M. (PI)
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CEE 151: Negotiation (CEE 251, EARTH 251, PUBLPOL 152)
Students learn to prepare for and conduct negotiations in a variety of arenas including getting a job, managing workplace conflict, negotiating transactions, and
managing personal relationships. Interactive class. The internationally traveled instructor who has mediated cases in over 75 countries will require students to
negotiate real life case studies and discuss their results in class. Application required before first day of class; students should enroll on Axess and complete the
application on Canvas by March 23, 2022. Application can also be accessed at http://bit.ly/Negotiation2022. Synchronous In-person participation required for
students who wish to take this class. Note: There is a class fee of $130 for access to case files and readings. If the course fee is of concern, please email the TA at
cbh21@stanford.edu enzoalf@stanford.edu

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Christensen, S. (PI)

CEE 151A: Race in Science (AFRICAAM 51A, COMM 51A, CSRE 51A, HUMBIO 71A, STS 51A)
What are the roles of race and racism in science, technology, and medicine? 3-course sequence; each quarter can be taken independently. Fall quarter focuses on
science. What is the science of race and racism? How does race affect scientific work? Weekly guest speakers will address such issues as the psychology and
anthropology of race and racism; how race, language, and culture affect education; race in environmental science and environmental justice; the science of
reducing police violence; and the role of race in genomic research. Talks will take a variety of forms, from panel discussions to interviews and lectures. Weekly
assignments: read a related article and participate in an online discussion.

Last offered: Autumn 2020 | Units: 1 | Grading: Satisfactory/No Credit

CEE 155: Introduction to Sensing Networks for CEE (CEE 255)
Introduce the design and implementation of sensor networks for monitoring the built and natural environment. Emphasis on the integration of modern sensor and
communication technologies, signal processing and statistical models for network data analysis and interpretation to create practical deployments to enable
sustainable systems, in areas such as energy, weather, transportation and buildings. Students will be involved in a practical project that may involve deploying a
small sensor system, data models and analysis and signal processing. Limited enrollment.

Last offered: Spring 2020 | Units: 3-4 | Grading: Letter or Credit/No Credit

CEE 156: Building Systems Design & Analysis (CEE 256)
HVAC, lighting, and envelope systems for commercial and institutional buildings, with a focus on energy efficient design. Knowledge and skills required in the
development of low-energy buildings that provide high quality environment for occupants.

Terms: Win | Units: 3-4 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter (ABCD/NP)

Instructors: ; Jain, R. (PI); Kolderup, E. (PI)

CEE 157: Sustainable Finance and Investment Seminar (CEE 257)
The course aims to equip the Stanford community with the knowledge and networks required to undertake significant future work on sustainable finance and
investment. The course will be given in a seminar format, which explores multiple disciplines of sustainable finance with talks by researchers associated with the
Stanford Precourt Institute for Energy's Sustainable Finance Initiative and visiting speakers. The course features three highly interactive modules: (1) risk and
opportunities of sustainable finance, (2) business and financial innovation toward sustainability, and (3) sustainability assessment and advanced data technologies.
The contents covered by this course include but are not limited to systems and theories in sustainable finance and investment such as active ownership, carbon
markets and policies, climate finance, environmental disclosure and reporting, divestment, engagement, environmental, social, and governance (ESG), green
banks, green bonds, green benchmarks and indices, impact investing, public-private partnerships, responsible investment, stranded assets, and green taxonomies.
Seminar meets weekly during the Autumn Quarter.

Terms: Aut | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; In, S. (PI)

CEE 161I: Atmosphere, Ocean, and Climate Dynamics: The Atmospheric Circulation (CEE 261I, EARTHSYS 146A, ESS 246A)
Introduction to the physics governing the circulation of the atmosphere and ocean and their control on climate with emphasis on the atmospheric circulation. Topics
include the global energy balance, the greenhouse effect, the vertical and meridional structure of the atmosphere, dry and moist convection, the equations of
motion for the atmosphere and ocean, including the effects of rotation, and the poleward transport of heat by the large-scale atmospheric circulation and storm
systems. Prerequisites: MATH 51 or CME100 and PHYSICS 41.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; O'Neill, M. (PI); Charles, P. (TA); Chmanti Houari, O. (TA); Fu, H. (TA); Nelson, L. (TA)

CEE 162D: Introduction to Physical Oceanography (CEE 262D, EARTHSYS 164, ESS 148)
The dynamic basis of oceanography. Topics: physical environment; conservation equations for salt, heat, and momentum; geostrophic flows; wind-driven flows; the
Gulf Stream; equatorial dynamics and ENSO; thermohaline circulation of the deep oceans; and tides. Prerequisite: PHYSICS 41.

Terms: Win | Units: 4 | UG Reqs: GER: DB-NatSci | Grading: Letter or Credit/No Credit

Instructors: ; Fong, D. (PI); Boles, E. (TA)

CEE 162E: Rivers, Streams, and Canals (CEE 262E)
Introduction to the movement of water through natural and engineered channels, streams, and rivers. Basic equations and theory (mass, momentum, and energy
equations) for steady and unsteady descriptions of the flow. Application of theory to the design of flood- control and canal systems. Flow controls such as weirs and
sluice gates; gradually varied flow; Saint-Venant equations and flood waves; and method of characteristics. Laboratory demonstrations involving experiments with
controls such as weirs and gates, gradually varied flow, and waves will be integrated into the class material. Prerequisite: CEE 101B or CEE 162A.

Terms: Spr | Units: 3 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter or Credit/No Credit

Instructors: ; Koseff, J. (PI)

CEE 162F: Coastal Processes
Formerly Coastal Engineering. Fluid dynamics and sediment transport processes that govern the physical behavior of the coastal ocean. Topics: waves, coastal
sediment transport, tides, storm surge, sea-level rise, estuarine circulation, river plumes, and upwelling. Prerequisite: PHYSICS 41

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit
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Instructors: ; Fringer, O. (PI); Mactavish, D. (TA)

CEE 162I: Atmosphere, Ocean, and Climate Dynamics: the Ocean Circulation (CEE 262I, EARTHSYS 146B, ESS 246B)
Introduction to the physics governing the circulation of the atmosphere and ocean and their control on climate with emphasis on the large-scale ocean circulation.
This course will give an overview of the structure and dynamics of the major ocean current systems that contribute to the meridional overturning circulation, the
transport of heat, salt, and biogeochemical tracers, and the regulation of climate. Topics include the tropical ocean circulation, the wind-driven gyres and western
boundary currents, the thermohaline circulation, the Antarctic Circumpolar Current, water mass formation, atmosphere-ocean coupling, and climate variability.
Prerequisites: MATH 51 or CME100; and PHYSICS 41; and a course that introduces the equations of fluid motion (e.g. ESS 246A, ESS 148, or CEE 101B).

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Thomas, L. (PI); Dey, I. (TA)

CEE 164H: Quantitative methods for marine ecology and conservation (BIO 143, BIO 243, BIOHOPK 143H, BIOHOPK 243H,
CEE 264H, EARTHSYS 143H, EARTHSYS 243H)
NOTE: This course will be taught in-person on main campus, in hybrid format with Zoom options. The goal of this course is to learn the foundations of ecological
modeling with a specific (but not exclusive) focus on marine conservation and sustainable exploitation of renewable resources. Students will be introduced to a
range of methods - from basic to advanced - to characterize population structure, conduct demographic analyses, estimate extinction risk, identify temporal trends
and spatial patterns, quantify the effect of environmental determinants and anthropogenic pressures on the dynamics of marine populations, describe the potential
for adaptation to climate change. This course will emphasize learning by doing, and will rely heavily on practical computer laboratories, in R and/or Phyton, based
on data from our own research activities or peer reviewed publications. Students with a background knowledge of statistics, programming and calculus will be most
welcome.

Terms: Win | Units: 4 | UG Reqs: WAY-AQR, WAY-FR | Grading: Letter or Credit/No Credit

Instructors: ; De Leo, G. (PI); Goodman, M. (SI); Grewelle, R. (SI); Mathur, S. (TA)

CEE 165C: Water Resources Management (CEE 265C)
Water resources management is studied in the context of increasing population, economic growth, and the effect of climate change on the available water
resources. The class examines the question of how to achieve the optimal equilibrium between water supply and water demand, under specific local and regional
physical environmental, social and economic constraints. Basic water management principles are reviewed in the context of sustainable development, increasing
water scarcity in many parts of the world, and hydrologic uncertainty including that associated with climate change. Specific topics include the management of
operations and water quality in reservoirs, river basins, and groundwater systems; non-conventional water sources such as treated wastewater and desalination;
demand management options; and the institutional and legal framework of water management.

Last offered: Summer 2019 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 165H: Big Earth Hackathon Wildland Fire Challenge (CEE 265H, EARTH 165H, EARTH 265H)
Participate in Stanford's Big Earth Hackathon challenge on wildland fires by finding an innovative solution to wildland fire prediction, prevention, and/or
evacuation. Students work in self-organized diverse teams of 2-4 students in weeks 1-8, with a final presentation of the work on Friday May 27. The teams will
spend the first few weeks designing their specific team problem/scope/goals under one of three primary areas of focus. Guidance in the design and solution
processes will be provided by faculty, industry and/or community leaders. Workshops in data analysis, programming, GIS, and fundamental issues related to
wildfires will be provided at the start of the quarter to give students tools and insights to define and tackle problems.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Fong, D. (PI)

CEE 166A: Watershed Hydrologic Processes and Models (CEE 266A)
Introduction to the occurrence and movement of water in the terrestrial environment at the scale of watersheds. Development of conceptual and quantitative
understanding of hydrologic processes, including precipitation, evaporation, transpiration, snowmelt, infiltration, subsurface flow, surface runoff, and streamflow.
Emphasis is on observation and measurement, data analysis, conceptual understanding, quantitative models, and prediction. Prerequisite: CEE 101B or CEE 101E, or
equivalent.

Terms: Aut | Units: 3 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter or Credit/No Credit

Instructors: ; Freyberg, D. (PI); Pandher, S. (TA); Quezon, R. (TA)

CEE 166B: Water Resources and Hazards (CEE 266B)
Sociotechnical systems associated with the human use of water as a resource and the hazards posed by too much or too little water. Physical, institutional, and
regulatory infrastructure supporting potable and non-potable water use and conservation, irrigation, hydroelectric power generation, rural and urban water supply
systems, storm water management, flood-damage prevention and mitigation, drought mitigation, and riverine ecosystem renaturalization. Emphasis is on
engineering design. Prerequisite: CEE 166A/266A or equivalent.

Terms: Win | Units: 3 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter or Credit/No Credit

Instructors: ; Freyberg, D. (PI); Chen, C. (TA); Feng, Y. (TA)

CEE 170: Aquatic and Organic Chemistry for Environmental Engineering (CEE 270M)
This course provides a solid foundation in the most important aspects of general, aquatic and organic chemistry. Nearly all of aspects environmental engineering
apply the chemistry concepts discussed in this course. Given that each of the chemistry subjects to be addressed are standalone classes, this class highlights only
the most relevant material to environmental engineering. The class focuses on developing general background skills needed for subsequent classes in environmental
engineering focusing on their applications, although certain applications will be discussed for illustration.

Terms: Sum | Units: 3 | Grading: Letter or Credit/No Credit

CEE 170S: Environmental Disasters (CEE 270S)
Mining and critical review of scientific literature for environmental impacts, especially chemical contamination caused by natural and anthropogenic disasters.
Focus is on the development of research review skills, critical thinking and discussion of findings.

Last offered: Summer 2018 | Units: 2 | Grading: Letter or Credit/No Credit
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CEE 171F: New Indicators of Well-Being and Sustainability
Explore new ways to better measure human development, comprehensive wealth and sustainability beyond standard economic indicators such as income and GDP.
Examine how new indicators shape global, national and local policy worldwide. Well-being topics include health, happiness, trust, inequality and governance.
Sustainability topics include sustainable development, environmental performance indicators, material flow analysis and decoupling, and inclusive wealth
indicators. Students will build their own indicator of well-being and sustainability for a term paper.

Last offered: Summer 2018 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 171G: Environmental & Ecological Economics (CEE 271G)
Ideas, tools and policy solutions in environmental and ecological economics covering a wide range of topics: biodiversity and ecosystems management, energy and
climate change mitigation, environmental health and environmental justice, new indicators of well-being and sustainability beyond GDP and growth and sustainable
urban systems.

Last offered: Summer 2019 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 172: Air Quality Management
Quantitative introduction to the engineering methods used to study and seek solutions to current air quality problems. Topics: global atmospheric changes, urban
sources of air pollution, indoor air quality problems, design and efficiencies of pollution control devices, and engineering strategies for managing air quality.
Prerequisites: 70, MATH 51.

Terms: Spr | Units: 3 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter or Credit/No Credit

Instructors: ; Kopperud, R. (PI)

CEE 172A: Indoor Air Quality (CEE 278C)
Factors affecting the levels of air pollutants in the built indoor environment. The influence of ventilation, office equipment, floor coverings, furnishings, cleaning
practices, and human activities on air quality including carbon dioxide, VOCs, resuspended dust, and airborne molds and fungi. Limited enrollment, preference to
CEE students. Prerequisites: Math 21 and CEE 70, or equivalents.

Last offered: Spring 2020 | Units: 2-3 | Grading: Letter or Credit/No Credit

CEE 173: Urban Water
This course explores both quantitatively and qualitatively - technical, economic, institutional, social, policy, and legal aspects of urban water. The course will
include lectures and discussions covering the following themes (1) history of urban water (2) journey of urban water including human health and ecosystem health
impacts (3) sanitation (4) global urban water conflicts (5) disease prevention and pandemic response (6) practical and technical aspects of water quality analysis (7)
economics of water (8) technology and water (9) seeds of hope. Lectures will provide foundational information on drinking water, wastewater treatment processes,
contaminants, role of various stakeholders in the outcome of water conflicts as well as policies and guidelines (local national and WHO). Discussion sessions will
include case studies of nuanced water conflicts that students will dive deep into using engaging conversation and debate. Technical classes will include water
quality analysis on contaminants that students will work through during in-class discussions and homework assignments.

Last offered: Spring 2021 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 173S: Electricity Economics (CEE 273S)
This course develops a foundation of economic principles for the electric utility on the topics of regulation, planning, and operation. A particular emphasis is given
to emerging electricity sector topics such as renewable planning and integration, distributed energy resources, energy storage, and market design. The course uses
these economic principles to assess the effects of existing and proposed policy including the potential for value creation and disruption.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Ming, Z. (PI)

CEE 175A: California Coast: Science, Policy, and Law (CEE 275A)
This interdisciplinary course integrates the legal, scientific, and policy dimensions of how we characterize and manage resource use and allocation along the
California coast. We will use this geographic setting as the vehicle for exploring more generally how agencies, legislatures, and courts resolve resource-use conflicts
and the role that scientific information and uncertainty play in the process. Our focus will be on the land-sea interface as we explore contemporary coastal land-
use and marine resource decision-making, including coastal pollution, public health, ecosystem management; public access; private development; local community
and state infrastructure; natural systems and significant threats; resource extraction; and conservation, mitigation and restoration. Students will learn the
fundamental physics, chemistry, and biology of the coastal zone, tools for exploring data collected in the coastal ocean, and the institutional framework that
shapes public and private decisions affecting coastal resources. There will be 3 to 4 written assignments addressing policy and science issues during the quarter, as
well as a take-home final assignment. Special Instructions: In-class work and discussion is often done in interdisciplinary teams of students from the School of Law,
the School of Engineering, the School of Humanities and Sciences, and the School of Earth, Energy, and Environmental Sciences. Students are expected to
participate in class discussion and field trips. Elements used in grading: Participation, including class session and field trip attendance, writing and quantitative
assignments. Cross-listed with Civil & Environmental Engineering (CEE 175A/275A), Earth Systems (EARTHSYS 175/275), and Law (LAW 2510). Open to graduate
students and to advanced undergraduates with instructor consent. Enrollment limited; priority given to CEE majors and Law School students.

Last offered: Spring 2020 | Units: 3-4 | Grading: Letter or Credit/No Credit

CEE 175P: Persuasive Communication for Environmental Scientists, Practitioners, and Entrepreneurs (CEE 275P)
Achieving environmental goals depends not only on innovative ideas and great science but also persuasive communication. What makes communication persuasive?
The ability of the communicator to create value for his or her audience. This course will teach students how to: 1) focus on their audience and 2) create value for
their audience using research-proven communication techniques. Students will master these techniques through oral and written exercises so that, after taking this
course, they will speak and write more persuasively.

Last offered: Summer 2018 | Units: 2 | Grading: Letter or Credit/No Credit

CEE 175S: Environmental Entrepreneurship and Innovation (CEE 275S)
Our current infrastructure for provision of critical services-clean water, energy, transportation, environmental protection; requires substantial upgrades. As a
complement to the scientific and engineering innovations taking place in the environmental field, this course emphasizes the analysis of economic factors and value
propositions that align value chain stakeholder interests.
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Last offered: Summer 2019 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 176A: Energy Efficient Buildings
Quantitative evaluation of technologies and techniques for reducing energy demand of residential-scale buildings. Heating and cooling load calculations, financial
analysis, passive-solar design techniques, water heating systems, photovoltaic system sizing for net-zero-energy all-electric homes.

Terms: Win | Units: 3 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter or Credit/No Credit

Instructors: ; Sambor, D. (PI)

CEE 176B: 100% Clean, Renewable Energy and Storage for Everything (CEE 276B)
This course discusses elements of a transition to 100% clean, renewable energy in the electricity, transportation, heating/cooling, and industrial sectors for towns,
cities, states, countries, and companies. It examines wind, solar, geothermal, hydroelectric, tidal, and wave characteristics and resources; electricity, heat, cold
and hydrogen storage; transmission and distribution; matching power demand with supply on the grid: efficiency; replacing fossil with electric appliances and
machines in the buildings and industry; energy, health, and climate costs and savings; land requirements; feedbacks of renewables to the atmosphere; and 100%
clean, renewable energy roadmaps to guide transitions.

Terms: Spr | Units: 3-4 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Jacobson, M. (PI)

CEE 176G: Sustainability Design Thinking (CEE 276G)
Application design thinking to make sustainability compelling, impactful and realizable. Analysis of contextual, functional and human-centered design thinking
techniques to promote sustainable design of products and environments by holistically considering space, form, environment, energy, economics, and health.
Includes Studio project work in prototyping, modeling, testing, and realizing sustainable design ideas.

Terms: Sum | Units: 3 | Grading: Letter or Credit/No Credit

CEE 177: Aquatic Chemistry and Biology
Introduction to chemical and biological processes in the aqueous environment. Basic aqueous equilibria; the structure, behavior, and fate of major classes of
chemicals that dissolve in water; redox reactions; the biochemistry of aquatic microbial life; and biogeochemical processes that govern the fate of nutrients and
metals in the environment and in engineered systems. Prerequisite: CHEM 31.

Terms: Aut | Units: 4 | UG Reqs: GER:DB-EngrAppSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Criddle, C. (PI); Zhang, M. (TA)

CEE 177L: Smart Cities & Communities (CEE 277L)
A city is comprised of people and a complex system of systems connected by data. A nexus of forces IoT, open data, analytics, AI, and systems of engagement
present new opportunities to increase the efficiency of urban systems, improve the efficacy of public services, and assure the resiliency of the community. Systems
studied include: water, energy, transportation, buildings, food production, and social services. The roles of policy and behavior change as well as the risks of smart
cities will be discussed. How cities are applying innovation to address the unprecedented challenges of COVID-19 will also be explored.

Terms: Sum | Units: 3 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

CEE 177Q: Data Analysis, Presentation, and Interpretation in Environmental Engineering (CEE 277Q)
This class is designed for students interested in pursuing research-based careers. It covers practical aspects of data analysis, presentation, interpretation relevant
to the field of environmental engineering. Learning objectives include identifying and refining research questions, choosing appropriate data analysis methods, and
applying principles of effective visual and written presentation of proposed research and research findings. Additional topics to be covered include preparing a
constructive review, research ethics, and navigating the publication process.

Last offered: Spring 2020 | Units: 3 | Grading: Satisfactory/No Credit

CEE 178: Introduction to Human Exposure Analysis (CEE 276)
(Graduate students register for 276.) Scientific and engineering issues involved in quantifying human exposure to toxic chemicals in the environment. Pollutant
behavior, inhalation exposure, dermal exposure, and assessment tools. Overview of the complexities, uncertainties, and physical, chemical, and biological issues
relevant to risk assessment. Lab projects. Recommended: MATH 51. Apply at first class for admission.

Last offered: Autumn 2019 | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR, WAY-SMA | Grading: Letter (ABCD/NP)

CEE 179A: Water Chemistry Laboratory (CEE 273A)
(Graduate students register for 273A.) Laboratory application of techniques for the analysis of natural and contaminated waters, emphasizing instrumental
techniques

Last offered: Winter 2019 | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

CEE 179C: Environmental Engineering Design
Application of engineering fundamentals including environmental engineering, hydrology, and engineering economy to a design problem. Enrollment limited;
preference to seniors in Civil and Environmental Engineering.

Last offered: Spring 2019 | Units: 5 | Grading: Letter (ABCD/NP)

CEE 179E: Wastewater Treatment: From Disposal to Resource Recovery (CEE 279E)
This course covers basic hydraulics and the fundamental processes used to treat wastewater. In addition to understanding the details behind the fundamental
processes, students will learn to feel comfortable developing initial design criteria (30% designs) for fundamental processes. Students should also develop a feel for
the typical values of water treatment parameters and the equipment involved. After covering conventional processes, the class addresses newer processes used to
meet emerging treatment objectives, including nutrient removal, composting of biosolids and recycling of wastewater for beneficial uses, including potable
reuse.n(Note this course was formerly CEE 174B)

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Mitch, W. (PI); Weng, C. (TA)
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CEE 183: Integrated Civil Engineering Design Project
Studio format. Integrative capstone project designed for civil engineering majors, involving schematic design, and taking into account sustainable engineering
issues. Prerequisites: Senior standing in the CE major or instructor permission

Terms: Spr | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Douglas, K. (PI); Fong, D. (PI)

CEE 192: Properties of Rocks and Geomaterials (GEOLSCI 230, GEOPHYS 259)
Lectures and laboratory experiments. Properties of rocks and geomaterials and how they relate to chemo-mechanical processes in crustal settings, reservoirs, and
man-made materials. Focus is on properties such as porosity, permeability, acoustic wave velocity, and electrical resistivity. Students may investigate a scientific
problem to support their own research (4 units). Prerequisites: Physics 41 (or equivalent) and CME 100.

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Vanorio, T. (PI); Malenda, M. (TA)

CEE 199: Undergraduate Research in Civil and Environmental Engineering
Written report or oral presentation required. Students must obtain a faculty sponsor.

Terms: Aut, Win, Spr, Sum | Units: 1-4 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Baker, J. (PI); Billington, S. (PI); Boehm, A. (PI); Borja, R. (PI); Boslough, A. (PI); Criddle, C. (PI); Davis, J. (PI); Deierlein, G. (PI); Douglas, K. (PI);
Fischer, M. (PI); Fletcher, S. (PI); Fong, D. (PI); Freyberg, D. (PI); Fringer, O. (PI); Fruchter, R. (PI); Gorle, C. (PI); Gragg, D. (PI); Hildemann, L. (PI); Jacobson, M.
(PI); Jain, R. (PI); Katz, G. (PI); Kiremidjian, A. (PI); Kitanidis, P. (PI); Koseff, J. (PI); Larimer, A. (PI); Law, K. (PI); Leckie, J. (PI); Lepech, M. (PI); Levitt, R. (PI);
Linder, C. (PI); Luthy, R. (PI); Masters, G. (PI); Mauter, M. (PI); Miranda, E. (PI); Mitch, W. (PI); Monismith, S. (PI); Monk, A. (PI); Noh, H. (PI); Ouellette, N. (PI);
Rajagopal, R. (PI); Spormann, A. (PI); Tarpeh, W. (PI)

CEE 199L: Independent Project in Civil and Environmental Engineering
Prerequisite: Consent of Instructor

Terms: Aut, Win, Spr, Sum | Units: 1-4 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Baker, J. (PI); Billington, S. (PI); Boehm, A. (PI); Borja, R. (PI); Criddle, C. (PI); Davis, J. (PI); Deierlein, G. (PI); Douglas, K. (PI); Fischer, M. (PI);
Fletcher, S. (PI); Fong, D. (PI); Freyberg, D. (PI); Fringer, O. (PI); Fruchter, R. (PI); Gorle, C. (PI); Gragg, D. (PI); Hildemann, L. (PI); Jacobson, M. (PI); Jain, R. (PI);
Katz, G. (PI); Kiremidjian, A. (PI); Kitanidis, P. (PI); Koseff, J. (PI); Law, K. (PI); Leckie, J. (PI); Lepech, M. (PI); Levitt, R. (PI); Linder, C. (PI); Luthy, R. (PI); Masters,
G. (PI); Mauter, M. (PI); Miranda, E. (PI); Mitch, W. (PI); Monismith, S. (PI); Noh, H. (PI); Ouellette, N. (PI); Rajagopal, R. (PI); Spormann, A. (PI); Tarpeh, W. (PI); Lin,
D. (GP)

CEE 199S: Undergraduate Summer Research in Civil and Environmental Engineering
Investigation of a research topic in civil and environmental engineering. For students admitted to the Stanford Summer Session program. Written report or oral
presentation required. Students must obtain a faculty or research staff sponsor.

Last offered: Summer 2019 | Units: 1-6 | Grading: Satisfactory/No Credit

CEE 200A: Teaching of Civil and Environmental Engineering
Required of CEE Ph.D. students. Strategies for effective teaching and introduction to engineering pedagogy. Topics: problem solving techniques and learning styles,
individual and group instruction, the role of TAs, balancing other demands, grading. Teaching exercises. Register for quarter of teaching assistantship: 200A. Aut;
200B. Win; 200C. Spr

Terms: Aut | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Billington, S. (PI); Altaf, B. (TA)

CEE 200B: Teaching of Civil and Environmental Engineering
Required of CEE Ph.D. students. Strategies for effective teaching and introduction to engineering pedagogy. Topics: problem solving techniques and learning styles,
individual and group instruction, the role of TAs, balancing other demands, grading. Teaching exercises. Register for quarter of teaching assistantship. May be
repeated for credit. 200A. Aut, 200B. Win, 200C. Spr

Terms: Win | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Billington, S. (PI); Altaf, B. (TA)

CEE 200C: Teaching of Civil and Environmental Engineering
Required of CEE Ph.D. students. Strategies for effective teaching and introduction to engineering pedagogy. Topics: problem solving techniques and learning styles,
individual and group instruction, the role of TAs, balancing other demands, grading. Teaching exercises. Register for quarter of teaching assistantship. May be
repeated for credit. 200A. Aut, 200B. Win, 200C. Spr

Terms: Spr | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Billington, S. (PI); Altaf, B. (TA)

CEE 201D: Computations in Civil and Environmental Engineering (CEE 101D)
Computational and visualization methods in the design and analysis of civil and environmental engineering systems. Focus is on applications of MATLAB. How to
develop a more lucid and better organized programming style.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Fong, D. (PI); Tsai, Y. (TA)

CEE 206: Decision Analysis for Civil and Environmental Engineers
Current challenges in selecting an appropriate site, alternate design, or retrofit strategy based on environmental, economic, and social factors can be best
addressed through applications of decision science. Basics of decision theory, including development of decision trees with discrete and continuous random
variables, expected value decision making, utility theory value of information, and elementary multi-attribute decision making will be covered in the class.
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Examples will cover many areas of civil and environmental engineering problems. Prerequisite: CEE 203 or equivalent. (Note: This course will be offered in Fall of
2020).

Terms: Sum | Units: 3 | Grading: Letter or Credit/No Credit

CEE 207A: Understand Energy (CEE 107A, EARTHSYS 103)
Energy is the number one contributor to climate change and has significant consequences for our society, political system, economy, and environment. Energy is
also a fundamental driver of human development and opportunity. In taking this course, students will not only understand the fundamentals of each energy resource
-- including significance and potential, conversion processes and technologies, drivers and barriers, policy and regulation, and social, economic, and environmental
impacts -- students will also be able to put this in the context of the broader energy system. Both depletable and renewable energy resources are covered,
including oil, natural gas, coal, nuclear, biomass and biofuel, hydroelectric, wind, solar thermal and photovoltaics (PV), geothermal, and ocean energy, with cross-
cutting topics including electricity, storage, climate change and greenhouse gas emissions (GHG), sustainability, green buildings, energy efficiency, transportation,
and the developing world. The 4 unit course includes lecture and in-class discussion, readings and videos, homework assignments, one on-campus field trip during
lecture time and two off-campus field trips with brief report assignments. Off-campus field trips to wind farms, solar farms, nuclear power plants, natural gas
power plants, hydroelectric dams, etc. Enroll for 5 units to also attend the Workshop, an interactive discussion section on cross-cutting topics that meets once per
week for 80 minutes (Mondays, 1:30 PM - 2:50 PM). Open to all: pre-majors and majors, with any background! Website: https://energy.stanford.edu/understand-
energy. CEE 107S/207S Understand Energy: Essentials is a shorter (3 unit) version of this course, offered summer quarter. Students should not take both for credit.
Prerequisites: Algebra

Terms: Aut, Spr | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Gragg, D. (PI); Stasio, K. (PI); Woodward, J. (PI); Amoh, B. (TA); Hills-Bunnell, D. (TA); Michielssen, M. (TA); Palmer, F. (TA)

CEE 207D: Scaling Integrative Design for Radical Energy Efficiency (CEE 107D)
Integrative design optimizes buildings, vehicles, factories, and equipment as whole systems. This makes the energy efficiency resource severalfold bigger and
cheaper, often with increasing returns, helping to enable profitable climate protection. Integrative design is proven and shows immense value, yet is rarely taught
or practiced. This seminar explores how more than a dozen diverse scaling vectors can be harnessed to change integrative design rapidly from rare to common, and
thus transform the human prospect and pathways to a host of climate solutions. Prerequisites: CEE 107H/207H, CEE 107R/207R, or by permission of instructor.

Last offered: Spring 2021 | Units: 2-3 | Grading: Letter or Credit/No Credit

CEE 207H: Applied Hope: Whole-Systems Thinking on Energy Solutions (CEE 107H)
Whole-systems thinking has yielded transformative insights about prospects for sustainability across a series of energy and environmental challenges. Taught by
Amory Lovins, co-founder of Rocky Mountain Institute, this seminar will cover four decades of ground-breaking analysis and validated results that have transformed
what is thought to be possible across multiple fields. Topics will include highly efficient buildings, vehicles, and industrial processes; winning the fossil fuel
endgames; nuclear power and security; natural capitalism; distributed energy and resilience; and profitable climate protection.

Terms: Aut | Units: 2 | Grading: Letter or Credit/No Credit

CEE 207R: E^3: Extreme Energy Efficiency (CEE 107R)
Be part of a unique course about extreme energy efficiency and integrative design! We will meet once a week throughout the quarter. E^3 will focus on efficiency
techniques' design, performance, integration, barrier-busting, profitable business-led implementation, and implications for energy supply, competitive success,
environment, development, security, etc. Examples will span very diverse sectors, applications, issues, and disciplines, covering different energy themes
throughout the quarter: buildings, transportation, industry, and implementation and implications, including renewable energy synergy and integration. The course
will be composed of keynote lectures, exercises, and interactive puzzlers, synthesizing integrative design principles. Exercises will illuminate real-world design
challenges RMI has faced, in which students will explore clean-sheet solutions that meet end-use demands and optimize whole-system resource efficiency, seeking
expanding rather than diminishing returns to investments, i.e. making big savings cheaper than small ones. Students will work closely and interactively with the
instructors Amory Lovins, cofounder and Chief Scientist of Rocky Mountain Institute (RMI), Dr. Joel Swisher, former RMI managing director and Stanford instructor in
CEE, more recently director of the Institute for Energy Studies at Western Washington University, and Dr. Holmes Hummel, founder of Clean Energy Works. All
backgrounds and disciplines, undergraduate and graduate, are welcome to enroll. There is no application this year. Solid technical grounding and acquaintance with
basic economics and business concepts will be helpful. Prerequisite - completion of one of the following courses or their equivalent is required: CEE 107A/207A/
Earthsys 103, CEE 107S/ CEE 207S, CEE 176A, CEE 176B. Course details are available at the website: https://energy.stanford.edu/extreme-energy-efficiency

Terms: Win, Spr | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Hummel, H. (PI); Lovins, A. (PI); Swisher, J. (PI)

CEE 207S: Understand Energy - Essentials (CEE 107S)
Energy is the number one contributor to climate change and has significant consequences for our society, political system, economy, and environment. Energy is
also a fundamental driver of human development and opportunity. Students will learn the fundamentals of each energy resource -- including significance and
potential, drivers and barriers, policy and regulation, and social, economic, and environmental impacts -- and will be able to put this in the context of the broader
energy system. Both depletable and renewable energy resources are covered, including oil, natural gas, coal, nuclear, biomass and biofuel, hydroelectric, wind,
solar thermal and photovoltaics (PV), geothermal, and ocean energy, with cross-cutting topics including electricity, storage, hydrogen, climate change and
greenhouse gas emissions (GHG), sustainability, green buildings, energy efficiency, transportation, and the developing world. The course is 3 units, which includes
lecture, readings and videos, and homework assignments. This is a course for all: pre-majors and majors, with any background - no prior energy knowledge
necessary. For a course that covers all of this plus goes more in-depth, check out CEE 107A/207A/ EarthSys 103 Understand Energy offered in the autumn and spring
quarters (students should not take both for credit). Website: https://energy.stanford.edu/understand-energy Prerequisites: Algebra.

Terms: Sum | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Hsu, K. (PI)

CEE 209S: Disaster Resilience Seminar
This seminar will present topics associated with quantifying, communicating and improving the resilience of urban areas to disasters. Speakers from a range of
disciplines will present current research, application, and thinking on innovations, current best practices and the future of disaster resilience. Guest speakers,
supplemental reading, and group discussion will be utilized to teach about the complex nature of natural disasters, the impacts on different regions, and the multi-
disciplinary/multi-cultural ways of thinking to prepare communities.

Terms: Aut | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Carneiro da Costa, R. (PI); Issa, O. (TA)
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CEE 218X: Shaping the Future of the Bay Area (AMSTUD 118X, CEE 118X, ESS 118X, ESS 218X, GEOLSCI 118X, GEOLSCI
218X, GEOPHYS 118X, GEOPHYS 218X, POLISCI 218X, PUBLPOL 118X, PUBLPOL 218X)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Aut | Units: 1-5 | Grading: Letter (ABCD/NP)

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Wong-Parodi, G. (PI); Duan, J. (TA); Srinivas, S. (TA)

CEE 223: Materials for Sustainable Built Environments
In this course, students will learn about new and traditional construction materials for use in sustainable building and infrastructure projects. Materials will include
cement-based materials, fiber-reinforced polymer composites, and timber for structural and non-structural applications including facades, insulation, and paving.
Material properties, their performance over time and their impact on people and the environment will be discussed and students will complete a design project in
teams. Pre-requisites: CEE 101A or equivalent. Knowledge of structural design with reinforced concrete and steel recommended.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Douglas, K. (PI); Rao, M. (TA)

CEE 224A: Design and Operation of Integrated Infrastructure Systems
In the next decade, countries will spend trillions of dollars on built infrastructure, the effect of which is to preserve our isolated infrastructure systems status quo.
Regulatory bodies like Public Utility Commissions (PUC) have unintentionally institutionalized this effect, with sometimes disastrous results, when in fact these
isolated systems interact in ways that create new opportunities and new challenges. Infrastructure can be made more flexible and resilient but only when we know
how to design, interconnect, and operate urban systems as an integrated whole, and when quality of life is the explicit motivation. These systems include Energy,
Transportation, Communication, Water, Air, Green Space and Geophysical systems.nnThis class will introduce the basics of current infrastructure systems and
explore in greater depth how these systems can be integrated in design and in operations. During the first half of the quarter, class lectures and guest speakers will
develop the principles of infrastructure design and operations. The focus of the second half of the quarter will be directed student research to explore in greater
detail the integration of two or more infrastructure systems, concluding with a written paper and class presentation.nnAt the end of this course students will have a
framework for understanding integrated infrastructure design from multiple engineering and civic perspectives. Specific topics will be: n- Boundaries and boundary
conditions between Built Urban Infrastructure Systems and Natural Urban infrastructure Systems n- Materials and Energy Flows between Built and Natural Urban
Systemsn- Quantifying and Normalizing Urban Materials and Energy Flowsn- Basis of physical control of Infrastructure Systemsn- Basis of legal and economic control
of Infrastructure systemsn- Metrics to evaluate single system and integrated system performancenStudents must submit an application for admission to this course:
https://docs.google.com/forms/d/e/1FAIpQLSfxTP9MWxbOMJOYXOA3kK1ZWAPJHCkptxaXfGQ80o0Nz7d6cA/viewform?usp=sf_link

Terms: Aut, Win | Units: 3 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Lepech, M. (PI); Schwegler, B. (PI)

CEE 224B: Sustainable Development Studio
Project-based. Sustainable design, development, use and evolution of buildings; connections of building systems to broader resource systems. Areas include
architecture, structure, materials, energy, water, air, landscape, and food. Projects use a cradle-to-cradle approach focusing on technical and biological nutrient
cycles and information and knowledge generation and organization. May be repeated for credit.

Terms: Aut | Units: 1-5 | Grading: Letter or Credit/No Credit

CEE 224X: Shaping the Future of the Bay Area (CEE 124X)
Note to students: please be advised that the course number for this course has been changed to: CEE 218X, which is offered Autumn 2019-20. If you are interested
in taking this course, please enroll in CEE 218X instead for Autumn 2019-20.

Last offered: Autumn 2019 | Units: 3-5 | Grading: Letter or Credit/No Credit

CEE 225: Defining Smart Cities: Visions of Urbanism for the 21st Century (CEE 125, URBANST 174)
Technological innovations have and will disrupt all domains of urban life, from housing to healthcare to city management to transportation. This seminar is aimed at
future technologists, entrepreneurs, policymakers, and urban planners to define and evaluate the smartness of a city through three lenses: technology, equity, and
policy. Through readings, seminar discussions, guest speakers, and a final project, we will explore how a smart city can leverage technology for a higher quality of
life, less inequality in access to services, and tighter human communities. You will come away with a framework for understanding how to maximize the social good
of emerging technologies. Course material is appropriate for students from all disciplines. Students who enroll in the course for 4 units will participate in an off-
campus field component during Spring Break.

Last offered: Autumn 2017 | Units: 3-4 | Grading: Letter (ABCD/NP)

CEE 226: Life Cycle Assessment for Complex Systems
Life cycle modeling of products, industrial processes, and infrastructure/building systems; material and energy balances for large interdependent systems;
environmental accounting; and life cycle costing. These methods, based on ISO 14000 standards, are used to examine emerging technologies, such as biobased
products, building materials, building integrated photovoltaics, and alternative design strategies, such as remanufacturing, dematerialization, LEED, and Design for
Environment: DfE. Student teams complete a life cycle assessment of a product or system chosen from industry.

Terms: Aut | Units: 3-4 | Grading: Letter (ABCD/NP)

Instructors: ; Lepech, M. (PI)

CEE 226E: Techniques and Methods for Decarbonized and Energy Efficient Building Design
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This class explores innovative methods for designing, developing, and financing zero carbon and zero energy buildings. At this pivotal moment, as building codes in
California and around the world move towards decarbonization and all electric buildings, this class will ideally position students to enter the field of the built
environment with the tools to tackle the quickly changing industry. Students will learn best practices to reduce energy and integrate solar PV generation and
battery energy storage in commercial buildings in pursuit of Net Zero Energy and Net Zero Carbon buildings. The class is taught by Peter Rumsey, a widely
recognized global leader in energy efficiency and sustainable building design. Lectures include presentations and panels featuring foremost experts and
practitioners in the field of green buildings. Optional site visits to the Bay Area's most notable decarbonized and green buildings. CEE 176A and CEE 156/256 or
similar courses are recommended prerequisites. All students participate in a group-based, term project focused on the design of a Net Zero Carbon building. Topics
covered in this course include: understanding the importance of building envelopes in a successful design, designing a heating system without natural gas,
calculating building energy use, optimizing daylighting and electrical lighting, reducing plug load power use, quantifying embodied and lifetime operating carbon
emissions from buildings, sizing photovoltaic and battery storage systems, and financing energy efficiency, PV, and battery systems.

Terms: Spr | Units: 2-3 | Grading: Letter or Credit/No Credit

Instructors: ; Rumsey, P. (PI)

CEE 227: Global Project Finance
Public and private sources of finance for large, complex, capital-intensive projects in developed and developing countries. Benefits and disadvantages, major
participants, risk sharing, and challenges of project finance in emerging markets. Financial, economic, political, cultural, and technological elements that affect
project structures, processes, and outcomes. Case studies. Limited enrollment.

Terms: Win | Units: 3-5 | Grading: Letter (ABCD/NP)

Instructors: ; Bennon, M. (PI)

CEE 236: Planning Calif: the Intersection of Climate, Land Use, Transportation & the Economy (CEE 136, PUBLPOL 130,
PUBLPOL 230, URBANST 130)
Cities and urban areas have always been transformed by major external changes like pandemics and public health crises. California is both in the midst of its
greatest economic recession since the Great Depression and experiencing a pandemic that has the potential to reshape many aspects of life. Planning for cities and
regions, however, is a long game that requires follow-through on decisions made sometimes over many decades. How do we balance the shocks to our assumptions
from the current Covid world with the need to plan long-term for issues like affordable housing and equitable cities, and perhaps most fundamentally, prepare our
cities and communities for the inevitability of climate change and climate impact? nnnnThis course takes an interdisciplinary view of the key contemporary planning
topics in California. It does so from looking at the intersection of climate laws, land use changes, the need for housing, travel patterns and the availability of high
quality jobs and employment. This course will give you an understanding of the roles of key levels of government, from the state to the region/metropolitan scale,
to the city and county, down to the neighborhood and parcel level. it will give students insight into leading themes and issues of the day in California such as the
future of downtowns, the role of high speed rail, the impact of telework, automation in the construction of housing, drawing from examples in San Jose and San
Francisco, the Central Valley, the state legislature, Southern California. Within each of these topics we will look at the impact of decisions on equity as well as
climate and the economy. nnnnThe instructors are Kristy Wang, formerly SPUR¿s Community Planning Policy Director, and Egon Terplan, Senior Advisor for Economic
Development and Transportation in the California Governor¿s Office, formerly SPUR¿s Regional Planning Director. (Affiliations for identification purposes only)

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 243: Intro to Urban Sys Engrg
This course is an introduction to the interdisciplinary domain of urban systems engineering. It will provide you with a high-level understanding of the motivation for
studying sustainable cities and urban systems, systems-based modeling approaches and the social actor theories embedded in the urban sustainability decision
making process. Coursework will be comprised of three group mini-projects corresponding to course modules.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Jain, R. (PI)

CEE 246: Venture Creation for the Real Economy (MS&E 273)
A project-based course where teams of 4 prepare for the fundraising and launch of an entrepreneurial venture in the ¿real economy¿ ¿ i.e. startups targeted toward
users in construction, manufacturing, health care, transportation, energy. Students acquire the experience of an early-stage entrepreneur as they progress through
stages of team building, opportunity assessment, product-market fit analysis, business model architecture, product planning and development, go-to-market
strategy, financial modeling, and fundraising planning. The course structure includes weekly workshops, guest presentations from seasoned entrepreneurs and
industry experts, weekly meetings with the teaching team, and one-on-one support from dedicated business mentors/coaches. The course heavily leverages
detailed online material from the SCPD Idea-to-Market program. The experience includes three pitches to panels of VCs and other industry experts starting with
Opportunity Assessment, then Operations and Financial Modeling, and finally wrapping with an Investor Pitch to Silicon Valley VC¿s. By the end of the class,
successful students will be equipped with the knowledge and network to evaluate and create impactful business ideas, many of which have been launched from this
class. Open to all Stanford students, with a preference for graduate students. No prerequisites. For more information and team application, visit the course
website: https://cee.stanford.edu/venture-creation

Terms: Spr | Units: 3-4 | Grading: Letter (ABCD/NP)

Instructors: ; Levitt, R. (PI); Lyons, M. (PI); Mokrian, P. (PI); Curkovic, S. (TA)

CEE 251: Negotiation (CEE 151, EARTH 251, PUBLPOL 152)
Students learn to prepare for and conduct negotiations in a variety of arenas including getting a job, managing workplace conflict, negotiating transactions, and
managing personal relationships. Interactive class. The internationally traveled instructor who has mediated cases in over 75 countries will require students to
negotiate real life case studies and discuss their results in class. Application required before first day of class; students should enroll on Axess and complete the
application on Canvas by March 23, 2022. Application can also be accessed at http://bit.ly/Negotiation2022. Synchronous In-person participation required for
students who wish to take this class. Note: There is a class fee of $130 for access to case files and readings. If the course fee is of concern, please email the TA at
cbh21@stanford.edu enzoalf@stanford.edu

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Christensen, S. (PI)

CEE 255: Introduction to Sensing Networks for CEE (CEE 155)
Introduce the design and implementation of sensor networks for monitoring the built and natural environment. Emphasis on the integration of modern sensor and
communication technologies, signal processing and statistical models for network data analysis and interpretation to create practical deployments to enable
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sustainable systems, in areas such as energy, weather, transportation and buildings. Students will be involved in a practical project that may involve deploying a
small sensor system, data models and analysis and signal processing. Limited enrollment.

Last offered: Spring 2020 | Units: 3-4 | Grading: Letter or Credit/No Credit

CEE 256: Building Systems Design & Analysis (CEE 156)
HVAC, lighting, and envelope systems for commercial and institutional buildings, with a focus on energy efficient design. Knowledge and skills required in the
development of low-energy buildings that provide high quality environment for occupants.

Terms: Win | Units: 3-4 | Grading: Letter (ABCD/NP)

Instructors: ; Jain, R. (PI); Kolderup, E. (PI)

CEE 257: Sustainable Finance and Investment Seminar (CEE 157)
The course aims to equip the Stanford community with the knowledge and networks required to undertake significant future work on sustainable finance and
investment. The course will be given in a seminar format, which explores multiple disciplines of sustainable finance with talks by researchers associated with the
Stanford Precourt Institute for Energy's Sustainable Finance Initiative and visiting speakers. The course features three highly interactive modules: (1) risk and
opportunities of sustainable finance, (2) business and financial innovation toward sustainability, and (3) sustainability assessment and advanced data technologies.
The contents covered by this course include but are not limited to systems and theories in sustainable finance and investment such as active ownership, carbon
markets and policies, climate finance, environmental disclosure and reporting, divestment, engagement, environmental, social, and governance (ESG), green
banks, green bonds, green benchmarks and indices, impact investing, public-private partnerships, responsible investment, stranded assets, and green taxonomies.
Seminar meets weekly during the Autumn Quarter.

Terms: Aut | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; In, S. (PI)

CEE 260A: Physical Hydrogeology (ESS 220)
(Formerly GES 230.) Theory of underground water occurrence and flow, analysis of field data and aquifer tests, geologic groundwater environments, solution of
field problems, and groundwater modeling. Introduction to groundwater contaminant transport and unsaturated flow. Lab. Prerequisite: elementary calculus.

Terms: Aut | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Gorelick, S. (PI); Brown, C. (TA); Wang, A. (TA)

CEE 260C: Contaminant Hydrogeology and Reactive Transport (ESS 221)
Decades of industrial activity have released vast quantities of contaminants to groundwater, threatening water resources, ecosystems and human health. What
processes control the fate and transport of contaminants in the subsurface? What remediation strategies are effective and what are the tradeoffs among them? How
are these processes represented in models used for regulatory and decision-making purposes? This course will address these and related issues by focusing on the
conceptual and quantitative treatment of advective-dispersive transport with reacting solutes, including modern methods of contaminant transport simulation.
Some Matlab programming / program modification required. Prerequisite: Physical Hydrogeology ESS 220 / CEE 260A (Gorelick) or equivalent and college-level
course work in chemistry.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Gorelick, S. (PI); Maher, K. (PI); Perzan, Z. (TA)

CEE 260D: Remote Sensing of Hydrology (ESS 224)
This class discusses the methods available for remote sensing of the components of the terrestrial hydrologic cycle and how to use them. Topics include the
hydrologic cycle, relevant sensor types and the electromagnetic spectrum, active/passive microwave remote sensing (snow, soil moisture, canopy water content,
rainfall), thermal sensing of evapotranspiration, gravity and hyperspectral methods, as well as an introduction to data assimilation and calibration/validation
approaches for hydrologic variables. Pre-requisite: programming experience.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Konings, A. (PI); Famiglietti, C. (TA); Worden, M. (TA)

CEE 261B: Physics of Wind Energy (ENERGY 262, ME 262)
Formerly CEE 261. An introduction to the analysis and modeling of wind energy resources and their extraction. Topics include the physical origins of atmospheric
winds; vertical profiles of wind speed and turbulence over land and sea; the wind energy spectrum and its modification by natural topography and built
environments; theoretical limits on wind energy extraction by wind turbines and wind farms; modeling of wind turbine aerodynamics and wind farm performance.
Final project will focus on development of a new wind energy technology concept. Prerequisites: CEE 262A or ME 351A

Last offered: Winter 2018 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 261C: Wind Engineering for Sustainable Cities
An introduction to structural and environmental wind engineering for the design of sustainable buildings and cities, covering the physics and analysis of wind
loading, urban flow and dispersion, and natural ventilation. Topics include: the atmospheric boundary layer and design wind speeds; bluff body aerodynamics;
calculating design wind loads from building codes, wind tunnel experiments or computational fluid dynamics; analyzing pedestrian wind comfort and pollutant
dispersion; and the design and analysis of natural ventilation systems using envelope models, scale modeling, full-scale measurements, and computational fluid
dynamics. Measurement and simulation data of the flow on Stanford¿s Engineering Quad and in the Y2E2 building will be used throughout the course to illustrate the
different concepts and methods.

Last offered: Spring 2021 | Units: 3 | Grading: Satisfactory/No Credit

CEE 261I: Atmosphere, Ocean, and Climate Dynamics: The Atmospheric Circulation (CEE 161I, EARTHSYS 146A, ESS 246A)
Introduction to the physics governing the circulation of the atmosphere and ocean and their control on climate with emphasis on the atmospheric circulation. Topics
include the global energy balance, the greenhouse effect, the vertical and meridional structure of the atmosphere, dry and moist convection, the equations of
motion for the atmosphere and ocean, including the effects of rotation, and the poleward transport of heat by the large-scale atmospheric circulation and storm
systems. Prerequisites: MATH 51 or CME100 and PHYSICS 41.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; O'Neill, M. (PI); Charles, P. (TA); Chmanti Houari, O. (TA); Fu, H. (TA); Nelson, L. (TA)
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CEE 262A: Hydrodynamics
The flow of incompressible viscous fluid; emphasis is on developing an understanding of fluid dynamics that can be applied to environmental flows. Topics:
kinematics of fluid flow; equations of mass and momentum conservation (including density variations); some exact solutions to the Navier-Stokes equations;
appropriate analysis of fluid flows including Stokes flows, potential flows, and laminar boundary layers; and an introduction to the effects of rotation and
stratification through scaling analysis of fluid flows. Prerequisites: 101B or consent of instructor; and some knowledge of vector calculus and differential equations.

Terms: Aut | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Ouellette, N. (PI); Gakhar, S. (TA); Hamilton, J. (TA)

CEE 262B: Transport and Mixing in Surface Water Flows
Application of fluid mechanics to problems of pollutant transport and mixing in the water environment. Mathematical models of advection, diffusion, and
dispersion. Application of theory to problems of transport and mixing in rivers, estuaries, and lakes and reservoirs. Recommended: 262A and CME 102 (formerly
ENGR 155A), or equivalents.

Terms: Win | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Monismith, S. (PI); Yin, J. (TA)

CEE 262C: Coastal Ocean Modeling
Introduction to numerical methods for modeling flows in the coastal ocean and estuaries that are influenced by river flows, tides, winds and gravity waves. Topics
include stability and accuracy analysis, curvilinear and unstructured grids, implicit/explicit methods, transport and diffusion, shallow water equations,
nonhydrostatic equations, Navier-Stokes solvers, turbulence modeling, and wave modeling. Prerequisites: CEE 262A, CME 206, or equivalent.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Fringer, O. (PI)

CEE 262D: Introduction to Physical Oceanography (CEE 162D, EARTHSYS 164, ESS 148)
The dynamic basis of oceanography. Topics: physical environment; conservation equations for salt, heat, and momentum; geostrophic flows; wind-driven flows; the
Gulf Stream; equatorial dynamics and ENSO; thermohaline circulation of the deep oceans; and tides. Prerequisite: PHYSICS 41.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Fong, D. (PI); Boles, E. (TA)

CEE 262E: Rivers, Streams, and Canals (CEE 162E)
Introduction to the movement of water through natural and engineered channels, streams, and rivers. Basic equations and theory (mass, momentum, and energy
equations) for steady and unsteady descriptions of the flow. Application of theory to the design of flood- control and canal systems. Flow controls such as weirs and
sluice gates; gradually varied flow; Saint-Venant equations and flood waves; and method of characteristics. Laboratory demonstrations involving experiments with
controls such as weirs and gates, gradually varied flow, and waves will be integrated into the class material. Prerequisite: CEE 101B or CEE 162A.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Koseff, J. (PI)

CEE 262F: Ocean Waves
The fluid mechanics of surface gravity waves in the ocean of relevance to engineers and oceanographers. Topics include irrotational waves, wave dispersion, wave
spectra, effects of bathymetry (shoaling), mass transport, effects of viscosity, and mean currents driven by radiation stresses. Prerequisite: CEE 262A or a graduate
class in fluid mechanics.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 262H: Observational Methods in Coastal Oceanography
TBA

Last offered: Spring 2020 | Units: 3 | Grading: Letter (ABCD/NP)

CEE 262I: Atmosphere, Ocean, and Climate Dynamics: the Ocean Circulation (CEE 162I, EARTHSYS 146B, ESS 246B)
Introduction to the physics governing the circulation of the atmosphere and ocean and their control on climate with emphasis on the large-scale ocean circulation.
This course will give an overview of the structure and dynamics of the major ocean current systems that contribute to the meridional overturning circulation, the
transport of heat, salt, and biogeochemical tracers, and the regulation of climate. Topics include the tropical ocean circulation, the wind-driven gyres and western
boundary currents, the thermohaline circulation, the Antarctic Circumpolar Current, water mass formation, atmosphere-ocean coupling, and climate variability.
Prerequisites: MATH 51 or CME100; and PHYSICS 41; and a course that introduces the equations of fluid motion (e.g. ESS 246A, ESS 148, or CEE 101B).

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Thomas, L. (PI); Dey, I. (TA)

CEE 263A: Air Pollution Modeling
The numerical modeling of urban, regional, and global air pollution focusing on gas chemistry and radiative transfer. Stratospheric, free-tropospheric, and urban
chemistry. Methods for solving stiff systems of chemical ordinary differential, including the multistep implicit-explicit method, Gear's method with sparse-matrix
techniques, and the family method. Numerical methods of solving radiative transfer, coagulation, condensation, and chemical equilibrium problems. Project
involves developing a basic chemical ordinary differential equation solver. Prerequisite: CS 106A or equivalent.

Last offered: Spring 2018 | Units: 3-4 | Grading: Letter or Credit/No Credit

CEE 263B: Numerical Weather Prediction
Numerical weather prediction. Continuity equations for air and water vapor, the thermodynamic energy equation, and momentum equations derived for the
atmosphere. Numerical methods of solving partial differential equations, including finite-difference, finite-element, semi-Lagrangian, and pseudospectral methods.
Time-stepping schemes: the forward-Euler, backward-Euler, Crank-Nicolson, Heun, Matsuno, leapfrog, and Adams-Bashforth schemes. Boundary-layer turbulence
parameterizations, soil moisture, and cloud modeling. Project developing a basic weather prediction model. Prerequisite: CS 106A or equivalent.

Last offered: Spring 2017 | Units: 3-4 | Grading: Letter or Credit/No Credit
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CEE 263C: Weather and Storms (CEE 63)
Daily and severe weather and global climate. Topics: structure and composition of the atmosphere, fog and cloud formation, rainfall, local winds, wind energy,
global circulation, jet streams, high and low pressure systems, inversions, el Niño, la Niña, atmosphere/ocean interactions, fronts, cyclones, thunderstorms,
lightning, tornadoes, hurricanes, pollutant transport, global climate and atmospheric optics.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Jacobson, M. (PI); Palmer, F. (TA)

CEE 263D: Air Pollution and Global Warming: History, Science, and Solutions (CEE 64)
Survey of Survey of air pollution and global warming and their renewable energy solutions. Topics: evolution of the Earth's atmosphere, history of discovery of
chemicals in the air, bases and particles in urban smog, visibility, indoor air pollution, acid rain, stratospheric and Antarctic ozone loss, the historic climate record,
causes and effects of global warming, impacts of energy systems on pollution and climate, renewable energy solutions to air pollution and global warming. UG Reqs:
GER: DBNatSci

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Jacobson, M. (PI); Chmanti Houari, O. (TA); Walker, E. (TA)

CEE 263G: Energy Policy in California and the West (ENERGY 73, POLISCI 73, PUBLPOL 73)
This seminar provides an in-depth analysis of the role of California state agencies and Western energy organizations in driving energy policy development,
technology innovation, and market structures, in California, the West and internationally. The course covers three areas: 1) roles and responsibilities of key state
agencies and Western energy organizations; 2) current and evolving energy and climate policies; and 3) development of the 21st century electricity system in
California and the West. The seminar will also provide students a guideline of what to expect in professional working environment.

Terms: Spr | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Cain, B. (PI); Marcus, F. (PI)

CEE 263H: Sustainable Energy Decisions (ENERGY 263)
This course provides students from various backgrounds with knowledge of the principles and quantitative methods of decision analysis and policy analysis to tackle
interdisciplinary questions in the context of sustainable energy systems. We consider engineering analysis, decision analysis and economic analysis in the
formulation of answers to address energy system problems. We will use methods such as life-cycle assessment, benefit-cost and cost-effectiveness analysis,
microeconomics, distributional metrics, risk analysis methods, sensitivity and uncertainty analysis, multi-attribute utility theory, and simulation and optimization.
The integration of uncertainty into formal methods is a fundamental component of the course.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Azevedo, I. (PI); Peshin, T. (TA); Singh, M. (TA)

CEE 263S: Atmosphere/Energy Seminar
Interdisciplinary seminar with talks by researchers and practitioners in the fields of atmospheric science and renewable energy engineering. Addresses the causes of
climate, air pollution, and weather problems and methods of addressing these problems through renewable and efficient energy systems. May be repeated for
credit.

Terms: Aut, Win, Spr | Units: 1 | Repeatable for credit (up to 99 units total) | Grading: Satisfactory/No Credit

Instructors: ; Jacobson, M. (PI)

CEE 264H: Quantitative methods for marine ecology and conservation (BIO 143, BIO 243, BIOHOPK 143H, BIOHOPK 243H,
CEE 164H, EARTHSYS 143H, EARTHSYS 243H)
NOTE: This course will be taught in-person on main campus, in hybrid format with Zoom options. The goal of this course is to learn the foundations of ecological
modeling with a specific (but not exclusive) focus on marine conservation and sustainable exploitation of renewable resources. Students will be introduced to a
range of methods - from basic to advanced - to characterize population structure, conduct demographic analyses, estimate extinction risk, identify temporal trends
and spatial patterns, quantify the effect of environmental determinants and anthropogenic pressures on the dynamics of marine populations, describe the potential
for adaptation to climate change. This course will emphasize learning by doing, and will rely heavily on practical computer laboratories, in R and/or Phyton, based
on data from our own research activities or peer reviewed publications. Students with a background knowledge of statistics, programming and calculus will be most
welcome.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; De Leo, G. (PI); Goodman, M. (SI); Grewelle, R. (SI); Mathur, S. (TA)

CEE 265C: Water Resources Management (CEE 165C)
Water resources management is studied in the context of increasing population, economic growth, and the effect of climate change on the available water
resources. The class examines the question of how to achieve the optimal equilibrium between water supply and water demand, under specific local and regional
physical environmental, social and economic constraints. Basic water management principles are reviewed in the context of sustainable development, increasing
water scarcity in many parts of the world, and hydrologic uncertainty including that associated with climate change. Specific topics include the management of
operations and water quality in reservoirs, river basins, and groundwater systems; non-conventional water sources such as treated wastewater and desalination;
demand management options; and the institutional and legal framework of water management.

Last offered: Summer 2019 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 265D: Water and Sanitation in Developing Countries
Economic, social, political, and technical aspects of sustainable water supply and sanitation service provision in developing countries. Service pricing, alternative
institutional structures including privatization, and the role of consumer demand and community participation in the planning process. Environmental and public
health considerations, and strategies for serving low-income households. Limited enrollment. Prerequisite: consent of instructor, see jennadavis.stanford.edu for
application.

Terms: Win | Units: 1-3 | Grading: Letter (ABCD/NP)

Instructors: ; Smith, D. (PI)

CEE 265E: Adaptation to Sea Level Rise and Extreme Weather Events
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Students are introduced to basic aspects of climate change in the context of sea level rise and the intensity and frequency of extreme-weather events, including
floods, droughts and wildfires. Climate change adaptations are adjustments in behaviors, plans and projects to reduce society's vulnerability to climate change
impacts. Major adaptation approaches relevant to civil and environmental engineers are emphasized. Adaptation measures considered include structural and
ecologically-based measures for dealing with sea level rise, storm surges, floods and wildfires. In the context of coastal flooding, consideration is also given to
¿managed retreat¿ (i.e., deliberately altering flood defenses to allow flooding of presently protected areas). Influence of climate change on migration is also
considered. Additional measures to reduce vulnerability include emergency preparedness and disaster response management systems. Illustrations of innovative
adaptation measures taken by cities around the world are featured. Common barriers to climate change adaptation are also reviewed. Limited enrollment. Students
from all departments and programs are welcome, with some admission preference given to students in CEE graduate programs followed by CEE Department seniors.

Last offered: Autumn 2019 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 265F: Environmental Governance and Climate Resilience (POLISCI 227B, PUBLPOL 265F)
Adaptation to climate change will not only require new infrastructure and policies, but it will also challenge our local, state and national governments to
collaborate across jurisdictional lines in ways that include many different types of private and nonprofit organizations and individual actors. The course explores
what it means for communities to be resilient and how they can reach that goal in an equitable and effective way. Using wildfires in California as a case study, the
course assesses specific strategies, such as controlled burns and building codes, and a range of planning and policy measures that can be used to enhance climate
resilience. In addition, it considers how climate change and development of forested exurban areas (among other factors) have influenced the size and severity of
wildfires. The course also examines the obstacles communities face in selecting and implementing adaptation measures (e.g., resource constraints, incentives to
develop in forested areas, inadequate policy enforcement, and weak inter-agency coordination). Officials from various Bay Area organizations contribute to aspects
of the course; and students will present final papers to local government offcials. Limited enrollment. Students will be asked to prepare application essays on the
first day of class. Course is intended for seniors and graduate students.

Last offered: Winter 2020 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 265H: Big Earth Hackathon Wildland Fire Challenge (CEE 165H, EARTH 165H, EARTH 265H)
Participate in Stanford's Big Earth Hackathon challenge on wildland fires by finding an innovative solution to wildland fire prediction, prevention, and/or
evacuation. Students work in self-organized diverse teams of 2-4 students in weeks 1-8, with a final presentation of the work on Friday May 27. The teams will
spend the first few weeks designing their specific team problem/scope/goals under one of three primary areas of focus. Guidance in the design and solution
processes will be provided by faculty, industry and/or community leaders. Workshops in data analysis, programming, GIS, and fundamental issues related to
wildfires will be provided at the start of the quarter to give students tools and insights to define and tackle problems.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Fong, D. (PI)

CEE 265I: Poverty, Infrastructure and Climate (ESS 264)
Lack of access to physical infrastructure such as roads, water supply and electricity is a key element of how 'poverty' is often defined. At the same time, the causal
pathways that link infrastructure and economic development are not well understood, and are likely being re-shaped by a changing climate. Students in this course
will contribute to a new initiative on poverty, infrastructure and climate change by (1) reviewing and synthesizing literature from relevant scholarly communities,
(2) co-creating a conceptual causal model of the ways in which infrastructure (particularly roads and water assets) contributes to poverty alleviation, and (3)
contributing to the design of applied research effort on these topics in sub-Saharan Africa. Students who opt for the 3-unit enrollment will have an additional
supervised project that could take the form of a review paper, research proposal, or analysis of secondary data. There are no formal pre-requisites for the class;
students from all schools and departments are welcome. Enrollment requires permission of the instructors. Interested students are invited to submit an application
at https://tiny.cc/EPIC-Stanford.

Last offered: Spring 2021 | Units: 2-3 | Repeatable 2 times (up to 6 units total) | Grading: Satisfactory/No Credit

CEE 266A: Watershed Hydrologic Processes and Models (CEE 166A)
Introduction to the occurrence and movement of water in the terrestrial environment at the scale of watersheds. Development of conceptual and quantitative
understanding of hydrologic processes, including precipitation, evaporation, transpiration, snowmelt, infiltration, subsurface flow, surface runoff, and streamflow.
Emphasis is on observation and measurement, data analysis, conceptual understanding, quantitative models, and prediction. Prerequisite: CEE 101B or CEE 101E, or
equivalent.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Freyberg, D. (PI); Pandher, S. (TA); Quezon, R. (TA)

CEE 266B: Water Resources and Hazards (CEE 166B)
Sociotechnical systems associated with the human use of water as a resource and the hazards posed by too much or too little water. Physical, institutional, and
regulatory infrastructure supporting potable and non-potable water use and conservation, irrigation, hydroelectric power generation, rural and urban water supply
systems, storm water management, flood-damage prevention and mitigation, drought mitigation, and riverine ecosystem renaturalization. Emphasis is on
engineering design. Prerequisite: CEE 166A/266A or equivalent.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Freyberg, D. (PI); Chen, C. (TA); Feng, Y. (TA)

CEE 266C: Dams, Reservoirs, and their Sustainability
An investigation of dams and reservoirs and their short- and long-term costs, benefits, and impacts. Dam safety, operating rules and reoperation in response to
change, fish passage and habitat, reservoir sediment management, dam removal. Heavy reliance on case studies, technical literature, and discussion. Enrollment
limited. Graduate status or permission of the instructor. Prerequisite: CEE 266A, 266B, or equivalents.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Freyberg, D. (PI)

CEE 266E: California's Water Policy and Management: Toward A Sustainable Future
This seminar series focuses on the dramatic changes in recent decades in California water policy and management and how water researchers can help forge
modern, collaborative solutions that will allow the state to adapt to an uncertain and challenging future. The seminar will meet six times during the Spring Quarter.
The heart of the series will include four seminars with panels of outside experts covering the following topics: 1) The diversification of California's water supply
portfolio; 2) The rise of the coequal goals of ecosystem restoration and water supply reliability; 3) The ongoing tension between collaborative and adversarial
decision-making processes; and 4) Implications for water researchers seeking to help define pathways to meaningful solutions. In addition to these four seminar
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sessions, there will be an introductory California Water 101 session for students and a closing session on what we have learned. Students will be assigned readings
and required to develop questions for discussion. Lead instructor for the seminar will be Landreth Visiting Fellow Dr. Timothy Quinn. Dr. Quinn spent more than ten
years as the executive director of the Association of California Water Agencies, and more than twenty years as the Deputy General Manager of the Metropolitan
Water District of Southern California. Over the course of that career, he was at the center of every major water management issue facing the state of California,
including the state's use of Colorado River water, management of the Bay Delta, and sustainable groundwater management. This class will meet the first five weeks
of the quarter. Elements used in grading: Attendance, Class Participation, Written Assignments. Cross-listed with Law 2521.

Last offered: Spring 2020 | Units: 1 | Grading: Letter or Credit/No Credit

CEE 266F: Stochastic Hydrology
Hydrological processes like precipitation, streamflow, and groundwater flow are highly variable over time and across locations. Quantifying the uncertainty in
hydrological models and simulating future conditions is critical for informing the development and management of civil infrastructure systems. This course
introduces students to statistical methods used in hydrology for data analysis, risk and uncertainty analysis, and simulation. Topics include: flood and drought
frequency, time series analysis, rainfall-runoff modeling, and lake water quality. Methods include: applied probability theory, extreme value theory, parameter
estimation, regression, time series analysis, transfer functions, Bayesian methods. Prerequisites: CEE 266A or equivalent and a class in probability and/or statistics.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Fletcher, S. (PI); Galanis, M. (TA); Skerker, J. (TA)

CEE 266G: Water Resources Systems Analysis
Water resources planners use computational systems engineering models to inform decisions about operations, infrastructure development, and policy. Systems
models evaluate alternative decisions against performance metrics like water reliability, access, cost, electricity production, and ecosystem services under a range
of hydrological and social conditions. This course will introduce computational methods used in decision-support and common applications in water resources. Focus
is on applied optimization methods such as linear programming, dynamic programming, and evolutionary algorithms as well as stochastic simulation. Application
areas may include: reservoir operation, environmental flow alteration, hydropower, and flood control. Attention will be given to multi-objective analysis and
climate change adaptation. Assignments will involve programming in Python; some Python tutorials will be provided, but prior programming experience is
recommended. Prerequisites: CEE 166A or equivalent

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Fletcher, S. (PI); Castaneda, J. (TA); Pandher, S. (TA)

CEE 267: Applied Data Analysis and Uncertainty Quantification
Probabilistic and statistical methods with emphasis on basic concepts and tools, illustrated with applications from environmental and water studies. Topics:
exploratory data analysis; probability theory; classical statistics; Bayesian statistics; geostatistics; and inverse problems.

Last offered: Winter 2020 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 269A: Environmental Engineering Seminar
Presentations on current research in environmental engineering by Civil & Environmental Engineering faculty.

Terms: Aut | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Fringer, O. (PI)

CEE 269B: Environmental Engineering Seminar
Presentations on current research, practice and thinking in environmental engineering by visiting academics and practitioners.

Terms: Win | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Mauter, M. (PI)

CEE 269C: Environmental Engineering Seminar
Presentations on current research, practice and thinking in environmental engineering by visiting academics and practitioners

Terms: Spr | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Mitch, W. (PI)

CEE 270: Movement and Fate of Organic Contaminants in Waters
Transport of chemical constituents in surface and groundwater including advection, dispersion, sorption, interphase mass transfer, and transformation; impacts on
water quality. Emphasis is on physicochemical processes and the behavior of hazardous waste contaminants. Prerequisites: undergraduate chemistry and calculus.
Recommended: 101B.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Luthy, R. (PI)

CEE 270B: Environmental Organic Reaction Chemistry
With over 70,000 chemicals now in production worldwide, predicting their fate in the environment is a difficult task. The course focuses on developing two key
skillls. First, students should develop the ability to derive mass balance equations used to quantify the fate of chemicals in the environment. With so many
chemicals having been introduced in the past ~60 years, many of the key parameters needed for mass balance models have not been measured experimentally. The
class builds on CEE 270, which developed methods of predicting equilibrium partitioning coefficients. For many situations involving reactions of target
contaminants, equilibrium is not attained. The course develops methods of predicting the reactivity of chemicals based upon their chemical structures both
qualitatively and quantitatively. natural reaction processes covered include acid-base speciation, nucleophilic substitution, oxidation/reduction reactions, and
photochemical reactions. Key treatment ractions (ozone, UV treatment and advanced oxidation) are also covered. Prerequisites: CEE 270, Chem 31B/M.

Terms: Spr | Units: 2-3 | Grading: Letter or Credit/No Credit

Instructors: ; Mitch, W. (PI); Suh, M. (SI)

CEE 271A: Physical and Chemical Treatment Processes
Physical and chemical unit operations for water treatment, emphasizing process combinations for drinking water supply. Application of the principles of chemistry,
rate processes, fluid dynamics, and process engineering to define and solve water treatment problems by flocculation, sedimentation, filtration, disinfection,
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oxidation, aeration, and adsorption. Investigative paper on water supply and treatment. Prerequisites: CEE 101B (or CEE 162A); CEE 270. Recommended: 273.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Luthy, R. (PI); Lin, J. (TA)

CEE 271B: Environmental Biotechnology
Stoichiometry, kinetics, and thermodynamics of microbial processes for the transformation of environmental contaminants. Design of dispersed growth and biofilm-
based processes. Applications include treatment of municipal and industrial waste waters, detoxification of hazardous chemicals, and groundwater remediation.
Prerequisites: 270; 177 or 274A or equivalents.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Criddle, C. (PI); Hamzah, L. (TA); Meraz, J. (TA)

CEE 271D: Introduction to Wastewater Treatment Process Modeling
The course will present a structured protocol for simulator application comprising project definition, data collection and reconciliation, model set-up, calibration
and validation, and simulation and result interpretation. This course will include a series of guided simulation exercises evaluating resource consumption (e.g.,
electrical energy, natural gas, chemicals) and resource recovery (e.g., biogas, struvite, biosolids, recycled water) from a variety of treatment plant configurations.
Coursework will consist of guided simulation exercises, an end-of-the-quarter project evaluating an assigned plant configuration, and presenting model results to
the class. Enrollment will be limited, with preference to CEE graduate students.

Last offered: Spring 2019 | Units: 2 | Grading: Letter or Credit/No Credit

CEE 271F: New Indicators of Well-Being and Sustainability (CEE 171F)
Explore new ways to better measure human development, comprehensive wealth and sustainability beyond standard economic indicators such as income and GDP.
Examine how new indicators shape global, national and local policy worldwide. Well-being topics include health, happiness, trust, inequality and governance.
Sustainability topics include sustainable development, environmental performance indicators, material flow analysis and decoupling, and inclusive wealth
indicators. Students will build their own indicator of well-being and sustainability for a term paper.

Last offered: Summer 2018 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 271G: Environmental & Ecological Economics (CEE 171G)
Ideas, tools and policy solutions in environmental and ecological economics covering a wide range of topics: biodiversity and ecosystems management, energy and
climate change mitigation, environmental health and environmental justice, new indicators of well-being and sustainability beyond GDP and growth and sustainable
urban systems.

Last offered: Summer 2019 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 272: Coastal Contaminants
Coastal pollution and its effects on ecosystems and human health. The sources, fate, and transport of human pathogens and nutrients. Background on coastal
ecosystems and coastal transport phenomena including tides, waves, and cross shelf transport. Introduction to time series analysis with MATLAB. Undergraduates
require consent of instructor.

Last offered: Winter 2021 | Units: 3-4 | Grading: Letter or Credit/No Credit

CEE 272R: Modern Power Systems Engineering
Focus is on Power Engineering from a systems point of view. Topics covered may include modeling of generation, transmission and distribution systems, load flow
analysis, transient and steady-state stability analysis. Special emphasis given to modern market operations and dispatch, modeling intermittent controllable power
sources, storage technologies, mechanisms for demand response, sensing the grid and the role of market mechanisms for deep integration. Course content may vary
year to year.

Last offered: Spring 2021 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 272T: SmartGrids and Advanced Power Systems Seminar (EE 292T)
A series of seminar and lectures focused on power engineering. Renowned researchers from universities and national labs will deliver bi-weekly seminars on the
state of the art of power system engineering. Seminar topics may include: power system analysis and simulation, control and stability, new market mechanisms,
computation challenges and solutions, detection and estimation, and the role of communications in the grid. The instructors will cover relevant background
materials in the in-between weeks. The seminars are planned to continue throughout the next academic year, so the course may be repeated for credit.

Terms: Aut, Win, Spr | Units: 1-2 | Repeatable 2 times (up to 4 units total) | Grading: Satisfactory/No Credit

Instructors: ; Rajagopal, R. (PI)

CEE 273B: The Business of Water
One of the fastest growing economic sectors is the water field, and private water companies are playing an increasingly important role in improving water
management around the world. In some cases, however, the involvement of private companies in the water sector has also proven controversial (e.g., when private
companies have taken over public water supply systems in developing countries such as Bolivia). This course will look at established or emerging businesses in the
water sector and the legal, economic, and social issues that they generate. These businesses include investor-owned water utilities, water technology companies
(e.g., companies investing in new desalination or water recycling technologies), water-right funds (who directly buy and sell water rights), social impact funds,
innovative agricultural operations, water concessionaires, and infrastructure construction companies and investors. Each week will focus on a different business and
company. Company executives will attend the class session and discuss their business with the class. In most classes, we will examine (1) the viability and efficacy
of the company's business plan, (2) the legal and/or social issues arising from the business' work, and (3) how the business might contribute to improved water
management and policy. Each student will be expected to write (1) two short reflection papers during the course of the quarter on businesses that present to the
class, and (2) a 15-page paper at the conclusion on the class on either a water company of the student's choice or a policy initiative that can improve the role that
business plays in improving water management (either in a particular sector or more generally). Elements used in grading: Attendance, Class Participation, Written
Assignments, Final Paper.

Terms: Win | Units: 1-2 | Grading: Letter or Credit/No Credit

Instructors: ; Kline, M. (PI); Thompson, B. (PI)

CEE 274A: Environmental Microbiology I (BIO 273A, CHEMENG 174, CHEMENG 274)
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Basics of microbiology and biochemistry. The biochemical and biophysical principles of biochemical reactions, energetics, and mechanisms of energy conservation.
Diversity of microbial catabolism, flow of organic matter in nature: the carbon cycle, and biogeochemical cycles. Bacterial physiology, phylogeny, and the ecology
of microbes in soil and marine sediments, bacterial adhesion, and biofilm formation. Microbes in the degradation of pollutants. Prerequisites: CHEM 33,CHEM 121
(formerly CHEM 35), and BIOSCI 83, CHEMENG 181, or equivalents.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Spormann, A. (PI)

CEE 274B: Microbial Bioenergy Systems (BIO 273B, CHEMENG 456)
Introduction to microbial metabolic pathways and to the pathway logic with a special focus on microbial bioenergy systems. The first part of the course emphasizes
the metabolic and biochemical principles of pathways, whereas the second part is more specifically directed toward using this knowledge to understand existing
systems and to design innovative microbial bioenergy systems for biofuel, biorefinery, and environmental applications. There also is an emphasis on the implications
of rerouting of energy and reducing equivalents for the fitness and ecology of the organism. Prerequisites: CHEMENG 174 or 181 and organic chemistry, or
equivalents.

Last offered: Winter 2020 | Units: 3 | Grading: Satisfactory/No Credit

CEE 274D: Pathogens and Disinfection
Introduction to epidemiology, major pathogens and infectious diseases, the immune system, movement and survival of pathogens in the environment, transfer of
virulence and antibiotic resistance genes, and pathogen control, with an emphasis on public health engineering measures (disinfection). Prerequisite: 274A.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Criddle, C. (PI)

CEE 274P: Environmental Health Microbiology Lab
Microbiology skills including culture-, microscope-, and molecular-based detection techniques. Focus is on standard and EPA-approved methods to enumerate and
isolate organisms used to assess risk of enteric illnesses, such as coliforms, enterococci, and coliphage, in drinking and recreational waters including lakes, streams,
and coastal waters. Student project to assess the microbial water quality of a natural water. Limited enrollment; priority to CEE graduate students. An application
form must be filed and approved before admission to the class.

Terms: Spr | Units: 3-4 | Grading: Letter (ABCD/NP)

Instructors: ; Boehm, A. (PI)

CEE 274S: Hopkins Microbiology Course (BIO 274S, BIOHOPK 274, ESS 253S)
(Formerly GES 274S.) Four-week, intensive. The interplay between molecular, physiological, ecological, evolutionary, and geochemical processes that constitute,
cause, and maintain microbial diversity. How to isolate key microorganisms driving marine biological and geochemical diversity, interpret culture-independent
molecular characterization of microbial species, and predict causes and consequences. Laboratory component: what constitutes physiological and metabolic
microbial diversity; how evolutionary and ecological processes diversify individual cells into physiologically heterogeneous populations; and the principles of
interactions between individuals, their population, and other biological entities in a dynamically changing microbial ecosystem. Prerequisites: CEE 274A and CEE
274B, or equivalents.

Last offered: Summer 2019 | Units: 3-12 | Repeatable for credit | Grading: Letter or Credit/No Credit

CEE 275A: California Coast: Science, Policy, and Law (CEE 175A)
This interdisciplinary course integrates the legal, scientific, and policy dimensions of how we characterize and manage resource use and allocation along the
California coast. We will use this geographic setting as the vehicle for exploring more generally how agencies, legislatures, and courts resolve resource-use conflicts
and the role that scientific information and uncertainty play in the process. Our focus will be on the land-sea interface as we explore contemporary coastal land-
use and marine resource decision-making, including coastal pollution, public health, ecosystem management; public access; private development; local community
and state infrastructure; natural systems and significant threats; resource extraction; and conservation, mitigation and restoration. Students will learn the
fundamental physics, chemistry, and biology of the coastal zone, tools for exploring data collected in the coastal ocean, and the institutional framework that
shapes public and private decisions affecting coastal resources. There will be 3 to 4 written assignments addressing policy and science issues during the quarter, as
well as a take-home final assignment. Special Instructions: In-class work and discussion is often done in interdisciplinary teams of students from the School of Law,
the School of Engineering, the School of Humanities and Sciences, and the School of Earth, Energy, and Environmental Sciences. Students are expected to
participate in class discussion and field trips. Elements used in grading: Participation, including class session and field trip attendance, writing and quantitative
assignments. Cross-listed with Civil & Environmental Engineering (CEE 175A/275A), Earth Systems (EARTHSYS 175/275), and Law (LAW 2510). Open to graduate
students and to advanced undergraduates with instructor consent. Enrollment limited; priority given to CEE majors and Law School students.

Last offered: Spring 2020 | Units: 3-4 | Grading: Letter or Credit/No Credit

CEE 275B: Process Design for Environmental Biotechnology
Use of microbial bioreactors for degradation of contaminants and recovery of clean water, clean energy and/or green materials. Student teams design, operate, and
analyze bioreactors and learn to write consulting style reports. Limited enrollment. Prerequisites: 271B

Last offered: Spring 2019 | Units: 3 | Grading: Letter (ABCD/NP)

CEE 275D: Environmental Policy Analysis
Environmental policy formation is a complex process involving a large number of actors making value laden interpretations of scientifically complex phenomena.
This course explores the origins of this complexity and its implications for the future of environmental decision making and policy-directed environmental
engineering. We will begin by asking what good environmental policy looks like, including how we set policy for groups of individuals with diverse preferences, how
we value preferences across space and time, and how we account for the deep uncertainty that permeates environmental systems. We then turn to how
environmental policies are actually developed, exploring the technical, cognitive, organizational, and systemic barriers to implementing ¿good¿ policy. Finally, will
explore the role of scientific evidence in shaping environmental policy and the mechanisms by which policy shapes engineering and science research. Students will
gain familiarity with the existing theories, methods, and strategies used to set environmental policy; critically examine the embedded assumptions and inherent
shortcomings of these approaches; and practice their thoughtful and ethical application to timely environmental challenges. Course Structure: This course combines
a lecture-based introduction to critical material with extensive in-class discussion of daily readings from the policy analysis canon. As such, it is designed for PhD
and Masters students across the university with an interest in exploring the effective role of science in setting public policy and comfort in reading primary
literature. Upper level undergraduates are welcome with instructor consent. Assessment elements will include class participation, responses on 4 to 5 written
assignments, and a take-home final. Occasional Friday recitation sessions will provide guidance on the application of policy analysis methods,
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Last offered: Summer 2020 | Units: 3-4 | Grading: Letter (ABCD/NP)

CEE 275K: The Practice of Environmental Consulting
Class consists of eight interactive two-hour seminars with discussions, and will cover the evolution of the environmental consulting business, strategic choices and
alternative business models for private and public firms, a review of the key operational issues in managing firm, organizational strategies, knowledge management
and innovation, and ethical issues in providing professional services. Case studies will be used to illustrate key concepts. Selected reading materials drawn from the
technical and business literature on the consulting business. Student groups will prepare and present an abbreviated business plan for an environmental based
business. Enrollment limited to CEE MS and PHD students.

Last offered: Winter 2019 | Units: 2 | Grading: Satisfactory/No Credit

CEE 275P: Persuasive Communication for Environmental Scientists, Practitioners, and Entrepreneurs
Achieving environmental goals depends not only on innovative ideas and great science but also persuasive communication. What makes communication persuasive?
The ability of the communicator to create value for his or her audience. This course will teach students how to: 1) focus on their audience and 2) create value for
their audience using research-proven communication techniques. Students will master these techniques through oral and written exercises so that, after taking this
course, they will speak and write more persuasively.

Last offered: Summer 2018 | Units: 2 | Grading: Letter or Credit/No Credit

CEE 275S: Environmental Entrepreneurship and Innovation (CEE 175S)
Our current infrastructure for provision of critical services-clean water, energy, transportation, environmental protection; requires substantial upgrades. As a
complement to the scientific and engineering innovations taking place in the environmental field, this course emphasizes the analysis of economic factors and value
propositions that align value chain stakeholder interests.

Last offered: Summer 2019 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 276: Introduction to Human Exposure Analysis (CEE 178)
(Graduate students register for 276.) Scientific and engineering issues involved in quantifying human exposure to toxic chemicals in the environment. Pollutant
behavior, inhalation exposure, dermal exposure, and assessment tools. Overview of the complexities, uncertainties, and physical, chemical, and biological issues
relevant to risk assessment. Lab projects. Recommended: MATH 51. Apply at first class for admission.

Last offered: Autumn 2019 | Units: 3 | Grading: Letter (ABCD/NP)

CEE 276B: 100% Clean, Renewable Energy and Storage for Everything (CEE 176B)
This course discusses elements of a transition to 100% clean, renewable energy in the electricity, transportation, heating/cooling, and industrial sectors for towns,
cities, states, countries, and companies. It examines wind, solar, geothermal, hydroelectric, tidal, and wave characteristics and resources; electricity, heat, cold
and hydrogen storage; transmission and distribution; matching power demand with supply on the grid: efficiency; replacing fossil with electric appliances and
machines in the buildings and industry; energy, health, and climate costs and savings; land requirements; feedbacks of renewables to the atmosphere; and 100%
clean, renewable energy roadmaps to guide transitions.

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Jacobson, M. (PI)

CEE 276G: Sustainability Design Thinking (CEE 176G)
Application design thinking to make sustainability compelling, impactful and realizable. Analysis of contextual, functional and human-centered design thinking
techniques to promote sustainable design of products and environments by holistically considering space, form, environment, energy, economics, and health.
Includes Studio project work in prototyping, modeling, testing, and realizing sustainable design ideas.

Terms: Sum | Units: 3 | Grading: Letter or Credit/No Credit

CEE 277F: Advanced Field Methods in Water, Health and Development
Field methods for assessing household stored water quality, hand contamination, behaviors, and knowledge related to water, sanitation and health. Limited
enrollment. Instructor consent required.

Terms: Aut, Win, Spr, Sum | Units: 1-10 | Grading: Satisfactory/No Credit

Instructors: ; Davis, J. (PI)

CEE 277L: Smart Cities & Communities (CEE 177L)
A city is comprised of people and a complex system of systems connected by data. A nexus of forces IoT, open data, analytics, AI, and systems of engagement
present new opportunities to increase the efficiency of urban systems, improve the efficacy of public services, and assure the resiliency of the community. Systems
studied include: water, energy, transportation, buildings, food production, and social services. The roles of policy and behavior change as well as the risks of smart
cities will be discussed. How cities are applying innovation to address the unprecedented challenges of COVID-19 will also be explored.

Terms: Sum | Units: 3 | Grading: Letter or Credit/No Credit

CEE 278A: Air Pollution Fundamentals
The sources and health effects of gaseous and particulate air pollutants. The influence of meteorology on pollution: temperature profiles, stability classes,
inversion layers, turbulence. Atmospheric diffusion equations, downwind dispersion of emissions from point and line sources. Removal of air pollutants via settling,
diffusion, coagulation, precipitation, Mechanisms for ozone formation, in the troposphere versus in the stratosphere. Effects of airborne particle size and
composition on light scattering/absorption, and on visual range. Prerequisites: MATH 51 or equivalent. Recommended: 101B, CHEM 31A, or equivalents.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Hildemann, L. (PI)

CEE 278C: Indoor Air Quality
Factors affecting the levels of air pollutants in the built indoor environment. The influence of ventilation, office equipment, floor coverings, furnishings, cleaning
practices, and human activities on air quality including carbon dioxide, VOCs, resuspended dust, and airborne molds and fungi. Limited enrollment, preference to
CEE students. Prerequisites: Math 21 and CEE 70, or equivalents.
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Last offered: Spring 2020 | Units: 2-3 | Grading: Letter or Credit/No Credit

CEE 279E: Wastewater Treatment: From Disposal to Resource Recovery (CEE 179E)
This course covers basic hydraulics and the fundamental processes used to treat wastewater. In addition to understanding the details behind the fundamental
processes, students will learn to feel comfortable developing initial design criteria (30% designs) for fundamental processes. Students should also develop a feel for
the typical values of water treatment parameters and the equipment involved. After covering conventional processes, the class addresses newer processes used to
meet emerging treatment objectives, including nutrient removal, composting of biosolids and recycling of wastewater for beneficial uses, including potable
reuse.n(Note this course was formerly CEE 174B)

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Mitch, W. (PI); Weng, C. (TA)

CEE 287: Earthquake Resistant Design and Construction
Evaluation, design, and construction of structures in seismic regions. Factors influencing earthquake ground motions, design spectra, design of linear and nonlinear
single- and multiple-degree-of-freedom-system structures, force-based and displacement-based design methods, capacity design, detailing and construction of steel
and reinforced concrete structures, introduction to performance-based design, seismic isolation, and energy dissipation. Prerequisites: 283 and either 285A or 285B.

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Miranda, E. (PI)

CEE 288: Introduction to Performance Based Earthquake Engineering
Earthquake phenomena, faulting, ground motion, earthquake hazard formulation, effects of earthquakes on manmade structures, response spectra, Fourier
spectra, soil effects on ground motion and structural damage, methods for structural damage evaluation, and formulation of the performance-based earthquake
engineering problems. Prerequisite: CEE 203; and co-requisite: CEE 283.

Terms: Win | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Markhvida, M. (PI); Aguilar Sanchez, G. (TA)

CEE 293: Foundations and Earth Structures
Types, characteristics, analysis, and design of shallow and deep foundations; rigid and flexible retaining walls; braced excavations; settlement of footings in sands
and clays; slope stability analysis by method of slices including search algorithms for the critical slip surface. Prerequisite: 101C or equivalent.

Terms: Win | Units: 2-3 | Grading: Letter or Credit/No Credit

Instructors: ; Wren, J. (PI)

CEE 297M: Managing Critical Infrastructure
Safe and effective performance of infrastructure systems is critical to our economy, quality of life and safety. This course will present topics associated with risk
analysis and management of critical civil infrastructure systems, tolerable risk and community resilience. Methods of risk analysis including systems analysis,
reliability analysis, expert elicitation and systems analysis for spatially distributed infrastructure systems will be presented. Aspects of seismic and flood risk
analysis will also be discussed. Case histories and lessons learned from Hurricane Katrina, Tohoku earthquake, among others will be presented. The evolution of
change in the risk management of civil infrastructure systems; how they are analyzed, designed and operated is discussed. Guest speakers. Student presentations.
(Prerequisite: CEE 203 or equivalent)

Terms: Spr | Units: 2 | Grading: Letter or Credit/No Credit

Instructors: ; McCann, M. (PI)

CEE 299E: Graduate Summer Research in CEE
Investigation of a research topic in civil and environmental engineering. For students admitted to the Stanford Summer Session program. Written report or oral
presentation required. Students must obtain a faculty or research staff sponsor.

Last offered: Summer 2019 | Units: 1-6 | Grading: Satisfactory/No Credit

CEE 299L: Independent Project in Civil and Environmental Engineering
Prerequisite: Consent of Instructor

Terms: Aut, Win, Spr, Sum | Units: 1-4 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Baker, J. (PI); Bennon, M. (PI); Billington, S. (PI); Boehm, A. (PI); Borja, R. (PI); Criddle, C. (PI); Davis, J. (PI); Deierlein, G. (PI); Douglas, K. (PI);
Fischer, M. (PI); Fletcher, S. (PI); Fong, D. (PI); Freyberg, D. (PI); Fringer, O. (PI); Fruchter, R. (PI); Gorle, C. (PI); Gragg, D. (PI); Groves, R. (PI); Hildemann, L. (PI);
Jacobson, M. (PI); Jain, R. (PI); Katz, G. (PI); Kiremidjian, A. (PI); Kitanidis, P. (PI); Koen, N. (PI); Kolderup, E. (PI); Koseff, J. (PI); Law, K. (PI); Leckie, J. (PI);
Lepech, M. (PI); Levitt, R. (PI); Linder, C. (PI); Luthy, R. (PI); Masters, G. (PI); Mauter, M. (PI); McCann, M. (PI); Miranda, E. (PI); Mitch, W. (PI); Monismith, S. (PI);
Noh, H. (PI); Ouellette, N. (PI); Rajagopal, R. (PI); Sedar, B. (PI); Spormann, A. (PI); Tarpeh, W. (PI); Tucker, A. (PI)

CEE 301: The Energy Seminar (ENERGY 301, MS&E 494)
Interdisciplinary exploration of current energy challenges and opportunities, with talks by faculty, visitors, and students. May be repeated for credit.

Terms: Aut, Win, Spr | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Weyant, J. (PI)

CEE 322: Data Analytics for Urban Systems
TBA

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Rajagopal, R. (PI); Huang, T. (TA); Sun, T. (TA)

CEE 323A: Infrastructure Finance and Governance
Presentation and discussion of early stage or more mature research on a variety of topics related to financing, governance and sustainability of civil infrastructure
projects by researchers associated with the Global Projects Center and visiting speakers. To obtain one unit of credit, students must attend and participate in all
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seminars, with up to two excused absences. Seminar meets weekly during Autumn, Winter and Spring Quarters.

Terms: Aut | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Bennon, M. (PI); Steep, M. (PI)

CEE 323B: Infrastructure Finance and Governance
Presentation and discussion of early stage or more mature research on a variety of topics related to financing, governance and sustainability of civil infrastructure
projects by researchers associated with the Global Projects Center and visiting speakers. To obtain one unit of credit, students must attend and participate in all
seminars, with up to two excused absences. Seminar meets weekly during Autumn, Winter, and Spring quarters.

Last offered: Winter 2021 | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

CEE 323C: Reinventing Disruptive Innovation for Civil Engineering
Reinventing Disruptive Innovation explores how we should approach early stage disruptive technologies for civil engineering. It takes into consideration fundamental
market shifts in where technology is being developed and shift in funding. Today, $300B is invested annually in venture backed technology development versus
$200B in corporate R&D dedicated to new innovation out of a total spend of $2 Trillion. This fundamental shift has altered the landscape on how innovation is done
and how we need to develop new strategies to be effective in integrating appropriate technology for civil engineering. nThe course will train students in new
methods on innovation, and also present real world case examples of new startup technologies crossing every category from advanced material sciences to
behavioral technologies.

Terms: Spr | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Steep, M. (PI)

CEE 324: Industrialized Construction
Holistic examination of Industrialized Construction as an interlinked set of business, management, engineering, fabrication, logistics, and assembly methods as a
concept for reliably producing sustainable high-performance facilities. Learning about the Industrialized Construction framework through readings, lectures, case
studies and discussions (including successful and failed industry implementations in Sweden, Japan, and North America), and a group project. Mandatory
attendance in class sessions. Limited to 24 students; prerequisites: CEE100 or equivalent.

Terms: Spr | Units: 1-2 | Grading: Letter (ABCD/NP)

Instructors: ; Fischer, M. (PI); Lessing, J. (PI)

CEE 330: Racial Equity in Energy (CEE 130R)
The built environment and the energy systems that meet its requirements is a product of decisions forged in a context of historical inequity produced by cultural,
political, and economic forces expressed through decisions at individual and institutional levels. This interdisciplinary course will examine the imprint of systemic
racial inequity in the U.S. that has produced a clean energy divide and a heritage of environmental injustice. Drawing on current events, students will also explore
contemporary strategies that center equity in the quest for rapid technology transitions in the energy sector to address climate change, public health, national
security, and community resilience. Prerequisites: By permission of the instructor. Preferable to have completed Understand Energy ( CEE 107A/207A/ EarthSys 103/
CEE 107S/207S) or a similar course at another institution if a graduate student.

Terms: Aut | Units: 2-3 | Grading: Letter or Credit/No Credit

Instructors: ; Jain, R. (PI); Kinslow, A. (PI)

CEE 341: Virtual Design and Construction
Virtual Design and Construction (VDC) starts by understanding the client's objectives for building performance and the translation of these objectives into
measurable project and production objectives. Based on a culture of proactive and constructive engagement, three mutually supportive strategies are essential to
achieve these objectives: (1) the knowledge of the many disciplines contributing to the design and construction of a buildable, usable, operable, and sustainable
building needs to be orchestrated concurrently, (2) the information supporting the project team must be integrated and be accessible seamlessly, and (3) the
workflow carried out by the project team must enable the creation of integrated knowledge and information and lead to decisions that stick. This course will teach
all the essential elements of VDC. This is an online course. Prerequisite: 100 or consent of instructor. Recommended: CEE 240, CEE 241.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Fischer, M. (PI); Lee, Y. (PI)

CEE 350: Engineering Writing, Reviewing and Presentations
This class will cover key skills for future professors including how to write journal articles suitable for Environmental Science & Technology, 2) how to review
articles for such journals, and how to deliver an effective presentation. The class is organized to provide criticism between peers on these topics.

Last offered: Spring 2019 | Units: 3 | Grading: Letter (ABCD/NP)

CEE 363A: Mechanics of Stratified Flows
The effects of density stratification on flows in the natural environment. Basic properties of linear internal waves in layered and continuous stratification. Flows
established by internal waves. Internal hydraulics and gravity currents. Turbulence in stratified fluids. Prerequisites: 262A,B, CME 204.

Last offered: Spring 2019 | Units: 3 | Grading: Letter (ABCD/NP)

CEE 363F: Geophysical Fluid Dynamics (ESS 363F)
The fundamental dynamics of rotating stratified fluids. Topics include inertia-gravity waves, geostrophic and cyclogeostrophic balance, vorticity and potential
vorticity dynamics, quasi-geostrophic motions, planetary and topographic Rossby waves, inertial, symmetric, barotropic, and baroclinic instability, Ekman layers,
and the frictional spin-down of geostrophic flows. Prerequisites: CEE 262A or a graduate class in fluid mechanics. Recommended math background: vector calculus,
ordinary differential equations, and partial differential equations.

Last offered: Spring 2021 | Units: 3 | Grading: Letter or Credit/No Credit

CEE 363G: Field Techniques in Coastal Oceanography
This course focuses on the design and implementation of coastal oceanographic field studies from implementation through analysis. A wide range of field
instrumentation and techniques, including AUVs and scientific diving is covered. Field studies. Data collection and analysis under instructor guidance.

Last offered: Spring 2015 | Units: 3 | Grading: Satisfactory/No Credit
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CEE 365A: Advanced Topics in Environmental Fluid Mechanics and Hydrology
Students must obtain a faculty sponsor.

Terms: Aut | Units: 2-6 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Freyberg, D. (PI); Fringer, O. (PI); Koseff, J. (PI); Monismith, S. (PI); Ouellette, N. (PI)

CEE 365B: Advanced Topics in Environmental Fluid Mechanics and Hydrology
Students must obtain a faculty sponsor.

Terms: Win | Units: 2-6 | Repeatable for credit | Grading: Letter (ABCD/NP)

Instructors: ; Freyberg, D. (PI); Fringer, O. (PI); Kitanidis, P. (PI); Koseff, J. (PI); Monismith, S. (PI); Ouellette, N. (PI)

CEE 365C: Advanced Topics in Environmental Fluid Mechanics and Hydrology
Students must obtain a faculty sponsor.

Terms: Spr | Units: 2-6 | Repeatable for credit | Grading: Letter (ABCD/NP)

Instructors: ; Criddle, C. (PI); Fringer, O. (PI); Koseff, J. (PI); Monismith, S. (PI)

CEE 365D: Advanced Topics in Environmental Fluid Mechanics and Hydrology
Students must obtain a faculty sponsor.

Terms: Sum | Units: 2-6 | Repeatable for credit | Grading: Letter (ABCD/NP)

Instructors: ; Barton, J. (PI); Billington, S. (PI); Boehm, A. (PI); Borja, R. (PI); Criddle, C. (PI); Deierlein, G. (PI); Fischer, M. (PI); Freyberg, D. (PI); Fringer, O. (PI);
Hildemann, L. (PI); Jacobson, M. (PI); Katz, G. (PI); Kiremidjian, A. (PI); Kitanidis, P. (PI); Koseff, J. (PI); Law, K. (PI); Luthy, R. (PI); McCann, M. (PI); Miranda, E.
(PI); Monismith, S. (PI); Spormann, A. (PI)

CEE 370A: Environmental Research
Introductory research experience for first-year Ph.D. students in the Environmental Engineering and Science program. 15-18 hours/week on research over three
quarters. 370A requires written literature survey on a research topic; 370B requires oral presentation on experimental techniques and research progress; 370C
requires written or oral presentation of preliminary doctoral research proposal. Students must obtain a faculty sponsor.

Terms: Aut | Units: 5-6 | Repeatable for credit | Grading: Satisfactory/No Credit

CEE 370B: Environmental Research
Introductory research experience for first-year Ph.D. students in the Environmental Engineering and Science program. 15-18 hours/week on research over three
quarters. 370A requires written literature survey on a research topic; 370B requires oral presentation on experimental techniques and research progress; 370C
requires written or oral presentation of preliminary doctoral research proposal. Students must obtain a faculty sponsor.

Terms: Win | Units: 5-6 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Boehm, A. (PI); Criddle, C. (PI); Davis, J. (PI); Freyberg, D. (PI); Hildemann, L. (PI); Kitanidis, P. (PI); Leckie, J. (PI); Luthy, R. (PI); Mitch, W. (PI);
Monismith, S. (PI); Reinhard, M. (PI); Spormann, A. (PI); Tabazadeh, A. (PI)

CEE 370C: Environmental Research
Introductory research experience for first-year Ph.D. students in the Environmental Engineering and Science program. 15-18 hours/week on research over three
quarters. 370A requires written literature survey on a research topic; 370B requires oral presentation on experimental techniques and research progress; 370C
requires written or oral presentation of preliminary doctoral research proposal. Students must obtain a faculty sponsor.

Terms: Spr | Units: 5-6 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Boehm, A. (PI); Borja, R. (PI); Criddle, C. (PI); Davis, J. (PI); Freyberg, D. (PI); Kiremidjian, A. (PI); Kitanidis, P. (PI); Leckie, J. (PI); Luthy, R. (PI);
McCann, M. (PI); Mitch, W. (PI); Monismith, S. (PI); Spormann, A. (PI)

CEE 370D: Environmental Research
Introductory research experience for first-year Ph.D. students in the Environmental Engineering and Science program. 15-18 hours/week on research over three
quarters. 370A requires written literature survey on a research topic; 370B requires oral presentation on experimental techniques and research progress; 370C
requires written or oral presentation of preliminary doctoral research proposal. Students must obtain a faculty sponsor.

Terms: Sum | Units: 3-6 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Baker, J. (PI); Barton, J. (PI); Billington, S. (PI); Boehm, A. (PI); Borja, R. (PI); Criddle, C. (PI); Davis, J. (PI); Deierlein, G. (PI); Fischer, M. (PI);
Freyberg, D. (PI); Fringer, O. (PI); Hildemann, L. (PI); Jacobson, M. (PI); Katz, G. (PI); Kiremidjian, A. (PI); Kitanidis, P. (PI); Koseff, J. (PI); Law, K. (PI); Luthy, R.
(PI); McCann, M. (PI); Miranda, E. (PI); Monismith, S. (PI); Spormann, A. (PI)

CEE 374A: Introduction to Physiology of Microbes in Biofilms
Diversification of biofilm populations, control of gene expression in biofilm environments, and evolution of novel genetic traits in biofilms.

Terms: Aut | Units: 1-6 | Grading: Satisfactory/No Credit

CEE 374B: Introduction to Physiology of Microbes in Biofilms
Diversification of biofilm populations, control of gene expression in biofilm environments, and evolution of novel genetic traits in biofilms.

Terms: Win | Units: 1-6 | Grading: Satisfactory/No Credit

CEE 374D: Introduction to Physiology of Microbes in Biofilms
Diversification of biofilm populations, control of gene expression in biofilm environments, and evolution of novel genetic traits in biofilms.

Terms: Sum | Units: 1-6 | Grading: Satisfactory/No Credit

CEE 374S: Advanced Topics in Microbial Pollution
May be repeated for credit. Prerequisite: consent of instructor.

https://explorecourses.stanford.edu/instructor/freyberg
https://explorecourses.stanford.edu/instructor/fringer
https://explorecourses.stanford.edu/instructor/koseff
https://explorecourses.stanford.edu/instructor/stephen
https://explorecourses.stanford.edu/instructor/nto
https://explorecourses.stanford.edu/instructor/freyberg
https://explorecourses.stanford.edu/instructor/fringer
https://explorecourses.stanford.edu/instructor/peterk
https://explorecourses.stanford.edu/instructor/koseff
https://explorecourses.stanford.edu/instructor/stephen
https://explorecourses.stanford.edu/instructor/nto
https://explorecourses.stanford.edu/instructor/ccriddle
https://explorecourses.stanford.edu/instructor/fringer
https://explorecourses.stanford.edu/instructor/koseff
https://explorecourses.stanford.edu/instructor/stephen
https://explorecourses.stanford.edu/instructor/jhbarton
https://explorecourses.stanford.edu/instructor/billingt
https://explorecourses.stanford.edu/instructor/aboehm
https://explorecourses.stanford.edu/instructor/borja
https://explorecourses.stanford.edu/instructor/ccriddle
https://explorecourses.stanford.edu/instructor/ggd
https://explorecourses.stanford.edu/instructor/fischer
https://explorecourses.stanford.edu/instructor/freyberg
https://explorecourses.stanford.edu/instructor/fringer
https://explorecourses.stanford.edu/instructor/hildeman
https://explorecourses.stanford.edu/instructor/jacobson
https://explorecourses.stanford.edu/instructor/glkatz
https://explorecourses.stanford.edu/instructor/ask
https://explorecourses.stanford.edu/instructor/peterk
https://explorecourses.stanford.edu/instructor/koseff
https://explorecourses.stanford.edu/instructor/law
https://explorecourses.stanford.edu/instructor/luthy
https://explorecourses.stanford.edu/instructor/mmccann
https://explorecourses.stanford.edu/instructor/mime
https://explorecourses.stanford.edu/instructor/stephen
https://explorecourses.stanford.edu/instructor/quacks
https://explorecourses.stanford.edu/instructor/aboehm
https://explorecourses.stanford.edu/instructor/ccriddle
https://explorecourses.stanford.edu/instructor/davisjen
https://explorecourses.stanford.edu/instructor/freyberg
https://explorecourses.stanford.edu/instructor/hildeman
https://explorecourses.stanford.edu/instructor/peterk
https://explorecourses.stanford.edu/instructor/jleckie
https://explorecourses.stanford.edu/instructor/luthy
https://explorecourses.stanford.edu/instructor/wamitch
https://explorecourses.stanford.edu/instructor/stephen
https://explorecourses.stanford.edu/instructor/reinhard
https://explorecourses.stanford.edu/instructor/quacks
https://explorecourses.stanford.edu/instructor/azadeht
https://explorecourses.stanford.edu/instructor/aboehm
https://explorecourses.stanford.edu/instructor/borja
https://explorecourses.stanford.edu/instructor/ccriddle
https://explorecourses.stanford.edu/instructor/davisjen
https://explorecourses.stanford.edu/instructor/freyberg
https://explorecourses.stanford.edu/instructor/ask
https://explorecourses.stanford.edu/instructor/peterk
https://explorecourses.stanford.edu/instructor/jleckie
https://explorecourses.stanford.edu/instructor/luthy
https://explorecourses.stanford.edu/instructor/mmccann
https://explorecourses.stanford.edu/instructor/wamitch
https://explorecourses.stanford.edu/instructor/stephen
https://explorecourses.stanford.edu/instructor/quacks
https://explorecourses.stanford.edu/instructor/bakerjw
https://explorecourses.stanford.edu/instructor/jhbarton
https://explorecourses.stanford.edu/instructor/billingt
https://explorecourses.stanford.edu/instructor/aboehm
https://explorecourses.stanford.edu/instructor/borja
https://explorecourses.stanford.edu/instructor/ccriddle
https://explorecourses.stanford.edu/instructor/davisjen
https://explorecourses.stanford.edu/instructor/ggd
https://explorecourses.stanford.edu/instructor/fischer
https://explorecourses.stanford.edu/instructor/freyberg
https://explorecourses.stanford.edu/instructor/fringer
https://explorecourses.stanford.edu/instructor/hildeman
https://explorecourses.stanford.edu/instructor/jacobson
https://explorecourses.stanford.edu/instructor/glkatz
https://explorecourses.stanford.edu/instructor/ask
https://explorecourses.stanford.edu/instructor/peterk
https://explorecourses.stanford.edu/instructor/koseff
https://explorecourses.stanford.edu/instructor/law
https://explorecourses.stanford.edu/instructor/luthy
https://explorecourses.stanford.edu/instructor/mmccann
https://explorecourses.stanford.edu/instructor/mime
https://explorecourses.stanford.edu/instructor/stephen
https://explorecourses.stanford.edu/instructor/quacks


Terms: Aut, Win, Spr, Sum | Units: 1-5 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Boehm, A. (PI)

CEE 374W: Advanced Topics in Water, Health and Development
Advanced topics in water, health and development. Emphasis on low-and-middle-income countries. Class content varies according to interests of students.
Instructor consent required.

Terms: Aut, Win, Spr, Sum | Units: 1-18 | Repeatable 25 times (up to 50 units total) | Grading: Satisfactory/No Credit

Instructors: ; Davis, J. (PI)

CEE 377: Research Proposal Writing in Environmental Engineering and Science
For first- and second-year post-master's students preparing for thesis defense. Students develop progress reports and agency-style research proposals, and present a
proposal in oral form. Prerequisite: consent of thesis adviser.

Terms: Aut, Win, Spr, Sum | Units: 1-3 | Grading: Satisfactory/No Credit

Instructors: ; Barton, J. (PI); Billington, S. (PI); Boehm, A. (PI); Borja, R. (PI); Criddle, C. (PI); Davis, J. (PI); Freyberg, D. (PI); Fruchter, R. (PI); Jacobson, B. (PI);
Jacobson, M. (PI); Katz, G. (PI); Kiremidjian, A. (PI); Kitanidis, P. (PI); Krawinkler, H. (PI); Leckie, J. (PI); Luthy, R. (PI); Masters, G. (PI); McCann, M. (PI); McCarty, P.
(PI); Miranda, E. (PI); Mitch, W. (PI); Monismith, S. (PI); Orr, R. (PI); Reinhard, M. (PI); Spormann, A. (PI); Tabazadeh, A. (PI)

CEE 379: Introduction to PHD Studies in Civil and Environmental Engineering
This seminar course will cover important topics for students considering a PhD in Civil and Environmental Engineering. Sessions will include presentations and
discussions on career development, exploring research and adviser options, and the mechanics of PhD studies, including General Qualifying Exam requirements for
all CEE PHD Students. In addition, CEE faculty will give presentations on their research. This seminar is required for CEE students considering a PHD or preparing to
sit for the General Qualifying Exam in Civil and Environmental Engineering. Students may only receive credit for one of CEE 379 or CEE 379C.

Terms: Aut | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Ouellette, N. (PI); Galanis, M. (TA)

CEE 385: Performance-Based Earthquake Engineering
Synthesis and application of approaches to performance-based design and assessment that recently have been developed or are under development. Emphasis is on
quantitative decision making based on life-cycle considerations that incorporate direct losses, downtime losses, and collapse, and the associated uncertainties.
Hazard analysis, response simulation, damage and loss estimation, collapse prediction. Case studies. Prerequisites: 282, 287, and 288.

Terms: Aut | Units: 3-4 | Grading: Letter (ABCD/NP)

Instructors: ; Miranda, E. (PI)

CHEM 10: Exploring Research and Problem Solving Across the Sciences
Development and practice of critical problem solving and study skills using a wide variety of scientific examples that illustrate the broad yet integrated nature of
current research. Students will build a problem solving tool-kit and apply chemical and mathematical concepts to solve problems related to energy, climate change,
water resources, medicine, and food & nutrition. Note: course offered in August prior to start of fall quarter, and only Leland Scholar Program participants will
register.

Terms: Aut | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Schwartz Poehlmann, J. (PI)

CHEM 25N: Science in the News
Preference to freshmen. Possible topics include: diseases such as avian flu, HIV, and malaria; environmental issues such as climate change, atmospheric pollution,
and human population; energy sources in the future; evolution; stem cell research; nanotechnology; and drug development. Focus is on the scientific basis for these
topics as a basis for intelligent discussion of societal and political implications. Sources include the popular media and scientific media for the nonspecialist,
especially those available on the web.

Terms: Aut | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Andersen, H. (PI)

CHEM 279: Chemophysical analyses of costs to lower atmospheric concentrations of greenhouse gases
Many methods have been proposed to reduce future concentration of CO2, CH4 and other greenhouse gases in the atmosphere from stricter emission regulations, to
lower carbon energy sources, to more distribution of existing resources over space and time, to atmospheric capture and sequestration of gases already in the
atmosphere. All methods would impose costs in some form. What can chemical and physical analyses tell us about the costs of different approaches? In this
graduate-level seminar, students will read primary literature examining the chemical and physical challenges and limitations of various approaches and, by rigorous
assessment of the theory and data available to date, will seek to estimate a credible range of future costs for each approach. Prerequisite: Previous study of
thermodynamics, kinetics and quantum mechanics at the level of Chemistry 171 and 173.

Last offered: Spring 2020 | Units: 3 | Grading: Letter or Credit/No Credit

CHEM 459: Frontiers in Interdisciplinary Biosciences (BIO 459, BIOC 459, BIOE 459, CHEMENG 459, PSYCH 459)
Students register through their affiliated department; otherwise register for CHEMENG 459. For specialists and non-specialists. Sponsored by the Stanford BioX
Program. Three seminars per quarter address scientific and technical themes related to interdisciplinary approaches in bioengineering, medicine, and the chemical,
physical, and biological sciences. Leading investigators from Stanford and the world present breakthroughs and endeavors that cut across core disciplines. Pre-
seminars introduce basic concepts and background for non-experts. Registered students attend all pre-seminars; others welcome. See
http://biox.stanford.edu/courses/459.html. Recommended: basic mathematics, biology, chemistry, and physics.

Last offered: Spring 2020 | Units: 1 | Repeatable for credit | Grading: Medical Satisfactory/No Credit

CHEMENG 60Q: Environmental Regulation and Policy
Preference to sophomores. How does government, politics and science affect environmental policy? We examine environmental policy including the precautionary
principal, acceptable risks, mathematical models, and cost-effectiveness of regulation. You will learn how data is changing environmental regulation and how
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different administrations mold environmental policy in real-time. We examine the use of science and engineering, its media presentation and misrepresentation,
and the effect of public scientific and technical literacy. You will learn how to participate in the process and effect change.

Last offered: Autumn 2020 | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR | Grading: Letter (ABCD/NP)

CHEMENG 120B: Energy and Mass Transport
General diffusive transport, heat transport by conduction, Fourier's law, conduction in composites with analogies to electrical circuits, advection-diffusion
equations, forced convection, boundary layer heat transport via forced convection in laminar flow, forced convection correlations, free convection, free convection
boundary layers, free convection correlations and application to geophysical flows, melting and heat transfer at interfaces, radiation, diffusive transport of mass
for dilute and non-dilute transfer, mass and heat transport analogies, mass transport with bulk chemical reaction, mass transport with interfacial chemical reaction,
evaporation. Prerequisite CHEMENG 120A or consent of instructor.

Terms: Spr | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Zia, R. (PI); Gala, M. (TA)

CHEMENG 174: Environmental Microbiology I (BIO 273A, CEE 274A, CHEMENG 274)
Basics of microbiology and biochemistry. The biochemical and biophysical principles of biochemical reactions, energetics, and mechanisms of energy conservation.
Diversity of microbial catabolism, flow of organic matter in nature: the carbon cycle, and biogeochemical cycles. Bacterial physiology, phylogeny, and the ecology
of microbes in soil and marine sediments, bacterial adhesion, and biofilm formation. Microbes in the degradation of pollutants. Prerequisites: CHEM 33,CHEM 121
(formerly CHEM 35), and BIOSCI 83, CHEMENG 181, or equivalents.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Spormann, A. (PI)

CHEMENG 274: Environmental Microbiology I (BIO 273A, CEE 274A, CHEMENG 174)
Basics of microbiology and biochemistry. The biochemical and biophysical principles of biochemical reactions, energetics, and mechanisms of energy conservation.
Diversity of microbial catabolism, flow of organic matter in nature: the carbon cycle, and biogeochemical cycles. Bacterial physiology, phylogeny, and the ecology
of microbes in soil and marine sediments, bacterial adhesion, and biofilm formation. Microbes in the degradation of pollutants. Prerequisites: CHEM 33,CHEM 121
(formerly CHEM 35), and BIOSCI 83, CHEMENG 181, or equivalents.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Spormann, A. (PI)

CHEMENG 432: Electrochemical Energy Conversion
Electrochemistry is playing an increasingly important role in renewable energy. This course aims to cover the fundamentals of electrochemistry, and then build on
that knowledge to cover applications of electrochemistry in energy conversion. Topics to be covered include fuel cells, solar water-splitting, CO2 conversion to fuels
and chemicals, batteries, redox flow cells, and supercapacitors. Prerequisites: CHEM 31AB or 31 X, CHEM 33, CHEM 171, CHEM 175 or CHEMENG 170, or equivalents.
Recommended: CHEM 173.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

CHEMENG 456: Microbial Bioenergy Systems (BIO 273B, CEE 274B)
Introduction to microbial metabolic pathways and to the pathway logic with a special focus on microbial bioenergy systems. The first part of the course emphasizes
the metabolic and biochemical principles of pathways, whereas the second part is more specifically directed toward using this knowledge to understand existing
systems and to design innovative microbial bioenergy systems for biofuel, biorefinery, and environmental applications. There also is an emphasis on the implications
of rerouting of energy and reducing equivalents for the fitness and ecology of the organism. Prerequisites: CHEMENG 174 or 181 and organic chemistry, or
equivalents.

Last offered: Winter 2020 | Units: 3 | Grading: Satisfactory/No Credit

CHEMENG 459: Frontiers in Interdisciplinary Biosciences (BIO 459, BIOC 459, BIOE 459, CHEM 459, PSYCH 459)
Students register through their affiliated department; otherwise register for CHEMENG 459. For specialists and non-specialists. Sponsored by the Stanford BioX
Program. Three seminars per quarter address scientific and technical themes related to interdisciplinary approaches in bioengineering, medicine, and the chemical,
physical, and biological sciences. Leading investigators from Stanford and the world present breakthroughs and endeavors that cut across core disciplines. Pre-
seminars introduce basic concepts and background for non-experts. Registered students attend all pre-seminars; others welcome. See
http://biox.stanford.edu/courses/459.html. Recommended: basic mathematics, biology, chemistry, and physics.

Last offered: Spring 2020 | Units: 1 | Repeatable for credit | Grading: Medical Satisfactory/No Credit

CHEMENG 501: Special Topics in Semiconductor Processing
Recent developments and current research. May be repeated for credit. Prerequisite: graduate standing and consent of instructor.

Terms: Aut, Win, Spr, Sum | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Bent, S. (PI)

CHEMENG 516: Special Topics in Energy and Catalysis
Recent developments and current research. May be repeated for credit. Prerequisite: graduate standing and consent of instructor.

Terms: Aut, Win, Spr, Sum | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Jaramillo, T. (PI)

CHEMENG 521: Special Topics in Nanostructured Materials for Energy and the Environment
Recent developments and current research. May be repeated for credit. Prerequisite: graduate standing and consent of instructor.

Terms: Aut, Win, Spr, Sum | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Cargnello, M. (PI)

CHILATST 125S: Chicano/Latino Politics (POLISCI 125S)
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The political position of Latinos and Latinas in the U.S.. Focus is on Mexican Americans, with attention to Cuban Americans, Puerto Ricans, and other groups. The
history of each group in the American polity; their political circumstances with respect to the electoral process, the policy process, and government; the extent to
which the demographic category Latino is meaningful; and group identity and solidarity among Americans of Latin American ancestry. Topics include immigration,
education, affirmative action, language policy, and environmental justice.

Last offered: Spring 2020 | Units: 5 | UG Reqs: GER:DB-SocSci, WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

CHINA 118: Humanities Core: Everybody Eats: The Language, Culture, and Ethics of Food in East Asia (HUMCORE 22,
JAPAN 118, KOREA 118)
Many of us have grown up eating "Asian" at home, with friends, on special occasions, or even without full awareness that Asian is what we were eating. This course
situates the three major culinary traditions of East Asia--China, Japan, and Korea--in the histories and civilizations of the region, using food as an introduction to
their rich repertoires of literature, art, language, philosophy, religion, and culture. It also situates these seemingly timeless gastronomies within local and global
flows, social change, and ethical frameworks. Specifically, we will explore the traditional elements of Korean court food, and the transformation of this cuisine as a
consequence of the Korean War and South Korea¿s subsequent globalizing economy; the intersection of traditional Japanese food with past and contemporary
identities; and the evolution of Chinese cuisine that accompanies shifting attitudes about the environment, health, and well-being. Questions we will ask ourselves
during the quarter include, what is "Asian" about Asian cuisine? How has the language of food changed? Is eating, and talking about eating, a gendered experience?
How have changing views of the self and community shifted the conversation around the ethics and ecology of meat consumption?

Last offered: Spring 2020 | Units: 3 | UG Reqs: WAY-A-II, Writing 2 | Grading: Letter or Credit/No Credit

CHINA 371: Critical Theory and Ecology: A Cross-Cultural Perspective (COMPLIT 371)
This class will bring together aesthetics, politics, and art around ecological questions. We will survey the key themes in ecocritical humanities and critiques of
anthropocentrism by reading selected chapters from Literature and the Environment (Timothy Clark). We will move on to the Marxist eco critique of capitalist
economy, human alienation from nature, alienated labor as well as Frankfurt school critiques of instrumental rationality. Major readings include The Enemy of
Nature (Kovel), Creating an Ecological Society (Magdofff and Williams), chapters from The Robbery of Nature (Foster and Clark), and essays by Adorno and
Benjamin. Taking a comparative perspective, we will study Chinese eco-narratives such as Waste Tide (Chen Qiufan) and Unfolding Beijing (Hao Jingfang).nnChinese
is not required. PhD students are required to write a term paper of 20-25 pages. MA and undergraduate students will write two essays of 8 pages in response to the
questions.n nTexts to be purchased. Literature and the Environment (Timothy Clark); Creating an Ecological Society (Magdofff and Williams); The Robbery of Nature
(Foster and Clark). The rest of readings are available on Canvas.

Last offered: Autumn 2020 | Units: 2-5 | Repeatable for credit | Grading: Letter (ABCD/NP)

CHPR 113: Healthy/Sustainable Food Systems: Maximum Sustainability across Health, Economics, and Environment
(HUMBIO 113S)
Focus on problems with and systems-based solutions to food system issues. Four particular settings are addressed: University, worksite, hospital, and school food.
Traditional vs. disruptive food system models compared and contrasted. The goal is to determine how best to maximize sustainability across several dimensions,
including health, economics, and the environment. Underlying class themes include social justice and the potential for changing social norms around food
production and consumption. Discussion-based seminar. Prerequisite: Human Biology Core or Biology Foundations or consent of instructor.

Terms: Win | Units: 4 | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Gardner, C. (PI)

CHPR 166: Food and Society: Exploring Eating Behaviors in Social, Environmental, and Policy Context (HUMBIO 166)
(HUMBIO students must enroll in HUMBIO 166. Med/Graduate students must enroll in CHRP 166.) The material in this course is an introduction to the field and the
target audience is undergraduates. It may be of interest to graduate students unfamiliar with the field. The class examines the array of forces that affect the foods
human beings eat, and when, where, and how we eat them, including human labor, agriculture, environmental sustainability, politics, animal rights/welfare, ethics,
policy, culture, economics, business, law, trade, and ideology, and psychology. The class addresses the impact of current policies and actions that might be taken to
improve human nutrition and health; macro-scale influences on food, nutrition, and eating behavior. Enrollment limited to students with sophomore academic
standing or above. Undergraduate Prerequisites: Human Biology Core or Biology Foundations or consent of instructor.

Last offered: Winter 2021 | Units: 4 | Grading: Letter (ABCD/NP)

CHPR 232: Social and Structural Determinants of Health: Achieving Health Equity
This course examines the theoretical basis and societal context of the social determinants of health (SDOH) and health equity. The focus of this course is on
understanding the structural factors, including social, economic, and political mechanisms, which operate through intermediary SDOH to generate health
disparities. Each session explores the structural factors underlying a social determinant of health, including the social gradient, structural racism, housing, stress,
life-course and Adverse Childhood Experiences, and work. Throughout the course students will develop critical consciousness and methodological competence to
think beyond the individual-level to consider multi-level and policy-level interventions to promote health equity.

Terms: Spr | Units: 1 | Repeatable for credit (up to 99 units total) | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Follis, S. (PI)

CHPR 239: Contemplative Competence for Sustainability of Public and Planetary Health and Well-being
Through a contemplative approach, this course cultivates students capacity to take skillful action to address climate change. Effective engagement with the
daunting complexity inherent in the climate crisis requires calm contemplative competence. The science of mindfulness, emotional intelligence, and compassion
are explored in terms of their roles in supporting pro-environmental behaviors, policies, and programs for personal, public, and planetary health and wellbeing.
Emerging research at the intersection of contemplation and climate science calls for individual insight andntransformation to strengthen/restore/heal the human-
earth relationship. Contemplative research indicates that the extension of mindful compassion beyond oneself can improve health at the public and planetary level,
in addition to the individual level. Contemplative practices (including but not limited to nature-based centering, resilience-building mindfulness and loving kindness
meditations, forest bathing, qigong, reflections on human-earth interconnectedness, and gratitude journaling) can provide the foundation necessary for sustaining
altruistic behaviors that enhance mutual flourishing of people and the planet. Through study of contemplative neuroscience and behavioral science, students
willndevelop/deepen their abilities for awareness, self-modulation, equanimity, self-transcendence, and compassion in caring for Earth. These skills will be
discussed and applied to public health and climate change for effective behavioral action in a final class project. Modes of inquiry and class activities include
contemplative, scientific, indigenous, artistic, verbal, visual, kinesthetic, sensory, emotional, spiritual, intellectual, social, and relational. Through diverse learning
experiences, students will develop the empathy, discernment, and wisdom necessary for initiating and implementing solutions to the climate crisis. Authors of many
course readings will be guest speakers during Stanford's Contemplation by Design Summit, providing students interaction with several leaders in the emerging field
of contemplation, public health, and sustainability.
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Terms: Aut | Units: 2-3 | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Rich, T. (PI)

CLASSICS 14N: Ecology in Philosophy and Literature
What can we do to help the environment? How do our conceptions of the environment affect our actions? In this class, we examine the basic principles of ecological
thinking in Western culture. We explore the ways that different writers represent and conceive of the natural world. We also analyze different environmental
philosophies. We will address the following questions: What is nature? Who decides what is "natural"? How do humans differ from other animals? Do these
differences make us superior beings? How do our eating habits affect the earth? What are the philosophical arguments for vegetarianism and veganism? How have
the technologies of television, cell phones, and computers affected our relationship to the natural world? To what extent do we dwell in cyberspace? How does this
affect our habitation on earth? How does modern technology inform the way that we think and act in the world? To help us answer these questions, we read nature
writers (Edward Abbey, Annie Dillard), philosophers (Descartes, Heidegger), short stories (Kafka, Ursula le Guin), novelists (Conrad, Tournier) and contemporary
writers (Peter Singer, Michael Pollan, Elizabeth Kolbert).

Last offered: Spring 2019 | Units: 3-5 | UG Reqs: GER:DB-Hum, GER:EC-EthicReas, WAY-A-II, WAY-ER | Grading: Letter (ABCD/NP)

CME 197: Human-Centered Design Methods in Data Science (EARTH 197)
In today's society, the most pressing data science problems we face exist in a complex sociotechnical ecosystem and cannot be solved using the numbers alone. In
this five-week short course, students will learn how to apply human-centered design methods to solve data science problems and how to pair traditional data with a
diversity of other types of data to redefine problems and gain innovative insight. The course will focus on empathy-based frameworks to analyze data, problem
definition and redefinition, and ideation. Additional skills in critique and storytelling will also be covered. Classes will be highly interactive and team-based. This
course will offer skills in support of the teams working toward the Big Earth Hackathon Wildland Fire challenge (CEE 265H, EARTH 165H, EARTH 265H).

Last offered: Spring 2020 | Units: 1 | Grading: Satisfactory/No Credit

CME 211: Software Development for Scientists and Engineers
Basic usage of the Python and C/C++ programming languages are introduced and used to solve representative computational problems from various science and
engineering disciplines. Software design principles including time and space complexity analysis, data structures, object-oriented design, decomposition,
encapsulation, and modularity are emphasized. Usage of campus wide Linux compute resources: login, file system navigation, editing files, compiling and linking,
file transfer, etc. Versioning and revision control, software build utilities, and the LaTeX typesetting software are introduced and used to help complete
programming assignments. Prerequisite: introductory programming course equivalent to CS 106A or instructor consent.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Santucci, A. (PI); Kakne, A. (TA); Ladouceur, F. (TA); Maxfield, T. (TA); Randall, S. (TA)

COMM 1B: Media, Culture, and Society (AMSTUD 1B)
The institutions and practices of mass media, including television, film, radio, and digital media, and their role in shaping culture and social life. The media's
shifting relationships to politics, commerce, and identity.

Terms: Spr | Units: 5 | UG Reqs: GER:DB-SocSci, WAY-A-II, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Turner, F. (PI); Lewis, R. (TA); Newcomb, M. (TA); Schwaller, K. (TA)

COMM 51A: Race in Science (AFRICAAM 51A, CEE 151A, CSRE 51A, HUMBIO 71A, STS 51A)
What are the roles of race and racism in science, technology, and medicine? 3-course sequence; each quarter can be taken independently. Fall quarter focuses on
science. What is the science of race and racism? How does race affect scientific work? Weekly guest speakers will address such issues as the psychology and
anthropology of race and racism; how race, language, and culture affect education; race in environmental science and environmental justice; the science of
reducing police violence; and the role of race in genomic research. Talks will take a variety of forms, from panel discussions to interviews and lectures. Weekly
assignments: read a related article and participate in an online discussion.

Last offered: Autumn 2020 | Units: 1 | Grading: Satisfactory/No Credit

COMM 51B: Race in Technology (AFRICAAM 51B, BIOE 91B, CEE 151B, CSRE 51B, HUMBIO 71B, STS 51B)
What are the roles of race and racism in science, technology, and medicine? 3-course sequence; each quarter can be taken independently. Winter quarter focuses
on technology. How do race and racism affect the design and social impact of technology, broadly defined? Can new or different technology help to reduce racial
bias? Invited speakers will address the role of race in such issues as energy infrastructure, nuclear arms control, algorithmic accountability, machine learning,
artificial intelligence, and synthetic biology. Talks will take a variety of forms, ranging from panel discussions to interviews and lectures. Weekly assignments: read
a related article and participate in an online discussion.

Last offered: Winter 2021 | Units: 1 | Grading: Satisfactory/No Credit

COMM 104W: Reporting, Writing, and Understanding the News
Techniques of news reporting and writing. The value and role of news in democratic societies. Gateway class to journalism. Prerequisite for all COMM 177/277
classes. Limited enrollment. Preference to COMM majors.

Terms: Aut, Win, Spr | Units: 5 | UG Reqs: WAY-CE | Grading: Letter (ABCD/NP)

Instructors: ; Brenner, R. (PI); Zacharia, J. (PI)

COMM 108: Media Processes and Effects (COMM 208)
(Graduate students register for COMM 208. COMM 108 is offered for 5 units, COMM 208 is offered for 4 units.) The process of communication theory construction
including a survey of social science paradigms and major theories of communication. Recommended: COMM 1 or PSYCH 1.

Terms: Win | Units: 4-5 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Harari, G. (PI); Burke, C. (TA); Ross, R. (TA); York, M. (TA)

COMM 164: The Psychology of Communication About Politics in America (COMM 264, POLISCI 124L, POLISCI 324L, PSYCH
170, PUBLPOL 164)
(Graduate students enroll in COMM 264. COMM 164 is offered for 5 units, COMM 264 is offered for 4 units.) Focus is on how politicians and government learn what
Americans want and how the public's preferences shape government action; how surveys measure beliefs, preferences, and experiences; how poll results are
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criticized and interpreted; how conflict between polls is viewed by the public; how accurate surveys are and when they are accurate; how to conduct survey
research to produce accurate measurements; designing questionnaires that people can understand and use comfortably; how question wording can manipulate poll
results; corruption in survey research.

Terms: Win | Units: 4-5 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Krosnick, J. (PI); Davis, S. (TA); Neufeld, N. (TA)

COMM 172: Media Psychology (COMM 272)
(Graduate students register for COMM 272. COMM 172 is offered for 5 units, COMM 272 is offered for 4 units.) The literature related to psychological processing and
the effects of media. Topics: unconscious processing; picture perception; attention and memory; emotion; the physiology of processing media; person perception;
pornography; consumer behavior; advanced film and television systems; and differences among reading, watching, and listening.

Terms: Spr | Units: 4-5 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Reeves, B. (PI); Ross, R. (TA); Vaid, S. (TA); York, M. (TA)

COMM 177C: Specialized Writing and Reporting: Health and Science Journalism (COMM 277C, EARTHSYS 177C, EARTHSYS
277C)
(Graduate students enroll in COMM 277C. COMM 177C is offered for 5 units, COMM 277C is offered for 4 units.) Practical, collaborative, writing-intensive advanced
journalistic reporting and writing course in the specific practices and standards of health and science journalism. Science and journalism students learn how to
identify and write engaging stories about medicine, global health, science, and related environmental issues; how to assess the quality and relevance of science
news; how to cover the health and science beats effectively and efficiently; and how to build bridges between the worlds of journalism and science. Instructed
Winter Quarter 2021 by Dr. Seema Yasmin  http://www.seemayasmin.com. nnnLimited enrollment: preference to students enrolled in or considering the Earth
Systems Master of Arts, Environmental Communication Program and the Graduate Journalism Program. Prerequisite: EarthSys 191/291, COMM 104W, or consent of
instructor. Admission by application only, available from dr.yasmin@stanford.edu (Meets Earth Systems WIM requirement.)

Terms: Win | Units: 4-5 | Grading: Letter or Credit/No Credit

Instructors: ; Yasmin, S. (PI); Chang, N. (TA)

COMM 272: Media Psychology (COMM 172)
(Graduate students register for COMM 272. COMM 172 is offered for 5 units, COMM 272 is offered for 4 units.) The literature related to psychological processing and
the effects of media. Topics: unconscious processing; picture perception; attention and memory; emotion; the physiology of processing media; person perception;
pornography; consumer behavior; advanced film and television systems; and differences among reading, watching, and listening.

Terms: Spr | Units: 4-5 | Grading: Letter (ABCD/NP)

Instructors: ; Reeves, B. (PI); Ross, R. (TA); Vaid, S. (TA); York, M. (TA)

COMM 277C: Specialized Writing and Reporting: Health and Science Journalism (COMM 177C, EARTHSYS 177C, EARTHSYS
277C)
(Graduate students enroll in COMM 277C. COMM 177C is offered for 5 units, COMM 277C is offered for 4 units.) Practical, collaborative, writing-intensive advanced
journalistic reporting and writing course in the specific practices and standards of health and science journalism. Science and journalism students learn how to
identify and write engaging stories about medicine, global health, science, and related environmental issues; how to assess the quality and relevance of science
news; how to cover the health and science beats effectively and efficiently; and how to build bridges between the worlds of journalism and science. Instructed
Winter Quarter 2021 by Dr. Seema Yasmin  http://www.seemayasmin.com. nnnLimited enrollment: preference to students enrolled in or considering the Earth
Systems Master of Arts, Environmental Communication Program and the Graduate Journalism Program. Prerequisite: EarthSys 191/291, COMM 104W, or consent of
instructor. Admission by application only, available from dr.yasmin@stanford.edu (Meets Earth Systems WIM requirement.)

Terms: Win | Units: 4-5 | Grading: Letter or Credit/No Credit

Instructors: ; Yasmin, S. (PI); Chang, N. (TA)

COMPLIT 172: A History of Nature Through Literature and Art
In light of impending ecological collapse and climate catastrophe, eco-critics assert the need to abandon the concept of Nature. As it has developed in European
literature and art, Nature "is an arbitrary rhetorical construct, empty of independent, genuine existence behind or beyond the texts we create about it" (Morton 22)
What, then, is Nature? Does Nature exist outside of the texts and artwork that claim to represent it? What concepts can we develop to take its place? In this course,
we will assess the history of Nature through European literature and art from the sixteenth century to the present day. Of particular focus will be the history of
landscape painting, the pastoral tradition in the Renaissance, Enlightenment debates on the state of nature, Romantic poetry and the writings of Thoreau, John
Muir, and Rachel Carson. Reading literature and art from a diversity of historical moments and cultural contexts permits a critical reassessment of our own
conceptions of Nature and those of contemporary political and economic discourses. This course aims to empower students to construct their own conceptions of
Nature and bring literature, history, and art to bear on contemporary debates about the environment and climate change, gender and sexuality, government and
power.

Last offered: Spring 2019 | Units: 3-5 | UG Reqs: WAY-A-II | Grading: Letter or Credit/No Credit

COMPLIT 207: Why is Climate Change Un-believable? Interdisciplinary Approaches to Environmental Action
The science is there. The evidence is there. Why do people still refuse to recognize one of the greatest threats to human existence? Why can't, why won't they
believe the truth? The time to act is slowly evaporating before our eyes. To answer this question requires an interdisciplinary approach that investigates many of
the ways global warming has been analyzed, imagined, represented, and evaluated. Thus we welcome students of any major willing to embark on this common
project and to participate fully. We will challenge ourselves to move between and amongst texts that are familiar and those we will bring into the conversation.
There will be much that we miss, but we hope this course will at least begin a serious conversation in a unique way. The course will run on two parallel tracks: on
the one hand, we will delve into textual representations and arguments; on the other hand, we will attempt to develop a sensibility for how climate change makes
itself manifest in the physical world through a series of workshops and site visits in the Bay Area. The first track of this course will center on the discussion of three
science fiction novels: The Hungry Tide by Amitav Ghosh, The Three Body Problem by Cixin Liu, and Parable of the Sower by Octavia Butler. The second track of this
course is comprised of a series of workshops that aims to develop spatial and material literacy relevant to climate change awareness. It will engage topics such as:
scale, atmosphere, measure, material reciprocity, and garbage repurposing. One of the primary goals of this course is to not only understand the problem of
climate change, but also how to best act upon it. Thus the required final assignment for this class can be a recommendation for action based on a critical review of
the topic of climate change and already existing activism. It can take the form of a paper, a video, an installation art project, a podcast, etc.. But in all cases your
work must analytically engage the specific medium of literary expression.
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Terms: Sum | Units: 5 | UG Reqs: WAY-A-II | Grading: Letter or Credit/No Credit

Instructors: ; Palumbo-Liu, D. (PI)

COMPLIT 348: US-Mexico Border Fictions: Writing La Frontera, Tearing Down the Wall (ILAC 348)
A border is a force of containment that inspires dreams of being overcome, crossed, and cursed; motivates bodies to climb over walls; and threatens physical harm.
This graduate seminar places into comparative dialogue a variety of perspectives from Chicana/o and Mexican/Latin American literary studies. Our seminar will
examine fiction and cultural productions that range widely, from celebrated Mexican and Chicano/a authors such as Carlos Fuentes (La frontera de cristal), Yuri
Herrera (Señales que precederan al fin del mundo), Willivaldo Delgaldillo (La Virgen del Barrio Árabe), Américo Paredes (George Washington Gómez: A Mexico-Texan
Novel), Gloria Anzaldúa (Borderlands/La Frontera: The New Mestiza), and Sandra Cisneros (Carmelo: Puro Cuento), among others, to musicians whose contributions
to border thinking and culture have not yet been fully appreciated such as Herb Albert, Ely Guerra, Los Tigres del Norte, and Café Tacvba. Last but not least, we
will screen and analyze Orson Welles' iconic border films Touch of Evil and Rodrigo Dorfman's Los Sueños de Angélica. Proposing a diverse and geographically
expansive view of the US-Mexico border literary and cultural studies, this seminar links the work of these authors and musicians to struggles for land and border-
crossing rights, anti-imperialist forms of trans-nationalism, and to the decolonial turn in border thinking or pensamineto fronterizo. It forces us to take into account
the ways in which shifts in the nature of global relations affect literary production and negative aesthetics especially in our age of (late) post-industrial capitalism.

Last offered: Winter 2021 | Units: 3-5 | Grading: Letter or Credit/No Credit

COMPLIT 368A: Imagining the Oceans
How has Western culture constructed the world's oceans since the beginning of global ocean exploration? How have imaginative visions of the ocean been shaped by
marine science, technology, exploration, commerce and leisure? Primary authors read might include Cook, Banks, Equiano, Ricketts, and Steinbeck; Defoe, Cooper,
Verne, Conrad, Woolf and Hemingway; Coleridge, Baudelaire, Moore, Bishop and Walcott. Critical readings include Schmitt, Rediker and Linebaugh, Baucom, Best,
Corbin, Auden, Sontag and Heller-Roazen. Films by Sekula, Painlevé and Bigelow. Seminar coordinated with a 2015 Cantor Arts Center public exhibition. Visits to the
Cantor; other possible field trips include Hopkins Marine Station and SF Maritime Historical Park. Open to graduate students only.

Last offered: Winter 2020 | Units: 5 | Grading: Letter or Credit/No Credit

COMPMED 11SC: Life in the Zoo: Behavior, Welfare and Enrichment
What makes for a good life in a zoo? For that matter, what makes a good zoo? The psychological and physical wellbeing of the animals? The contribution to
research, conservation, and education? The guest experience? Students will learn first-hand how animal welfare science provides an evidence-based approach to
optimize and balance each of these demands so that "good welfare is good business." Through a unique experience at San Francisco Zoo students will learn how to
apply principles of animal behavior to design environmental enrichments which benefit both the animals and the complex mission of a zoo. Students will be guided
through the process of assessing an exhibit from the point of view of the animal's behavior and wellbeing, educational opportunities, and guest experience;
developing an enrichment plan; designing and building enrichments for the animals; interacting with the public as docents; and assessing the overall effectiveness
of a new enrichment; before finally presenting their work at a "mini-conference." The course will be taught with an emphasis on self-guided learning, student-led
class time, hands-on experience, and service-learning. Most days will begin with students presenting what they have learned the previous day to the class, followed
by student-led discussion, preparation time for the day's activities, and then time out in the zoo. The course will be taught by Dr. Garner (whose introductory
seminar in Animal Behavior is strongly recommended, though not required) and Dr. Watters (Vice President of Animal Wellness and Animal Behavior, San Francisco
Zoological Society). [This is a SOPHOMORE COLLEGE course. Visit soco.stanford.edu for full details.]

Last offered: Summer 2019 | Units: 2 | Grading: Letter (ABCD/NP)

COMPMED 80N: Animal behavior: sex, death, and sometimes food!
Preference to freshman. Behavior is what makes animals special (thirsty plants don't walk to water), but why do animals behave the way they do? What does their
behavior tell us about their inner lives, and about ourselves? What do lipstick and cuckoos and fireflies have in common? Why would nobody want to be a penguin?
What do mice say to each other in their pee-mail? Learning how to think about questions like these gives us a unique perspective on the natural world. Format:
Flipped, Student-centered, Community of learners, with online and in-person discussion. Discussion and criticism of video examples, and documentaries, and
student presentations. Topics: History and approaches to animal behavior; development of behavior, from genetics to learning; mechanisms of behavior, from
neurons to motivation; function of behavior, from honest signals to selfish genes; the phylogeny of behavior, from domestication to speciation; and modern
applications of behavior, from abnormal behavior, to conservation, to animal welfare, and animal consciousness.

Terms: Aut, Spr | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Garner, J. (PI)

COMPMED 84Q: Globally Emerging Zoonotic Diseases
Preference to sophomores. Infectious diseases impacting veterinary and human health around the world today. Mechanisms of disease, epidemiology, and underlying
diagnostic, treatment and control principles associated with these pathogens.

Terms: Spr | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Felt, S. (PI)

CS 22A: The Social & Economic Impact of Artificial Intelligence (INTLPOL 200)
Recent advances in computing may place us at the threshold of a unique turning point in human history. Soon we are likely to entrust management of our
environment, economy, security, infrastructure, food production, healthcare, and to a large degree even our personal activities, to artificially intelligent computer
systems. The prospect of "turning over the keys" to increasingly autonomous systems raises many complex and troubling questions. How will society respond as
versatile robots and machine-learning systems displace an ever-expanding spectrum of blue- and white-collar workers? Will the benefits of this technological
revolution be broadly distributed or accrue to a lucky few? How can we ensure that these systems are free of algorithmic bias and respect human ethical principles?
What role will they play in our system of justice and the practice of law? How will they be used or abused in democratic societies and autocratic regimes? Will they
alter the geopolitical balance of power, and change the nature of warfare? The goal of CS22a is to equip students with the intellectual tools, ethical foundation,
and psychological framework to successfully navigate the coming age of intelligent machines.

Terms: Win | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Kaplan, J. (PI)

CS 325B: Data for Sustainable Development (EARTHSYS 162, EARTHSYS 262)
The sustainable development goals (SDGs) encompass many important aspects of human and ecosystem well-being that are traditionally difficult to measure. This
project-based course will focus on ways to use inexpensive, unconventional data streams to measure outcomes relevant to SDGs, including poverty, hunger, health,
governance, and economic activity. Students will apply machine learning techniques to various projects outlined at the beginning of the quarter. The main learning
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goals are to gain experience conducting and communicating original research. Prior knowledge of machine learning techniques, such as from CS 221, CS 229, CS
231N, STATS 202, or STATS 216 is required. Open to both undergraduate and graduate students. Enrollment limited to 24. Students must apply for the class by filling
out the form at https://goo.gl/forms/9LSZF7lPkHadix5D3. A permission code will be given to admitted students to register for the class.

Terms: Aut | Units: 3-5 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Burke, M. (PI); Ermon, S. (PI); Lobell, D. (PI); Meng, C. (TA)

CS 377E: Designing Solutions to Global Grand Challenges
In this course we creatively apply information technologies to collectively attack Global Grand Challenges (e.g., global warming, rising healthcare costs and
declining access, and ensuring quality education for all). Interdisciplinary student teams will carry out need-finding within a target domain, followed by
brainstorming to propose a quarter long project. Teams will spend the rest of the quarter applying user-centered design methods to rapidly iterate through design,
prototyping, and testing of their solutions. This course will interweave a weekly lecture with a weekly studio session where students apply the techniques hands-on
in a small-scale, supportive environment.

Last offered: Autumn 2020 | Units: 3-4 | Grading: Letter (ABCD/NP)

CSRE 10SC: Inequality and Poverty in the United States
Social inequality is a feature of all advanced industrial societies. However, some societies have more inequality than others, and some types of inequality are more
prominent in some societies than in others. Inequality in the United States is greater than in many other industrialized nations and has increased dramatically in the
past forty years. Economic inequality, for example, is greater today than any time since the 1920s. Growing public awareness of this inequality has sparked a
vigorous debate among politicians and public protests in city streets; some that have turned violent. The Occupy Movement was driven largely by resentment
against the growing concentration of economic privilege within a small segment of society. Inequality was a prominent theme in the Bernie Sanders presidential
campaign. Despite these debates and protests, there is no consensus about whether anything should be done to stem this trend. This class will focus on three
domains of inequality in the United States: social class, gender, and racial inequality. The assigned reading and discussions will examine theories and research about
the origins of social inequality; how inequality and poverty is reproduced over time; the consequences of inequality and poverty; and what might be done to reduce
inequality and poverty in American society. Students will be expected to help lead and participate in class discussions, and to complete a weekly assignment based
on the readings. nnIn addition to the in-class instruction, students will have an opportunity to engage in public service activities directly related to poverty and
inequality. Students will work with the Director of Community Engaged Learning (DCEL) from the Center for Comparative Studies in Race and Ethnicity who will
assist with their participation in activities connected with social service agencies in the area, including agencies that deal with homelessness, food insecurity, and
other needs.

Last offered: Summer 2019 | Units: 2 | Grading: Letter (ABCD/NP)

CSRE 24: Race and Environment
From the moment colonizers began arriving in the space now referred to as the Americas until the moments these words were written and read, coloniality and one
its central mechanisms¿race¿have shaped the ways that people think about the spaces in which they live. Western culture¿s belief in the division between nature
and culture, between the human and non-human, is rooted in racialized beliefs that guided the settler project¿s goal of converting Indigenous and Black spaces and
bodies into reflections of colonial aspirations. We will analyze the processes through which race and space are mutually-constructed, including the racialization of
space labelled the ¿environment;¿ and how organizing, research, and activism in relation to the environment can undermine the racial hierarchies that still
manifest via the environment.

Last offered: Winter 2021 | Units: 3 | Grading: Letter (ABCD/NP)

CSRE 51A: Race in Science (AFRICAAM 51A, CEE 151A, COMM 51A, HUMBIO 71A, STS 51A)
What are the roles of race and racism in science, technology, and medicine? 3-course sequence; each quarter can be taken independently. Fall quarter focuses on
science. What is the science of race and racism? How does race affect scientific work? Weekly guest speakers will address such issues as the psychology and
anthropology of race and racism; how race, language, and culture affect education; race in environmental science and environmental justice; the science of
reducing police violence; and the role of race in genomic research. Talks will take a variety of forms, from panel discussions to interviews and lectures. Weekly
assignments: read a related article and participate in an online discussion.

Last offered: Autumn 2020 | Units: 1 | Grading: Satisfactory/No Credit

CSRE 109A: Federal Indian Law (NATIVEAM 109A)
Cases, legislation, comparative justice models, and historical and cultural material. The interlocking relationships of tribal, federal, and state governments.
Emphasis is on economic development, religious freedom, and environmental justice issues in Indian country.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Biestman, K. (PI)

CSRE 109B: Native Nation Building (NATIVEAM 109B)
The history of competing tribal and Western economic models, and the legal, political, social, and cultural implications for tribal economic development. Case
studies include mineral resource extraction, gaming, and cultural tourism. 21st-century strategies for sustainable economic development and protection of political
and cultural sovereignty.

Last offered: Winter 2020 | Units: 3 | Grading: Letter (ABCD/NP)

CSRE 121: Discourse of the Colonized: Native American and Indigenous Voices (NATIVEAM 121)
Using the assigned texts covering the protest movements in the 20th century to the texts written from the perspective of the colonized at the end of the 20th
century, students will engage in discussions on decolonization. Students will be encouraged to critically explore issues of interest through two short papers and a
15-20 minute presentation on the topic of interest relating to decolonization for Native Americans in one longer paper. Approaching research from an Indigenous
perspective will be encouraged throughout.

Terms: Spr | Units: 5 | UG Reqs: GER:EC-AmerCul | Grading: Letter or Credit/No Credit

Instructors: ; Red Shirt, D. (PI)

CSRE 123C: "Third World Problems?" Environmental Justice Around the World (ANTHRO 123C)
As the Flint, Michigan water situation began to attract attention and condemnation, Michigan State Representative, Sheldon Neeley, describing the troops on the
ground and the Red Cross distributing water bottles, said that the Governor had "turned an American city into a Third World country [...] it's terrible what he's done
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[...] no fresh water. Then, at a Congressional hearing, the Chairman of the House Oversight & Government Reform Committee said, "This is the United States of
America - this isn't supposed to happen here. We are not some Third World country."nnWhat is a "third world problem?" This introductory environmental
anthropology course examines how such imaginaries materialize in development programmes and literature, and bespeak charged geopolitical and racial histories;
and invites reflection on what futures for working in common they enable/constrain. We will examine how crises are imagined and constructed, and the governance
regimes they give rise to. How does water - as natural resource, public good, human right, need, or commodity - determine the contours of such regimes? We will
also study chronic, quieter environmental problems and the responses they (do not) generate. Working through a variety of writing genres - ethnographies, policy
literature, and legal and corporate publicity material - will enable students to appreciate what anthropology can contribute to the conversation on environmental
justice, and state and corporate bureaucracies and their mandates. The course draws on examples from a wide range of settings. The course is offered as an
introduction to environmental anthropology and takes students through key themes - infrastructure, race, class, privatization, justice, violence - by focusing on
water. It requires no background in anthropology.

Last offered: Spring 2021 | Units: 3-4 | UG Reqs: WAY-ER | Grading: Letter (ABCD/NP)

CSRE 125E: Shades of Green: Exploring and Expanding Environmental Justice in Practice (EARTHSYS 125, EARTHSYS 225,
URBANST 125)
Historically, discussions of race, ethnicity, culture, and equity in the environment have been shaped by a limited view of the environmental justice movement,
often centered on urban environmental threats and separated from other types of environmental and climate advocacy. This course will seek to expand on these
discussions by exploring topics such as access to outdoor spaces, definitions of wilderness, inclusion in environmental organizations, gender and the outdoors, the
influence of colonialism on ways of knowing, food justice and ethics, and the future of climate change policy. The course will also involve a community partnership
project. In small groups students will work with an environmental organization to problem-solve around issues of equity, representation, and access. We value a
diversity of experiences and epistemologies and welcome undergraduates from all disciplines. Since this is a practical course, there will be a strong emphasis on
participation and commitment to community partnerships. This course requires instructor approval, please submit an application by March 16th at midnight.
Application available at https://forms.gle/owqmLqLjLP1rDYEZA

Terms: Spr | Units: 3-4 | UG Reqs: WAY-EDP | Grading: Satisfactory/No Credit

Instructors: ; vangelder, z. (PI); Diver, S. (SI); Jung, E. (SI)

CSRE 168: RACE, NATURE, AND THE CITY (AFRICAAM 168, EARTHSYS 169, SOC 168A, URBANST 168)
This course provides an introduction to the study of race and place within urban political ecology (UPE). Geographer Natasha Cornea defines UPE as a 'conceptual
approach that understands urbanization to be a political, economic, social, and ecological process, one that often results in highly uneven and inequitable
landscapes' in and beyond cities. The primary focus will be cities in the Americas, but we will draw on insights from scholars studying the mutually constitutive
nature of race and place in other regions. In line with critical theories that frame intersectional experiences of race, the course readings also take into account
class, gender, sexuality, and nation.

Terms: Spr | Units: 4 | UG Reqs: WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Montgomery, A. (PI)

CSRE 178: Ethics and Politics of Public Service (ETHICSOC 133, PHIL 175A, PHIL 275A, POLISCI 133, PUBLPOL 103D,
URBANST 122)
Ethical and political questions in public service work, including volunteering, service learning, humanitarian assistance, and public service professions such as
medicine and teaching. Motives and outcomes in service work. Connections between service work and justice. Is mandatory service an oxymoron? History of public
service in the U.S. Issues in crosscultural service work. Integration with the Haas Center for Public Service to connect service activities and public service
aspirations with academic experiences at Stanford.

Last offered: Spring 2018 | Units: 3-5 | UG Reqs: GER:DB-SocSci, WAY-ER | Grading: Letter or Credit/No Credit

DESINST 245: Redesigning Post-Disaster Finance
Unfortunately, natural disaster scenarios are becoming annual and severe due to climate change, urbanization and legacy building practices and standards. When
disaster responders leave affected communities, banks, insurance companies and government agencies are challenged to fund the rebuilding.nnHow might we bring
human-centered design to the post-disaster loan and insurance processes?nnIn this class, you will interview bankers, insurers and their bank regulators, borrowers,
past disaster victims, emergency responders and others to visually map post-disaster process from multiple points-of-view, with the goal of revealing simpler and
more adaptive design opportunities.Then you will work together to produce an immersive storytelling experience for all stakeholders to see how they might take a
more human-centered approach to the post-disaster banking and insurance processes, where the stories of rebuilt community and household can be better told,
shared and funded faster.nnAdmission by application. Find more info at dschool.stanford.edu/classes.

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Cahan, B. (PI); Middleton, B. (PI)

DESINST 250: Oceans by Design
Marine ecosystems - on which global and human health rely - are degrading rapidly from the cumulative effects of climate change, pollution, overfishing, and
habitat destruction. Multidisciplinary problem solving is required to address social, ecological, and economic dimensions and tackle today's greatest oceans threats.
In this course, you will learn to combine marine science, policy, emerging tech, empathy, and rapid experimentation. This class is co-hosted by the d.school and the
Center for Ocean Solutions. Admission by application. See dschool.stanford.edu/classes for more information.

Last offered: Spring 2020 | Units: 3 | Grading: Letter or Credit/No Credit

EARTH 1A: Know Your Planet: Research Frontiers
You are interested in the challenges that face our planet, but you are not sure about the career opportunities in the earth, energy, and environmental sciences. The
breadth of possibilities will surprise you! In this course, you will meet faculty working on a diverse array of environmental problems, learn about the career paths of
working professionals in the earth sciences, and hear from expert panels about post-graduation pathways available to you in the earth, energy, and environmental
sciences. Open to all students. May be repeated for credit.

Terms: Aut | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

Instructors: ; Yau, A. (PI)

EARTH 1B: Know Your Planet: Big Earth
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Interested in Big Data and how to apply it to global environmental and sustainability challenges? This course provides an introduction to Big Data and its
applications in solving global challenges such as meeting global energy needs, food and water security, climate change, and natural hazards. The first half of the
course will focus on foundational concepts of Big Data; the second half of the course will focus on applications of Big Data while introducing students to Stanford
Earth alumni who are currently using these concepts in their work. May be repeated for credit.

Terms: Win | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

Instructors: ; Biondi, B. (PI); Yau, A. (PI)

EARTH 1C: Know Your Planet: Science in the Field
Science isn't just in labs or on computer screens. From mountains, deserts, and forests to oceans, ice fields, and clouds, Stanford researchers work in a wide variety
of locations, studying processes and phenomena where they happen. This course will give students the opportunity to engage with some of those researchers. You¿ll
hear about different ways fieldwork is done, the questions being researched and what ¿fieldwork¿ means today. This course consists of a lecture by a different
Stanford Earth researcher each week. There will also be up to 2-hours of readings, virtual field trips, or other associated activities outside of the class time each
week. Open to all students.

Terms: Spr | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

Instructors: ; Petterson, R. (PI); Yau, A. (PI)

EARTH 1D: Know Your Planet: Earth in the Lab
Interested in the challenges that face our planet, but not sure how scientists answer Earth's big questions in a small laboratory? In this course, we will tackle the big
questions in little spaces - and you will explore how real labs answer very real questions. You will meet faculty working on a diverse array of environmental
problems and take tours of their laboratories to understand how observations in the lab are at the heart of scientific discovery. Open to all students.

Terms: Spr | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Vanorio, T. (PI); Yau, A. (PI)

EARTH 2: Climate and Society
How and why is the climate changing? How might a changing climate affect human society? And what can we do to alter the course of climate change and adapt to
any climatic changes that do occur? This course provides an introduction to the natural science and social science of climate change. The focus is on what science
tells us about the causes, consequences, and solutions to climate change, as well as on how scientific progress is made on these issues.

Terms: Win | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Burke, M. (PI); Diffenbaugh, N. (PI); Lobell, D. (PI); Grattan, T. (TA); Hagan, D. (TA); Pitzer, L. (TA)

EARTH 5: Geokids: Earth Sciences Education
Service learning through the Geokids program. Eight weeks of supervised teaching to early elementary students about Earth sciences. Hands-on teaching strategies
for science standards-based instruction.

Last offered: Spring 2021 | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

EARTH 10: Design for a Habitable Planet
Climate change is happening. As a society, we know we need to accommodate it, design for it, and slow its progress, yet as individuals many of us struggle to take
meaningful action. This class will use the iconic landscapes of California as a lens to address this challenge. How will they differ in 2025, 2050, 2100? During the
course we will learn about the science of global change and the ways in which California may dramatically differ in the future as a result of changing temperatures
and rainfall patterns, rising sea levels, shifts in flora and fauna, and decisions about the built environment and infrastructure. Using methodologies of human-
centered design, we will explore how iconic landscapes influence perceptions of global change. We will generate ideas for communicating the impact of projected
change and experiment with different ways of creating a sense of urgency. This class is for students interested in the impacts global change and in seeking new and
innovative ways to communicate it. The course will be co-taught by faculty from the School of Earth, Energy and Environmental Sciences and the d.school. Apply by
September 8. You can read more about the course and apply here: https://dschool.stanford.edu/classes/design-for-a-habitable-planet. Applicants will be selected
to ensure a diversity of backgrounds. Course will be limited to 16 participants. Meeting times: Tue: 4:30 to 5:50 beginning 10/24, Saturday 10/28 All day field trip.

Last offered: Autumn 2017 | Units: 1 | Grading: Satisfactory/No Credit

EARTH 14: Our National Parks (EARTH 114A, GEOLSCI 14, GEOLSCI 114A)
Explore the history and natural science of three national parks proximal to Stanford. Under the guidance of instructors, students will work in teams to learn about
chosen aspects of these parks, develop dynamic self-guided tours for public consumption, and implement (and publish) these tours using the XibitEd app for
iPhones. Students will learn how to present their findings to a general, non-scientific audience, delineate physical locations at which storytelling will take place
through the XibitEd system, and create and configure the content for the system. The course will culminate in the publishing of the experiential learning tours, as
well as a weekend-long field trip to the Pinnacles National Park

Last offered: Winter 2020 | Units: 2 | Grading: Letter or Credit/No Credit

EARTH 15: Living on the Edge (GEOLSCI 5)
A weekend field trip along the Pacific Coast. Tour local beaches, geology, and landforms with expert guides from the School of Earth, Energy & Environmental
Sciences. Enjoy a BBQ dinner and stay overnight in tents along the coast. Get to know faculty and graduate students in Stanford Earth. Transportation, meals, and
camping equipment are provided at no cost to student participants. AY2020-21 offering is dependent on the COVID-19 health situation.

Terms: Spr | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Grove, M. (PI)

EARTH 42: Moving and Shaking in the Bay Area (GEOLSCI 42)
Active faulting and erosion in the Bay Area, and its effects upon landscapes. Earth science concepts and skills through investigation of the valley, mountain, and
coastal areas around Stanford. Faulting associated with the San Andreas Fault, coastal processes along the San Mateo coast, uplift of the mountains by plate
tectonic processes, and landsliding in urban and mountainous areas. Field excursions; student projects.

Terms: Aut | Units: 4 | UG Reqs: WAY-AQR, WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Hilley, G. (PI); Howell, H. (TA); Jung, E. (TA); Semler, A. (TA)
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EARTH 85: Virtual California
This course will give students a sense of place about California through virtual environments and guest lectures that show the geography, geology, ecology, and
natural history that help make California a place, not just a space on a map. Students will participate in a variety of activities in the virtual environments, on their
own and in small groups. Each week will be 80 min of synchronous lecture and 80 minutes of small group activities using virtual field sites. All work will be done in
class, no other homework or readings outside of class are required. The virtual field sites only require an internet browser to view. This is an experiential course,
students will be expected to attend and actively participate. No prior knowledge required. Intended for frosh/soph.nnExample of the virtual field sites that will be
used in the course:nhttps://web.stanford.edu/group/field-education/virtual_california/example/output/index.html

Last offered: Spring 2021 | Units: 1 | Grading: Satisfactory/No Credit

EARTH 100: Research Preparation for Undergraduates
For undergraduates planning to conduct research during the summer with faculty in the School of Earth, Energy & EnvironmentaL Sciences. Readings, oral
presentations, proposal development. May be repeated for credit.

Terms: Spr | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Maher, K. (PI); Saltzman, J. (PI)

EARTH 114A: Our National Parks (EARTH 14, GEOLSCI 14, GEOLSCI 114A)
Explore the history and natural science of three national parks proximal to Stanford. Under the guidance of instructors, students will work in teams to learn about
chosen aspects of these parks, develop dynamic self-guided tours for public consumption, and implement (and publish) these tours using the XibitEd app for
iPhones. Students will learn how to present their findings to a general, non-scientific audience, delineate physical locations at which storytelling will take place
through the XibitEd system, and create and configure the content for the system. The course will culminate in the publishing of the experiential learning tours, as
well as a weekend-long field trip to the Pinnacles National Park

Last offered: Winter 2020 | Units: 2 | Grading: Letter or Credit/No Credit

EARTH 117: Earth Sciences of the Hawaiian Islands
Progression from volcanic processes through rock weathering and soil-ecosystem development to landscape evolution. The course starts with an investigation of
volcanic processes, including the volcano structure, origin of magmas, physical-chemical factors of eruptions. Factors controlling rock weathering and soil
development, including depth and nutrient levels impacting plant ecosystems, are explored next. Geomorphic processes of landscape evolution including erosion
rates, tectonic/volcanic activity, and hillslope stability conclude the course. Methods for monitoring and predicting eruptions, defining spatial changes in landform,
landform stability, soil production rates, and measuring biogeochemical processes are covered throughout the course. This course is restricted to students accepted
into the Earth Systems of Hawaii Program.

Last offered: Autumn 2018 | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

EARTH 126X: Hard Earth: Environmental Justice (CEE 126X)
Environmental policies often have disparate impacts on marginalized people. The fall 2019 Hard Earth series will feature biweekly talks by Stanford graduate
students who are investigating pressing questions at the intersection of environmental justice and health, energy, and climate change. On the alternate weeks,
students who have enrolled to take the full Hard Earth series as a one-unit course (CEE 126XYZ | EARTH 126XYZ) meet for a deeper discussion about the prior
week¿s presentation. There will be one culminating talk by a non-student sustainability expert. Learn more about Hard Earth here:
https://roblesustainability.stanford.edu/initiatives/hard-earth.

Last offered: Autumn 2019 | Units: 1 | Grading: Satisfactory/No Credit

EARTH 126Y: Hard Earth: Stanford Graduate-Student Talks Exploring Tough Environmental Dilemmas (CEE 126Y)
Environmental disasters are striking with alarming frequency. Many, including wildfires and ecosystem collapse, are hitting California. The winter 2019 Hard Earth
series will feature biweekly talks by Stanford graduate students whose research probes how people are coping with, adapting to, and changing their lives in the
face of environmental catastrophe. Their talks will focus on events close to home in California. Students who choose to enroll in the entire quarterly series as a 1-
unit class will, in the weeks between the talks, discuss what's happening in California in the context of the rest of the world.

Terms: Win | Units: 1 | Grading: Satisfactory/No Credit

EARTH 126Z: Hard Earth: The Interconnected Impacts of Global Climate Change (CEE 126Z)
The COVID crisis makes one thing clear: society is ill-equipped to deal with disasters that do not respect borders and can cripple social and economic systems.
Climate change, though radically different from a virus, similarly is a global threat. This class will feature virtual biweekly talks by four graduate students whose
research probes a changing climate's already-occurring impacts on livelihoods, jobs, food, and social safety nets around the world. In the weeks in between the
talks, we will hold a group discussion to explore how we can, as a global society, re-imagine our response to disaster.

Terms: Spr | Units: 1 | Grading: Satisfactory/No Credit

EARTH 131: Pathways in Sustainability Careers (EARTHSYS 131)
Interactive, seminar-style sessions expose students to diverse career pathways in sustainability. Professionals from a variety of careers discuss their work, their
career development and decision-points in their career pathways, as well as life style aspects of their choices.

Terms: Spr | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Bangert, F. (PI)

EARTH 165H: Big Earth Hackathon Wildland Fire Challenge (CEE 165H, CEE 265H, EARTH 265H)
Participate in Stanford's Big Earth Hackathon challenge on wildland fires by finding an innovative solution to wildland fire prediction, prevention, and/or
evacuation. Students work in self-organized diverse teams of 2-4 students in weeks 1-8, with a final presentation of the work on Friday May 27. The teams will
spend the first few weeks designing their specific team problem/scope/goals under one of three primary areas of focus. Guidance in the design and solution
processes will be provided by faculty, industry and/or community leaders. Workshops in data analysis, programming, GIS, and fundamental issues related to
wildfires will be provided at the start of the quarter to give students tools and insights to define and tackle problems.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Fong, D. (PI)
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EARTH 191: Stanford EARTH Field Courses (GEOLSCI 191)
Four- to seven-day field trips to locations of geologic and environmental interest. Includes trips offered during Spring break. May be repeated for credit.

Last offered: Winter 2020 | Units: 1-2 | Repeatable for credit | Grading: Satisfactory/No Credit

EARTH 193: Natural Perspectives: Geology, Environment, and Art (EARTHSYS 193)
Multi-day field trip that combines exploration of regional geology, ecology, and environmental history with guided drawing exercises in the Eastern Sierra Nevada of
California. We¿ll visit several sites of geologic and environmental interest, discuss their formation and significance, and use drawing as tool for close observation.
Students will gain an understanding of the natural processes shaping California, acquire new skills and techniques for artistic expression, and gain an appreciation
for how scientific and aesthetic perspectives complement and enhance one another in the study of nature. No previous scientific or artistic experience is required.
Preference for freshmen and sophomores. If you are interested in signing up for the course, complete this pre-registration form:
https://stanforduniversity.qualtrics.com/SE/?SID=SV_9RF2rDopROzwOxf

Last offered: Spring 2021 | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

EARTH 203: Diversity and Inclusion in the Geosciences
This course will prepare students to address the participation and inclusion challenges uniquely faced in the geosciences. By bringing awareness to specific tools
and tactics which improve learning and working environments, we hope to help others develop inclusive environments where diversity is valued and celebrated.
Diverse thinking coupled with inclusive practices improves science and team performance. In the past 40 years, the geosciences have had the lowest diversity of all
STEM fields within higher education. Using insights from recent literature and perspectives from guest speakers, we will evaluate current practices and identify
those that hold promise in improving broader participation and inclusion in the geosciences. Discussions will focus on actions that individuals can take to promote
greater inclusion within every level of higher education in the earth sciences.

Terms: Win | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Seymour, N. (PI); Travis, N. (PI); Willenbring, J. (PI)

EARTH 214: Software Design in Modern Fortran for Scientists and Engineers (CME 214)
This course introduces software design and development in modern Fortran. Course covers the functional, object-oriented-, and parallel programming features
introduced in the Fortran 95, 2003, and 2008 standards, respectively, in the context of numerical approximations to ordinary and partial differential equations;
introduces object-oriented design and design schematics based on the Unified Modeling Language (UML) structure, behavior, and interaction diagrams; cover the
basic use of several open-source tools for software building, testing, documentation generation, and revision control. Recommended: Familiarity with programming
in Fortran 90, basic numerical analysis and linear algebra, or instructor approval

Last offered: Autumn 2017 | Units: 3 | Grading: Letter (ABCD/NP)

EARTH 251: Negotiation (CEE 151, CEE 251, PUBLPOL 152)
Students learn to prepare for and conduct negotiations in a variety of arenas including getting a job, managing workplace conflict, negotiating transactions, and
managing personal relationships. Interactive class. The internationally traveled instructor who has mediated cases in over 75 countries will require students to
negotiate real life case studies and discuss their results in class. Application required before first day of class; students should enroll on Axess and complete the
application on Canvas by March 23, 2022. Application can also be accessed at http://bit.ly/Negotiation2022. Synchronous In-person participation required for
students who wish to take this class. Note: There is a class fee of $130 for access to case files and readings. If the course fee is of concern, please email the TA at
cbh21@stanford.edu enzoalf@stanford.edu

Last offered: Spring 2021 | Units: 3 | Grading: Letter (ABCD/NP)

EARTH 265H: Big Earth Hackathon Wildland Fire Challenge (CEE 165H, CEE 265H, EARTH 165H)
Participate in Stanford's Big Earth Hackathon challenge on wildland fires by finding an innovative solution to wildland fire prediction, prevention, and/or
evacuation. Students work in self-organized diverse teams of 2-4 students in weeks 1-8, with a final presentation of the work on Friday May 27. The teams will
spend the first few weeks designing their specific team problem/scope/goals under one of three primary areas of focus. Guidance in the design and solution
processes will be provided by faculty, industry and/or community leaders. Workshops in data analysis, programming, GIS, and fundamental issues related to
wildfires will be provided at the start of the quarter to give students tools and insights to define and tackle problems.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Fong, D. (PI)

EARTH 305A: Teaching in the field: Basic skills for working with students in the field
This workshop series introduces the basics of teaching, working, and living in the field with students, from first aid to university policies to pedagogy. We will
discuss skills and techniques necessary to keep students safe, to maximize their learning outcomes, and to promote best practices for field teaching, particularly
within the natural sciences. Open to all graduate students.

Last offered: Winter 2019 | Units: 1-2 | Grading: Satisfactory/No Credit

EARTH 310: Computational Geosciences Seminar
Weekly lectures focusing on high-performance computing in geoscientific research by experts from academia, national laboratories, industry, and doctoral students.
May be repeated for credit.

Last offered: Winter 2019 | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

EARTH 400: Directed Research
Independent research for graduate student projects.

Terms: Aut, Win, Spr, Sum | Units: 3 | Repeatable 4 times (up to 12 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Biondi, B. (PI); Dunham, E. (PI); Gerritsen, M. (PI); Kovscek, A. (PI); Suckale, J. (PI); Tchelepi, H. (PI)

EARTH 401: Curricular Practical Training
Curricular Practical Training

Terms: Aut, Win, Spr, Sum | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Phillips, K. (PI)
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EARTHSYS 4: Coevolution of Earth and Life (GEOLSCI 4)
Earth is the only planet in the universe currently known to harbor life. When and how did Earth become inhabited? How have biological activities altered the
planet? How have environmental changes affected the evolution of life? In this course, we explore these questions by developing an understanding of life's multi-
billion year history using tools from biology, geology, paleontology, and chemistry. We discuss major groups of organisms, when they appear in the rock record, and
how they have interacted with the Earth to create the habitats and ecosystems that we are familiar with today.

Terms: Win | Units: 4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Leslie, A. (PI); Ellefson, E. (TA); Huntsman, S. (TA); McShea, H. (TA)

EARTHSYS 8: The Oceans: An Introduction to the Marine Environment (ESS 8)
The course will provide a basic understanding of how the ocean functions as a suite of interconnected ecosystems, both naturally and under the influence of human
activities. Emphasis is on the interactions between the physical and chemical environment and the dominant organisms of each ecosystem. The types of ecosystems
discussed include coral reefs, deep-sea hydrothermal vents, coastal upwelling systems, blue-water oceans, estuaries, and near-shore dead zones. Lectures,
multimedia presentations, group activities, and tide-pooling day trip.

Terms: Spr | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI); Lim, S. (SI); Payne, C. (SI)

EARTHSYS 10: Introduction to Earth Systems
For non-majors and prospective Earth Systems majors. Multidisciplinary approach using the principles of geology, biology, engineering, and economics to describe
how the Earth operates as an interconnected, integrated system. Goal is to understand global change on all time scales. Focus is on sciences, technological
principles, and sociopolitical approaches applied to solid earth, oceans, water, energy, and food and population. Case studies: environmental degradation, loss of
biodiversity, and resource sustainability.

Terms: Aut | Units: 4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI); Nevle, R. (PI); Assa, G. (TA); Bernstein, M. (TA); Francisco, T. (TA); Gomes, A. (TA); Hagan, D. (TA); Maung, S. (TA); Portillo, R. (TA);
Stevenson, J. (TA); Szybunka, H. (TA); Vabre, B. (TA)

EARTHSYS 11: Introduction to Geology (GEOLSCI 1)
Why are earthquakes, volcanoes, and natural resources located at specific spots on the Earth surface? Why are there rolling hills to the west behind Stanford, and
soaring granite walls to the east in Yosemite? What was the Earth like in the past, and what will it be like in the future? Lectures, hands-on laboratories, in-class
activities, and one virtual field trip will help you see the Earth through the eyes of a geologist. Topics include plate tectonics, the cycling and formation of different
types of rocks, and how geologists use rocks to understand Earth's history.

Terms: Spr | Units: 5 | UG Reqs: GER: DB-NatSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Sperling, E. (PI); Willenbring, J. (PI)

EARTHSYS 15: Gender, Land Rights, and Climate Change: An International Perspective
For decades, numerous and far-reaching consequences of anthropogenic climate change have disproportionately affected women, from poverty, food and water
security, to land tenure and forced migration, to education and health. As a result, mitigating climate change has enormous implications for women's lives
worldwide, yet too few national or international policies address this critical intersection. This weekly seminar will examine this dynamic in light of the Sustainable
Development Goals and Paris Climate Treaty. The course will feature guest speakers, reading discussions, and communication exercises to spur policy reform and
help students acquire relevant information for their future endeavors.

Last offered: Spring 2018 | Units: 1 | Grading: Satisfactory/No Credit

EARTHSYS 16SC: River and Region: The Columbia-Snake System and the Shaping of the Pacific Northwest (CEE 17SC,
HISTORY 29SC, POLISCI 14SC)
This seminar will explore the crucial role of the Columbia River in the past, present, and future of the Pacific Northwest. Topics will include the lives and legacies
of the indigenous peoples that Lewis and Clark encountered more than two centuries ago; the historic fisheries that attracted thousands of Chinese and, later,
Scandinavian workers; the New Deal¿s epic dam-building initiatives beginning in the 1930s; the impact of the Manhattan Project¿s plutonium bomb development at
Hanford Atomic Works in WWII; and the twenty-first-century server farms dotted across the Columbia Plateau. We plan to visit with local water managers, farmers,
ranchers, loggers, Native American fishermen, and energy administrators, as well as elected officials and environmental activists, to examine the hydrologic,
meteorologic, and geologic bases of the River¿s water and energy resources, and the practical, social, environmental, economic, and political issues surrounding
their development in the Pacific Northwest region.<br><br>The Columbia River and its watershed provide a revealing lens on a host of issues. A transnational,
multi-state river with the largest residual populations of anadromous salmonids in the continental US, it is a major source of renewable hydroelectric power. (The
Grand Coulee dam powerhouse is the largest-capacity hydropower facility in the US; nearly 50% of Oregon¿s electricity generation flows from hydropower; in
Washington State it¿s nearly two-thirds, the highest in the nation.) The river provides a major bulk commodity transportation link from the interior West to the sea
via an elaborate system of locks. It irrigates nearly 700,000 acres of sprawling wheat ranches and fruit farms in the federally administered Columbia Basin Project.
We will look at all these issues with respect to rapid climate change, ecosystem impacts, economics, and public policy.<br><br>We will begin with classroom
briefings on campus, in preparation for the two-week field portion of the seminar. We plan to then travel widely throughout the Columbia basin, visiting water and
energy facilities across the watershed, e.g., hydro, solar, wind, and natural gas power plants; dams and reservoirs with their powerhouses, fish passage facilities,
navigation locks, and flood-mitigation systems; tribal organizations; irrigation projects; the Hanford Nuclear Reservation; and offices of regulatory agencies. We
hope to meet with relevant policy experts and public officials, along with several of the stakeholders in the basin.<br><br>Over the summer students will be
responsible for assigned readings from several sources, including monographs, online materials, and recent news articles. During the trip, students will work in
small groups to analyze and assess one aspect of the river¿s utilization, and the challenges to responsible management going forward. The seminar will culminate in
presentations to an audience of Stanford alumni in Portland, Oregon.

| Units: 2 | Grading: Satisfactory/No Credit

EARTHSYS 22: Introduction to Landscape Architecture: Urban Ecology and Environmental Design
This 1 unit, nine-week course provides an introduction to landscape architecture, covering a brief history of the field, making connections between science and
sustainable and resilient urban ecosystems, and exploring a range of projects and topics that landscape architects touch. From public spaces and streetscapes to
shorelines and trails, landscape architecture projects combine art and science in the pursuit of connecting and engaging humans with built and natural
environments. The practice can be used to contribute to and achieve complex goals such as climate resilience, environmental restoration, habitat creation, green
infrastructure planning, and aesthetic appeal. Through targeted readings, lectures, thoughtful discussions, and foundational assignments encouraging students to
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get outside and observe their surrounding landscapes, students will receive an introduction to landscape architecture and engage with a creative application of
earth systems science. This course begins during Week 2 of fall quarter and will invite practicing landscape architects and urban designers to give biweekly guest
lectures. Students of all class years and majors are encouraged to enroll. Guest lectures will be open to the Stanford community.

Last offered: Autumn 2020 | Units: 1 | Grading: Satisfactory/No Credit

EARTHSYS 36N: Life at the Extremes: From the Deep Sea to Deep Space
Preference to freshmen. Microbial life is diverse and resilient on Earth; could it survive elsewhere in our solar system? This seminar will investigate the diversity of
microbial life on earth, with an emphasis on extremophiles, and consider the potential for microbial life to exist and persist in extraterrestrial locales. Topics
include microbial phylogenetic and physiological diversity, biochemical adaptations of extremophiles, ecology of extreme habitats, and apparent requirements and
limits of life. Format includes lectures, discussions, lab-based activities and local field trips. Basics of microbiology, biochemistry, and astrobiology.

Terms: Win | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Dekas, A. (PI)

EARTHSYS 38N: The Worst Journey in the World: The Science, Literature, and History of Polar Exploration (ESS 38N,
GEOLSCI 38N)
This course examines the motivations and experiences of polar explorers under the harshest conditions on Earth, as well as the chronicles of their explorations and
hardships, dating to the 1500s for the Arctic and the 1700s for the Antarctic. Materials include The Worst Journey in the World by Aspley Cherry-Garrard who in
1911 participated in a midwinter Antarctic sledging trip to recover emperor penguin eggs. Optional field trip into the high Sierra in March.

Terms: Aut | Units: 3 | UG Reqs: GER: DB-NatSci | Grading: Letter (ABCD/NP)

Instructors: ; Dunbar, R. (PI)

EARTHSYS 39Q: Talking about Earthquakes, Volcanoes, and Floods: Science Communication and Natural Hazards
In an age of fake news, how do we communicate the importance of scientific facts? How do we compel action from an individual to a national level when the facts
alone aren¿t enough? In this class you will learn the basic tools of science communication through the lens of natural hazards such as earthquakes, volcanoes, and
extreme weather. You will learn the basics of the science that drives these hazards, and how to communicate that science to different audiences. Recent research
has shown that relaying scientific knowledge alone to potentially vulnerable populations does not have a significant impact on increasing their resilience to those
hazards. Therefore, it is increasingly important to train a new generation of science communicators and translators who can effectively relay complex information
in engaging and understandable ways. This will be a hands-on course where you will be working individually and in small groups to discuss class topics, share, and
peer review each other¿s writing each week. This course satisfies the Write 2 requirement for undergraduates.

Last offered: Spring 2020 | Units: 4 | UG Reqs: Writing 2 | Grading: Letter or Credit/No Credit

EARTHSYS 41N: The Global Warming Paradox
Preference to freshman. Focus is on the complex climate challenges posed by the substantial benefits of energy consumption, including the critical tension between
the enormous global demand for increased human well-being and the negative climate consequences of large-scale emissions of carbon dioxide. Topics include:
Earth's energy balance; detection and attribution of climate change; the climate response to enhanced greenhouse forcing; impacts of climate change on natural
and human systems; and proposed methods for curbing further climate change. Sources include peer-reviewed scientific papers, current research results, and
portrayal of scientific findings by the mass media and social networks.

Terms: Aut | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Diffenbaugh, N. (PI); Lang-Ree, C. (TA)

EARTHSYS 46N: Exploring the Critical Interface between the Land and Monterey Bay: Elkhorn Slough (ESS 46N)
Preference to freshmen. Field trips to sites in the Elkhorn Slough, a small agriculturally impacted estuary that opens into Monterey Bay, a model ecosystem for
understanding the complexity of estuaries, and one of California's last remaining coastal wetlands. Readings include Jane Caffrey's "Changes in a California Estuary:
A Profile of Elkhorn Slough". Basics of biogeochemistry, microbiology, oceanography, ecology, pollution, and environmental management.

Terms: Spr | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Francis, C. (PI)

EARTHSYS 46Q: Environmental Impact of Energy Systems: What are the Risks? (GEOLSCI 46Q)
In order to reduce CO2 emissions and meet growing energy demands during the 21st Century, the world can expect to experience major shifts in the types and
proportions of energy-producing systems. These decisions will depend on considerations of cost per energy unit, resource availability, and unique national policy
needs. Less often considered is the environmental impact of the different energy producing systems: fossil fuels, nuclear, wind, solar, and other alternatives. One of
the challenges has been not only to evaluate the environmental impact but also to develop a systematic basis for comparison of environmental impact among the
energy sources. The course will consider fossil fuels (natural gas, petroleum and coal), nuclear power, wind and solar and consider the impact of resource
extraction, refining and production, transmission and utilization for each energy source.

Last offered: Winter 2016 | Units: 3 | UG Reqs: WAY-AQR | Grading: Letter (ABCD/NP)

EARTHSYS 55Q: Am I a Part of Earth? Understanding of Rock, Water, and Time
Am I a part of Earth? Not only is this a question of personal meaning, but also a complex question that shapes how we interact with the natural world. Answering it
calls for both scientific and experiential understanding of Earth processes, as well as how geologic thinking and our individual thinking about nature have changed
through time. By connecting Earth processes and rates of transformations to personal experience, we can rigorously interrogate our relationship to and/or
separation from Earth.nnIn this course, you will think like a philosopher and a geochemist. You will commune with nature and calculate the history of rocks. You will
use real data analysis of Earth processes to understand the limits of our knowledge about Earth history (Deep Time). You will explore your interactions with Earth
materials through mindfulness activities and discuss different views of humans relative to nature through history. You will have autonomy in a course-long project
that synthesizes your growing understanding of your relationship to and/or separation from Earth.nnThis course welcomes all, from rock collectors to hikers and
ecofeminists to meditators. No prior experience with philosophy or Earth science is required, though an introductory high school chemistry and algebra course will
be helpful. The only requirement is a willingness to examine your personal relationship with Earth from scientific and humanistic perspectives.

Last offered: Spring 2021 | Units: 3 | Grading: Letter (ABCD/NP)

EARTHSYS 58Q: Understanding Our Oceans: Scientific Toys, Tools, & Trips

https://explorecourses.stanford.edu/instructor/dekas
https://explorecourses.stanford.edu/instructor/dunbar
https://explorecourses.stanford.edu/instructor/omramom
https://explorecourses.stanford.edu/instructor/clairelr
https://explorecourses.stanford.edu/instructor/caf


In popular science magazines we read about deep ocean critters recently discovered or the latest threats coral reefs face. But what is it actually like to do science
in the ocean-to research ocean life in the various ocean ecosystems? In this course, we will explore the latest advances in marine science-what technologies are
allowing scientists to explore and investigate the ocean and what are we discovering. We will have 2 one-day fieldtrips (on Fridays) to marine research centers in
Moss Landing, Monterey, and institutions in the Bay Area. This course will also expose students to what life as a marine biology/science graduate student is like.

Last offered: Spring 2019 | Units: 3 | Grading: Letter (ABCD/NP)

EARTHSYS 61Q: Food and security (ESS 61Q, INTNLREL 61Q)
The course will provide a broad overview of key policy issues concerning agricultural development and food security, and will assess how global governance is
addressing the problem of food security. At the same time the course will provide an overview of the field of international security, and examine how governments
and international institutions are beginning to include food in discussions of security.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

EARTHSYS 91: Earth Systems Writers Collective
Come join a community of environmental writers, publish your work, and get course credit at the same time! Are you currently working on an article, an op-ed,
translating your class projects into publishable pieces or pursuing a new writing project? Are you interested in publishing your work in the quarterly Earth Systems
newsletter and the annual Earth Systems magazine? In this weekly seminar, you will collaborate with others and get constructive feedback from a community of
peer writers. You can enroll in the Earth Systems Writers Collective for 1 unit, or just join without signing up for course credit. May be repeated for credit.

Last offered: Winter 2020 | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

EARTHSYS 96: Land Justice: Unearthing Histories & Seeding Liberation
Through readings, class discussions, direct interviews, peer reviews, and blog posts, this course grounds students in United States land histories, explores
contemporary efforts towards food and land justice, and equips students with the frameworks to envision and work towards an equitable and just food and land
management system, and greater environmental movement. Teams of students will have the opportunity to delve deeper into course concepts through direct
engagement with our community partners. This course acknowledges the ways that historical and contemporary colonial violence, racism, and systemic injustice
shape our food and land systems, while empowering students to envision and help build an equitable, just, sovereign, and healthy land future. Although this is an
online course, there will be a strong emphasis on community engagement and in-class participation. If you are interested in enrolling in this course, please apply by
Friday, March 12, 2021 through the following form: https://bit.ly/37yO9Tk. (Cardinal Course certified by the Haas Center)

Last offered: Spring 2021 | Units: 2 | Grading: Satisfactory/No Credit

EARTHSYS 100: Environmental and Geological Field Studies in the Rocky Mountains (ESS 101)
Three-week, field-based program in the Greater Yellowstone/Teton and Wind River Mountains of Wyoming. Field-based exercises covering topics including: basics of
structural geology and petrology; glacial geology; western cordillera geology; paleoclimatology; chemical weathering; aqueous geochemistry; and environmental
issues such as acid mine drainage and changing land-use patterns.

Last offered: Autumn 2018 | Units: 3 | Grading: Satisfactory/No Credit

EARTHSYS 100A: Data Science for Geoscience (GEOLSCI 6)
This course provides an overview of the most relevant areas of data science to address geoscientific challenges and questions as they pertain to the environment,
earth resources & hazards. The focus lies on the methods that treat common characters of geoscientific data: multivariate, multi-scale, compositional, geospatial
and space-time. In addition, the course will treat those statistical method that allow a quantification of the human dimension by looking at quantifying impact on
humans (e.g. hazards, contamination) and how humans impact the environment (e.g. contamination, land use). The course focuses on developing skills that are not
covered in traditional statistics and machine learning courses.

Terms: Win | Units: 3 | Repeatable 3 times (up to 9 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Caers, J. (PI)

EARTHSYS 101: Energy and the Environment (ENERGY 101)
Energy use in modern society and the consequences of current and future energy use patterns. Case studies illustrate resource estimation, engineering analysis of
energy systems, and options for managing carbon emissions. Focus is on energy definitions, use patterns, resource estimation, pollution. Recommended: MATH 21 or
42.

Terms: Win | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Azevedo, I. (PI); Durlofsky, L. (PI); Angliviel de La Beaumelle, N. (TA); Brainerd, A. (TA)

EARTHSYS 101C: Science for Conservation Policy: Meeting California's Pledge to Protect 30% by 2030 (BIO 101)
California has set the ambitious goal of conserving 30% of its lands and waters by the year 2030. In this course, students will develop science-based
recommendations to help policymakers reach this '30 by 30' goal. Through lectures, labs, and field trips, students will gain practical skills in ecology, protected area
design in the face of climate change, and science communication. Students will apply these skills to analyze real-world data, formulate conservation
recommendations, and communicate their findings in verbal and written testimony to policymakers. Prerequisites: BIO 81 or BIO/EARTHSYS 105 or BIO/EARTHSYS
111 or instructor approval.

Terms: Win | Units: 4 | UG Reqs: WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; McFadden, T. (PI); Viteri, M. (TA)

EARTHSYS 102: Fundamentals of Renewable Power (ENERGY 102)
Do you want a much better understanding of renewable power technologies? Did you know that wind and solar are the fastest growing forms of electricity
generation? Are you interested in hearing about the most recent, and future, designs for green power? Do you want to understand what limits power extraction
from renewable resources and how current designs could be improved? This course dives deep into these and related issues for wind, solar, biomass, geothermal,
tidal and wave power technologies. We welcome all student, from non-majors to MBAs and grad students. If you are potentially interested in an energy or
environmental related major, this course is particularly useful. Recommended: Math 21 or 42.

Terms: Spr | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Kovscek, A. (PI); Okoroafor, R. (PI); Gerritsen, M. (SI); Cochrane, S. (TA); Reade Malagueno, B. (TA); Stevenson, J. (TA)

EARTHSYS 103: Understand Energy (CEE 107A, CEE 207A)

https://explorecourses.stanford.edu/instructor/jcaers
https://explorecourses.stanford.edu/instructor/iazevedo
https://explorecourses.stanford.edu/instructor/lou
https://explorecourses.stanford.edu/instructor/ndelabea
https://explorecourses.stanford.edu/instructor/brainerd
https://explorecourses.stanford.edu/instructor/tmcfadde
https://explorecourses.stanford.edu/instructor/mviteri
https://explorecourses.stanford.edu/instructor/kovscek
https://explorecourses.stanford.edu/instructor/ritaok
https://explorecourses.stanford.edu/instructor/gerritsn
https://explorecourses.stanford.edu/instructor/smvc
https://explorecourses.stanford.edu/instructor/benjilrm
https://explorecourses.stanford.edu/instructor/jsteve


Energy is the number one contributor to climate change and has significant consequences for our society, political system, economy, and environment. Energy is
also a fundamental driver of human development and opportunity. In taking this course, students will not only understand the fundamentals of each energy resource
-- including significance and potential, conversion processes and technologies, drivers and barriers, policy and regulation, and social, economic, and environmental
impacts -- students will also be able to put this in the context of the broader energy system. Both depletable and renewable energy resources are covered,
including oil, natural gas, coal, nuclear, biomass and biofuel, hydroelectric, wind, solar thermal and photovoltaics (PV), geothermal, and ocean energy, with cross-
cutting topics including electricity, storage, climate change and greenhouse gas emissions (GHG), sustainability, green buildings, energy efficiency, transportation,
and the developing world. The 4 unit course includes lecture and in-class discussion, readings and videos, homework assignments, one on-campus field trip during
lecture time and two off-campus field trips with brief report assignments. Off-campus field trips to wind farms, solar farms, nuclear power plants, natural gas
power plants, hydroelectric dams, etc. Enroll for 5 units to also attend the Workshop, an interactive discussion section on cross-cutting topics that meets once per
week for 80 minutes (Mondays, 1:30 PM - 2:50 PM). Open to all: pre-majors and majors, with any background! Website: https://energy.stanford.edu/understand-
energy. CEE 107S/207S Understand Energy: Essentials is a shorter (3 unit) version of this course, offered summer quarter. Students should not take both for credit.
Prerequisites: Algebra

Terms: Aut, Spr | Units: 3-5 | UG Reqs: GER:DB-EngrAppSci, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Gragg, D. (PI); Stasio, K. (PI); Woodward, J. (PI); Amoh, B. (TA); Hills-Bunnell, D. (TA); Michielssen, M. (TA); Palmer, F. (TA)

EARTHSYS 104: The Water Course (EARTHSYS 204, GEOPHYS 104, GEOPHYS 204)
The Central Valley of California provides a third of the produce grown in the U.S., but recent droughts and increasing demand have raised concerns about both food
and water security. The pathway that water takes from rainfall to the irrigation of fields or household taps ('the water course') determines the quantity and quality
of the available water. Working with various data sources (measurements made on the ground, in wells, and from satellites) allows us to model the water budget in
the valley and explore the recent impacts on freshwater supplies.

Terms: Win | Units: 4 | UG Reqs: GER: DB-NatSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Knight, R. (PI); Holtzman, N. (TA); Lees, M. (TA)

EARTHSYS 105A: Ecology and Natural History of Jasper Ridge Biological Preserve (BIO 105A)
The Ecology and Natural History of the Jasper Ridge Biological Preserve is an upper-division course that aims to help students learn ecology and natural history using
a 'living laboratory,' the Jasper Ridge Biological Preserve. The course's central goal is that, as a community of learning, we examine 'via introductory discussions,
followed by hands-on experiences in the field' the scientific basis of ecological research, archaeology, edaphology, geology, species interactions, land management,
and multidisciplinary environmental education. The first 10 sessions that compose the academic program are led by the instructors, faculty (world-experts on the
themes of each session), and JRBP staff. In addition, this 20-week class (winter and spring quarters) trains students to become JRBP Docents that will join the
Jasper Ridge education affiliates community. Completion of both Winter (BIO 105A) and Spring (BIO 105B) sequence training program is required to join the Ecology
and Natural History of Jasper Ridge Biological Preserve course.

Terms: Win | Units: 4 | Grading: Satisfactory/No Credit

Instructors: ; Dirzo, R. (PI); Ramos, J. (PI); Leonard, J. (TA); Ueda, J. (TA)

EARTHSYS 105B: Ecology and Natural History of Jasper Ridge Biological Preserve (BIO 105B)
The Ecology and Natural History of the Jasper Ridge Biological Preserve is an upper-division course that aims to help students learn ecology and natural history using
a 'living laboratory,' the Jasper Ridge Biological Preserve. The course's central goal is that, as a community of learning, we examine 'via introductory discussions,
followed by hands-on experiences in the field' the scientific basis of ecological research, archaeology, edaphology, geology, species interactions, land management,
and multidisciplinary environmental education. The first 10 sessions that compose the academic program are led by the instructors, faculty (world-experts on the
themes of each session), and JRBP staff. In addition, this 20-week class (winter and spring quarters) trains students to become JRBP Docents that will join the
Jasper Ridge education affiliates community. Completion of both Winter (BIO 105A) and Spring (BIO 105B) sequence training program is required to join the Ecology
and Natural History of Jasper Ridge Biological Preserve course.

Terms: Spr | Units: 4 | Grading: Satisfactory/No Credit

Instructors: ; Dirzo, R. (PI); Ramos, J. (PI); Leonard, J. (TA); Ueda, J. (TA)

EARTHSYS 106: World Food Economy (EARTHSYS 206, ECON 106, ECON 206, ESS 106, ESS 206)
The World Food Economy is a survey course that covers the economic and political dimensions of food production, consumption, and trade. The course focuses on
food markets and food policy within a global context. It is comprised of three major sections: structural features (agronomic, technological, and economic) that
determine the nature of domestic food systems; the role of domestic food and agricultural policies in international markets; and the integrating forces of
international research, trade, and food aid in the world food economy. This 5-unit course entails a substantial group modeling project that is required for all
students. Enrollment is by application only. The application is found at https://economics.stanford.edu/undergraduate/forms. Deadline: March 15, 2022.

Terms: Spr | Units: 5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Naylor, R. (PI); Nyakundi, F. (TA); Zhong, C. (TA)

EARTHSYS 106C: Why are Scientists Engineering Our Food?
This lecture and discussion course will review the scientific evidence on the use and impacts of genetic engineering in global food and agricultural systems. The
class will cover the history and details of crop genetic improvement, ranging from primitive domestication to CRISPR technologies. We will examine the risks and
benefits of crop genetic technologies in agriculture with regards to productivity, farm incomes, food safety, human health and nutrition, and environmental
impacts. We will also discuss the current and future use of genetic engineering techniques for enhancing climate resilience and nutritional outcomes in agricultural
systems worldwide. Finally, we will discuss the ethics of using modern genetic approaches for crop improvement, and the policy environment surrounding the use of
these genetic techniques.nnOur expectation is that students enrolled in the course will attend all class sections and participate actively in the discussions. Students
will be asked to identify peer-reviewed, scientific papers on the impacts of specific crop genetic improvements. Depending on the class size, students will also be
asked to help lead class discussions. At the end of the course, students will work in groups to debate a selected topic on the use of genetic engineering in
agriculture, to be announced during the course.nnPrerequisites: One course in biology and one course in economics are suggested. Completion of "Feeding Nine
Billion" and "The World Food Economy" classes would also be helpful, as would a class in genetics, but there are no strict course requirements.

Last offered: Spring 2018 | Units: 2 | Grading: Letter or Credit/No Credit

EARTHSYS 106D: New meat: The Science Behind Scalable Alternatives to Animal Products
Plant-based meat products and the technologies used to produce them have increased in complexity from tofu (~200 BC) and wheat gluten-based meat
replacements (6th century AD) to the Beyond Burger and the Impossible Burger (both 2016), which use mechanically extracted plant proteins and genetically
engineered yeast producing soy leghemoglobin, respectively. This course will cover the scientific challenges and processes used to create convincing and
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marketable plant-based and clean meats, including the biological and chemical processes used to produce plant-based meat and clean meat; the environmental and
economic drivers behind the market for meat replacements; and the dietary roles of plant- and animal-based proteins. This course is intended for undergraduates
interested in learning about the technical and scientific developments involved in the production of clean and plant-based meat. Students should be familiar with
introductory biology and chemistry.

Last offered: Autumn 2018 | Units: 2 | Grading: Letter or Credit/No Credit

EARTHSYS 107: Control of Nature (ESS 107)
Think controlling the earth's climate is science fiction? It is when you watch Snowpiercer or Dune, but scientists are already devising geoengineering schemes to
slow climate change. Will we ever resurrect the woolly mammoth or even a T. Rex (think Jurassic Park)? Based on current research, that day will come in your
lifetime. Who gets to decide what species to save? And more generally, what scientific and ethical principles should guide our decisions to control nature? In this
course, we will examine the science behind ways that people alter and engineer the earth, critically examining the positive and negative consequences. We'll
explore these issues first through popular movies and books and then, more substantively, in scientific research.

Terms: Spr | Units: 3 | UG Reqs: GER:EC-EthicReas, WAY-ER | Grading: Letter or Credit/No Credit

Instructors: ; Jackson, R. (PI); Castaneda, S. (TA); Hasselmann, C. (TA); Scott-Buechler, C. (TA)

EARTHSYS 109: Rethinking Meat: An Introduction to Alternative Proteins (EARTHSYS 209, ESS 103, ESS 203, ETHICSOC
107)
How do we feed a growing population in the face of climate change? Will Impossible Burgers become the new norm? Are you curious to learn about a frontier in bio-
and chemical-engineering? Are you passionate about animal rights, human health, and sustainable agriculture? Learn about the environmental, ethical, and
economic drivers behind the market for meat replacements. We'll take a deep dive into the science and technology used to develop emerging plant, fermentation
and cell-based meat alternatives and explore the political challenges and behavioral adaptation needed to decrease meat consumption. Hear from entrepreneurs,
researchers, and innovative startups developing sustainable and marketable alternative proteins through weekly guest lectures from industry leaders.

Terms: Spr | Units: 1-2 | Grading: Letter or Credit/No Credit

Instructors: ; Lobell, D. (PI); Fajer, E. (SI); Huddleston, H. (SI)

EARTHSYS 110: Introduction to the Foundations of Contemporary Geophysics (GEOPHYS 110)
Introduction to the foundations of contemporary geophysics. Topics drawn from broad themes in: whole Earth geodynamics, geohazards, natural resources, and
environment. In each case the focus is on how the interpretation of a variety of geophysical measurements (e.g., gravity, seismology, heat flow, electromagnetics,
and remote sensing) can be used to provide fundamental insight into the behavior of the Earth. The course will include a weekend field trip. Prerequisite: CME 100
or MATH 51, or co-registration in either.

Terms: Win | Units: 3 | UG Reqs: GER: DB-NatSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Schroeder, D. (PI); Conger, B. (TA); Teisberg, T. (TA)

EARTHSYS 111: Biology and Global Change (BIO 117, EARTHSYS 217, ESS 111)
The biological causes and consequences of anthropogenic and natural changes in the atmosphere, oceans, and terrestrial and freshwater ecosystems. Topics: glacial
cycles and marine circulation, greenhouse gases and climate change, tropical deforestation and species extinctions, and human population growth and resource
use. Prerequisite: Biology or Human Biology core or BIO 81 or graduate standing.

Terms: Win | Units: 4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Casciotti, K. (PI); Vitousek, P. (PI); Meyers, A. (TA); Mi, J. (TA); Sonawane, C. (TA)

EARTHSYS 112: Human Society and Environmental Change (EARTHSYS 212, ESS 112, HISTORY 103D)
Interdisciplinary approaches to understanding human-environment interactions with a focus on economics, policy, culture, history, and the role of the state.
Prerequisite: ECON 1.

Terms: Aut | Units: 4 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Frank, Z. (PI); Naylor, R. (PI); Belongia, M. (TA); Grattan, T. (TA); Kushel, C. (TA); Robles-Baez, C. (TA); Stock, A. (TA)

EARTHSYS 113: Earthquakes and Volcanoes (GEOPHYS 90)
Is the "Big One" overdue in California? What kind of damage would that cause? What can we do to reduce the impact of such hazards in urban environments? Does
"fracking" cause earthquakes and are we at risk? Is the United States vulnerable to a giant tsunami? The geologic record contains evidence of volcanic super
eruptions throughout Earth's history. What causes these gigantic explosive eruptions, and can they be predicted in the future? This course will address these and
related issues. For non-majors and potential Earth scientists. No prerequisites. More information at: https://stanford.box.com/s/zr8ar28efmuo5wtlj6gj2jbxle76r4lu

Terms: Spr | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Beroza, G. (PI); Aguilar Suarez, A. (TA)

EARTHSYS 114: Global Change and Emerging Infectious Disease (EARTHSYS 214, ESS 213, HUMBIO 114)
The changing epidemiological environment. How human-induced environmental changes, such as global warming, deforestation and land-use conversion,
urbanization, international commerce, and human migration, are altering the ecology of infectious disease transmission, and promoting their re-emergence as a
global public health threat. Case studies of malaria, cholera, hantavirus, plague, and HIV.

Terms: Spr | Units: 3 | UG Reqs: GER:DB-SocSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Jones, J. (PI); Openshaw, J. (PI); Bromley-Dulfano, R. (TA); Cagnard, M. (TA); Caravan, S. (TA); Grattan, T. (TA); Lang-Ree, C. (TA); Singleton, A. (TA)

EARTHSYS 116: Ecology of the Hawaiian Islands (BIO 116)
Terrestrial and marine ecology and conservation biology of the Hawaiian Archipelago. Taught in the field in Hawaii as part of quarter-long sequence of courses
including Earth Sciences and Anthropology. Topics include ecological succession, plant-soil interactions, conservation biology, biological invasions and ecosystem
consequences, and coral reef ecology. Restricted to students accepted into the Earth Systems of Hawaii Program.

Last offered: Autumn 2018 | Units: 4 | UG Reqs: GER: DB-NatSci | Grading: Letter (ABCD/NP)

EARTHSYS 117: Earth Sciences of the Hawaiian Islands
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Progression from volcanic processes through rock weathering and soil-ecosystem development to landscape evolution. The course starts with an investigation of
volcanic processes, including the volcano structure, origin of magmas, physical-chemical factors of eruptions. Factors controlling rock weathering and soil
development, including depth and nutrient levels impacting plant ecosystems, are explored next. Geomorphic processes of landscape evolution including erosion
rates, tectonic/volcanic activity, and hillslope stability conclude the course. Methods for monitoring and predicting eruptions, defining spatial changes in landform,
landform stability, soil production rates, and measuring biogeochemical processes are covered throughout the course. This course is restricted to students accepted
into the Earth Systems of Hawaii Program.

Last offered: Autumn 2018 | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

EARTHSYS 118: Heritage, Environment, and Sovereignty in Hawaii (CSRE 118E, NATIVEAM 118)
This course explores the cultural, political economic, and environmental status of contemporary Hawaiians. What sorts of sustainable economic and environmental
systems did Hawaiians use in prehistory? How was colonization of the Hawaiian Islands informed and shaped by American economic interests and the nascent
imperialsm of the early 20th centrury? How was sovereignty and Native Hawaiian identity been shaped by these forces? How has tourism and the leisure industry
affected the natural environment? This course uses archaeological methods, ethnohistorical sources, and historical analysis in an exploration of contemporary
Hawaiian social economic and political life.

Last offered: Autumn 2018 | Units: 4 | UG Reqs: WAY-EDP | Grading: Letter (ABCD/NP)

EARTHSYS 122: Evolution of Marine Ecosystems (BIO 119, GEOLSCI 123, GEOLSCI 223B)
Life originally evolved in the ocean. When, why, and how did the major transitions occur in the history of marine life? What triggered the rapid evolution and
diversification of animals in the Cambrian, after more than 3.5 billion years of Earth's history? What caused Earth's major mass extinction events? How do ancient
extinction events compare to current threats to marine ecosystems? How has the evolution of primary producers impacted animals, and how has animal evolution
impacted primary producers? In this course, we will review the latest evidence regarding these major questions in the history of marine ecosystems. We will
develop familiarity with the most common groups of marine animal fossils. We will also conduct original analyses of paleontological data, developing skills both in
the framing and testing of scientific hypotheses and in data analysis and presentation.

Last offered: Autumn 2017 | Units: 3-4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

EARTHSYS 123A: Biosphere-Atmosphere Interactions (EARTHSYS 223, ESS 123, ESS 223)
How do ecosystems respond to climate, and how do ecosystems influence climate? Covers the role of the terrestrial land surface in earth's climate system, including
among others photosynthesis, transpiration, greenhouse gasses, radiation, and atmospheric water vapor. For each of these topics, attention is paid to both the
underlying processes and how they can be mathematically represented in earth system models. Instruments and techniques used to measure these processes are
also discussed, and, where appropriate, demonstrated.

Last offered: Winter 2021 | Units: 3-4 | Grading: Letter (ABCD/NP)

EARTHSYS 124: Measurements in Earth Systems (ESS 212)
A classroom, laboratory, and field class designed to provide students familiarity with techniques and instrumentation used to track biological, chemical, and
physical processes operating in earth systems, encompassing upland, aquatic, estuarine, and marine environments. Topics include gas and water flux measurement,
nutrient and isotopic analysis, soil and water chemistry determination. Students will develop and test hypotheses, provide scientific evidence and analysis,
culminating in a final presentation.

Last offered: Winter 2020 | Units: 3-4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

EARTHSYS 125: Shades of Green: Exploring and Expanding Environmental Justice in Practice (CSRE 125E, EARTHSYS 225,
URBANST 125)
Historically, discussions of race, ethnicity, culture, and equity in the environment have been shaped by a limited view of the environmental justice movement,
often centered on urban environmental threats and separated from other types of environmental and climate advocacy. This course will seek to expand on these
discussions by exploring topics such as access to outdoor spaces, definitions of wilderness, inclusion in environmental organizations, gender and the outdoors, the
influence of colonialism on ways of knowing, food justice and ethics, and the future of climate change policy. The course will also involve a community partnership
project. In small groups students will work with an environmental organization to problem-solve around issues of equity, representation, and access. We value a
diversity of experiences and epistemologies and welcome undergraduates from all disciplines. Since this is a practical course, there will be a strong emphasis on
participation and commitment to community partnerships. This course requires instructor approval, please submit an application by March 16th at midnight.
Application available at https://forms.gle/owqmLqLjLP1rDYEZA

Terms: Spr | Units: 3-4 | UG Reqs: WAY-EDP | Grading: Satisfactory/No Credit

Instructors: ; vangelder, z. (PI); Diver, S. (SI); Jung, E. (SI)

EARTHSYS 128: Evolution of Terrestrial Ecosystems (BIO 148, BIO 228, GEOLSCI 128, GEOLSCI 228)
The what, when, where, and how do we know it regarding life on land through time. Fossil plants, fungi, invertebrates, and vertebrates (yes, dinosaurs) are all
covered, including how all of those components interact with each other and with changing climates, continental drift, atmospheric composition, and
environmental perturbations like glaciation and mass extinction. The course involves both lecture and lab components. Graduate students registering at the 200-
level are expected to write a term paper, but can opt out of some labs where appropriate.

Last offered: Spring 2021 | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

EARTHSYS 130A: Ecosystems of California (BIO 130)
California is home to a huge diversity of ecosystem types and processes. This course provides an introduction to the natural history, systematics, and ecosystem
ecology of California ecosystems, based on a combination of lectures, student-led projects, and weekend field trips. Ecosystems to be explored will range from
coasts to mountains and from desert to wetlands. Requirements include three essays and participation in three field trips (of six options).

Last offered: Spring 2021 | Units: 4 | Grading: Letter or Credit/No Credit

EARTHSYS 131: Pathways in Sustainability Careers (EARTH 131)
Interactive, seminar-style sessions expose students to diverse career pathways in sustainability. Professionals from a variety of careers discuss their work, their
career development and decision-points in their career pathways, as well as life style aspects of their choices.

Terms: Spr | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Bangert, F. (PI)
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EARTHSYS 132: Evolution of Earth Systems (EARTHSYS 232, ESS 132, ESS 232, GEOLSCI 132, GEOLSCI 232)
This course examines biogeochemical cycles and how they developed through the interaction between the atmosphere, hydrosphere, biosphere, and lithosphere.
Emphasis is on the long-term carbon cycle and how it is connected to other biogeochemical cycles on Earth. The course consists of lectures, discussion of research
papers, and quantitative modeling of biogeochemical cycles. Students produce a model on some aspect of the cycles discussed in this course. Grades based on class
interaction, student presentations, and the modeling project.

Last offered: Winter 2019 | Units: 4 | Grading: Letter (ABCD/NP)

EARTHSYS 133: Social Enterprise Workshop (URBANST 133)
Social Enterprise Workshop: A team based class to design solutions to social issues. In the class students will identify issues they are interested in, such as housing,
food, the environment, or college access. They will join teams of like-minded students. Working under the guidance of an experienced social entrepreneur,
together they will develop a solution to one part of their issue and write a business plan for that solution. The class will also feature guests who are leaders in the
field of social entrepreneurship who will share their stories and help with the business plans. The business plan exercise can be used for both nonprofits and for-
profits. Previous students have started successful organizations and raised significant funds based on the business plans developed in this class. There are no
prerequisites, and students do not need to have an idea for a social enterprise to join the class. Enrollment limited to 20. May be repeated for credit.

Terms: Win | Units: 4 | UG Reqs: WAY-SI | Repeatable for credit | Grading: Letter (ABCD/NP)

Instructors: ; Scher, L. (PI)

EARTHSYS 135B: Waste Politics: Contesting Toxicity, Value, and Power (ANTHRO 135B, ANTHRO 235B)
Waste is increasingly central as an object and medium of political contestation in the contemporary world, from struggles over garbage, labor, and dignity in
Senegal; to explosive remnants of war acting as rogue infrastructure in the Korean demilitarized zone. In response, waste has also become a productive concept in
the environmental humanities and humanistic social sciences. In this course we will read a selection of foundational texts focused on waste, many of which draw on
case studies from different parts of the world. The case of China will be emphasized, however, since China has emerged in the last few decades as a center not only
of global industrial production, but also for processing the world¿s waste, contesting pollution, and fighting for environmental justice. By pairing key theoretical
texts with texts dealing with waste-related issues in China and elsewhere, we will ultimately ask how contemporary global waste politics disrupts western
understandings of waste, recycling, value, and more.

Last offered: Winter 2019 | Units: 3 | Grading: Letter (ABCD/NP)

EARTHSYS 137: Concepts and Analytic Skills for the Social Sector (URBANST 132)
How to develop and grow innovative not-for-profit organizations and for-profit enterprises which have the primary goal of solving social and environmental
problems. Topics include organizational mission, strategy, market/user analysis, communications, funding, recruitment and impact evaluation. Perspectives from
the field of social entrepreneurship, design thinking and social change organizing. Opportunities and limits of using methods from the for-profit sector to meet
social goals. Focus is on integrating theory with practical applications, including several case exercises and simulations.One-day practicum where students advise an
actual social impact organization. Enrollment limited to 20. Prerequisite:consent of instructor. Email lalitvak@stanford.edu

Terms: Win | Units: 4 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Litvak, L. (PI)

EARTHSYS 141: Remote Sensing of the Oceans (EARTHSYS 241, ESS 141, ESS 241, GEOPHYS 141)
How to observe and interpret physical and biological changes in the oceans using satellite technologies. Topics: principles of satellite remote sensing, classes of
satellite remote sensors, converting radiometric data into biological and physical quantities, sensor calibration and validation, interpreting large-scale
oceanographic features.

Terms: Win | Units: 3-4 | UG Reqs: GER: DB-NatSci, WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI); Payne, C. (TA)

EARTHSYS 143: Molecular Geomicrobiology Laboratory (BIO 142, ESS 143, ESS 243)
In this course, students will be studying the biosynthesis of cyclic lipid biomarkers, molecules that are produced by modern microbes that can be preserved in rocks
that are over a billion years old and which geologist use as molecular fossils. Students will be tasked with identifying potential biomarker lipid synthesis genes in
environmental genomic databases, expressing those genes in a model bacterial expression system in the lab, and then analyzing the lipid products that are
produced. The overall goal is for students to experience the scientific research process including generating hypotheses, testing these hypotheses in laboratory
experiments, and communicating their results through a publication style paper. Prerequisites: BIO83 and CHEM 121 or permission of the instructor.

Terms: Spr | Units: 3-4 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Welander, P. (PI); Brown, M. (TA)

EARTHSYS 143H: Quantitative methods for marine ecology and conservation (BIO 143, BIO 243, BIOHOPK 143H, BIOHOPK
243H, CEE 164H, CEE 264H, EARTHSYS 243H)
NOTE: This course will be taught in-person on main campus, in hybrid format with Zoom options. The goal of this course is to learn the foundations of ecological
modeling with a specific (but not exclusive) focus on marine conservation and sustainable exploitation of renewable resources. Students will be introduced to a
range of methods - from basic to advanced - to characterize population structure, conduct demographic analyses, estimate extinction risk, identify temporal trends
and spatial patterns, quantify the effect of environmental determinants and anthropogenic pressures on the dynamics of marine populations, describe the potential
for adaptation to climate change. This course will emphasize learning by doing, and will rely heavily on practical computer laboratories, in R and/or Phyton, based
on data from our own research activities or peer reviewed publications. Students with a background knowledge of statistics, programming and calculus will be most
welcome.

Terms: Win | Units: 4 | UG Reqs: WAY-AQR, WAY-FR | Grading: Letter or Credit/No Credit

Instructors: ; De Leo, G. (PI); Goodman, M. (SI); Grewelle, R. (SI); Mathur, S. (TA)

EARTHSYS 144: Fundamentals of Geographic Information Science (GIS) (ESS 164)
"Everything is somewhere, and that somewhere matters." The rapid growth and maturity of spatial data technologies over the past decade represent a paradigm
shift in the applied use of location data from high-level overviews of administrative interests, to highly personalized location-based services that place the
individual at the center of the map, at all times. The use of spatial data and related technology continues to grow in fields ranging from environmental sciences to
epidemiology to market prediction. This course will present an overview of current approaches to the use of spatial data and its creation, capture, management,
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analysis and presentation, in a research context. Topics will include modeling of geographic objects and associated data, modeling of geographic space and the
conceptual foundations of "spatial thinking," field data collection, basic spatial statistical analysis, remote sensing & the use of satellite-based imagery, "Big Data"
and machine learning approaches to spatial data, and cartographic design and presentation including the use of web-based "Storymap" platforms.n nThe course will
consist of weekly lectures, guest speakers, computer lab assignments, midterm and final exam, as well as an individual final project requirement.nnThis course
must be taken for a minimum of 3 units and a letter grade to be eligible for Ways credit.

Terms: Aut | Units: 1-4 | UG Reqs: GER: DB-NatSci, WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Maples, S. (PI)

EARTHSYS 146A: Atmosphere, Ocean, and Climate Dynamics: The Atmospheric Circulation (CEE 161I, CEE 261I, ESS
246A)
Introduction to the physics governing the circulation of the atmosphere and ocean and their control on climate with emphasis on the atmospheric circulation. Topics
include the global energy balance, the greenhouse effect, the vertical and meridional structure of the atmosphere, dry and moist convection, the equations of
motion for the atmosphere and ocean, including the effects of rotation, and the poleward transport of heat by the large-scale atmospheric circulation and storm
systems. Prerequisites: MATH 51 or CME100 and PHYSICS 41.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; O'Neill, M. (PI); Charles, P. (TA); Chmanti Houari, O. (TA); Fu, H. (TA); Nelson, L. (TA)

EARTHSYS 146B: Atmosphere, Ocean, and Climate Dynamics: the Ocean Circulation (CEE 162I, CEE 262I, ESS 246B)
Introduction to the physics governing the circulation of the atmosphere and ocean and their control on climate with emphasis on the large-scale ocean circulation.
This course will give an overview of the structure and dynamics of the major ocean current systems that contribute to the meridional overturning circulation, the
transport of heat, salt, and biogeochemical tracers, and the regulation of climate. Topics include the tropical ocean circulation, the wind-driven gyres and western
boundary currents, the thermohaline circulation, the Antarctic Circumpolar Current, water mass formation, atmosphere-ocean coupling, and climate variability.
Prerequisites: MATH 51 or CME100; and PHYSICS 41; and a course that introduces the equations of fluid motion (e.g. ESS 246A, ESS 148, or CEE 101B).

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Thomas, L. (PI); Dey, I. (TA)

EARTHSYS 147: Ecosystem Ecology and Biogeochemistry (BIO 147, BIO 240, EARTHSYS 247)
An introduction to ecosystem ecology and terrestrial biogeochemistry. This course will focus on the dynamics of carbon and other biologically essential elements in
the Earth System, on spatial scales from local to global. Prerequisites: Biology 117, Earth Systems 111, or graduate standing.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Vitousek, P. (PI)

EARTHSYS 148: Grow it, Cook it, Eat it. An Experiential Exploration of How and Why We Eat What We Eat
This course provides an introductory exploration of the social, cultural, and economic forces that influence contemporary human diets. Through the combination of
interrelated lectures by expert practitioners and hands-on experience planting, tending, harvesting, cooking, and eating food from Stanford's dining hall gardens,
students will learn to think critically about modern agricultural practices and the relationship between cuisine and human and ecological health outcomes. Students
will also learn and apply basic practices of human-centered design to develop simple frameworks for understanding various eating behaviors in Stanford¿s dining
halls and to develop and test hypotheses for how R&DE Stanford Dining might influence eating behaviors to effect better health outcomes for people and the
planet. This class, which is offered through the FEED Collaborative in the School of Earth, Energy and Environmental Sciences, requires an application. For more
information about the FEED Collaborative, application procedures and deadlines, and other classes we teach, please visit our website at
http://feedcollaborative.org.

Last offered: Autumn 2018 | Units: 3 | Grading: Letter (ABCD/NP)

EARTHSYS 149: Wild Writing (EARTHSYS 249)
What is the wild? What is our relationship to nature, and why does this relationship matter? We will interrogate these questions through the work of influential,
diverse, primarily American environmental writers who have given voice to many ways of knowing the wonder, fragility, complexity, and power of the natural world
and have inspired readers to act on behalf of social-environmental causes. This course centers the work of diverse voices, including Indigenous, Black, and Chicana
writers, enabling us to consider some of the many ways that people have understood and experienced nature throughout history and the relevance of these
manifold ways of knowing to our conceptualizations of nature today. Students will develop their responses to the question of what is the wild and why it matters
through a series of synchronous and asynchronous in-the-field writing exercises that integrate personal narrative and environmental scholarship, culminating in a
~3000-word narrative nonfiction essay. This course will provide students with knowledge, tools, experience, and skills that will empower them to become more
persuasive environmental storytellers and advocates.nIf you are interested in signing up for the course, complete this pre-registration
form:nhttps://stanforduniversity.qualtrics.com/jfe/form/SV_9XqZeZs036WIvop

Terms: Spr | Units: 3 | UG Reqs: WAY-CE | Grading: Letter (ABCD/NP)

Instructors: ; Nevle, R. (PI); Polk, E. (PI); Peterson-Nafziger, C. (TA)

EARTHSYS 151: Biological Oceanography (EARTHSYS 251, ESS 151, ESS 251)
Required for Earth Systems students in the oceans track. Interdisciplinary look at how oceanic environments control the form and function of marine life. Topics
include distributions of planktonic production and abundance, nutrient cycling, the role of ocean biology in the climate system, expected effects of climate changes
on ocean biology. Local weekend field trips. Designed to be taken concurrently with Marine Chemistry (ESS/EARTHSYS 152/252). Prerequisites: BIO 43 and ESS 8 or
equivalent.

Terms: Spr | Units: 3-4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI)

EARTHSYS 152: Marine Chemistry (EARTHSYS 252, ESS 152, ESS 252)
Introduction to the interdisciplinary knowledge and skills required to critically evaluate problems in marine chemistry and related disciplines. Physical, chemical,
and biological processes that determine the chemical composition of seawater. Air-sea gas exchange, carbonate chemistry, and chemical equilibria, nutrient and
trace element cycling, particle reactivity, sediment chemistry, and diagenesis. Examination of chemical tracers of mixing and circulation and feedbacks of ocean
processes on atmospheric chemistry and climate. Designed to be taken concurrently with Biological Oceanography (ESS/EARTHSYS 151/251)

Terms: Spr | Units: 3-4 | UG Reqs: WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit
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Instructors: ; Casciotti, K. (PI); Gluschankoff, N. (TA)

EARTHSYS 155: Science of Soils (ESS 155)
Physical, chemical, and biological processes within soil systems. Emphasis is on factors governing nutrient availability, plant growth and production, land-resource
management, and pollution within soils. How to classify soils and assess nutrient cycling and contaminant fate. Recommended: introductory chemistry and biology.

Terms: Spr | Units: 3-4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Fendorf, S. (PI); Duncan, A. (TA); Wang, T. (TA); Wilson, A. (TA)

EARTHSYS 158: Geomicrobiology (EARTHSYS 258, ESS 158, ESS 258)
How microorganisms shape the geochemistry of the Earth's crust including oceans, lakes, estuaries, subsurface environments, sediments, soils, mineral deposits,
and rocks. Topics include mineral formation and dissolution; biogeochemical cycling of elements (carbon, nitrogen, sulfur, and metals); geochemical and
mineralogical controls on microbial activity, diversity, and evolution; life in extreme environments; and the application of new techniques to geomicrobial systems.
Recommended: introductory chemistry and microbiology such as CEE 274A.

Last offered: Winter 2019 | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

EARTHSYS 159: Economic, Legal, and Political Analysis of Climate-Change Policy (ECON 159, ECON 209, PUBLPOL 159)
This course will advance students understanding of economic, legal, and political approaches to avoiding or managing the problem of global climate change.
Theoretical contributions as well as empirical analyses will be considered. It will address economic issues, legal constraints, and political challenges associated with
various emissions-reduction and adaptation strategies, and it will consider policy efforts at the local, national, and international levels. Specific topics include:
interactions among overlapping climate policies, the strengths and weaknesses of alternative policy instruments, trade-offs among alternative policy objectives,
and decision making under uncertainty. Prerequisites: Econ 50 or its equivalent.

Last offered: Spring 2019 | Units: 5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

EARTHSYS 160: Sustainable Cities (URBANST 164)
Community-engaged learning course that exposes students to sustainability concepts and urban planning as a tool for determining sustainable outcomes in the Bay
Area. The focus will be on land use and transportation planning to housing and employment patterns, mobility, public health, and social equity. Topics will include
government initiatives to counteract urban sprawl and promote smart growth and livability, political realities of organizing and building coalitions around
sustainability goals, and increasing opportunities for low-income and communities of color to achieve sustainability outcomes. Students will participate in remote
team-based projects in collaboration with Bay Area community partners. Prerequisites: Consent of the instructor. (Cardinal Course certified by the Haas Center.)
Apply here: https://docs.google.com/forms/d/e/1FAIpQLSeV9L56uZC65mydDJ5ULgdIw63nRLUp8B_BQY-_mbcblWxP_Q/viewform

Terms: Spr | Units: 4-5 | UG Reqs: WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Kos, R. (PI)

EARTHSYS 162: Data for Sustainable Development (CS 325B, EARTHSYS 262)
The sustainable development goals (SDGs) encompass many important aspects of human and ecosystem well-being that are traditionally difficult to measure. This
project-based course will focus on ways to use inexpensive, unconventional data streams to measure outcomes relevant to SDGs, including poverty, hunger, health,
governance, and economic activity. Students will apply machine learning techniques to various projects outlined at the beginning of the quarter. The main learning
goals are to gain experience conducting and communicating original research. Prior knowledge of machine learning techniques, such as from CS 221, CS 229, CS
231N, STATS 202, or STATS 216 is required. Open to both undergraduate and graduate students. Enrollment limited to 24. Students must apply for the class by filling
out the form at https://goo.gl/forms/9LSZF7lPkHadix5D3. A permission code will be given to admitted students to register for the class.

Terms: Aut | Units: 3-5 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Burke, M. (PI); Ermon, S. (PI); Lobell, D. (PI); Meng, C. (TA)

EARTHSYS 163: Tribal Economic Development and Sustainability (NATIVEAM 162)
Native Americans, Alaska Natives and Inuit are disproportionately on the forefront of climate change and are being forced to adapt to climate change now. One of
the biggest challenges Indigenous Nations face is building sustainable businesses that respect the environment while providing for current and future generations.
This course will survey environmental, regulatory, political and financing issues associated with economic development on tribal, Alaska Native and Inuit lands. We
will examine Indigenous business success stories as well as an overview of major challenges to building sustainable businesses. We will engage with Indigenous
leaders and industry experts to discuss the challenges of building businesses that provide jobs and economic opportunities for Indigenous communities now while
also taking into account the responsibilities Indigenous leadership has to future generations.

| Units: 3-5 | Grading: Letter or Credit/No Credit

EARTHSYS 164: Introduction to Physical Oceanography (CEE 162D, CEE 262D, ESS 148)
The dynamic basis of oceanography. Topics: physical environment; conservation equations for salt, heat, and momentum; geostrophic flows; wind-driven flows; the
Gulf Stream; equatorial dynamics and ENSO; thermohaline circulation of the deep oceans; and tides. Prerequisite: PHYSICS 41.

Terms: Win | Units: 4 | UG Reqs: GER: DB-NatSci | Grading: Letter or Credit/No Credit

Instructors: ; Fong, D. (PI); Boles, E. (TA)

EARTHSYS 177C: Specialized Writing and Reporting: Health and Science Journalism (COMM 177C, COMM 277C, EARTHSYS
277C)
(Graduate students enroll in COMM 277C. COMM 177C is offered for 5 units, COMM 277C is offered for 4 units.) Practical, collaborative, writing-intensive advanced
journalistic reporting and writing course in the specific practices and standards of health and science journalism. Science and journalism students learn how to
identify and write engaging stories about medicine, global health, science, and related environmental issues; how to assess the quality and relevance of science
news; how to cover the health and science beats effectively and efficiently; and how to build bridges between the worlds of journalism and science. Instructed
Winter Quarter 2021 by Dr. Seema Yasmin  http://www.seemayasmin.com. nnnLimited enrollment: preference to students enrolled in or considering the Earth
Systems Master of Arts, Environmental Communication Program and the Graduate Journalism Program. Prerequisite: EarthSys 191/291, COMM 104W, or consent of
instructor. Admission by application only, available from dr.yasmin@stanford.edu (Meets Earth Systems WIM requirement.)

Terms: Win | Units: 4-5 | Grading: Letter or Credit/No Credit

Instructors: ; Yasmin, S. (PI); Chang, N. (TA)
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EARTHSYS 179: Integrated Valuation of Ecosystem Services and Tradeoffs (BIO 179, BIO 279, EARTHSYS 279)
This course explores the science of valuing nature, through two interwoven pathways. One is biophysical, focused on human dependence and impacts on Earths life-
support systems. If well managed, lands, waters, and biodiversity yield a flow of vital benefits that sustain and fulfill human life. A wild bee buzzes through a farm,
pollinating vegetables as it goes. Nearby, wetlands remove chemicals from the farms runoff, protecting a source of drinking water. In parklands at a cities edge,
kids play and adults walk and talk, their exposure to nature promoting physical activity and improved mental health. The trees help maintain a favorable climate,
locally and globally. We will develop a framework and practical tools for quantifying this stream of benefits from nature to people.nThe second pathway is social,
economic, and philosophical, weaving through concepts of well-being, human development, and conservation and the ethics and effects of their pursuit. We will
look back, ahead into the future, and inward, taking a global view and considering diverse cultural perspectives. Our discussions will be situated in the context of
the COVID-19 pandemic, movements for racial justice and socioeconomic equity, and efforts to enable people and nature to thrive in cities and countries
worldwide.nAll of the science we will explore is in service of decisions. We will dive into real-world examples to see how science can inform why, where, how, and
how much people need nature. We will learn the basics of the InVEST tools (for Integrated Valuation of Ecosystem Services and Tradeoffs) to quantify benefits of
nature, the equitability in access to these benefits, and the transformation of policy, finance, management, and practice to sustain and enhance them. nThe course
is intended for diverse, advanced students, with interests in research and in moving from science to action for a more just and sustainable world. The instructors
aim to provide an enjoyable and productive opportunity to connect remotely and yet with a lot of heart as well as intellectual drive and commitment, bringing
empathy, flexibility and hopefully some humor to the day-to-day challenges we are all facing in different difficult ways. Prerequisite: Basic to intermediate GIS
(Geographic Information Systems) skills are necessary. We will help with these, but not teach GIS specifically in class. Basic skills include, for example: working with
raster, vector and tabular data; loading rasters, shapefiles, and tables into a GIS; changing the symbology of rasters and shapefiles in your chosen GIS; editing raster
and shapefile attribute tables; understanding coordinate systems and how to re-project layers; looking at individual raster cell values; and performing basic raster
math.

Terms: Aut | Units: 1-3 | Grading: Letter or Credit/No Credit

Instructors: ; Daily, G. (PI); Farner, J. (TA); Nathan, N. (TA)

EARTHSYS 180: Principles and Practices of Sustainable Agriculture (ESS 280)
Field-based training in ecologically sound agricultural practices at the Stanford Community Farm. Weekly lessons, field work, and group projects. Field trips to
educational farms in the area. Topics include: soils, composting, irrigation techniques, IPM, basic plant anatomy and physiology, weeds, greenhouse management,
and marketing. Application required. Deadline: September 10 for Autumn and March 10 for Spring. nnApplication:
https://stanforduniversity.qualtrics.com/jfe/form/SV_244JnBoEP7zs8Dz

Last offered: Spring 2020 | Units: 3-4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Repeatable 3 times (up to 12 units total) | Grading: Letter or Credit/No Credit

EARTHSYS 181: Urban Agroecology (EARTHSYS 281, ESS 181, ESS 281, URBANST 181)
Urban agriculture takes many forms in cities around the world and provides significant amounts of food and other resources and benefits for urban communities.
This Earth Systems practicum explores the application of agroecological principles to the design and stewardship of urban farms and gardens. Students will explore
social and ecological dimensions of urban agriculture including issues of environmental justice while gaining land stewardship and small-scale food production skills
at the Stanford Educational Farm and in the community.nnCourse full for spring 2022, will be offered again Winter 2023.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Archie, P. (PI); Boyd, Z. (TA); Mo, C. (TA)

EARTHSYS 182: Designing Educational Gardens (ESS 282)
A project-based course emphasizing 'ways of doing 's sustainable agricultural systems based at the new Stanford Educational Farm. Students will work individually
and in small groups on the design of a new educational garden and related programs for the Stanford Educational Farm. The class will meet on 6 Fridays over the
course of winter quarter. Class meetings will include an introduction to designing learning gardens and affiliated programs, 3 field trips to exemplary educational
gardens in the bay area that will include tours and discussions with garden educators, and work sessions for student projects. By application only.

Terms: Aut | Units: 2 | Grading: Satisfactory/No Credit

EARTHSYS 182A: Ecological Farm Systems (EARTHSYS 282A)
An in-person, outdoor, project-based course in sustainable agricultural systems. Students will work individually or in small groups on projects at the Stanford
Educational Farm. Potential projects this fall include building educational gardens, orchard establishment and management, and seedling propagation for plant
donations for low-income families in partnership with Valley Verde in San Jose. Students are also encouraged to develop their own sustainable agriculture projects
based on their interests.nn nnThe class will meet in-person, outdoors at the Stanford Educational Farm. Students will be required to follow farm and University
COVID-19 protocols. By application only. The Winter 2021 application can be found here (Deadline Dec. 28):
https://stanforduniversity.qualtrics.com/jfe/form/SV_abKbQxC1Q2cCC2h

Last offered: Winter 2021 | Units: 1-2 | Repeatable 2 times (up to 4 units total) | Grading: Satisfactory/No Credit

EARTHSYS 182B: Sustainable Agriculture Projects (EARTHSYS 282B)
This is a project-based sustainable agriculture course. Students will work individually or in small groups on projects of their choosing at the Stanford Educational
Farm or remotely. Students can develop their own projects related to sustainable agriculture and food systems or work on projects proposed by the farm team or
with community partners. nnTo apply, go to: https://stanforduniversity.qualtrics.com/jfe/form/SV_cTvCbtDyj4irwgK

Terms: Aut, Sum | Units: 1-2 | Repeatable 2 times (up to 4 units total) | Grading: Satisfactory/No Credit

Instructors: ; Archie, P. (PI); Mo, C. (TA)

EARTHSYS 182C: Community Agroecology Projects (EARTHSYS 282C)
This is a project-based course that connects students to organizations that are using agroecological approaches to address food production and community food
sovereignty challenges. Projects have been framed and will be mentored by Stanford Educational Farm community partners with the support of the course teaching
team. Students will work in small groups on community-based projects, taking on individual roles within the larger collaboration. In addition, students in the course
can work on the Stanford Educational Farm to satisfy part of the course time commitment. There is an application for the course that can be found here:
https://stanforduniversity.qualtrics.com/jfe/form/SV_9uk8aL0rHzzWYZw

Terms: Win | Units: 1-2 | Repeatable 8 times (up to 16 units total) | Grading: Satisfactory/No Credit

Instructors: ; Archie, P. (PI)

EARTHSYS 183: Adaptation (ESS 185)
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Adaptation is the process by which organisms or societies become better suited to their environments. In this class, we will explore three distinct but related
notions of adaptation. Biological adaptations arise through natural selection, while cultural adaptations arise from a variety of processes, some of which closely
resemble natural selection. A newer notion of adaptation has emerged in the context of climate change where adaptation takes on a highly instrumental, and often
planned, quality as a response to the negative impacts of environmental change. We will discuss each of these ideas, using their commonalities and subtle
differences to develop a broader understanding of the dynamic interplay between people and their environments. Topics covered will include, among others:
evolution, natural selection, levels of selection, formal models of cultural evolution, replicator dynamics, resilience, rationality and its limits, complexity, adaptive
management.

Terms: Win | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Jones, J. (PI); Cagnard, M. (TA)

EARTHSYS 185: Feeding Nine Billion
Feeding a growing and wealthier population is a huge task, and one with implications for many aspects of society and the environment. There are many tough
choices to be made- on fertilizers, groundwater pumping, pesticide use, organics, genetic modification, etc. Unfortunately, many people form strong opinions about
these issues before understanding some of the basics of how food is grown, such as how most farmers currently manage their fields, and their reasons for doing so.
The goal of this class is to present an overview of global agriculture, and the tradeoffs involved with different practices. Students will develop two key knowledge
bases: basic principles of crop ecology and agronomy, and familiarity with the scale of the global food system. The last few weeks of the course will be devoted to
building on this knowledge base to evaluate different future directions for agriculture.

Terms: Win | Units: 4-5 | UG Reqs: WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Lobell, D. (PI); Mo, C. (TA); Reade Malagueno, B. (TA)

EARTHSYS 186: Farm and Garden Environmental Education Practicum (EARTHSYS 286)
Farms and gardens provide excellent settings for place-based environmental education that emphasize human ecological relationships and experiential learning.
The O'Donohue Family Stanford Educational Farm is the setting to explore the principles and practices of farm and garden-based education in conjunction with the
farm's new field trip program for local youth. The course includes readings and reflections on environmental education and emphasis on learning by doing, engaging
students in the practice of team teaching. Application required. Deadline: March 14.nnApplication:
https://stanforduniversity.qualtrics.com/jfe/form/SV_9SPufdULCh93rbT

Last offered: Autumn 2019 | Units: 2 | Grading: Satisfactory/No Credit

EARTHSYS 191: Concepts in Environmental Communication (EARTHSYS 291)
Introduction to the history, development, and current state of communication of environmental science and policy to non-specialist audiences. Includes
fundamental principles, core competencies, and major challenges of effective environmental communication in the public and policy realms and an overview of the
current scope of research and practice in environmental communication. Intended for graduate students and advanced undergraduates, with a background in Earth
or environmental science and/or policy studies, or in communication or journalism studies with a specific interest in environmental and science communication.
Prerequisite: Earth Systems core (EarthSys 111 and EarthSys 112) or equivalent. (Meets Earth Systems WIM requirement.)

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Hayden, T. (PI)

EARTHSYS 193: Natural Perspectives: Geology, Environment, and Art (EARTH 193)
Multi-day field trip that combines exploration of regional geology, ecology, and environmental history with guided drawing exercises in the Eastern Sierra Nevada of
California. We¿ll visit several sites of geologic and environmental interest, discuss their formation and significance, and use drawing as tool for close observation.
Students will gain an understanding of the natural processes shaping California, acquire new skills and techniques for artistic expression, and gain an appreciation
for how scientific and aesthetic perspectives complement and enhance one another in the study of nature. No previous scientific or artistic experience is required.
Preference for freshmen and sophomores. If you are interested in signing up for the course, complete this pre-registration form:
https://stanforduniversity.qualtrics.com/SE/?SID=SV_9RF2rDopROzwOxf

Last offered: Spring 2020 | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

EARTHSYS 194: Topics in Writing & Rhetoric: Introduction to Environmental Justice: Race, Class, Gender and Place
(ENVRES 223, PWR 194EP)
This course examines the rhetoric, history and key case studies of environmental justice while encouraging critical and collaborative thinking, reading and
researching about diversity in environmental movements within the global community and at Stanford, including the ways race, class and gender have shaped
environmental battles still being fought today. We center diverse voices by bringing leaders, particularly from marginalized communities on the frontlines to our
classroom to communicate experiences, insights and best practices. Together we will develop and present original research projects which may serve a particular
organizational or community need, such as racialized dispossession, toxic pollution and human health, or indigenous land and water rights, among many others.
Prerequisite: PWR 2 Cardinal Course certified by the Haas Center

Terms: Aut | Units: 4 | UG Reqs: WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Diver, S. (PI); Polk, E. (PI); Mi, J. (GP); Rodriguez, J. (TA)

EARTHSYS 194A: Environmental Justice Colloquium (HUMRTS 194A, URBANST 155A)
This colloquium brings the voices and vision of leading Environmental Justice (EJ) advocates to the Stanford community, in order to educate, inspire, and transform
our understanding of environmental science. Environmental Justice advances a positive vision for policies and actions that fight environmental racism. EJ
approaches involve centering the voices and leadership of marginalized communities in 1) ensuring equitable access to environmental benefits, and 2) preventing or
mitigating the disproportionate impacts of environmental harms for all communities, regardless of gender, class, race, ethnicity, or other social positions. This
colloquium highlights the work of leading EJ thinkers and practitioners, speaking from frontline organizations on a wide range of topics. These topics include acting
on toxic exposures and health disparities for community resilience, climate justice and youth action, Indigenous land and water rights, green cities and
Afrofuturism, food justice and intersecting social movements, queer ecologies, and more. The colloquium will host a weekly speaker, and final symposium at the
end of the quarter. nnStudents registering for the colloquium will join us virtually by ZOOM.nnCourse meetings will be held every Wednesday, beginning on October
6 and ending on November 17, 11:00-12:50pm. The final November 17 meeting is the Annual Environmental Justice Symposium, 11:00am-2:00pm (for those who can
stay the extended hour).

Terms: Aut | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

Instructors: ; Diver, S. (PI); Polk, E. (PI); Mi, J. (TA)
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EARTHSYS 196A: Environmental Justice and Human Rights Lab (HUMRTS 196)
The Environmental Justice and Human Rights Lab is an intellectual hub and supportive learning community for students engaging in environmental justice and
human rights work of any kind. Environmental justice (EJ) advances a positive vision for policies and actions that fight environmental racism, and human rights (HR)
center on the notion that all people, by virtue of their existence and regardless of any given status or classification, are equally entitled to fundamental rights and
protections. Our semi-structured weekly sessions will foster an open learning environment for students and peer-to-peer learning connections. Sessions will include
giving and receiving feedback on capstone or community-based projects, independent research, or other relevant coursework or extracurricular activity. We also
welcome students who are new to these topics and would like to learn more. We are open to students of all backgrounds and disciplines at any stage of their
research or project work. Following EJ and HR principles, we seek to center local, contextualised knowledge and leadership through ethical research partnerships
with community members. To do so, we follow community-based participatory research approaches and decolonizing methodologies. Examples of our work to date
include 1) enabling graduate students to effectively bring EJ and HR approaches into dissertation research, 2) supporting campus leaders and directly participating
in diversity, equity, and inclusion (DEI) initiatives, and 3) educating and learning from one another about critical EJ and HR scholarship and anti-racist approaches to
our work. Lab interests include addressing inequitable impacts of climate change, advancing decolonial approaches to land and water management, promoting food
justice, combatting human trafficking and labor exploitation, promoting fair and just immigration policies, and additional EJ and HR research topics. Note that this
lab is intended as an open space for engagement. If you are unable to enroll for credit, but would still like to participate, please email humanrights@stanford.edu.

Terms: Aut, Win, Spr | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

Instructors: ; Brunner, J. (PI); Diver, S. (PI); Polk, E. (PI); Van Tuyl, P. (PI)

EARTHSYS 197: Directed Individual Study in Earth Systems
Under supervision of an Earth Systems faculty member on a subject of mutual interest.

Terms: Aut, Spr | Units: 1-9 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Diver, S. (PI); Hoagland, S. (PI)

EARTHSYS 199: Honors Program in Earth Systems

Terms: Aut, Win, Spr, Sum | Units: 1-9 | Repeatable for credit | Grading: Letter (ABCD/NP)

Instructors: ; Ardoin, N. (PI); Arrigo, K. (PI); Asner, G. (PI); Block, B. (PI); Boggs, C. (PI); Boucher, A. (PI); Cain, B. (PI); Caldwell, M. (PI); Casciotti, K. (PI);
Chamberlain, P. (PI); Crowder, L. (PI); Daily, G. (PI); Davis, J. (PI); Denny, M. (PI); Diffenbaugh, N. (PI); Dirzo, R. (PI); Dunbar, R. (PI); Dunn, D. (PI); Durham, W. (PI);
Egger, A. (PI); Ernst, W. (PI); Falcon, W. (PI); Fendorf, S. (PI); Field, C. (PI); Francis, C. (PI); Frank, Z. (PI); Freyberg, D. (PI); Fukami, T. (PI); Gerritsen, M. (PI); Gilly,
W. (PI); Gordon, D. (PI); Gorelick, S. (PI); Goulder, L. (PI); Hadly, E. (PI); Hayden, T. (PI); Hecker, S. (PI); Hilley, G. (PI); Ingle, J. (PI); Kennedy, D. (PI); Kennedy, J.
(PI); Knight, R. (PI); Koseff, J. (PI); Kovscek, A. (PI); Lambin, E. (PI); Litvak, L. (PI); Lobell, D. (PI); Long, S. (PI); Masters, G. (PI); Matson, P. (PI); Micheli, F. (PI);
Monismith, S. (PI); Mooney, H. (PI); Mordecai, E. (PI); Naylor, R. (PI); Orr, F. (PI); Palumbi, S. (PI); Payne, J. (PI); Peay, K. (PI); Pringle, J. (PI); Root, T. (PI); Schneider,
S. (PI); Schoolnik, G. (PI); Seto, K. (PI); Somero, G. (PI); Sperling, E. (PI); Sweeney, J. (PI); Switzer, P. (PI); Tabazadeh, A. (PI); Thomas, L. (PI); Thompson, B. (PI);
Victor, D. (PI); Vitousek, P. (PI); Walbot, V. (PI); Watanabe, J. (PI); Welander, P. (PI); Weyant, J. (PI); Wiederkehr, S. (PI); Wong-Parodi, G. (PI); Woodward, J. (PI);
Zoback, M. (PI)

EARTHSYS 204: The Water Course (EARTHSYS 104, GEOPHYS 104, GEOPHYS 204)
The Central Valley of California provides a third of the produce grown in the U.S., but recent droughts and increasing demand have raised concerns about both food
and water security. The pathway that water takes from rainfall to the irrigation of fields or household taps ('the water course') determines the quantity and quality
of the available water. Working with various data sources (measurements made on the ground, in wells, and from satellites) allows us to model the water budget in
the valley and explore the recent impacts on freshwater supplies.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Knight, R. (PI); Holtzman, N. (TA); Lees, M. (TA)

EARTHSYS 205VP: Contested markets in the Brazilian Amazon Rainforest (SOC 105VP, SOC 205VP)
Strategies of environmental movements to contain domestic and foreign corporations that are viewed as major perpetrators of rainforest devastation and the socio-
economic degradation of this vast region. Topics: Origins, roles and inter-relations among corporations (zero deforestation agreements in soybean agriculture and
cattle ranching), the development of environmental law and the efficacy of government and NGO movements¿ strategies, and whether this emerging economy
shapes social classes, groups, tribes, family life to further embed inequality and immobility. This course must be taken for a minimum of 3 units and a letter grade
to be eligible for Ways credit.

Last offered: Winter 2019 | Units: 2-3 | Grading: Letter or Credit/No Credit

EARTHSYS 206: World Food Economy (EARTHSYS 106, ECON 106, ECON 206, ESS 106, ESS 206)
The World Food Economy is a survey course that covers the economic and political dimensions of food production, consumption, and trade. The course focuses on
food markets and food policy within a global context. It is comprised of three major sections: structural features (agronomic, technological, and economic) that
determine the nature of domestic food systems; the role of domestic food and agricultural policies in international markets; and the integrating forces of
international research, trade, and food aid in the world food economy. This 5-unit course entails a substantial group modeling project that is required for all
students. Enrollment is by application only. The application is found at https://economics.stanford.edu/undergraduate/forms. Deadline: March 15, 2022.

Terms: Spr | Units: 5 | Grading: Letter (ABCD/NP)

Instructors: ; Naylor, R. (PI); Nyakundi, F. (TA); Zhong, C. (TA)

EARTHSYS 207: Spanish in Science/Science in Spanish (BIO 208, LATINAM 207)
For graduate and undergraduate students interested in the natural sciences and the Spanish language. Students will acquire the ability to communicate in Spanish
using scientific language and will enhance their ability to read scientific literature written in Spanish. Emphasis on the development of science in Spanish-speaking
countries or regions. Course is conducted in Spanish and intended for students pursuing degrees in the sciences, particularly disciplines such as ecology,
environmental science, sustainability, resource management, anthropology, and archeology.

Terms: Spr | Units: 2 | Repeatable 2 times (up to 4 units total) | Grading: Satisfactory/No Credit

Instructors: ; Dirzo, R. (PI)

EARTHSYS 210A: Senior Capstone and Reflection
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The Earth Systems Senior Capstone and Reflection, required of all seniors, provides students with opportunities to synthesize and reflect on their learning in the
major. Students participate in guided career development and planning activities and initiate work on an independent or group capstone project related to an Earth
Systems problem or question of interest. In addition, students learn and apply principles of effective oral communication through developing and giving a formal
presentation on their internship. Students must also take EARTHSYS 210P, Earth Systems Capstone Project, in the quarter following the Senior Capstone and
Reflection Course. Prerequisite: Completion of an approved Earth Systems internship (EARTHSYS 260).

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Nevle, R. (PI); Baird, S. (TA)

EARTHSYS 210B: Senior Capstone and Reflection
The Earth Systems Senior Capstone and Reflection, required of all seniors, provides students with opportunities to synthesize and reflect on their learning in the
major. Students participate in guided career development and planning activities and initiate work on an independent or group capstone project related to an Earth
Systems problem or question of interest. In addition, students learn and apply principles of effective oral communication through developing and giving a formal
presentation on their internship. Students must also take EARTHSYS 210P, Earth Systems Capstone Project, in the quarter following the Senior Capstone and
Reflection Course. Prerequisite: Completion of an approved Earth Systems internship (EARTHSYS 260).

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Nevle, R. (PI); Hagan, D. (TA); Portillo, R. (TA)

EARTHSYS 210P: Earth Systems Capstone Project
Students work independently or in groups to complete their Senior Capstone Projects. They will participate in regular advising meetings with the instructor(s), and
will give a final presentation on their projects at the end of the quarter in a special Earth Systems symposium. Prerequisite: EARTHSYS 210A, B, or C.

Terms: Win, Spr | Units: 2 | Grading: Letter (ABCD/NP)

Instructors: ; Hoagland, S. (PI); Nevle, R. (PI); Hagan, D. (TA); Portillo, R. (TA)

EARTHSYS 211: Fundamentals of Modeling (ESS 211)
Simulation models are a powerful tool for environmental research, if used properly. The major concepts and techniques for building and evaluating models. Topics
include model calibration, model selection, uncertainty and sensitivity analysis, and Monte Carlo and bootstrap methods. Emphasis is on gaining hands-on
experience using the R programming language. Prerequisite: Basic knowledge of statistics.

Last offered: Autumn 2016 | Units: 3-5 | Grading: Letter or Credit/No Credit

EARTHSYS 213: Hacking for Climate and Sustainability
The challenges of addressing climate change and sustainability require urgency as well as innovative solutions. Startups operate with speed and urgency, 24/7. In
recent years they have learned not only how to effectively innovate but also how to be extremely efficient with resources and time, using lean startup methods.
Participants in this class develop the skills required of a mission driven entrepreneur by tackling a critical problem in climate and sustainability as part of a team of
engineers, scientists, social scientists, MBAs, and law and policy experts. Teams will engage pressing climate and sustainability problems and learn how to apply
lean startup principles ("business model canvas," "customer development," and "agile engineering") in developing solutions. Students will take a hands-on,
experiential approach to explore options for solutions and needs for stakeholders. The process of exploring options will require participants to engage deeply and to
learn how to work closely with policy makers, technologists, government officials, NGOs, foundations, companies, and others interested in solving these problems,
while demanding that teams continually build iterative prototypes to test their understanding of the problem and solution hypotheses. For more information on
problems and sponsors as they are added and to apply for the course, see https://h4cs.stanford.edu/. Applications required in November. Limited enrollment.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Field, C. (PI); Sharbono, B. (PI); Weinstein, S. (PI); Alpert, L. (GP); Malpani, R. (GP); Orsak, N. (GP)

EARTHSYS 214: Global Change and Emerging Infectious Disease (EARTHSYS 114, ESS 213, HUMBIO 114)
The changing epidemiological environment. How human-induced environmental changes, such as global warming, deforestation and land-use conversion,
urbanization, international commerce, and human migration, are altering the ecology of infectious disease transmission, and promoting their re-emergence as a
global public health threat. Case studies of malaria, cholera, hantavirus, plague, and HIV.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Jones, J. (PI); Openshaw, J. (PI); Bromley-Dulfano, R. (TA); Cagnard, M. (TA); Caravan, S. (TA); Grattan, T. (TA); Lang-Ree, C. (TA); Singleton, A. (TA)

EARTHSYS 217: Biology and Global Change (BIO 117, EARTHSYS 111, ESS 111)
The biological causes and consequences of anthropogenic and natural changes in the atmosphere, oceans, and terrestrial and freshwater ecosystems. Topics: glacial
cycles and marine circulation, greenhouse gases and climate change, tropical deforestation and species extinctions, and human population growth and resource
use. Prerequisite: Biology or Human Biology core or BIO 81 or graduate standing.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Casciotti, K. (PI); Vitousek, P. (PI); Meyers, A. (TA); Mi, J. (TA); Sonawane, C. (TA)

EARTHSYS 223: Biosphere-Atmosphere Interactions (EARTHSYS 123A, ESS 123, ESS 223)
How do ecosystems respond to climate, and how do ecosystems influence climate? Covers the role of the terrestrial land surface in earth's climate system, including
among others photosynthesis, transpiration, greenhouse gasses, radiation, and atmospheric water vapor. For each of these topics, attention is paid to both the
underlying processes and how they can be mathematically represented in earth system models. Instruments and techniques used to measure these processes are
also discussed, and, where appropriate, demonstrated.

Last offered: Winter 2021 | Units: 3-4 | Grading: Letter (ABCD/NP)

EARTHSYS 225: Shades of Green: Exploring and Expanding Environmental Justice in Practice (CSRE 125E, EARTHSYS 125,
URBANST 125)
Historically, discussions of race, ethnicity, culture, and equity in the environment have been shaped by a limited view of the environmental justice movement,
often centered on urban environmental threats and separated from other types of environmental and climate advocacy. This course will seek to expand on these
discussions by exploring topics such as access to outdoor spaces, definitions of wilderness, inclusion in environmental organizations, gender and the outdoors, the
influence of colonialism on ways of knowing, food justice and ethics, and the future of climate change policy. The course will also involve a community partnership

https://explorecourses.stanford.edu/instructor/rnevle
https://explorecourses.stanford.edu/instructor/ssbaird
https://explorecourses.stanford.edu/instructor/rnevle
https://explorecourses.stanford.edu/instructor/dhagan
https://explorecourses.stanford.edu/instructor/rmport
https://explorecourses.stanford.edu/instructor/shh
https://explorecourses.stanford.edu/instructor/rnevle
https://explorecourses.stanford.edu/instructor/dhagan
https://explorecourses.stanford.edu/instructor/rmport
https://explorecourses.stanford.edu/instructor/cfield
https://explorecourses.stanford.edu/instructor/sharbono
https://explorecourses.stanford.edu/instructor/snmiw
https://explorecourses.stanford.edu/instructor/lalpert
https://explorecourses.stanford.edu/instructor/rmalpani
https://explorecourses.stanford.edu/instructor/norsak
https://explorecourses.stanford.edu/instructor/jhj1
https://explorecourses.stanford.edu/instructor/jjo
https://explorecourses.stanford.edu/instructor/rabd
https://explorecourses.stanford.edu/instructor/mcagnard
https://explorecourses.stanford.edu/instructor/caravan
https://explorecourses.stanford.edu/instructor/tgrattan
https://explorecourses.stanford.edu/instructor/clairelr
https://explorecourses.stanford.edu/instructor/asinglet
https://explorecourses.stanford.edu/instructor/kcasciot
https://explorecourses.stanford.edu/instructor/vitousek
https://explorecourses.stanford.edu/instructor/avivam
https://explorecourses.stanford.edu/instructor/jess3965
https://explorecourses.stanford.edu/instructor/sonawane


project. In small groups students will work with an environmental organization to problem-solve around issues of equity, representation, and access. We value a
diversity of experiences and epistemologies and welcome undergraduates from all disciplines. Since this is a practical course, there will be a strong emphasis on
participation and commitment to community partnerships. This course requires instructor approval, please submit an application by March 16th at midnight.
Application available at https://forms.gle/owqmLqLjLP1rDYEZA

Terms: Spr | Units: 3-4 | Grading: Satisfactory/No Credit

Instructors: ; vangelder, z. (PI); Diver, S. (SI); Jung, E. (SI)

EARTHSYS 227: Decision Science for Environmental Threats (ESS 227)
Decision science is the study of how people make decisions. It aims to describe these processes in ways that will help people make better or more well-informed
decisions. It is an interdisciplinary field that draws upon psychology, economics, political science, and management, among other disciplines. It is being used in a
number of domain areas and for a variety of applications, including managing freshwater resources, designing decision support tools to aid in coastal adaptation to
sea-level rise, and creating "nudges" to enhance energy efficiency behaviors. This course covers behavioral theories of probabilistic inference, intuitive prediction,
preference, and decision making. Topics include heuristics and biases, risk perceptions and attitudes, strategies for combining different sources of information and
dealing with conflicting objectives, and the roles of group and emotional processes in decision making. This course will introduce students to foundational theories
of decision science, and will involve applying these theories to understand decisions about environmental threats.

Terms: Aut | Units: 3-5 | Grading: Letter (ABCD/NP)

Instructors: ; Wong-Parodi, G. (PI); Berlin Rubin, N. (TA)

EARTHSYS 232: Evolution of Earth Systems (EARTHSYS 132, ESS 132, ESS 232, GEOLSCI 132, GEOLSCI 232)
This course examines biogeochemical cycles and how they developed through the interaction between the atmosphere, hydrosphere, biosphere, and lithosphere.
Emphasis is on the long-term carbon cycle and how it is connected to other biogeochemical cycles on Earth. The course consists of lectures, discussion of research
papers, and quantitative modeling of biogeochemical cycles. Students produce a model on some aspect of the cycles discussed in this course. Grades based on class
interaction, student presentations, and the modeling project.

Last offered: Winter 2019 | Units: 4 | Grading: Letter (ABCD/NP)

EARTHSYS 233: Mitigating Climate Change through Soil Management (ESS 233)
Climate change is one of the greatest crises facing our world. Increasing soil organic carbon storage may be a key strategy for mitigating global climate change,
with the potential to offset approximately 20% of annual global fossil fuel emissions. In this course, we will learn about soil carbon cycling, its contribution to the
global carbon cycle, how carbon is stored in soil, and land management practices that can increase or decrease soil carbon stocks, thereby mitigating or
exacerbating climate change. Although the content is centered on soil carbon, the processes and skills learned in this course can be applied to design solutions to
any environmental problem.nnPrerequisites: Some knowledge of soils, introductory chemistry, and introductory biology would be useful but not necessary. Please
email the instructor if you have any concerns or questions.

Terms: Win | Units: 2 | Grading: Letter or Credit/No Credit

Instructors: ; Fendorf, S. (PI); Lacroix, E. (SI); Filgas, L. (TA)

EARTHSYS 240: Data science for geoscience (ENERGY 240, ESS 239, GEOLSCI 240)
This course provides an overview of the most relevant areas of data science (applied statistics, machine learning & computer vision) to address geoscience
challenges, questions and problems. Using actual geoscientific research questions as background, principles and methods of data scientific analysis, modeling, and
prediction are covered. Data science areas covered are: extreme value statistics, multi-variate analysis, factor analysis, compositional data analysis, spatial
information aggregation models, spatial estimation, geostatistical simulation, treating data of different scales of observation, spatio-temporal modeling
(geostatistics). Application areas covered are: process geology, hazards, natural resources. Students are encouraged to participate actively in this course by means
of their own data science research challenge or question.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Caers, J. (PI); Hall, T. (TA); Wang, L. (TA)

EARTHSYS 241: Remote Sensing of the Oceans (EARTHSYS 141, ESS 141, ESS 241, GEOPHYS 141)
How to observe and interpret physical and biological changes in the oceans using satellite technologies. Topics: principles of satellite remote sensing, classes of
satellite remote sensors, converting radiometric data into biological and physical quantities, sensor calibration and validation, interpreting large-scale
oceanographic features.

Terms: Win | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI); Payne, C. (TA)

EARTHSYS 243H: Quantitative methods for marine ecology and conservation (BIO 143, BIO 243, BIOHOPK 143H, BIOHOPK
243H, CEE 164H, CEE 264H, EARTHSYS 143H)
NOTE: This course will be taught in-person on main campus, in hybrid format with Zoom options. The goal of this course is to learn the foundations of ecological
modeling with a specific (but not exclusive) focus on marine conservation and sustainable exploitation of renewable resources. Students will be introduced to a
range of methods - from basic to advanced - to characterize population structure, conduct demographic analyses, estimate extinction risk, identify temporal trends
and spatial patterns, quantify the effect of environmental determinants and anthropogenic pressures on the dynamics of marine populations, describe the potential
for adaptation to climate change. This course will emphasize learning by doing, and will rely heavily on practical computer laboratories, in R and/or Phyton, based
on data from our own research activities or peer reviewed publications. Students with a background knowledge of statistics, programming and calculus will be most
welcome.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; De Leo, G. (PI); Goodman, M. (SI); Grewelle, R. (SI); Mathur, S. (TA)

EARTHSYS 247: Ecosystem Ecology and Biogeochemistry (BIO 147, BIO 240, EARTHSYS 147)
An introduction to ecosystem ecology and terrestrial biogeochemistry. This course will focus on the dynamics of carbon and other biologically essential elements in
the Earth System, on spatial scales from local to global. Prerequisites: Biology 117, Earth Systems 111, or graduate standing.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Vitousek, P. (PI)
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EARTHSYS 249: Wild Writing (EARTHSYS 149)
What is the wild? What is our relationship to nature, and why does this relationship matter? We will interrogate these questions through the work of influential,
diverse, primarily American environmental writers who have given voice to many ways of knowing the wonder, fragility, complexity, and power of the natural world
and have inspired readers to act on behalf of social-environmental causes. This course centers the work of diverse voices, including Indigenous, Black, and Chicana
writers, enabling us to consider some of the many ways that people have understood and experienced nature throughout history and the relevance of these
manifold ways of knowing to our conceptualizations of nature today. Students will develop their responses to the question of what is the wild and why it matters
through a series of synchronous and asynchronous in-the-field writing exercises that integrate personal narrative and environmental scholarship, culminating in a
~3000-word narrative nonfiction essay. This course will provide students with knowledge, tools, experience, and skills that will empower them to become more
persuasive environmental storytellers and advocates.nIf you are interested in signing up for the course, complete this pre-registration
form:nhttps://stanforduniversity.qualtrics.com/jfe/form/SV_9XqZeZs036WIvop

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Nevle, R. (PI); Polk, E. (PI); Peterson-Nafziger, C. (TA)

EARTHSYS 250: Directed Research
Independent research. Student develops own project with faculty supervision. May be repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-9 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Ardoin, N. (PI); Arrigo, K. (PI); Asner, G. (PI); Benson, S. (PI); Block, B. (PI); Boggs, C. (PI); Boucher, A. (PI); Cain, B. (PI); Caldwell, M. (PI); Carlisle, L.
(PI); Casciotti, K. (PI); Chamberlain, P. (PI); Curran, L. (PI); Daily, G. (PI); Davis, J. (PI); Denny, M. (PI); Diffenbaugh, N. (PI); Dirzo, R. (PI); Dunbar, R. (PI); Durham,
W. (PI); Egger, A. (PI); Ehrlich, P. (PI); Ernst, W. (PI); Falcon, W. (PI); Fendorf, S. (PI); Field, C. (PI); Francis, C. (PI); Frank, Z. (PI); Freyberg, D. (PI); Fukami, T. (PI);
Gardner, C. (PI); Gerritsen, M. (PI); Gilly, W. (PI); Gordon, D. (PI); Gorelick, S. (PI); Goulder, L. (PI); Hadly, E. (PI); Hayden, T. (PI); Hilley, G. (PI); Hoagland, S. (PI);
Ingle, J. (PI); Jamieson, A. (PI); Jones, J. (PI); Kennedy, D. (PI); Kennedy, J. (PI); Knight, R. (PI); Konings, A. (PI); Koseff, J. (PI); Kovscek, A. (PI); Lambin, E. (PI);
Litvak, L. (PI); Lobell, D. (PI); Long, S. (PI); Lynham, J. (PI); Masters, G. (PI); Matson, P. (PI); Micheli, F. (PI); Milroy, C. (PI); Monismith, S. (PI); Mooney, H. (PI);
Naylor, R. (PI); Nevle, R. (PI); O'Neill, M. (PI); Orr, F. (PI); Palumbi, S. (PI); Payne, J. (PI); Peay, K. (PI); Phillips, K. (PI); Rajaratnam, B. (PI); Root, T. (PI); Rothe, M.
(PI); Schneider, S. (PI); Schoolnik, G. (PI); Seto, K. (PI); Siegel, R. (PI); Somero, G. (PI); Sweeney, J. (PI); Switzer, P. (PI); Tabazadeh, A. (PI); Thomas, L. (PI);
Thompson, B. (PI); Victor, D. (PI); Vitousek, P. (PI); Walbot, V. (PI); Watanabe, J. (PI); Weyant, J. (PI); Wiederkehr, S. (PI); Wilber, C. (PI); Wong-Parodi, G. (PI);
Woodward, J. (PI); Zoback, M. (PI)

EARTHSYS 251: Biological Oceanography (EARTHSYS 151, ESS 151, ESS 251)
Required for Earth Systems students in the oceans track. Interdisciplinary look at how oceanic environments control the form and function of marine life. Topics
include distributions of planktonic production and abundance, nutrient cycling, the role of ocean biology in the climate system, expected effects of climate changes
on ocean biology. Local weekend field trips. Designed to be taken concurrently with Marine Chemistry (ESS/EARTHSYS 152/252). Prerequisites: BIO 43 and ESS 8 or
equivalent.

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI)

EARTHSYS 252: Marine Chemistry (EARTHSYS 152, ESS 152, ESS 252)
Introduction to the interdisciplinary knowledge and skills required to critically evaluate problems in marine chemistry and related disciplines. Physical, chemical,
and biological processes that determine the chemical composition of seawater. Air-sea gas exchange, carbonate chemistry, and chemical equilibria, nutrient and
trace element cycling, particle reactivity, sediment chemistry, and diagenesis. Examination of chemical tracers of mixing and circulation and feedbacks of ocean
processes on atmospheric chemistry and climate. Designed to be taken concurrently with Biological Oceanography (ESS/EARTHSYS 151/251)

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Casciotti, K. (PI); Gluschankoff, N. (TA)

EARTHSYS 254: Environmental Governance (ENVRES 250)
How do we work together to solve environmental problems? Across the globe, who has a voice, and who ultimately decides how to balance conservation and
development? How do we build governance institutions that facilitate both environmental sustainability and social equity? This seminar on environmental
governance will focus on the challenges and opportunities for managing common-pool resources, like fisheries, forests, and water. Because managing environmental
resources is often about managing people, we will explore the motivations underlying human behavior towards the environment. We will discuss how institutions
encode our cultural values and beliefs, and how we can reshape these institutions to achieve more sustainable outcomes. Coursework includes foundational
readings and a pragmatic exploration of case studies. Teaching cases address topics in community-based conservation, international protected areas, market-based
approaches, coping with environmental risk, and other themes. Interested undergraduate and graduate students from any discipline are welcome.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Diver, S. (PI); Moore, K. (TA)

EARTHSYS 255: Microbial Physiology (BIO 180, ESS 255, GEOLSCI 233A)
Introduction to the physiology of microbes including cellular structure, transcription and translation, growth and metabolism, mechanisms for stress resistance and
the formation of microbial communities. These topics will be covered in relation to the evolution of early life on Earth, ancient ecosystems, and the interpretation
of the rock record. Recommended: introductory biology and chemistry.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Welander, P. (PI); Castaneda Juarez, A. (TA)

EARTHSYS 256: Soil and Water Chemistry (ESS 256)
(Graduate students register for 256.) Practical and quantitative treatment of soil processes affecting chemical reactivity, transformation, retention, and
bioavailability. Principles of primary areas of soil chemistry: inorganic and organic soil components, complex equilibria in soil solutions, and adsorption phenomena
at the solid-water interface. Processes and remediation of acid, saline, and wetland soils. Recommended: soil science and introductory chemistry and microbiology.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Fendorf, S. (PI); Lopez, A. (TA)

EARTHSYS 258: Geomicrobiology (EARTHSYS 158, ESS 158, ESS 258)
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How microorganisms shape the geochemistry of the Earth's crust including oceans, lakes, estuaries, subsurface environments, sediments, soils, mineral deposits,
and rocks. Topics include mineral formation and dissolution; biogeochemical cycling of elements (carbon, nitrogen, sulfur, and metals); geochemical and
mineralogical controls on microbial activity, diversity, and evolution; life in extreme environments; and the application of new techniques to geomicrobial systems.
Recommended: introductory chemistry and microbiology such as CEE 274A.

Last offered: Winter 2019 | Units: 3 | Grading: Letter or Credit/No Credit

EARTHSYS 260: Internship
Supervised field, lab, or public/private sector project. May consist of directed research under the supervision of a Stanford faculty member, participation in one of
several off campus Stanford programs, or an approved non-Stanford program or opportunity relevant to the student's Earth Systems studies. Required of and
restricted to declared Earth Systems majors. This is a 1 unit, credit/no credit course, consisting of at least 270 hours of work. Course can be fulfilled any quarter.
For more course requirements, please visit: https://earth.stanford.edu/esys/undergrad/internship

Terms: Aut, Win, Spr, Sum | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Hoagland, S. (PI)

EARTHSYS 262: Data for Sustainable Development (CS 325B, EARTHSYS 162)
The sustainable development goals (SDGs) encompass many important aspects of human and ecosystem well-being that are traditionally difficult to measure. This
project-based course will focus on ways to use inexpensive, unconventional data streams to measure outcomes relevant to SDGs, including poverty, hunger, health,
governance, and economic activity. Students will apply machine learning techniques to various projects outlined at the beginning of the quarter. The main learning
goals are to gain experience conducting and communicating original research. Prior knowledge of machine learning techniques, such as from CS 221, CS 229, CS
231N, STATS 202, or STATS 216 is required. Open to both undergraduate and graduate students. Enrollment limited to 24. Students must apply for the class by filling
out the form at https://goo.gl/forms/9LSZF7lPkHadix5D3. A permission code will be given to admitted students to register for the class.

Terms: Aut | Units: 3-5 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Burke, M. (PI); Ermon, S. (PI); Lobell, D. (PI); Meng, C. (TA)

EARTHSYS 272: Antarctic Marine Geology and Geophysics (ESS 242)
For upper-division undergraduates and graduate students. Intermediate and advanced topics in marine geology and geophysics, focusing on examples from the
Antarctic continental margin and adjacent Southern Ocean. Topics: glaciers, icebergs, and sea ice as geologic agents (glacial and glacial marine sedimentology,
Southern Ocean current systems and deep ocean sedimentation), Antarctic biostratigraphy and chronostratigraphy (continental margin evolution). Students
interpret seismic lines and sediment core/well log data. Examples from a recent scientific drilling expedition to Prydz Bay, Antarctica.

Last offered: Autumn 2018 | Units: 3 | Grading: Letter or Credit/No Credit

EARTHSYS 277C: Specialized Writing and Reporting: Health and Science Journalism (COMM 177C, COMM 277C, EARTHSYS
177C)
(Graduate students enroll in COMM 277C. COMM 177C is offered for 5 units, COMM 277C is offered for 4 units.) Practical, collaborative, writing-intensive advanced
journalistic reporting and writing course in the specific practices and standards of health and science journalism. Science and journalism students learn how to
identify and write engaging stories about medicine, global health, science, and related environmental issues; how to assess the quality and relevance of science
news; how to cover the health and science beats effectively and efficiently; and how to build bridges between the worlds of journalism and science. Instructed
Winter Quarter 2021 by Dr. Seema Yasmin  http://www.seemayasmin.com. nnnLimited enrollment: preference to students enrolled in or considering the Earth
Systems Master of Arts, Environmental Communication Program and the Graduate Journalism Program. Prerequisite: EarthSys 191/291, COMM 104W, or consent of
instructor. Admission by application only, available from dr.yasmin@stanford.edu (Meets Earth Systems WIM requirement.)

Terms: Win | Units: 4-5 | Grading: Letter or Credit/No Credit

Instructors: ; Yasmin, S. (PI); Chang, N. (TA)

EARTHSYS 279: Integrated Valuation of Ecosystem Services and Tradeoffs (BIO 179, BIO 279, EARTHSYS 179)
This course explores the science of valuing nature, through two interwoven pathways. One is biophysical, focused on human dependence and impacts on Earths life-
support systems. If well managed, lands, waters, and biodiversity yield a flow of vital benefits that sustain and fulfill human life. A wild bee buzzes through a farm,
pollinating vegetables as it goes. Nearby, wetlands remove chemicals from the farms runoff, protecting a source of drinking water. In parklands at a cities edge,
kids play and adults walk and talk, their exposure to nature promoting physical activity and improved mental health. The trees help maintain a favorable climate,
locally and globally. We will develop a framework and practical tools for quantifying this stream of benefits from nature to people.nThe second pathway is social,
economic, and philosophical, weaving through concepts of well-being, human development, and conservation and the ethics and effects of their pursuit. We will
look back, ahead into the future, and inward, taking a global view and considering diverse cultural perspectives. Our discussions will be situated in the context of
the COVID-19 pandemic, movements for racial justice and socioeconomic equity, and efforts to enable people and nature to thrive in cities and countries
worldwide.nAll of the science we will explore is in service of decisions. We will dive into real-world examples to see how science can inform why, where, how, and
how much people need nature. We will learn the basics of the InVEST tools (for Integrated Valuation of Ecosystem Services and Tradeoffs) to quantify benefits of
nature, the equitability in access to these benefits, and the transformation of policy, finance, management, and practice to sustain and enhance them. nThe course
is intended for diverse, advanced students, with interests in research and in moving from science to action for a more just and sustainable world. The instructors
aim to provide an enjoyable and productive opportunity to connect remotely and yet with a lot of heart as well as intellectual drive and commitment, bringing
empathy, flexibility and hopefully some humor to the day-to-day challenges we are all facing in different difficult ways. Prerequisite: Basic to intermediate GIS
(Geographic Information Systems) skills are necessary. We will help with these, but not teach GIS specifically in class. Basic skills include, for example: working with
raster, vector and tabular data; loading rasters, shapefiles, and tables into a GIS; changing the symbology of rasters and shapefiles in your chosen GIS; editing raster
and shapefile attribute tables; understanding coordinate systems and how to re-project layers; looking at individual raster cell values; and performing basic raster
math.

Terms: Aut | Units: 1-3 | Grading: Letter or Credit/No Credit

Instructors: ; Daily, G. (PI); Farner, J. (TA); Nathan, N. (TA)

EARTHSYS 281: Urban Agroecology (EARTHSYS 181, ESS 181, ESS 281, URBANST 181)
Urban agriculture takes many forms in cities around the world and provides significant amounts of food and other resources and benefits for urban communities.
This Earth Systems practicum explores the application of agroecological principles to the design and stewardship of urban farms and gardens. Students will explore
social and ecological dimensions of urban agriculture including issues of environmental justice while gaining land stewardship and small-scale food production skills
at the Stanford Educational Farm and in the community.nnCourse full for spring 2022, will be offered again Winter 2023.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

https://explorecourses.stanford.edu/instructor/shh
https://explorecourses.stanford.edu/instructor/mburke
https://explorecourses.stanford.edu/instructor/ermon
https://explorecourses.stanford.edu/instructor/dlobell
https://explorecourses.stanford.edu/instructor/chenlin
https://explorecourses.stanford.edu/instructor/dryasmin
https://explorecourses.stanford.edu/instructor/nancych
https://explorecourses.stanford.edu/instructor/gdaily
https://explorecourses.stanford.edu/instructor/jfarner
https://explorecourses.stanford.edu/instructor/nnathan


Instructors: ; Archie, P. (PI); Boyd, Z. (TA); Mo, C. (TA)

EARTHSYS 282A: Ecological Farm Systems (EARTHSYS 182A)
An in-person, outdoor, project-based course in sustainable agricultural systems. Students will work individually or in small groups on projects at the Stanford
Educational Farm. Potential projects this fall include building educational gardens, orchard establishment and management, and seedling propagation for plant
donations for low-income families in partnership with Valley Verde in San Jose. Students are also encouraged to develop their own sustainable agriculture projects
based on their interests.nn nnThe class will meet in-person, outdoors at the Stanford Educational Farm. Students will be required to follow farm and University
COVID-19 protocols. By application only. The Winter 2021 application can be found here (Deadline Dec. 28):
https://stanforduniversity.qualtrics.com/jfe/form/SV_abKbQxC1Q2cCC2h

Last offered: Winter 2021 | Units: 1-2 | Repeatable 2 times (up to 4 units total) | Grading: Satisfactory/No Credit

EARTHSYS 282B: Sustainable Agriculture Projects (EARTHSYS 182B)
This is a project-based sustainable agriculture course. Students will work individually or in small groups on projects of their choosing at the Stanford Educational
Farm or remotely. Students can develop their own projects related to sustainable agriculture and food systems or work on projects proposed by the farm team or
with community partners. nnTo apply, go to: https://stanforduniversity.qualtrics.com/jfe/form/SV_cTvCbtDyj4irwgK

Terms: Aut, Sum | Units: 1-2 | Repeatable 2 times (up to 4 units total) | Grading: Satisfactory/No Credit

Instructors: ; Archie, P. (PI); Mo, C. (TA)

EARTHSYS 282C: Community Agroecology Projects (EARTHSYS 182C)
This is a project-based course that connects students to organizations that are using agroecological approaches to address food production and community food
sovereignty challenges. Projects have been framed and will be mentored by Stanford Educational Farm community partners with the support of the course teaching
team. Students will work in small groups on community-based projects, taking on individual roles within the larger collaboration. In addition, students in the course
can work on the Stanford Educational Farm to satisfy part of the course time commitment. There is an application for the course that can be found here:
https://stanforduniversity.qualtrics.com/jfe/form/SV_9uk8aL0rHzzWYZw

Terms: Win | Units: 1-2 | Repeatable 8 times (up to 16 units total) | Grading: Satisfactory/No Credit

Instructors: ; Archie, P. (PI)

EARTHSYS 286: Farm and Garden Environmental Education Practicum (EARTHSYS 186)
Farms and gardens provide excellent settings for place-based environmental education that emphasize human ecological relationships and experiential learning.
The O'Donohue Family Stanford Educational Farm is the setting to explore the principles and practices of farm and garden-based education in conjunction with the
farm's new field trip program for local youth. The course includes readings and reflections on environmental education and emphasis on learning by doing, engaging
students in the practice of team teaching. Application required. Deadline: March 14.nnApplication:
https://stanforduniversity.qualtrics.com/jfe/form/SV_9SPufdULCh93rbT

Last offered: Autumn 2019 | Units: 2 | Grading: Satisfactory/No Credit

EARTHSYS 290: Master's Seminar
Required of and open only to Earth Systems co-terminal MS and MA students. This course has several elements, including, skill building through experiential learning
and reflection and professional development. Students will either work in teams with a community partner in the Bay area on a predetermined project, or select a
self- designed project with a partner anywhere in the world. The idea is to complete a well-defined, manageable, but important project to a high standard under
significant time constraints. Our community partners have requested help with achieving their missions and seminar students will utilize their backgrounds in
social/environmental problem solving to deliver a final product. Our partners have requested help with such efforts as grant and report writing, data analysis,
curriculum development, symposium organizing, presentation research and preparation and communications to raise awareness about an environmental challenge.
If you choose to design your own project, the instructor will help you to create this opportunity. Students will give oral presentations on their project progress
throughout the quarter, culminating in a final presentation at a symposium with our partners. Students will also explore how best to communicate their
interdisciplinary skills and goals through their resumes, CV's or cover letters, portfolios or linkedIn profiles in preparation for the next phase of their career. Guest
speakers and in class workshops will complement these activities.nnCardinal Course certified by the Haas Center.

Terms: Aut, Win | Units: 2 | Grading: Satisfactory/No Credit

Instructors: ; Hoagland, S. (PI); Gonzales-Kramer, L. (TA); Lang-Ree, C. (TA)

EARTHSYS 291: Concepts in Environmental Communication (EARTHSYS 191)
Introduction to the history, development, and current state of communication of environmental science and policy to non-specialist audiences. Includes
fundamental principles, core competencies, and major challenges of effective environmental communication in the public and policy realms and an overview of the
current scope of research and practice in environmental communication. Intended for graduate students and advanced undergraduates, with a background in Earth
or environmental science and/or policy studies, or in communication or journalism studies with a specific interest in environmental and science communication.
Prerequisite: Earth Systems core (EarthSys 111 and EarthSys 112) or equivalent. (Meets Earth Systems WIM requirement.)

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Hayden, T. (PI)

EARTHSYS 292: Multimedia Environmental Communication
Introductory theory and practice of effective, accurate and engaging use of photography, audio and video production in communicating environmental science and
policy concepts to the public. Emphasis on fundamental techniques, storytelling and workflow more than technical how to or gear. Includes extensive instructor and
peer critiquing of work and substantial out-of-class group project work. Limited class size, preference to Earth Systems master's students. No previous multimedia
experience necessary.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Hayden, T. (PI); Jordan, J. (PI); Peralta-Ramos, S. (TA)

EARTHSYS 293: Environmental Communication Practicum
Students complete an internship or similar practical experience in a professional environmental communication setting. Potential placements include environmental
publications, environmental or outdoor education placements, NGOs, government agencies, on-campus departments, programs, or centers, and science centers and
museums. Restricted to students admitted to the Earth Systems Master of Arts, Environmental Communication Program. Can be completed in any quarter.
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Terms: Aut, Win, Spr, Sum | Units: 1-5 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Hayden, T. (PI)

EARTHSYS 294: Environmental Communication Capstone
The Earth Systems Master of Arts, Environmental Communication capstone project provides students with an opportunity to complete an ambitious independent
project demonstrating mastery of an area of environmental communication. Capstone projects are most often applied communication projects such as writing,
photography, or video projects; expressive or artistic works; or student-initiated courses, workshops, or curriculum materials. Projects focused on academic
scholarship or communication theory research may also be considered. Restricted to students enrolled in the Earth Systems Master of Arts, Environmental
Communication Program.

Terms: Aut, Win, Spr, Sum | Units: 1-3 | Repeatable for credit | Grading: Letter (ABCD/NP)

Instructors: ; Diver, S. (PI); Hayden, T. (PI); Hoagland, S. (PI); Jordan, J. (PI); Migielicz, G. (PI); Polk, E. (PI); Yasmin, S. (PI)

EARTHSYS 295: Environmental Communication Seminar
Weekly seminar for students enrolled in the Earth Systems Master of Arts, Environmental Communication Program, to be taken twice for credit during degree
progress. Includes discussion of and reflection on current topics in environmental communication, skills and professional development workshop sessions, and
mentoring and peer support for MA capstone projects.

Terms: Aut, Spr | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Hayden, T. (PI)

EARTHSYS 297: Directed Individual Study in Earth Systems
Under supervision of an Earth Systems faculty member on a subject of mutual interest.

Terms: Aut, Win, Spr, Sum | Units: 1-9 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Anderson, M. (PI); Archie, P. (PI); Ardoin, N. (PI); Arrigo, K. (PI); Asner, G. (PI); Banerjee, B. (PI); Barry, M. (PI); Block, B. (PI); Boggs, C. (PI); Boucher,
A. (PI); Cain, B. (PI); Caldeira, K. (PI); Caldwell, M. (PI); Carlisle, L. (PI); Casciotti, K. (PI); Chamberlain, P. (PI); Curran, L. (PI); Daily, G. (PI); Davis, J. (PI); Denny,
M. (PI); Diffenbaugh, N. (PI); Dirzo, R. (PI); Dunbar, R. (PI); Durham, W. (PI); Egger, A. (PI); Ernst, W. (PI); Falcon, W. (PI); Fendorf, S. (PI); Field, C. (PI); Francis, C.
(PI); Frank, Z. (PI); Freyberg, D. (PI); Fukami, T. (PI); Gardner, C. (PI); Gerritsen, M. (PI); Gilly, W. (PI); Gordon, D. (PI); Gorelick, S. (PI); Goulder, L. (PI); Hadly, E.
(PI); Hawk, S. (PI); Hayden, T. (PI); Hecker, S. (PI); Hilley, G. (PI); Hoagland, S. (PI); Ihme, M. (PI); Ingle, J. (PI); Jackson, R. (PI); Jacobson, M. (PI); Jamieson, A.
(PI); Jones, J. (PI); Kennedy, D. (PI); Kennedy, J. (PI); Knight, R. (PI); Koseff, J. (PI); Kovscek, A. (PI); Lambin, E. (PI); Lawrence, K. (PI); Litvak, L. (PI); Lobell, D.
(PI); Long, S. (PI); Lutomski, P. (PI); Lynham, J. (PI); Lyons, E. (PI); Masters, G. (PI); Matson, P. (PI); Micheli, F. (PI); Monismith, S. (PI); Mooney, H. (PI); Mormann, F.
(PI); Naylor, R. (PI); Nelson, J. (PI); Nevle, R. (PI); Novy-Hildesley, J. (PI); Orr, F. (PI); Ortolano, L. (PI); Osborne, M. (PI); Palumbi, S. (PI); Payne, J. (PI); Phillips, K.
(PI); Polk, E. (PI); Rajaratnam, B. (PI); Root, T. (PI); Rothe, M. (PI); Saltzman, J. (PI); Schneider, S. (PI); Schoolnik, G. (PI); Seto, K. (PI); Shiv, B. (PI); Siegel, R. (PI);
Simon, G. (PI); Somero, G. (PI); Sweeney, J. (PI); Switzer, P. (PI); Tabazadeh, A. (PI); Thomas, L. (PI); Thompson, B. (PI); Truebe, S. (PI); Victor, D. (PI); Vitousek, P.
(PI); Walbot, V. (PI); Watanabe, J. (PI); Weyant, J. (PI); Wiederkehr, S. (PI); Wight, G. (PI); Wolak, F. (PI); Woodward, J. (PI); Zoback, M. (PI)

EARTHSYS 299: M.S. Thesis
Terms: Aut, Win, Spr, Sum | Units: 1-9 | Repeatable for credit | Grading: Letter (ABCD/NP)

Instructors: ; Anderson, M. (PI); Ardoin, N. (PI); Arrigo, K. (PI); Asner, G. (PI); Block, B. (PI); Boggs, C. (PI); Boucher, A. (PI); Caldwell, M. (PI); Casciotti, K. (PI);
Chamberlain, P. (PI); Daily, G. (PI); Davis, J. (PI); De Leo, G. (PI); Denny, M. (PI); Diffenbaugh, N. (PI); Dirzo, R. (PI); Dunbar, R. (PI); Durham, W. (PI); Egger, A. (PI);
Ernst, W. (PI); Falcon, W. (PI); Fendorf, S. (PI); Field, C. (PI); Francis, C. (PI); Frank, Z. (PI); Freyberg, D. (PI); Gerritsen, M. (PI); Gilly, W. (PI); Gordon, D. (PI);
Gorelick, S. (PI); Goulder, L. (PI); Hadly, E. (PI); Hayden, T. (PI); Hecker, S. (PI); Hilley, G. (PI); Ingle, J. (PI); Kennedy, D. (PI); Kennedy, J. (PI); Knight, R. (PI);
Koseff, J. (PI); Kovscek, A. (PI); Lambin, E. (PI); Litvak, L. (PI); Lobell, D. (PI); Long, S. (PI); Masters, G. (PI); Matson, P. (PI); Monismith, S. (PI); Mooney, H. (PI);
Naylor, R. (PI); O'Neill, M. (PI); Orr, F. (PI); Ortolano, L. (PI); Palumbi, S. (PI); Payne, J. (PI); Schneider, S. (PI); Schoolnik, G. (PI); Seto, K. (PI); Somero, G. (PI);
Sweeney, J. (PI); Switzer, P. (PI); Tabazadeh, A. (PI); Thomas, L. (PI); Thompson, B. (PI); Victor, D. (PI); Vitousek, P. (PI); Walbot, V. (PI); Watanabe, J. (PI); Weyant,
J. (PI); Wiederkehr, S. (PI); Woodward, J. (PI); Zoback, M. (PI)

EARTHSYS 323: Stanford at Sea (BIOHOPK 182H, BIOHOPK 323H, ESS 323)
(Graduate students register for 323H.) Five weeks of marine science including oceanography, marine physiology, policy, maritime studies, conservation, and nautical
science at Hopkins Marine Station, followed by five weeks at sea aboard a sailing research vessel in the Pacific Ocean. Shore component comprised of three
multidisciplinary courses meeting daily and continuing aboard ship. Students develop an independent research project plan while ashore, and carry out the research
at sea. In collaboration with the Sea Education Association of Woods Hole, MA. Only 6 units may count towards the Biology major.

Terms: Spr | Units: 16 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Block, B. (PI); Dunbar, R. (PI); Bacasen, K. (TA); Mikles, C. (TA)

EARTHSYS 332: Theory and Practice of Environmental Education (EDUC 332)
Foundational understanding of the history, theoretical underpinnings, and practice of environmental education as a tool for addressing today's pressing
environmental issues. The purpose, design, and implementation of environmental education in formal and nonformal settings with youth and adult audiences. Field
trip and community-based project offer opportunities for experiencing and engaging with environmental education initiatives.

Last offered: Spring 2018 | Units: 3 | Grading: Letter (ABCD/NP)

EARTHSYS 801: TGR Project
Terms: Aut, Win, Spr, Sum | Units: 0 | Repeatable for credit | Grading: TGR

Instructors: ; Anderson, M. (PI); Ardoin, N. (PI); Arrigo, K. (PI); Asner, G. (PI); Block, B. (PI); Boggs, C. (PI); Boucher, A. (PI); Caldwell, M. (PI); Casciotti, K. (PI);
Daily, G. (PI); Davis, J. (PI); Denny, M. (PI); Diffenbaugh, N. (PI); Dirzo, R. (PI); Dunbar, R. (PI); Durham, W. (PI); Egger, A. (PI); Ernst, W. (PI); Falcon, W. (PI);
Fendorf, S. (PI); Field, C. (PI); Francis, C. (PI); Frank, Z. (PI); Freyberg, D. (PI); Gerritsen, M. (PI); Gilly, W. (PI); Gordon, D. (PI); Gorelick, S. (PI); Goulder, L. (PI);
Hadly, E. (PI); Hayden, T. (PI); Hilley, G. (PI); Ingle, J. (PI); Kennedy, D. (PI); Kennedy, J. (PI); Knight, R. (PI); Koseff, J. (PI); Kovscek, A. (PI); Lambin, E. (PI); Litvak,
L. (PI); Lobell, D. (PI); Long, S. (PI); Masters, G. (PI); Matson, P. (PI); Monismith, S. (PI); Mooney, H. (PI); Naylor, R. (PI); Orr, F. (PI); Palumbi, S. (PI); Payne, J. (PI);
Rajaratnam, B. (PI); Schneider, S. (PI); Schoolnik, G. (PI); Seto, K. (PI); Somero, G. (PI); Sweeney, J. (PI); Switzer, P. (PI); Tabazadeh, A. (PI); Thomas, L. (PI);
Thompson, B. (PI); Victor, D. (PI); Vitousek, P. (PI); Walbot, V. (PI); Watanabe, J. (PI); Weyant, J. (PI); Wiederkehr, S. (PI); Woodward, J. (PI); Zoback, M. (PI)

EASTASN 117: Health and Healthcare Systems in East Asia (EASTASN 217)
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China, Japan, and both Koreas. Healthcare economics as applied to East Asian health policy, including economic development, population aging, infectious disease
outbreaks (SARS, COVID-19)..., social health insurance, health service delivery, payment incentives, competition, workforce policy, pharmaceutical industry, and
regulation. No prior knowledge of economics or healthcare required.

Terms: Win | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Eggleston, K. (PI)

EASTASN 217: Health and Healthcare Systems in East Asia (EASTASN 117)
China, Japan, and both Koreas. Healthcare economics as applied to East Asian health policy, including economic development, population aging, infectious disease
outbreaks (SARS, COVID-19)..., social health insurance, health service delivery, payment incentives, competition, workforce policy, pharmaceutical industry, and
regulation. No prior knowledge of economics or healthcare required.

Terms: Win | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Eggleston, K. (PI)

ECON 15N: The Economics of Immigration in the US: Past and Present
The United States has long been perceived as a land of opportunity for immigrants. Yet, both in the past and today, policy makers have often expressed concerns
that immigrants fail to integrate into US society and lower wages for existing workers. There is an increasingly heated debate about how strict migration policy
should be. This debate is rarely based on discussion of facts about immigrants assimilation. This class will review the literature on historical and contemporary
migrant flows. We will tackle three major questions in the economics of immigration: whether immigrants were positively or negatively selected from their sending
countries; how immigrants assimilated into the US economy and society; and what effects that immigration may have on the economy, including the effect of
immigration on native employment and wages. In each case, we will present studies covering the two main eras of US immigration history, the Age of Mass Migration
from Europe (1850-1920) and the recent period of renewed mass migration from Asia and Latin America. Students will participate in a final project, which could
include developing their own recommendations for how to design immigration policy in the US. Prerequisite: Completion of ECON 1 in a previous quarter;
concurrent enrollment in ECON 1 in Winter Quarter; or, approved ECON 1 waiver on file with the Department of Economics.

Last offered: Winter 2019 | Units: 3 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

ECON 17N: Energy, the Environment, and the Economy
Examines the intimate relationship between environmental quality and the production and consumption of energy. Assesses the economics efficiency and political
economy implications of a number of current topics in energy and environmental economics. Topics include: the economic theory of exhaustible resources,
Greenhouse Gas Emissions (GHG) control (cap and trade mechanisms and carbon fees), GHG emissions offsets, the Strategic Petroleum Reserve (SPR), the "smart"
transmission grid for electricity, nuclear energy and nuclear waste, the real cost of renewable energy, natural gas and coal-fired electricity production, the global
coal and natural gas markets, Corporate Average Fuel Efficiency (CAFE) and Low-Carbon Fuel Standards (LCFS), Energy Efficiency Investments and Demand
Response, and Carbon Capture and Sequestration (CCS). For all topics, there will be reading to explain the economics and engineering behind the topic and class
discussion to clarify and elaborate on this interaction. Prerequisite: Econ 1 is recommended.

Terms: Win | Units: 3 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Wolak, F. (PI)

ECON 106: World Food Economy (EARTHSYS 106, EARTHSYS 206, ECON 206, ESS 106, ESS 206)
The World Food Economy is a survey course that covers the economic and political dimensions of food production, consumption, and trade. The course focuses on
food markets and food policy within a global context. It is comprised of three major sections: structural features (agronomic, technological, and economic) that
determine the nature of domestic food systems; the role of domestic food and agricultural policies in international markets; and the integrating forces of
international research, trade, and food aid in the world food economy. This 5-unit course entails a substantial group modeling project that is required for all
students. Enrollment is by application only. The application is found at https://economics.stanford.edu/undergraduate/forms. Deadline: March 15, 2022.

Terms: Spr | Units: 5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Naylor, R. (PI); Nyakundi, F. (TA); Zhong, C. (TA)

ECON 118: Development Economics
The microeconomic problems and policy concerns of less developed countries. Topics include: health and education; risk and insurance; microfinance; agriculture;
technology; governance. Emphasis is on economic models and empirical evidence. Prerequisites: ECON 50, ECON 102B.

Terms: Win | Units: 5 | UG Reqs: GER:EC-GlobalCom, WAY-AQR, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Morten, M. (PI)

ECON 126: Economics of Health and Medical Care (BIOMEDIN 156, BIOMEDIN 256, HRP 256)
Institutional, theoretical, and empirical analysis of the problems of health and medical care. Topics: demand for medical care and medical insurance; institutions in
the health sector; economics of information applied to the market for health insurance and for health care; measurement and valuation of health; competition in
health care delivery. Graduate students with research interests should take ECON 249. Prerequisites: ECON 50 and either ECON 102A or STATS 116 or the equivalent.
Recommended: ECON 51.

Terms: Aut, Spr | Units: 5 | UG Reqs: WAY-SI | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Bhattacharya, J. (PI); MaCurdy, T. (PI); Wilcher, B. (PI); Anderson, J. (TA); Pousada, B. (TA)

ECON 127: Economics of Health Improvement in Developing Countries (MED 262)
Application of economic paradigms and empirical methods to health improvement in developing countries. Emphasis is on unifying analytic frameworks and
evaluation of empirical evidence. How economic views differ from public health, medicine, and epidemiology; analytic paradigms for health and population change;
the demand for health; the role of health in international development. Prerequisites: ECON 50 and ECON 102B.

Last offered: Spring 2021 | Units: 5 | UG Reqs: WAY-SI | Grading: Medical Option (Med-Ltr-CR/NC)

ECON 146: Economics of Education
How a decision to invest in education is affected by factors including ability and family background. Markets for elementary and secondary schooling; topics such as
vouchers and charter schools, accountability, expenditure equalization among schools, and the teacher labor market.The market for college education emphasizing
how college tuition is determined, and whether students are matched efficiently with colleges. How education affects economic growth, focusing on developing
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countries. Theory and empirical results. Application of economics from fields such as public economics, labor economics, macroeconomics, and industrial
organization. Prerequisites: ECON 50, ECON 102B.

Last offered: Autumn 2020 | Units: 5 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

ECON 155: Environmental Economics and Policy
Economic sources of environmental problems and alternative policies for dealing with them (technology standards, emissions taxes, and marketable pollution
permits). Evaluation of policies addressing local air pollution, global climate change, and the use of renewable resources. Connections between population growth,
economic output, environmental quality, sustainable development, and human welfare. Prerequisite: ECON 50. May be taken concurrently with consent of the
instructor.

Terms: Aut | Units: 5 | UG Reqs: GER: DB-NatSci, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Goulder, L. (PI); Grasley, N. (TA); Kissel, H. (TA)

ECON 158: Regulatory Economics
Economics 158 examines public policies for dealing with problems arising in markets in which competitive forces are weak. The focus is on monopolies, oligopolies,
cartels, and other environments where market mechanisms are unlikely to produce outcomes that benefit consumers more than the alternatives involving costly
government intervention. The two main areas examined are competition policy and economic regulation. Competition policy refers to laws that define certain
market behavior as illegal because it is harmful to competition or fails to provide consumer benefits that justify its costs to consumers. Economic regulation refers
to policies in which government controls prices and/or decides the terms and conditions under which firms can participate in a market. A growing area of study and
policy design is the introduction of market mechanisms into formerly regulated industries such as: telecommunications, electricity, airlines, railroads, postal
delivery services and environmental regulation. Cross-listed with Law 1056. Prerequisites: Econ 51 or equivalent.

Last offered: Winter 2020 | Units: 5 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

ECON 159: Economic, Legal, and Political Analysis of Climate-Change Policy (EARTHSYS 159, ECON 209, PUBLPOL 159)
This course will advance students understanding of economic, legal, and political approaches to avoiding or managing the problem of global climate change.
Theoretical contributions as well as empirical analyses will be considered. It will address economic issues, legal constraints, and political challenges associated with
various emissions-reduction and adaptation strategies, and it will consider policy efforts at the local, national, and international levels. Specific topics include:
interactions among overlapping climate policies, the strengths and weaknesses of alternative policy instruments, trade-offs among alternative policy objectives,
and decision making under uncertainty. Prerequisites: Econ 50 or its equivalent.

Last offered: Spring 2019 | Units: 5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

ECON 206: World Food Economy (EARTHSYS 106, EARTHSYS 206, ECON 106, ESS 106, ESS 206)
The World Food Economy is a survey course that covers the economic and political dimensions of food production, consumption, and trade. The course focuses on
food markets and food policy within a global context. It is comprised of three major sections: structural features (agronomic, technological, and economic) that
determine the nature of domestic food systems; the role of domestic food and agricultural policies in international markets; and the integrating forces of
international research, trade, and food aid in the world food economy. This 5-unit course entails a substantial group modeling project that is required for all
students. Enrollment is by application only. The application is found at https://economics.stanford.edu/undergraduate/forms. Deadline: March 15, 2022.

Terms: Spr | Units: 5 | Grading: Letter (ABCD/NP)

Instructors: ; Naylor, R. (PI); Nyakundi, F. (TA); Zhong, C. (TA)

ECON 209: Economic, Legal, and Political Analysis of Climate-Change Policy (EARTHSYS 159, ECON 159, PUBLPOL 159)
This course will advance students understanding of economic, legal, and political approaches to avoiding or managing the problem of global climate change.
Theoretical contributions as well as empirical analyses will be considered. It will address economic issues, legal constraints, and political challenges associated with
various emissions-reduction and adaptation strategies, and it will consider policy efforts at the local, national, and international levels. Specific topics include:
interactions among overlapping climate policies, the strengths and weaknesses of alternative policy instruments, trade-offs among alternative policy objectives,
and decision making under uncertainty. Prerequisites: Econ 50 or its equivalent.

Last offered: Spring 2019 | Units: 5 | Grading: Letter (ABCD/NP)

ECON 214: Development Economics I
This course uses microeconomic theory and empirical analyses to understand barriers to human and economic development in lower income countries, as well as
how public policies are formulated and their effectiveness at alleviating poverty. Topics include institutions and governance; human capital accumulation;
productivity; inequality; poverty traps. Prerequisites: 202 or 202N, 270.

Terms: Aut | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Dupas, P. (PI); Morten, M. (PI)

ECON 216: Development Economics III
This course focuses on savings, credit, informal insurance, the expansion of microfinance, social networks, social learning and technology adoption, public finance
and firm organizations. Prerequisite: 202, 203, 204, 210, 211, 212, 270, 271, 272.

Terms: Spr | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Chandrasekhar, A. (PI)

ECON 250: Environmental Economics
Theoretical and empirical analysis of sources of and solutions to environmental problems, with application to local pollution challenges and global environmental
issues such as climate change. Topics include: analysis of market failure, choice of environmental policy instruments, integrating environmental and distortionary
taxes, environmental policy making under uncertainty, valuing environmental amenities, and measuring /promoting sustainable development.

Terms: Win | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Goulder, L. (PI)

ECON 251: Natural Resource and Energy Economics
Economic theory and empirical analysis of non-renewable and renewable natural resources, with considerable attention to energy provision and use. Topics include:
exhaustible resources; renewable resources; and energy industry market structure, pricing, and performance. Prerequisites: 202, 203, 204, 271, and 272, or
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equivalents with consent of instructor.

Last offered: Winter 2018 | Units: 2-5 | Grading: Letter or Credit/No Credit

ECON 341: Public Economics and Environmental Economics Seminar
Issues in measuring and evaluating the economic performance of government tax, expenditure, debt, and regulatory policies; their effects on levels and distribution
of income, wealth, and environmental quality; alternative policies and methods of evaluation. Workshop format combines student research, faculty presentations,
and guest speakers. Prerequisite: ECON 241 or consent of instructor.

Terms: Aut, Win, Spr | Units: 1-10 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Boskin, M. (PI); Duggan, M. (PI); Goulder, L. (PI); Hoxby, C. (PI); Persson, P. (PI); Shoven, J. (PI)

EDUC 100A: EAST House Seminar: Current Issues and Debates in Equity, Access & Society
EAST is the Equity, Access, and Society Theme House at Stanford University. The EAST House Seminar is primarily a speaker series designed to introduce students to
the research of Stanford faculty. In Autumn and Winter quarters, faculty and other scholars from around the University discuss their research related to equity,
access, and society, broadly construed. Each week will feature a speaker from disciplines ranging from the social sciences to the humanities who will engage
students with their work and what it means for understanding and/or addressing pressing issues in society. In Spring quarter, the seminar is a small group discussion
of weekly readings on a focused topic in equity, access, and education. Contact instructor for details. The seminar is repeatable for credit.

Terms: Aut | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Antonio, A. (PI)

EDUC 126A: Ethics and Leadership in Public Service (CSRE 126C, ETHICSOC 79, URBANST 126A)
This course explores ethical questions that arise in public service work, as well as leadership theory and skills relevant to public service work. Through readings,
discussions, in-class activities, assignments, and guest lectures, students will develop a foundation and vision for a future of ethical and effective service
leadership. This course serves as a gateway for interested students to participate in the Haas Center's Public Service Leadership Program.

Terms: Win | Units: 3-4 | UG Reqs: WAY-ER | Grading: Letter or Credit/No Credit

Instructors: ; Lobo, K. (PI)

EDUC 139: Educating Young STEM Thinkers (EDUC 239, ME 139, ME 231)
The course introduces students to the design thinking process, the national conversations about the future of STEM careers, and opportunities to work with middle
school students and K-12 teachers in STEM-based after-school activities and intercession camps. The course is both theory and practice focused. The purpose is
twofold; to provide reflection and mentoring opportunities for students to learn about pathways to STEM careers and to introduce mentoring opportunities with
young STEM thinkers.

Last offered: Autumn 2017 | Units: 3-5 | Repeatable 4 times (up to 20 units total) | Grading: Letter or Credit/No Credit

EDUC 170: Preparation for Independent Public Service Projects
Open only to recipients of the Haas Summer Fellowship, which offers students the opportunity to initiate and carry out an innovative service project in
collaboration with a community partner. Goal is to expand upon the work fellows did during the application process with respect to the feasibility and sustainability
of their field projects.

Last offered: Spring 2018 | Units: 1 | Grading: Satisfactory/No Credit

EDUC 239: Educating Young STEM Thinkers (ME 139, ME 231)
The course introduces students to the design thinking process, the national conversations about the future of STEM careers, and opportunities to work with middle
school students and K-12 teachers in STEM-based after-school activities and intercession camps. The course is both theory and practice focused. The purpose is
twofold; to provide reflection and mentoring opportunities for students to learn about pathways to STEM careers and to introduce mentoring opportunities with
young STEM thinkers.

Last offered: Autumn 2017 | Units: 3-5 | Repeatable 4 times (up to 20 units total) | Grading: Letter or Credit/No Credit

EDUC 267A: Curriculum and Instruction in Science
Possible objectives of secondary science teaching and related methods: selection and organization of content and instructional materials; lab and demonstration
techniques; evaluation, tests; curricular changes; ties with other subject areas. Prerequisite: STEP student or consent of instructor. (STEP)

Terms: Sum | Units: 2 | Grading: Letter (ABCD/NP)

Instructors: ; Brown, B. (PI); Dozier, S. (TA); Ribay, K. (TA)

EDUC 267B: Curriculum and Instruction in Science
Possible objectives of secondary science teaching and related methods: selection and organization of content and instructional materials; lab and demonstration
techniques; evaluation, tests; curricular changes; ties with other subject areas. Prerequisite: STEP student or consent of instructor. (STEP)

Terms: Aut | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Brown, B. (PI); Pimentel, D. (TA)

EDUC 267C: Curriculum and Instruction in Science
Possible objectives of secondary science teaching and related methods: selection and organization of content and instructional materials; lab and demonstration
techniques; evaluation, tests; curricular changes; ties with other subject areas. Prerequisite: STEP student or consent of instructor. (STEP)

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Pimentel, D. (PI); Sircar, M. (PI)

EDUC 267E: Development of Scientific Reasoning and Knowledge
For STEP elementary teacher candidates. Theories and methods of teaching and learning science. How to develop curricula and criteria for critiquing curricula.
Students design a science curriculum plan for a real setting. State and national science frameworks and content standards. Alternative teaching approaches; how to
select approaches that are compatible with learner experience and lesson objectives. Focus is on the linguistic and cultural diversity of California public school
students.

https://explorecourses.stanford.edu/instructor/boskin
https://explorecourses.stanford.edu/instructor/mgduggan
https://explorecourses.stanford.edu/instructor/goulder
https://explorecourses.stanford.edu/instructor/choxby
https://explorecourses.stanford.edu/instructor/perssonp
https://explorecourses.stanford.edu/instructor/shoven
https://explorecourses.stanford.edu/instructor/aantonio
https://explorecourses.stanford.edu/instructor/klobo
https://explorecourses.stanford.edu/instructor/brbrown
https://explorecourses.stanford.edu/instructor/dozier
https://explorecourses.stanford.edu/instructor/kribay
https://explorecourses.stanford.edu/instructor/brbrown
https://explorecourses.stanford.edu/instructor/dpimente
https://explorecourses.stanford.edu/instructor/dpimente
https://explorecourses.stanford.edu/instructor/monigeek


Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Diffenbaugh, P. (PI); Reigh, E. (TA)

EDUC 267F: Development of Scientific Reasoning and Knowledge II
Continuation of 267E. Scientific knowledge and pedagogical skills for supporting science instruction. Topics include: how children build scientific understandings and
what that understanding might look and sound like in young children; what school science is and how concepts are connected to the doing of it; physical, life, and
earth science constructs.

Last offered: Winter 2021 | Units: 3 | Grading: Letter (ABCD/NP)

EDUC 267G: Integrating the Garden into the Elementary Curriculum
This mini-course uses the garden and kitchen environments to provide teacher candidates with real-world contexts in which to explore some of the key issues that
children face in health, nutrition, and sustainability. Teacher candidates will gain an understanding of how to integrate the various themes with content areas and
standards and an appreciation for the importance of addressing children's health needs in an era when the country is facing increased obesity and other health
problems.

Terms: Spr | Units: 1 | Grading: Letter (ABCD/NP)

Instructors: ; Costanzo, R. (PI); Diffenbaugh, P. (PI)

EDUC 280: Learning & Teaching of Science (CTL 280, ENGR 295, MED 270, PHYSICS 295)
This course will provide students with a basic knowledge of the relevant research in cognitive psychology and science education and the ability to apply that
knowledge to enhance their ability to learn and teach science, particularly at the undergraduate level. Course will involve readings, discussion, and application of
the ideas through creation of learning activities. It is suitable for advanced undergraduates and graduate students with some science background.

Terms: Spr | Units: 3 | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Price, A. (PI); Trujillo, G. (PI)

EDUC 302: Behavior Design: Tiny Habits for Health and Happiness (WELLNESS 107)
Enrich your life with more humor and happiness, guided by BJ Fogg, Director of Stanford's Behavior Design Lab. This course covers how human behavior really
works, the Tiny Habits method, the myths of motivation, and a systematic way to design your life for good. Hands-on projects and empirical research come
together to illuminate the principles of Behavior Design. Apply material to your own behavior change journey and learn how to coach others.

Terms: Spr | Units: 2-3 | Grading: Letter or Credit/No Credit

Instructors: ; Fogg, B. (PI); Drapkin, T. (GP)

EDUC 320: Sociology of Science (EDUC 120, SOC 330, STS 200Q)
This course explores the social construction of scientific knowledge from various perspectives. The course begins by taking stock of core philosophical theories on
scientific knowledge and then it proceeds to ask how various authors have described and characterized this knowledge as socially embedded and constructed.
Through this course we will ask what sort of knowledge is considered scientific or not? And then from there, a variety of social, institutional and historical factors
will enter and influence not only how scientific knowledge is discovered and developed, but also how we evaluate it. This course is suitable to advanced
undergraduates and doctoral students.

Terms: Aut | Units: 3-4 | Grading: Letter (ABCD/NP)

Instructors: ; McFarland, D. (PI); D'Apice, H. (TA); LiCausi, T. (TA)

EDUC 332: Theory and Practice of Environmental Education (EARTHSYS 332)
Foundational understanding of the history, theoretical underpinnings, and practice of environmental education as a tool for addressing today's pressing
environmental issues. The purpose, design, and implementation of environmental education in formal and nonformal settings with youth and adult audiences. Field
trip and community-based project offer opportunities for experiencing and engaging with environmental education initiatives.

Last offered: Spring 2018 | Units: 3 | Grading: Letter (ABCD/NP)

EDUC 357: Science and Environmental Education in Informal Contexts
There are ever-expanding opportunities to learn science in contexts outside the formal classroom, in settings such as zoos, museums, and science centers. How are
issues around science and the environment presented in these contexts, how do people behave and learn in these contexts, and what messages do they take away?
This course will cover the learning theories and empirical research that has been conducted in these settings. Case studies of nearby science centers will add an
experiential dimension.

Last offered: Winter 2019 | Units: 3-4 | Grading: Letter or Credit/No Credit

EDUC 359C: Science Literacy
The changing debate over conceptions of the nature of science and the calls to broaden it. Themes, directions, limitations, and epistemological foundations of the
body of research on the nature of science.

Last offered: Autumn 2017 | Units: 2-3 | Repeatable for credit | Grading: Letter or Credit/No Credit

EDUC 362: The Science Curriculum: Values and Ideology in a Contested Terrain
The issue of what should be taught in schools is a site of contestation where issues of beliefs, values and ideologies emerge. This course will use the school science
curriculum and the history of its development to explore the common positions adopted and argued for in approaching curriculum development. Course will help
students develop a knowledge of curriculum reform in school science and a deeper understanding of the arguments that have shaped its present form and their
historical antecedents.

Last offered: Autumn 2018 | Units: 2-4 | Grading: Letter or Credit/No Credit

EDUC 379: Moral, Civic, and Environmental Education (ENVRES 255)
An examination of the conceptual foundations that underlie moral, civic, and environmental action in contemporary society, and the social, cognitive, and
motivational capacities that make possible constructive participation. The course will discuss both in-school and beyond-schools ways in which young people can be
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educated for informed and constructive participation. Among the educational methods to be considered will be narrative treatments of exemplary figures in the
moral, civic, and environmental domains.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Ardoin, N. (PI)

EE 46: Engineering For Good: Contributing to Saving the World and Having Fun Doing It
Projects that provide immediate and positive impact on the world. Focus is on global health and sustainable development by learning from experts in these fields.
Students work on real-world projects with help from members of NGOs and social entrepreneurial companies as part of the hand-on learning experience.
Prerequisite: ENGR 21 or ENGR 40M or EE 122A or CS 106B or consent of instructor.

Last offered: Winter 2020 | Units: 3 | Grading: Letter or Credit/No Credit

EE 60N: Man versus Nature: Coping with Disasters Using Space Technology (GEOPHYS 60N)
Preference to freshman. Natural hazards, earthquakes, volcanoes, floods, hurricanes, and fires, and how they affect people and society; great disasters such as
asteroid impacts that periodically obliterate many species of life. Scientific issues, political and social consequences, costs of disaster mitigation, and how scientific
knowledge affects policy. How spaceborne imaging technology makes it possible to respond quickly and mitigate consequences; how it is applied to natural
disasters; and remote sensing data manipulation and analysis. GER:DB-EngrAppSci

Last offered: Autumn 2018 | Units: 4 | UG Reqs: GER:DB-EngrAppSci, WAY-SMA | Grading: Letter or Credit/No Credit

EE 116: Semiconductor Devices for Energy and Electronics
The underpinnings of modern technology are the transistor (circuits), the capacitor (memory), and the solar cell (energy). EE 116 introduces the physics of their
operation, their historical origins (including Nobel prize breakthroughs), and how they can be optimized for future applications. The class covers physical principles
of semiconductors, including silicon and new material discoveries, quantum effects, band theory, operating principles, and device equations. Recommended (but
not required) co-requisite: EE 65 or equivalent.

Terms: Aut | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-FR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Chowdhury, S. (PI); Woo, K. (TA)

EE 142: Engineering Electromagnetics
Introduction to electromagnetism and Maxwell's equations in static and dynamic regimes. Electrostatics and magnetostatics: Gauss's, Coulomb's, Faraday's,
Ampere's, Biot-Savart's laws. Electric and magnetic potentials. Boundary conditions. Electric and magnetic field energy. Electrodynamics: Wave equation;
Electromagnetic waves; Phasor form of Maxwell's equations.nSolution of the wave equation in 1D free space: Wavelength, wave-vector, forward and backward
propagating plane waves.Poynting's theorem. Propagation in lossy media, skin depth. Reflection and refraction at planar boundaries, total internal reflection.
Solutions of wave equation for various 1D-3D problems: Electromagnetic resonators, waveguides periodic media, transmission lines. Formerly EE 141. Prerequisites:
an introductory course in electromagnetics (PHYS 43, PHYS 65, or EE 42) and a solid background in vector calculus (CME 100, CME 102, or MATH 52, with MATH 52
being an ideal prerequisite)

Terms: Win | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-FR, WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Fan, J. (PI); Alexopoulos, G. (TA)

EE 155: Green Electronics (EE 255)
Many green technologies including hybrid cars, photovoltaic energy systems, efficient power supplies, and energy-conserving control systems have at their heart
intelligent, high-power electronics. This course examines this technology and uses green-tech examples to teach the engineering principles of modeling,
optimization, analysis, simulation, and design. Topics include power converter topologies, periodic steady-state analysis, control, motors and drives, photovol-taic
systems, and design of magnetic components. The course involves a hands-on laboratory and a substantial final project. Formerly EE 152. Required: EE101B,
EE102A, EE108. Recommended: ENGR40 or EE122A.

Last offered: Autumn 2018 | Units: 4 | Grading: Letter or Credit/No Credit

EE 237: Solar Energy Conversion
This course will be an introduction to solar photovoltaics. No prior photovoltaics knowledge is required. Class lectures will be supplemented by guest lectures from
distinguished engineers, entrepreneurs and venture capitalists actively engaged in solar industry. Past guest speakers include Richard Swanson (CEO, SunPower),
Benjamin Cook (Managing Partner at NextPower Capital) and Shahin Farshchi (Partner, Lux Capital). Topics Include: Economics of solar energy. Solar energy policy.
Solar cell device physics: electrical and optical. Different generations of photovoltaic technology: crystalline silicon, thin film, multi-junction solar cells. Perovskite
and silicon tandem cells. Advanced energy conversion concepts like photon up-conversion, quantum dot solar cells. Solar system issues including module assembly,
inverters, micro-inverters and microgrid. No prior photovoltaics knowledge is required. Recommended: EE116, EE216 or equivalent.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Congreve, D. (PI); Mahajan, M. (TA)

EE 255: Green Electronics (EE 155)
Many green technologies including hybrid cars, photovoltaic energy systems, efficient power supplies, and energy-conserving control systems have at their heart
intelligent, high-power electronics. This course examines this technology and uses green-tech examples to teach the engineering principles of modeling,
optimization, analysis, simulation, and design. Topics include power converter topologies, periodic steady-state analysis, control, motors and drives, photovol-taic
systems, and design of magnetic components. The course involves a hands-on laboratory and a substantial final project. Formerly EE 152. Required: EE101B,
EE102A, EE108. Recommended: ENGR40 or EE122A.

Last offered: Autumn 2018 | Units: 4 | Grading: Letter or Credit/No Credit

EE 292H: Engineering, Entrepreneurship & Climate Change
The purpose of this seminar series course is to help students and professionals develop the tools to apply the engineering and entrepreneurial mindset to problems
that stem from climate change, in order to consider and evaluate possible stabilizing, remedial and adaptive approaches. This course is not a crash course on
climate change or policy. Instead we will focus on learning about and discussing the climate problems that seem most tractable to these approaches. Each week Dr.
Field and/or a guest speaker will lead a short warm-up discussion/activity and then deliver a talk in his/her area of expertise. We will wrap up with small-group and
full-class discussions of related challenges/opportunities and possible engineering-oriented solutions. Class members are asked to do background reading before
each class, to submit a question before each lecture, and to do in-class brainstorming. May be repeated for credit.
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Terms: Spr | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Field, L. (PI)

EE 293B: Fundamentals of Energy Processes (ENERGY 293B)
For seniors and graduate students. Covers scientific and engineering fundamentals of renewable energy processes involving heat. Thermodynamics, heat engines,
solar thermal, geothermal, biomass. Recommended: MATH 19-21; PHYSICS 41, 43, 45

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Brandt, A. (PI); Horne, R. (PI); Kovscek, A. (PI); Cho, I. (TA); Zhang, Z. (TA)

EMED 124: Wilderness First Aid
Provides basic introductory back country and emergency medicine skill development. Topics covered include patient assessment, addressing life threats, shock,
spine safety, musculoskeletal injuries, medical emergencies, and environmental emergencies.

Terms: Aut, Win, Spr, Sum | Units: 2 | Repeatable 3 times (up to 6 units total) | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Lowley, S. (PI); Thompson, A. (PI); Wright, P. (PI); Thompson, A. (SI)

EMED 126: Wilderness First Responder
A more advanced and intensive class building on wilderness first aid that teaches first responder skills using improvised resources in varying environmental
conditions and extended-care situations. This is used as a framework for learning to respond to medical emergencies in remote wilderness settings. Examines
necessary tools to make critical medical and evacuation decisions.

Last offered: Winter 2021 | Units: 4 | Repeatable 3 times (up to 12 units total) | Grading: Medical Option (Med-Ltr-CR/NC)

EMED 128: Wilderness Medicine: Continued practical experience for high-quality care
Ongoing training for current wilderness medicine providers (WFA, AFR, WEMT). Students practice BLS assessment and medical care through outdoor simulations,
labs, and workshops. Work in small teams, refine essential skills and garner knowledge, and judgement. Topics include traumatic, environmental, and medical
scenarios in a backcountry setting where communication and resources are limited. Pre-requisite is completion of EMED224 or EMED 226 (or equivalent; current
certification required) & current CPR certification; or instructor approval.

Last offered: Spring 2020 | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Medical Satisfactory/No Credit

EMED 134: The Impact of Climate Change on Human Health (EMED 234)
Climate change is one of the most pressing issues facing all subsequent generations of patients and physicians. This weekly seminar aims to introduce medical
trainees to a variety of climate change topics and advanced clinical considerations specific to climate change. Course content will cover climate and disease,
sustainable medicine, advocacy and related social justice aspects. The course will feature speakers who are leaders in this emerging domain and provide patient
perspectives of climate change. Each class session is designed to be interactive, with a mix of didactic lecture and small group discussion or Q&A sessions. Optional
study materials will supplement each weekly topic for further study.

Terms: Win | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Medical Satisfactory/No Credit

Instructors: ; Harter, P. (PI)

EMED 234: The Impact of Climate Change on Human Health (EMED 134)
Climate change is one of the most pressing issues facing all subsequent generations of patients and physicians. This weekly seminar aims to introduce medical
trainees to a variety of climate change topics and advanced clinical considerations specific to climate change. Course content will cover climate and disease,
sustainable medicine, advocacy and related social justice aspects. The course will feature speakers who are leaders in this emerging domain and provide patient
perspectives of climate change. Each class session is designed to be interactive, with a mix of didactic lecture and small group discussion or Q&A sessions. Optional
study materials will supplement each weekly topic for further study.

Terms: Win | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Medical Satisfactory/No Credit

Instructors: ; Harter, P. (PI)

ENERGY 30N: Busting Energy Myths
Energy myths and misconceptions to better equip participants to understand a pathway for global energy transformation. Key concepts developed and employed
include energy [kinetic, potential, chemical, thermal, etc.], power, heat, renewables, efficiency, transmission, and life cycle analysis. Throughout this seminar
groups of students are challenged with "energy myths" and their task is to deconstruct these myths and convince their classmates in oral presentations that they
have indeed done so. Emphasis is on critical and analytical thinking, problem solving and presentation.

Terms: Aut | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Kovscek, A. (PI); Robertson, C. (PI); Cho, I. (TA)

ENERGY 73: Energy Policy in California and the West (CEE 263G, POLISCI 73, PUBLPOL 73)
This seminar provides an in-depth analysis of the role of California state agencies and Western energy organizations in driving energy policy development,
technology innovation, and market structures, in California, the West and internationally. The course covers three areas: 1) roles and responsibilities of key state
agencies and Western energy organizations; 2) current and evolving energy and climate policies; and 3) development of the 21st century electricity system in
California and the West. The seminar will also provide students a guideline of what to expect in professional working environment.

Terms: Spr | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Cain, B. (PI); Marcus, F. (PI)

ENERGY 101: Energy and the Environment (EARTHSYS 101)
Energy use in modern society and the consequences of current and future energy use patterns. Case studies illustrate resource estimation, engineering analysis of
energy systems, and options for managing carbon emissions. Focus is on energy definitions, use patterns, resource estimation, pollution. Recommended: MATH 21 or
42.

Terms: Win | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Azevedo, I. (PI); Durlofsky, L. (PI); Angliviel de La Beaumelle, N. (TA); Brainerd, A. (TA)
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ENERGY 101A: Energizing California
A weekend field trip featuring renewable and nonrenewable energy installations in Northern California. Tour geothermal, bioenergy, and natural gas field sites with
expert guides from the Department of Energy Resources Engineering. Requirements: One campus meeting and weekend field trip. Enrollment limited to 25.
Freshman have first choice.

Last offered: Spring 2020 | Units: 1 | Grading: Satisfactory/No Credit

ENERGY 102: Fundamentals of Renewable Power (EARTHSYS 102)
Do you want a much better understanding of renewable power technologies? Did you know that wind and solar are the fastest growing forms of electricity
generation? Are you interested in hearing about the most recent, and future, designs for green power? Do you want to understand what limits power extraction
from renewable resources and how current designs could be improved? This course dives deep into these and related issues for wind, solar, biomass, geothermal,
tidal and wave power technologies. We welcome all student, from non-majors to MBAs and grad students. If you are potentially interested in an energy or
environmental related major, this course is particularly useful. Recommended: Math 21 or 42.

Terms: Spr | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Kovscek, A. (PI); Okoroafor, R. (PI); Gerritsen, M. (SI); Cochrane, S. (TA); Reade Malagueno, B. (TA); Stevenson, J. (TA)

ENERGY 104: Sustainable Energy for 9 Billion (ENERGY 204)
This course explores the global transition to a sustainable global energy system. We will formulate and program simple models for future energy system pathways.
We will explore the drivers of global energy demand and carbon emissions, as well as the technologies that can help us meet this demand sustainably. We will
consider constraints on the large-scale deployment of technology and difficulties of a transition at large scales and over long time periods. Assignments will focus
on building models of key aspects of the energy transition, including global, regional and sectoral energy demand and emissions as well as economics of change.
Prerequisites: students should be comfortable with calculus and linear algebra (e.g. Math 20, Math 51) and be familiar with computer programming (e.g. CS106A,
CS106B). We will use the Python programming language to build our models.

Terms: Win | Units: 3 | UG Reqs: WAY-AQR | Grading: Letter (ABCD/NP)

Instructors: ; de Chalendar, J. (PI); Grekin, R. (TA); Hennessy, N. (TA)

ENERGY 110: Engineering Economics
The success of energy projects and companies is judged by technical, economic and financial criteria. This course will introduce concepts of engineering economy,
e.g., time value of money, life cycle costs and financial metrics, and explore their application to the business of energy. We will use case studies, business school
cases and possibly industry guest lecturers. Examples from the hydrocarbon businesses that dominate energy today will provide the framework for the analysis of
both conventional and renewable energy.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Sears, R. (PI); Weber, R. (TA)

ENERGY 112: Exploring Geosciences with MATLAB (GEOPHYS 112)
How to use MATLAB as a tool for research and technical computing, including 2-D and 3-D visualization features, numerical capabilities, and toolboxes. Practical
skills in areas such as data analysis, regressions, optimization, spectral analysis, differential equations, image analysis, computational statistics, and Monte Carlo
simulations. Emphasis is on scientific and engineering applications. Offered every year, autumn quarter.

Terms: Aut | Units: 1-3 | Grading: Letter or Credit/No Credit

Instructors: ; Mukerji, T. (PI); Kanfar, R. (TA); Kashefi, A. (TA)

ENERGY 118: Safety and Environmental Aspects of Energy Production (ENERGY 218)
This course introduces safety, environmental and regulatory aspects of energy development and production. Students will learn about personal and process safety
management in energy projects, as well as major State and Federal laws and regulatory programs governing oil and gas, and renewables in the US. Lectures will
introduce and explain concepts of safety, regulation, environment, and sustainability, further illustrated through discussion of case studies from the global energy
industry. Many examples come from oil and gas because of the maturity of that industry and parallels with renewable energy will be discussed.

Last offered: Spring 2021 | Units: 3 | Grading: Letter or Credit/No Credit

ENERGY 120: Fundamentals of Petroleum Engineering (ENGR 120)
Lectures, problems, field trip. Engineering topics in petroleum recovery; origin, discovery, and development of oil and gas. Chemical, physical, and thermodynamic
properties of oil and natural gas. Material balance equations and reserve estimates using volumetric calculations. Gas laws. Single phase and multiphase flow
through porous media.

Terms: Aut | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-FR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Battiato, I. (PI); Horne, R. (PI); Cheng, J. (TA)

ENERGY 121: Fundamentals of Multiphase Flow (ENERGY 221)
Multiphase flow in porous media. Wettability, capillary pressure, imbibition and drainage, Leverett J-function, transition zone, vertical equilibrium. Relative
permeabilities, Darcy's law for multiphase flow, fractional flow equation, effects of gravity, Buckley-Leverett theory, recovery predictions, volumetric linear scaling,
JBN and Jones-Rozelle determination of relative permeability. Frontal advance equation, Buckley-Leverett equation as frontal advance solution, tracers in
multiphase flow, adsorption, three-phase relative permeabilities.

Terms: Win | Units: 3 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter (ABCD/NP)

Instructors: ; Tchelepi, H. (PI); Hasanzade, R. (TA)

ENERGY 123: When Technology Meets Reality; An In-depth Look at the Deepwater Horizon Blowout and Oil Spill
The Deepwater Horizon blowout and spill in April 2010 occurred on one of the most advanced deepwater drilling rigs in the world operated by one of the most
experienced companies. In this course we will look at and discuss the technologies and management practices involved in deepwater drilling and discuss how an
accident like this happens and what could have been done differently to avoid it. We will focus on the Horizon and also look briefly at other high profile industrial
and technological accidents.

Last offered: Spring 2018 | Units: 1 | Grading: Letter or Credit/No Credit
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ENERGY 130: Well Log Analysis I
For earth scientists and engineers. Interdisciplinary, providing a practical understanding of the interpretation of well logs. Lectures, problem sets using real field
examples: methods for evaluating the presence of hydrocarbons in rock formations penetrated by exploratory and development drilling. The fundamentals of all
types of logs, including electric and non-electric logs.

Last offered: Autumn 2018 | Units: 3 | Grading: Letter (ABCD/NP)

ENERGY 141: Seismic Reservoir Characterization (ENERGY 241, GEOPHYS 241A)
(Same as GP241) Practical methods for quantitative characterization and uncertainty assessment of subsurface reservoir models integrating well-log and seismic
data. Multidisciplinary combination of rock-physics, seismic attributes, sedimentological information and spatial statistical modeling techniques. Student teams
build reservoir models using limited well data and seismic attributes typically available in practice, comparing alternative approaches. Software provided (SGEMS,
Petrel, Matlab). Offered every other year.nRecommended: ERE240/260, or GP222/223, or GP260/262 or GES253/257; ERE246, GP112

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Mukerji, T. (PI); Fonseca, J. (TA)

ENERGY 146: Reservoir Characterization and Flow Modeling with Outcrop Data (ENERGY 246, GEOLSCI 246)
Course gives an overview of concepts from geology and geophysics relevant for building subsurface reservoir models. Includes a required 1-day field trip and hands-
on lab exercises. Target audience: MS and 1st year PhD students in PE/ERE/GS with little or no background in geology or geophysics. Topics include: basin and
petroleum systems, depositional settings, deformation and diagenesis, introduction to reflection seismic data, rock and fluid property measurements, geostatistics,
and flow in porous media.

Last offered: Autumn 2017 | Units: 3 | Grading: Letter (ABCD/NP)

ENERGY 153: Carbon Capture and Sequestration (ENERGY 253)
CO2 separation from syngas and flue gas for gasification and combustion processes. Transportation of CO2 in pipelines and sequestration in deep underground
geological formations. Pipeline specifications, monitoring, safety engineering, and costs for long distance transport of CO2. Comparison of options for geological
sequestration in oil and gas reservoirs, deep unmineable coal beds, and saline aquifers. Life cycle analysis.

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Orr, F. (PI); Ayoola, F. (TA); Callas, C. (TA)

ENERGY 155: Undergraduate Report on Energy Industry Training
On-the-job practical training under the guidance of on-site supervisors. Required report detailing work activities, problems, assignments and key results.
Prerequisite: written consent of instructor.

Terms: Aut, Win, Spr, Sum | Units: 1-3 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Battiato, I. (PI); Benson, S. (PI); Brandt, A. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI); Tartakovsky, D.
(PI); Tchelepi, H. (PI)

ENERGY 160: Uncertainty Quantification in Data-Centric Simulations (ENERGY 260)
This course provides a brief survey of mathematical methods for uncertainty quantification. It highlights various issues, techniques and practical tools available for
modeling uncertainty in quantitative models of complex dynamic systems. Specific topics include basic concepts in probability and statistics, spatial statistics
(geostatistics and machine learning), Monte Carlo simulations, global and local sensitivity analyses, surrogate models, and computational alternatives to Monte
Carlo simulations (e.g., quasi-MC, moment equations, the method of distributions, polynomial chaos expansions). Prerequisites: algebra (CME 104 or equivalent),
introductory statistics course (CME 106 or equivalent).

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Tartakovsky, D. (PI); Song, D. (TA); li, w. (TA)

ENERGY 167: Engineering Appraisal and Economic Valuation of Energy Assets and Projects (ENERGY 267)
Engineering appraisal and economic valuation of energy assets and projects. Course examples span a range of energy assets including oil/gas and renewable energy
projects. Course covers methods of estimating productive capacity, reserves, operating costs, depletion and depreciation, value of future profits, taxation, fair
market value, and discounted cash flow valuation (DCF) method. Original or guided research problems on economic topics with report. Prerequisite: consent of
instructor.

Terms: Spr | Units: 3 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter or Credit/No Credit

Instructors: ; Kourt, W. (PI); Pande, K. (PI); Fraces Gasmi, C. (TA)

ENERGY 171: Energy Infrastructure, Technology and Economics (ENERGY 271)
Oil and gas represents more than 50% of global primary energy. In delivering energy at scale, the industry has developed global infrastructure with supporting
technology that gives it enormous advantages in energy markets; this course explores how the oil and gas industry operates. From the perspective of these
established systems and technologies, we will look at the complexity of energy systems, and will consider how installed infrastructure enables technology
development and deployment, impacts energy supply, and how existing infrastructure and capital invested in fossil energy impacts renewable energy development.
Prerequisites: Energy 101 and 102 or permission of instructor.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

ENERGY 175: Well Test Analysis
Lectures, problems. Application of solutions of unsteady flow in porous media to transient pressure analysis of oil, gas, water, and geothermal wells. Pressure
buildup analysis and drawdown. Design of well tests. Computer-aided interpretation.

Last offered: Spring 2020 | Units: 3 | Repeatable 2 times (up to 6 units total) | Grading: Letter or Credit/No Credit

ENERGY 177A: Engineering and Sustainable Development: Toolkit (ENERGY 277A)
The first of a two-quarter, project-based course sequence that address cultural, sociopolitical, organizational, technical, and ethical issues at the heart of
implementing sustainable engineering projects in a developing world. Students work in interdisciplinary project teams to tackle real-world design challenges in
partnership with social entrepreneurs, local communities, and/or NGOs. While students must have the skills and aptitude necessary to make meaningful
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contributions to technical product designs, the course is open to all backgrounds and majors. The first quarter focuses on cultural awareness, ethical implications,
user requirements, conceptual design, feasibility analysis, and implementation planning. Admission is by application. Students should plan to enroll in ENERGY
177B/277B Engineering & Sustainable Development: Implementation following successful completion of this course. Designated a Cardinal Course by the Haas
Center for Public Service. To satisfy a Ways requirement, students must register for an undergraduate course number (ENERGY 177A) and this course must be taken
for at least 3 units.

Terms: Win | Units: 1-3 | UG Reqs: WAY-ER | Repeatable 2 times (up to 6 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Cohen, S. (PI); Seamon, D. (TA); Wang, C. (TA)

ENERGY 177B: Engineering and Sustainable Development: Implementation (ENERGY 277B)
The second of a two-quarter, project-based course sequence that address cultural, political, organizational, technical and business issues at the heart of
implementing sustainable engineering projects in the developing world. Students work in interdisciplinary project teams to tackle real-world design challenges in
partnership with social entrepreneurs and/or NGOs. This quarter focuses on implementation, evaluation, and deployment of the designs developed in the winter
quarter. Designated a Cardinal Course by the Haas Center for Public Service.

Terms: Spr | Units: 1-3 | Repeatable 2 times (up to 6 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Cohen, S. (PI); Seamon, D. (TA); Wang, C. (TA)

ENERGY 180: Oil and Gas Production Engineering (ENERGY 280)
Design and analysis of production systems for oil and gas reservoirs. Topics: well completion, single-phase and multi-phase flow in wells and gathering systems,
artificial lift and field processing, well stimulation, inflow performance. Prerequisite: 120.

Last offered: Winter 2019 | Units: 3 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter (ABCD/NP)

ENERGY 191: Optimization of Energy Systems (ENERGY 291)
Introductory mathematical programming and optimization using examples from energy industries. Emphasis on problem formulation and solving, secondary coverage
of algorithms. Problem topics include optimization of energy investment, production, and transportation; uncertain and intermittent energy resources; energy
storage; efficient energy production and conversion. Methods include linear and nonlinear optimization, as well as multi-objective and goal programming. Tools
include Microsoft Excel and AMPL mathematical programming language. Prerequisites: MATH 20, 41, or MATH 51, or consent of instructor. Programming experience
helpful (e.g,, CS 106A, CS 106B).

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Brandt, A. (PI); Scott, A. (TA); Sodwatana, M. (TA)

ENERGY 192: Undergraduate Teaching Experience
Leading field trips, preparing lecture notes, quizzes under supervision of the instructor. May be repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-3 | Repeatable 2 times (up to 6 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Battiato, I. (PI); Benson, S. (PI); Brandt, A. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI); Tartakovsky, D.
(PI); Tchelepi, H. (PI)

ENERGY 193: Undergraduate Research Problems
Original and guided research problems with comprehensive report. May be repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-3 | Repeatable 4 times (up to 12 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Azevedo, I. (PI); Battiato, I. (PI); Benson, S. (PI); Brandt, A. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI);
Tartakovsky, D. (PI); Tchelepi, H. (PI)

ENERGY 194: Special Topics in Energy and Mineral Fluids
May be repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-3 | Repeatable 2 times (up to 6 units total) | Grading: Satisfactory/No Credit

Instructors: ; Kovscek, A. (PI)

ENERGY 199: Senior Project and Seminar in Energy Resources
Individual or group capstone project in Energy Resources Engineering. Emphasis is on report preparation. May be repeated for credit.

Terms: Spr | Units: 3-4 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Kovscek, A. (PI); Wood, K. (TA)

ENERGY 201: Laboratory Measurement of Reservoir Rock Properties
In this course, students will learn methods for measuring reservoir rock properties. Techniques covered include core preservation and sample preparation; Rock
petrography; Interfacial tension of fluids; Measurement of contact angles of fluids on reservoir media; Capillary pressure measurement and interpretation; Absolute
and effective porosities; Absolute permeability; Multiphase flow including relative permeability and residual saturation. The class will be 1 3-hour lecture/lab per
week, with readings and weekly assignments. A field trip to a professional core characterization lab may be included.

Last offered: Winter 2018 | Units: 3 | Grading: Letter (ABCD/NP)

ENERGY 203: Stanford Climate Ventures
Solving the global climate challenge will require the creation and successful scale-up of hundreds of new ventures. This project-based course provides a launchpad
for the development and creation of transformational climate ventures and innovation models. Interdisciplinary teams will research, analyze, and develop detailed
launch plans for high-impact opportunities in the context of the new climate venture development framework offered in this course. Throughout the quarter, teams
will complete 70+ interviews with customers, sector experts, and other partners in the emerging climatetech ecosystem, with introductions facilitated by the
teaching team's unique networks in this space. Please see the course website scv.stanford.edu for more information and alumni highlights. Project lead applications
are due by December 11 through tinyurl.com/scvprojectlead. Students interested in joining a project team, please briefly indicate your interest in the course at
tinyurl.com/scvgeneralinterest.

Terms: Win, Spr | Units: 1-3 | Repeatable 3 times (up to 9 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Danielson, D. (PI); Moxley, J. (PI); Woodward, J. (PI); Baert, K. (TA); Braun, T. (TA); Reddy, M. (TA); Wood, M. (TA); Zhang, M. (TA)
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ENERGY 203A: Big Ideas & Open Opportunities in Climate-Tech Entrepreneurship
The purpose of this seminar series is to educate students on the key elements of 8-9 of the highest greenhouse gas emitting sectors globally, and open technical
challenges and business opportunities in these problem spaces that are ripe for new climate-tech company explorations. Students are encouraged to take
inspiration from the weekly lecture topics to incubate high-potential concepts for new companies, and apply to continue developing these concepts in student-led
teams through the winter and spring quarter course, ENERGY 203: Stanford Climate Ventures. Weekly seminars are delivered by course instructors and outside
industry and academic experts. Please visit scv.stanford.edu for additional information.

Terms: Aut | Units: 1 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Danielson, D. (PI); Moxley, J. (PI); Woodward, J. (PI); Braun, T. (TA); Lu-Yang, J. (TA)

ENERGY 204: Sustainable Energy for 9 Billion (ENERGY 104)
This course explores the global transition to a sustainable global energy system. We will formulate and program simple models for future energy system pathways.
We will explore the drivers of global energy demand and carbon emissions, as well as the technologies that can help us meet this demand sustainably. We will
consider constraints on the large-scale deployment of technology and difficulties of a transition at large scales and over long time periods. Assignments will focus
on building models of key aspects of the energy transition, including global, regional and sectoral energy demand and emissions as well as economics of change.
Prerequisites: students should be comfortable with calculus and linear algebra (e.g. Math 20, Math 51) and be familiar with computer programming (e.g. CS106A,
CS106B). We will use the Python programming language to build our models.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; de Chalendar, J. (PI); Grekin, R. (TA); Hennessy, N. (TA)

ENERGY 205: Hydrogen Economy
This is a seminar course on the hydrogen economy as a critical piece of the global energy transformation. This course will introduce the unique characteristics of
hydrogen, its potential role in decarbonizing the global energy system, and how it compares to other alternative and complementary solutions. We will cover the
main ideas/themes of how hydrogen is made, transported and stored, and used around the world through a series of lectures and guest speakers.

Terms: Win | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Boness, N. (PI); Chen, J. (PI); Zheng, X. (PI)

ENERGY 212: Environmental Aspects of Oil and Gas Production
This course introduces students to the major environmental aspects of oil and gas production, including law, policy, regulation, impact assessment, and mitigation.
Through readings, lectures, homework, in-class activities, and case studies, students learn about the major state/federal laws and regulatory programs governing
oil and gas in the U.S., industry permitting and compliance strategies, and current public stakeholder issues/challenges (with a particular focus on climate change
and water management). Emerging legislative/regulatory trends, advocacy approaches, and sustainability concepts also are explored.

Last offered: Spring 2018 | Units: 1 | Grading: Letter or Credit/No Credit

ENERGY 214: The Global Price of Oil
Understanding the current and future price of oil requires the synthesis of geologic, engineering, financial, geopolitical, and macroeconomic information. In this
seminar, we will build a global supply curve for petroleum by studying the marginal and full-cycle production costs for each of the major resource categories. We
will study how reserve classification varies globally, and how global petroleum resources and reserves have changed and are likely to change over time. We will
further investigate how the time lag between resource discovery, project sanctioning, and full production will affect future supply. Finally, we will study the
elasticity of oil demand and how that demand is likely to change over time as the developing world gets richer and as competition from other energy sources
increases.

Last offered: Spring 2018 | Units: 2 | Grading: Letter or Credit/No Credit

ENERGY 216: Entrepreneurship in Energy
The combined forces of climate change, technological development, and geopolitics are disrupting the energy industry, yet the competitiveness and regulated
nature of the mature markets for fuel, power, and materials have created meaningful barriers to entry for startup companies. In this case based course, students
will study real energy startups to understand what challenges they have overcome and continue to face. Each week, the course will focus on a different company
and the founder or CEO of that company will present. Topics will include advanced battery technologies, photovoltaic manufacturing, solar and wind project
development, oil & gas exploration & production, advanced biofuels, electric vehicles, distributed power generation, and financing energy startups.

Last offered: Autumn 2017 | Units: 2 | Grading: Letter or Credit/No Credit

ENERGY 218: Safety and Environmental Aspects of Energy Production (ENERGY 118)
This course introduces safety, environmental and regulatory aspects of energy development and production. Students will learn about personal and process safety
management in energy projects, as well as major State and Federal laws and regulatory programs governing oil and gas, and renewables in the US. Lectures will
introduce and explain concepts of safety, regulation, environment, and sustainability, further illustrated through discussion of case studies from the global energy
industry. Many examples come from oil and gas because of the maturity of that industry and parallels with renewable energy will be discussed.

Last offered: Spring 2021 | Units: 3 | Grading: Letter or Credit/No Credit

ENERGY 221: Fundamentals of Multiphase Flow (ENERGY 121)
Multiphase flow in porous media. Wettability, capillary pressure, imbibition and drainage, Leverett J-function, transition zone, vertical equilibrium. Relative
permeabilities, Darcy's law for multiphase flow, fractional flow equation, effects of gravity, Buckley-Leverett theory, recovery predictions, volumetric linear scaling,
JBN and Jones-Rozelle determination of relative permeability. Frontal advance equation, Buckley-Leverett equation as frontal advance solution, tracers in
multiphase flow, adsorption, three-phase relative permeabilities.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Tchelepi, H. (PI); Hasanzade, R. (TA)

ENERGY 222: Advanced Reservoir Engineering
Lectures, problems. Content relevant for oil/gas reservoirs, carbon storage operations, general subsurface flow systems. Partial differential equations governing
subsurface flow, tensor permeabilities, steady-state radial flow, skin, and succession of steady states. Injectivity during fill-up of a depleted reservoir, injectivity
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for liquid-filled systems. Flow potential and gravity forces. Displacements in layered systems. Transient radial flow equation, primary drainage of a cylindrical
reservoir, line source solution, pseudo-steady state. Prerequisite: some knowledge of subsurface flow. ENERGY 221 useful but not essential.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Durlofsky, L. (PI); KOSTAKIS, F. (TA)

ENERGY 223: Subsurface Flow Simulation
Numerical simulation of subsurface flow. Partial differential equations for multicomponent, multiphase flow relevant to oil/gas, carbon storage, and aquifer
modeling. Detailed numerical formulation for two-phase flow systems. Finite-volume discretization, time-stepping, treatment of wells, Newton's method, linear
solvers, theoretical and practical considerations. Class project. Prerequisite: CME 200, some knowledge of subsurface flow fundamentals. Knowledge of numerical
methods useful but not essential.

Terms: Win | Units: 3-4 | Grading: Letter (ABCD/NP)

ENERGY 224: Advanced Subsurface Flow Simulation
Topics include compositional modeling, coupled flow and geomechanics, modeling of fractured systems, treatment of full-tensor permeability and grid
nonorthogonality, higher-order methods, streamline simulation, upscaling, multiscale methods, algebraic multigrid solvers, history matching, other selected topics.
Prerequisite: 223 or consent of instructor. May be repeated for credit.

Terms: Aut | Units: 3 | Repeatable for credit | Grading: Letter (ABCD/NP)

Instructors: ; Durlofsky, L. (PI); Tchelepi, H. (PI); Thiele, M. (PI); YANG, H. (TA)

ENERGY 225: Theory of Gas Injection Processes for CO2 Sequestration and Enhanced Oil Recovery
This course focuses on what happens when CO2 is injected into the subsurface to prevent its release to to the atmosphere. The mathematical theory describes
subsurface flow of mixtures of a number of chemical components that form two phases. Applications of the theory cover many areas: carbon capture and geologic
storage of CO2 in deep aquifers or in depleted oil or gas reservoirs, enhanced oil recovery by gas injection, contaminant transport in aquifers, and chromatography.
Key topics include: Derivation of conservation equations in any coordinate system, and in dimensionless form; Convection and dispersion (physics of dispersion, CD
equation and solution, measurement of dispersion coefficient, scaling of dispersion); Dispersion-free displacements (two phases, with two, three, four and more
components, with component transfers between phases); Systems of first order pde's (eigenvalues are velocities at which compositions move, eigenvectors reveal
allowable composition variations); Multicontact miscible displacement in enhanced oil recovery processes; Estimates of emission reductions associated with CO2
injection in aquifers and depleted oil and gas reservoirs.

Terms: Win | Units: 3 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Orr, F. (PI); Long, W. (TA)

ENERGY 226: Thermal Recovery Methods
Theory and practice of thermal recovery methods: steam drive, cyclic steam injections, and in situ combustion. Models of combined mass and energy transport.
Estimates of heated reservoir volume and oil recovery performance. Wellbore heat losses, recovery production, and field examples.

Last offered: Spring 2018 | Units: 3 | Grading: Letter (ABCD/NP)

ENERGY 227: Enhanced Oil Recovery
The physics, theories, and methods of evaluating chemical, miscible, and thermal enhanced oil recovery projects. Existing methods and screening techniques, and
analytical and simulation based means of evaluating project effectiveness. Dispersion-convection-adsorption equations, coupled heat, and mass balances and phase
behavior provide requisite building blocks for evaluation.

Last offered: Spring 2019 | Units: 3 | Grading: Letter (ABCD/NP)

ENERGY 230: Advanced Topics in Well Logging
State of the art tools and analyses; the technology, rock physical basis, and applications of each measurement. Hands-on computer-based analyses illustrate
instructional material. Guest speakers on formation evaluation topics. Prerequisites: 130 or equivalent; basic well logging; and standard practice and application of
electric well logs.

Last offered: Spring 2019 | Units: 3 | Grading: Letter (ABCD/NP)

ENERGY 240: Data science for geoscience (EARTHSYS 240, ESS 239, GEOLSCI 240)
This course provides an overview of the most relevant areas of data science (applied statistics, machine learning & computer vision) to address geoscience
challenges, questions and problems. Using actual geoscientific research questions as background, principles and methods of data scientific analysis, modeling, and
prediction are covered. Data science areas covered are: extreme value statistics, multi-variate analysis, factor analysis, compositional data analysis, spatial
information aggregation models, spatial estimation, geostatistical simulation, treating data of different scales of observation, spatio-temporal modeling
(geostatistics). Application areas covered are: process geology, hazards, natural resources. Students are encouraged to participate actively in this course by means
of their own data science research challenge or question.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Caers, J. (PI); Hall, T. (TA); Wang, L. (TA)

ENERGY 241: Seismic Reservoir Characterization (ENERGY 141, GEOPHYS 241A)
(Same as GP241) Practical methods for quantitative characterization and uncertainty assessment of subsurface reservoir models integrating well-log and seismic
data. Multidisciplinary combination of rock-physics, seismic attributes, sedimentological information and spatial statistical modeling techniques. Student teams
build reservoir models using limited well data and seismic attributes typically available in practice, comparing alternative approaches. Software provided (SGEMS,
Petrel, Matlab). Offered every other year.nRecommended: ERE240/260, or GP222/223, or GP260/262 or GES253/257; ERE246, GP112

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Mukerji, T. (PI); Fonseca, J. (TA)

ENERGY 246: Reservoir Characterization and Flow Modeling with Outcrop Data (ENERGY 146, GEOLSCI 246)
Course gives an overview of concepts from geology and geophysics relevant for building subsurface reservoir models. Includes a required 1-day field trip and hands-
on lab exercises. Target audience: MS and 1st year PhD students in PE/ERE/GS with little or no background in geology or geophysics. Topics include: basin and
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petroleum systems, depositional settings, deformation and diagenesis, introduction to reflection seismic data, rock and fluid property measurements, geostatistics,
and flow in porous media.

Last offered: Autumn 2017 | Units: 3 | Grading: Letter (ABCD/NP)

ENERGY 251: Thermodynamics of Equilibria
Lectures, problems. The volumetric behavior of fluids at high pressure. Equation of state representation of volumetric behavior. Thermodynamic functions and
conditions of equilibrium, Gibbs and Helmholtz energy, chemical potential, fugacity. Phase diagrams for binary and multicomponent systems. Calculation of phase
compositions from volumetric behavior for multicomponent mixtures. Experimental techniques for phase-equilibrium measurements. May be repeated for credit.

Terms: Aut | Units: 3 | Repeatable for credit | Grading: Letter (ABCD/NP)

Instructors: ; Kovscek, A. (PI); Murugesu, M. (TA)

ENERGY 253: Carbon Capture and Sequestration (ENERGY 153)
CO2 separation from syngas and flue gas for gasification and combustion processes. Transportation of CO2 in pipelines and sequestration in deep underground
geological formations. Pipeline specifications, monitoring, safety engineering, and costs for long distance transport of CO2. Comparison of options for geological
sequestration in oil and gas reservoirs, deep unmineable coal beds, and saline aquifers. Life cycle analysis.

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Orr, F. (PI); Ayoola, F. (TA); Callas, C. (TA)

ENERGY 255: Master's Report on Energy Industry Training
On-the-job training for master's degree students under the guidance of on-site supervisors. Students submit a report detailing work activities, problems,
assignments, and key results. May be repeated for credit. Prerequisite: consent of adviser.

Terms: Aut, Sum | Units: 1-3 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Azevedo, I. (PI); Battiato, I. (PI); Benson, S. (PI); Brandt, A. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI);
Onori, S. (PI); Tartakovsky, D. (PI); Tchelepi, H. (PI)

ENERGY 260: Uncertainty Quantification in Data-Centric Simulations (ENERGY 160)
This course provides a brief survey of mathematical methods for uncertainty quantification. It highlights various issues, techniques and practical tools available for
modeling uncertainty in quantitative models of complex dynamic systems. Specific topics include basic concepts in probability and statistics, spatial statistics
(geostatistics and machine learning), Monte Carlo simulations, global and local sensitivity analyses, surrogate models, and computational alternatives to Monte
Carlo simulations (e.g., quasi-MC, moment equations, the method of distributions, polynomial chaos expansions). Prerequisites: algebra (CME 104 or equivalent),
introductory statistics course (CME 106 or equivalent).

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Tartakovsky, D. (PI); Song, D. (TA); li, w. (TA)

ENERGY 263: Sustainable Energy Decisions (CEE 263H)
This course provides students from various backgrounds with knowledge of the principles and quantitative methods of decision analysis and policy analysis to tackle
interdisciplinary questions in the context of sustainable energy systems. We consider engineering analysis, decision analysis and economic analysis in the
formulation of answers to address energy system problems. We will use methods such as life-cycle assessment, benefit-cost and cost-effectiveness analysis,
microeconomics, distributional metrics, risk analysis methods, sensitivity and uncertainty analysis, multi-attribute utility theory, and simulation and optimization.
The integration of uncertainty into formal methods is a fundamental component of the course.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Azevedo, I. (PI); Peshin, T. (TA); Singh, M. (TA)

ENERGY 267: Engineering Appraisal and Economic Valuation of Energy Assets and Projects (ENERGY 167)
Engineering appraisal and economic valuation of energy assets and projects. Course examples span a range of energy assets including oil/gas and renewable energy
projects. Course covers methods of estimating productive capacity, reserves, operating costs, depletion and depreciation, value of future profits, taxation, fair
market value, and discounted cash flow valuation (DCF) method. Original or guided research problems on economic topics with report. Prerequisite: consent of
instructor.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Kourt, W. (PI); Pande, K. (PI); Fraces Gasmi, C. (TA)

ENERGY 269: Geothermal Reservoir Engineering
Conceptual models of heat and mass flows within geothermal reservoirs. The fundamentals of fluid/heat flow in porous media; convective/conductive regimes,
dispersion of solutes, reactions in porous media, stability of fluid interfaces, liquid and vapor flows. Interpretation of geochemical, geological, and well data to
determine reservoir properties/characteristics. Geothermal plants and the integrated geothermal system.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Horne, R. (PI); Aljubran, J. (TA)

ENERGY 271: Energy Infrastructure, Technology and Economics (ENERGY 171)
Oil and gas represents more than 50% of global primary energy. In delivering energy at scale, the industry has developed global infrastructure with supporting
technology that gives it enormous advantages in energy markets; this course explores how the oil and gas industry operates. From the perspective of these
established systems and technologies, we will look at the complexity of energy systems, and will consider how installed infrastructure enables technology
development and deployment, impacts energy supply, and how existing infrastructure and capital invested in fossil energy impacts renewable energy development.
Prerequisites: Energy 101 and 102 or permission of instructor.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

ENERGY 273: Special Topics in Energy Resources Engineering

Terms: Aut, Win, Spr, Sum | Units: 1-3 | Repeatable 2 times (up to 6 units total) | Grading: Letter or Credit/No Credit
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Instructors: ; Battiato, I. (PI); Benson, S. (PI); Brandt, A. (PI); Caers, J. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kourt, W. (PI); Kovscek, A. (PI);
Mukerji, T. (PI); Orr, F. (PI); Sears, R. (PI); Tartakovsky, D. (PI); Tchelepi, H. (PI); Voskov, D. (PI); Pradhan, A. (TA)

ENERGY 274: Complex Analysis for Practical Engineering
Complex analysis is closely related to potential theory, appearing in a variety of engineering disciplines, including flow dynamics, electrostatics, heat conduction
and gravity fields. This course is devoted to explaining the fundamentals of complex analysis and instructing on how to develop mathematical tools to solve
engineering problems in potential theory. Individual topics are lectured with motivating problems, so that students can understand why these subjects need to be
covered and how these are applied to practical engineering problems.

Last offered: Autumn 2016 | Units: 3 | Grading: Letter (ABCD/NP)

ENERGY 277A: Engineering and Sustainable Development: Toolkit (ENERGY 177A)
The first of a two-quarter, project-based course sequence that address cultural, sociopolitical, organizational, technical, and ethical issues at the heart of
implementing sustainable engineering projects in a developing world. Students work in interdisciplinary project teams to tackle real-world design challenges in
partnership with social entrepreneurs, local communities, and/or NGOs. While students must have the skills and aptitude necessary to make meaningful
contributions to technical product designs, the course is open to all backgrounds and majors. The first quarter focuses on cultural awareness, ethical implications,
user requirements, conceptual design, feasibility analysis, and implementation planning. Admission is by application. Students should plan to enroll in ENERGY
177B/277B Engineering & Sustainable Development: Implementation following successful completion of this course. Designated a Cardinal Course by the Haas
Center for Public Service. To satisfy a Ways requirement, students must register for an undergraduate course number (ENERGY 177A) and this course must be taken
for at least 3 units.

Terms: Win | Units: 1-3 | Repeatable 2 times (up to 6 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Cohen, S. (PI); Seamon, D. (TA); Wang, C. (TA)

ENERGY 277B: Engineering and Sustainable Development: Implementation (ENERGY 177B)
The second of a two-quarter, project-based course sequence that address cultural, political, organizational, technical and business issues at the heart of
implementing sustainable engineering projects in the developing world. Students work in interdisciplinary project teams to tackle real-world design challenges in
partnership with social entrepreneurs and/or NGOs. This quarter focuses on implementation, evaluation, and deployment of the designs developed in the winter
quarter. Designated a Cardinal Course by the Haas Center for Public Service.

Terms: Spr | Units: 1-3 | Repeatable 2 times (up to 6 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Cohen, S. (PI); Seamon, D. (TA); Wang, C. (TA)

ENERGY 281: Applied Mathematics in Reservoir Engineering
The philosophy of the solution of engineering problems. Methods of solution of partial differential equations: Laplace transforms, Fourier transforms, wavelet
transforms, Green's functions, and boundary element methods. Prerequisites: CME 204 or MATH 131, and consent of instructor.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Tartakovsky, D. (PI); Fulchignoni, L. (TA); li, w. (TA)

ENERGY 289: Multiscale Methods for Transport in Porous Media
The concept of "tyranny of scales" in natural/engineered porous media refers to the disparity of temporal and spatial scales at which mass, momentum, and energy
transport is best understood and at which predictions are needed for practical applications. Modeling approaches that incorporate process understanding at
different temporal and spatial scales are often necessary to improve our predictive capabilities of natural and engineered porous media.nThe course focuses on the
fundamental understanding of multiscale systems and corresponding modeling tools to analyze them.

Last offered: Autumn 2017 | Units: 3 | Grading: Letter (ABCD/NP)

ENERGY 291: Optimization of Energy Systems (ENERGY 191)
Introductory mathematical programming and optimization using examples from energy industries. Emphasis on problem formulation and solving, secondary coverage
of algorithms. Problem topics include optimization of energy investment, production, and transportation; uncertain and intermittent energy resources; energy
storage; efficient energy production and conversion. Methods include linear and nonlinear optimization, as well as multi-objective and goal programming. Tools
include Microsoft Excel and AMPL mathematical programming language. Prerequisites: MATH 20, 41, or MATH 51, or consent of instructor. Programming experience
helpful (e.g,, CS 106A, CS 106B).

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Brandt, A. (PI); Scott, A. (TA); Sodwatana, M. (TA)

ENERGY 293: Energy storage and conversion: Solar Cells, Fuel Cells, Batteries and Supercapacitors
This course provides an introduction and engineering exposure to energy storage and conversion systems and will cover the basic physics, chemistry and
electrochemistry of solar cells, fuel cells, batteries and supercapacitors, state of the art of such technologies and recent developments. The course will also cover
experimental methods and modeling tools for simulation and optimization aimed at characterizing efficiency and performance issues. Prerequisites: Equivalent
coursework in thermodynamics, electronic properties, chemical principles, electricity, and magnetism.

Last offered: Spring 2021 | Units: 3 | Grading: Letter or Credit/No Credit

ENERGY 293B: Fundamentals of Energy Processes (EE 293B)
For seniors and graduate students. Covers scientific and engineering fundamentals of renewable energy processes involving heat. Thermodynamics, heat engines,
solar thermal, geothermal, biomass. Recommended: MATH 19-21; PHYSICS 41, 43, 45

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Brandt, A. (PI); Horne, R. (PI); Kovscek, A. (PI); Cho, I. (TA); Zhang, Z. (TA)

ENERGY 293C: Energy from Wind and Water Currents
This course focuses on the extraction of energy from wind, waves and tides.The emphasis in the course is technical leading to a solid understanding of established
extraction systems and discussion of promising new technologies. We will also cover resource planning and production optimization through observations and
computer simulations.
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Last offered: Spring 2020 | Units: 3 | Grading: Letter or Credit/No Credit

ENERGY 295: Electrochemical Energy Storage Systems: Modeling and Estimation
The course focuses on modeling and estimation methods as necessary tools to extract the full potential from Lithium-ion batteries, specifically used in electrified
vehicles. The complex nature of a battery system requires that a physics-based approach, in the form of electrochemical models, be used as a modeling platform to
develop system-level control algorithms to allow designer to maximize batteries performance and longevity while guaranteeing safety operations. In this course, we
will cover 1) first-principles methods to model battery dynamics, 2) electrochemical and control-oriented models, 3) estimation algorithms for real-time
application. A formal exposure to state space analysis and estimation of dynamical systems will be given. Previously ENERGY 294. Prerequisites: Equivalent
coursework in linear systems and control. Prior working knowledge of Matlab/Simulink tools is assumed.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Onori, S. (PI); Bombik, A. (TA)

ENERGY 300: Graduate Directed Reading
Independent studies under the direction of a faculty member for which academic credit may properly be allowed.

Terms: Aut, Win, Spr, Sum | Units: 1-7 | Repeatable 2 times (up to 7 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Brandt, A. (PI); Danielson, D. (PI); House, K. (PI); Kourt, W. (PI); Sears, R. (PI)

ENERGY 301: The Energy Seminar (CEE 301, MS&E 494)
Interdisciplinary exploration of current energy challenges and opportunities, with talks by faculty, visitors, and students. May be repeated for credit.

Terms: Aut, Win, Spr | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Weyant, J. (PI)

ENERGY 308: Carbon Dioxide and Methane Removal, Utilization, and Sequestration (EARTHSYS 308, ENVRES 295, ESS 308,
ME 308)
This is a seminar on carbon dioxide and methane removal, utilization, and sequestration options, and their role in decarbonizing the global energy system. This
course will cover topics including the global carbon balance, utilizing atmospheric carbon in engineered solutions, recycling and sequestering fossil-based carbon,
and enhancing natural carbon sinks. The multidisciplinary lectures and discussions will cover elements of technology, economics, policy and social acceptance, and
will be led by a series of guest lecturers. Short group project on carbon solutions.

Terms: Aut | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Field, C. (PI); Jackson, R. (PI); Saltzer, S. (PI)

ENERGY 309: Sustainable Energy Interdisciplinary Graduate Seminar (CEE 372, MS&E 495)
Graduate students will present their ongoing research to an audience of faculty and graduate students with a diversity of disciplinary perspectives regarding
sustainable energy.

Terms: Aut, Win | Units: 1 | Repeatable 6 times (up to 6 units total) | Grading: Satisfactory/No Credit

Instructors: ; Azevedo, I. (PI); Weyant, J. (PI); de Chalendar, J. (PI)

ENERGY 351: ERE Master's Graduate Seminar
Current research topics. Presentations by guest speakers from Stanford and elsewhere. May be repeated for credit.

Terms: Aut, Win, Spr | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Azevedo, I. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI); Tchelepi, H. (PI); Sausan, S. (TA)

ENERGY 352: ERE PhD Graduate Seminar
Current research topics. Presentations by guest speakers from Stanford and elsewhere. May be repeated for credit.

Terms: Aut, Win, Spr | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Azevedo, I. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI); Tchelepi, H. (PI); Sausan, S. (TA)

ENERGY 355: Doctoral Report on Energy Industry Training
On-the-job training for doctoral students under the guidance of on-site supervisors. Students submit a report on work activities, problems, assignments, and results.
May be repeated for credit. Prerequisite: consent of adviser.

Terms: Aut, Sum | Units: 1-3 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Azevedo, I. (PI); Battiato, I. (PI); Benson, S. (PI); Brandt, A. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI);
Onori, S. (PI); Tartakovsky, D. (PI); Tchelepi, H. (PI)

ENERGY 359: Teaching Experience in Energy Resources Engineering
For TAs in Energy Resources Engineering. Course and lecture design and preparation; lecturing practice in small groups. Classroom teaching practice in an Energy
Resources Engineering course for which the participant is the TA (may be in a later quarter). Taught in collaboration with the Center for Teaching and Learning.

Last offered: Autumn 2020 | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

ENERGY 360: Advanced Research Work in Energy Resources Engineering
Graduate-level work in experimental, computational, or theoretical research. Special research not included in graduate degree program. May be repeated for
credit.

Terms: Aut, Win, Spr, Sum | Units: 1-10 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Azevedo, I. (PI); Battiato, I. (PI); Benson, S. (PI); Brandt, A. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI);
Onori, S. (PI); Tartakovsky, D. (PI); Tchelepi, H. (PI)

ENERGY 361: Master's Degree Research in Energy Resources Engineering
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Experimental, computational, or theoretical research. Advanced technical report writing. Limited to 6 units total.nn (Staff)

Terms: Aut, Win, Spr, Sum | Units: 1-6 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Azevedo, I. (PI); Battiato, I. (PI); Benson, S. (PI); Brandt, A. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI);
Onori, S. (PI); Tartakovsky, D. (PI); Tchelepi, H. (PI)

ENERGY 362: Engineer's Degree Research in Energy Resources Engineering
Graduate-level work in experimental, computational, or theoretical research for Engineer students. Advanced technical report writing. Limited to 15 units total, or
9 units total if 6 units of 361 were previously credited.

Terms: Aut, Win, Spr, Sum | Units: 1-10 | Repeatable 15 times (up to 15 units total) | Grading: Satisfactory/No Credit

Instructors: ; Benson, S. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI); Tchelepi, H. (PI)

ENERGY 363: Doctoral Degree Research in Energy Resources Engineering
Graduate-level work in experimental, computational, or theoretical research for Ph.D. students. Advanced technical report writing.

Terms: Aut, Win, Spr, Sum | Units: 1-10 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Azevedo, I. (PI); Battiato, I. (PI); Benson, S. (PI); Brandt, A. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI);
Onori, S. (PI); Tartakovsky, D. (PI); Tchelepi, H. (PI)

ENERGY 365: Special Research Topics in Energy Resources Engineering
Graduate-level research work not related to report, thesis, or dissertation. May be repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-15 | Repeatable 6 times (up to 30 units total) | Grading: Satisfactory/No Credit

Instructors: ; Benson, S. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI); Tchelepi, H. (PI)

ENERGY 801: TGR Project

Terms: Aut, Win, Spr, Sum | Units: 0 | Repeatable for credit | Grading: TGR

Instructors: ; Azevedo, I. (PI); Battiato, I. (PI); Benson, S. (PI); Brandt, A. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI);
Onori, S. (PI); Tartakovsky, D. (PI); Tchelepi, H. (PI)

ENERGY 802: TGR Dissertation
Terms: Aut, Win, Spr, Sum | Units: 0 | Repeatable for credit | Grading: TGR

Instructors: ; Azevedo, I. (PI); Battiato, I. (PI); Benson, S. (PI); Brandt, A. (PI); Durlofsky, L. (PI); Gerritsen, M. (PI); Horne, R. (PI); Kovscek, A. (PI); Mukerji, T. (PI);
Onori, S. (PI); Tartakovsky, D. (PI); Tchelepi, H. (PI)

ENGLISH 9CI: Inspired By Science: A Writing Workshop
How can your interest in science and the environment be enriched by a regular creative practice? How do you begin to write a poem or essay about the wonders of
the natural world or the nuances of climate change? What are the tools and strategies available to creative writers, and how can these techniques be used to
communicate complex concepts and research to wide-audiences? We begin to answer these questions by drawing inspiration from the rich tradition of scientists who
write and writers who integrate science. Emphasizing writing process over finished product, students maintain journals throughout the quarter, responding to daily
prompts that encourage both practice and play. Through open-ended and exploratory writing, along with specific exercises to learn the writer's craft students
develop a sense of their own style and voice. Note: First priority to undergrads. Students must attend the first class meeting to retain their roster spot.

Terms: Aut | Units: 3 | UG Reqs: WAY-A-II, WAY-CE | Grading: Letter or Credit/No Credit

Instructors: ; Michas-Martin, S. (PI)

ENGLISH 60N: Living on the Edge: Language and Landscape of the Western Fringes
What does it feel like to live on the edge, facing an expanse between you and the next place? Who has lived on the Western fringes of Britain and America? Who has
named, formed, and been inspired by that land? Whose voices are silenced in the (re)making of a place? Shaping the landscape through the words we use or the
features we build is as old as recorded time and, in this seminar, we'll investigate how the land is imagined, defined, settled, and delimited throughout history, with
particular reference to western Britain and California. We'll focus on specific elements in the landscape Water, Hill, Tree, Stone, and Border looking at a sequence
of locations through historical, archaeological, placename, literary, and artistic analyses. Students will produce place-name studies; the depictions of landscape
through creative work (poetry, prose, non-fiction, song, or picture) on three fieldtrips; and close readings of literary descriptions of landscape. Among the authors
study will be John Muir, John Steinbeck, Edward Thomas, Linda Noel, Dylan Thomas, and Gwyneth Lewis.

Last offered: Spring 2019 | Units: 3 | UG Reqs: WAY-A-II | Grading: Letter (ABCD/NP)

ENGLISH 91VO: Voices of the Land
Amazing things can happen when a writer decides to push back from their desk and go out into the world in search of stories to tell. The lives of the subjects, as
well as the life of the writer, can be changed forever. In this class, we will read and discuss three classic works of documentary journalism, and students will come
up with a documentary project of their own. In the process, we will practice skills such as interviewing subjects, notetaking, photography, story structure, and
other techniques of documentary journalism.nNOTE: First priority to undergrads. Students must attend the first class meeting to retain their roster spot.

Last offered: Winter 2019 | Units: 5 | Grading: Letter or Credit/No Credit

ENGLISH 124: The American West (AMSTUD 124A, ARTHIST 152, HISTORY 151, POLISCI 124A)
The American West is characterized by frontier mythology, vast distances, marked aridity, and unique political and economic characteristics. This course integrates
several disciplinary perspectives into a comprehensive examination of Western North America: its history, physical geography, climate, literature, art, film,
institutions, politics, demography, economy, and continuing policy challenges. Students examine themes fundamental to understanding the region: time, space,
water, peoples, and boom and bust cycles.

Terms: Spr | Units: 5 | UG Reqs: GER:DB-Hum, GER:EC-AmerCul, WAY-A-II, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Cain, B. (PI); Fishkin, S. (PI); Freyberg, D. (PI); Kennedy, D. (PI); Hammann, A. (TA); Messarra, L. (TA); Vargas Nunez, C. (TA)

ENGLISH 150C: Reading and Writing Contemporary Environmental Poetry
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In this course, we will learn what it means to write fluidly about oceans and rivers, to write beautifully about mulch, to think creatively about jellyfish, to center
the climate catastrophe in verse. Considering the human animal in the fight with and for each other and the Earth, we will explore how the environmental justice
movement has been shaped and described by the social justice movement and recent poetic innovations. Through careful reading, critical and creative responses,
and both synchronous and asynchronous discussion, we will investigate the changing ways that contemporary environmental poets engage with the greater-than-
human world.

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit

ENGLISH 157H: Creative Writing & Science: The Artful Interpreter (BIOHOPK 157H)
What role does creativity play in the life of a scientist? How has science inspired great literature? How do you write accessibly and expressively about things like
whales, DNA or cancer? This course begins with a field trip to Hopkins Marine Station where Stanford labs buzz with activity alongside barking seals and crashing
waves. The trip provides a unique opportunity for students to directly engage with marine animals, coastal habitats and environmental concerns of Monterey Bay. As
historian Jill Lepore writes of Rachel Carson: "She could not have written Silent Spring if she hadnt, for decades, scrambled down rocks, rolled up her pant legs, and
waded into tide pools, thinking about how one thing can change another..." Back on campus students will complete and workshop three original nonfiction essays
that explore the intersection between personal narrative and scientific curiosity. You will develop a more patient and observant eye and improve your ability to
articulate scientific concepts to a general readership. **This course takes place on main campus and is open to all undergraduate students. Hopkins Marine Station
Field Trip Dates: Saturday 1/22 and Sunday 1/23. NOTE: Students must attend the first class meeting to retain their roster spot.

Terms: Win | Units: 5 | UG Reqs: WAY-A-II, WAY-CE | Grading: Letter or Credit/No Credit

Instructors: ; Michas-Martin, S. (PI)

ENGLISH 168A: Imagining the Oceans
How has Western culture constructed the world's oceans since the beginning of global ocean exploration? How have imaginative visions of the ocean been shaped by
marine science, technology, exploration, commerce and leisure? Primary authors read might include Cook, Equiano, Ricketts, and Steinbeck; Defoe, Cooper,
Melville, Conrad, Woolf, Hemingway and Ghosh; Coleridge, Baudelaire, Moore, Bishop and Walcott. Critical readings include Schmitt, Rediker and Linebaugh,
Baucom, Best, Corbin, Auden, Sontag and Heller-Roazen. Possible field trips include the Cantor Arts Center and Hopkins Marine Station.

Last offered: Spring 2021 | Units: 5 | UG Reqs: WAY-A-II | Grading: Letter (ABCD/NP)

ENGLISH 224B: Nature, Race, and Indigeneity in the U.S. Imagination
Nature is one of the weirdest words in the English language¿it can refer to human trait (it is in her nature), a nonhuman environment (we walked in nature, a divine
power (mother nature), or a biological process (¿nature calls¿). Despite¿and indeed, because of¿these ambiguities, nature has played pivotal roles in the territory
that has come to be known as the United States. In various guises, nature has inspired pilgrims, pioneers, and tourists. At the same time, nature has staged
struggles between settlers and Natives, whites and racialized peoples, upper classes and working classes. As both a cultural construct and a material reality,
therefore, nature has brought us together and torn us apart. In this seminar, we will learn how Natives, Latinxs, Blacks, whites, and other ethno-racial groups have
depicted and dwelled in the U.S. By engaging with a variety of media¿from literature and visual art to law and public policy¿we will recover conflicting ideas of
nature. And by reading in the environmental humanities¿including history, anthropology, and literary criticism¿we will discover how these ideas have impacted
human and more-than-human worlds. While our inquiries will take us from prehistory to the present, they will converge on the future; now that we are destroying
our ecosystems, extinguishing our fellow species, and transforming our atmosphere, we will ask, is there still such a thing as nature?

Last offered: Winter 2021 | Units: 3-5 | Grading: Letter or Credit/No Credit

ENGLISH 368A: Imagining the Oceans
How has Western culture constructed the world's oceans since the beginning of global ocean exploration? How have imaginative visions of the ocean been shaped by
marine science, technology, exploration, commerce and leisure? Primary authors read might include Cook, Banks, Equiano, Ricketts, and Steinbeck; Defoe, Cooper,
Verne, Conrad, Woolf and Hemingway; Coleridge, Baudelaire, Moore, Bishop and Walcott. Critical readings include Schmitt, Rediker and Linebaugh, Baucom, Best,
Corbin, Auden, Sontag and Heller-Roazen. Films by Sekula, Painlevé and Bigelow. Seminar coordinated with a 2015 Cantor Arts Center public exhibition. Visits to the
Cantor; other possible field trips include Hopkins Marine Station and SF Maritime Historical Park. Open to graduate students only.

Last offered: Winter 2020 | Units: 5 | Grading: Letter or Credit/No Credit

ENGR 50E: Introduction to Materials Science, Energy Emphasis
Materials structure, bonding and atomic arrangements leading to their properties and applications. Topics include electronic, thermal and mechanical behavior;
emphasizing energy related materials and challenges.

Terms: Win | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Heilshorn, S. (PI); Salleo, A. (PI); Sinclair, R. (PI); Buyinza, A. (TA); Luna, C. (TA)

ENGR 60: Engineering Economics and Sustainability (CEE 146S)
Engineering Economics is a subset of the field of economics that draws upon the logic of economics, but adds that analytical power of mathematics and statistics.
The concepts developed in this course are broadly applicable to many professional and personal decisions, including making purchasing decisions, deciding between
project alternatives, evaluating different processes, and balancing environmental and social costs against economic costs. The concepts taught in this course will be
increasingly valuable as students climb the carrier ladder in private industry, a non-governmental organization, a public agency, or in founding their own startup.
Eventually, the ability to make informed decisions that are based in fundamental analysis of alternatives is a part of every career. As such, this course is
recommended for engineering and non-engineering students alike. This course is taught exclusively online in every quarter it is offered. (Prerequisites: MATH 19 or
20 or approved equivalent.)

Terms: Aut, Spr, Sum | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Lepech, M. (PI)

ENGR 90: Environmental Science and Technology (CEE 70)
Introduction to environmental quality and the technical background necessary for understanding environmental issues, controlling environmental degradation, and
preserving air and water quality. Material balance concepts for tracking substances in the environmental and engineering systems.

Terms: Win | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Kopperud, R. (PI)

ENGR 120: Fundamentals of Petroleum Engineering (ENERGY 120)
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Lectures, problems, field trip. Engineering topics in petroleum recovery; origin, discovery, and development of oil and gas. Chemical, physical, and thermodynamic
properties of oil and natural gas. Material balance equations and reserve estimates using volumetric calculations. Gas laws. Single phase and multiphase flow
through porous media.

Terms: Aut | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-FR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Battiato, I. (PI); Horne, R. (PI); Cheng, J. (TA)

ENGR 145: Technology Entrepreneurship (ENGR 145S)
How does the entrepreneurship process enable the creation and growth of high-impact enterprises? Why does entrepreneurial leadership matter even in a large
organization or a non-profit venture? What are the differences between just an idea and true opportunity? How do entrepreneurs form teams and gather the
resources necessary to create a successful startup? Mentor-guided projects focus on analyzing students' ideas, case studies allow for examining the nuances of
innovation, research examines the entrepreneurial process, and expert guests allow for networking with Silicon Valley's world-class entrepreneurs and venture
capitalists. For undergraduates of all majors with interest in startups the leverage breakthrough information, energy, medical and consumer technologies. No
prerequisites. Limited enrollment.

Terms: Aut | Units: 4 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Eesley, C. (PI); Ahmad, W. (TA); Anzaldo, P. (TA); Gope, K. (TA)

ENVRES 199: Independent study (ENVRES 299)
Terms: Aut, Win, Spr, Sum | Units: 1-5 | Repeatable 4 times (up to 5 units total) | Grading: Letter or Credit/No Credit

ENVRES 215A: Topics in International Justice, Rights, and the Environment
As the effects of environmental change are increasingly felt by people around the globe--whether point-source pollution from factories, livelihood deterioration
from overfishing, or exposure to climate change impacts--it is more urgent than ever that we engage critically and creatively with the justice, ethics, and rights
implications of these changes. Topics that will be addressed in this survey course include marine justice, climate justice and ethics, environmental racism, social
movements, resource degradation, and neoliberal conservation. Through guest lectures, student-led discussions, readings, and creative writing, students will
engage with cutting-edge research on these topics. The course offers two enrollment options: a 1-unit seminar-only option that meets once a week, and a 3-unit
seminar + discussion option that meets twice a week. The 3-unit option of the course requires instructor approval. Please submit an application by March 17th at
11:59 PM Pacific Time. Application is available at https://tinyurl.com/TIJREapplication.

Last offered: Spring 2021 | Units: 1-3 | Grading: Letter or Credit/No Credit

ENVRES 220: The Social Ocean: Human Dimensions of Coastal and Marine Ecosystems
This interdisciplinary seminar examines human dimensions of current ocean issues through a series of readings, discussions, and guest lecturer presentations.
Through the lenses offered by multiple disciplines and fields, we will examine and reinterpret the challenges of fisheries management, climate change,
conservation/restoration, and human rights. We will welcome specialists in industry, academia, law, and the nonprofit sector to discuss theories of change for ocean
issues, with a particular emphasis on marine justice. We invite students to create and share their own ¿Social Ocean Project¿ synthesizing course themes and
personal reflections.

Terms: Win | Units: 1-2 | Repeatable 5 times (up to 5 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Carlson, R. (PI); Crowder, L. (PI); Fang, S. (PI)

ENVRES 221: New Frontiers and Opportunities in Sustainability
Interdisciplinary exploration of how companies, government and non-profit organizations address some of the world's most significant environmental & resource
sustainability challenges. Each week we will explore with an experienced sustainability practitioner new frontiers and opportunities in clean tech, policy, energy,
transportation, consumer goods, agriculture, food, and sustainable built environments..

Terms: Spr | Units: 1 | Grading: Letter or Credit/No Credit

Instructors: ; Frehsee, C. (PI); Mount, D. (PI); Gene, R. (TA)

ENVRES 222: Climate Law and Policy
This course offers an interdisciplinary, graduate-level survey of historical and current efforts to regulate emissions of greenhouse gases in the United States.
Students will read primary legal documents, including statutes, regulations, and court cases in order to evaluate the forces and institutions shaping American
climate policy. Although the class will focus on the intersection of climate policy and the legal system, no specific background in law is necessary. Elements used in
grading: Grades will be based on class attendance, class participation, and either written assignments and an exam. Cross-listed with LAW 2520.

Last offered: Spring 2020 | Units: 3 | Grading: Letter or Credit/No Credit

ENVRES 223: Topics in Writing & Rhetoric: Introduction to Environmental Justice: Race, Class, Gender and Place
(EARTHSYS 194, PWR 194EP)
This course examines the rhetoric, history and key case studies of environmental justice while encouraging critical and collaborative thinking, reading and
researching about diversity in environmental movements within the global community and at Stanford, including the ways race, class and gender have shaped
environmental battles still being fought today. We center diverse voices by bringing leaders, particularly from marginalized communities on the frontlines to our
classroom to communicate experiences, insights and best practices. Together we will develop and present original research projects which may serve a particular
organizational or community need, such as racialized dispossession, toxic pollution and human health, or indigenous land and water rights, among many others.
Prerequisite: PWR 2 Cardinal Course certified by the Haas Center

Terms: Aut | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Diver, S. (PI); Polk, E. (PI); Rodriguez, J. (TA)

ENVRES 225: E-IPER Current Topics Seminar
For E-IPER Ph.D and Joint M.S. students only. Weekly presentations of E-IPER students' research and other program-related projects. Occasional guest speakers.
Individual or team presentation, active participation, and regular attendance required for credit. May be taken for credit a maximum of two times. Enrollment by
department consent only. Contact instructor for permission to enroll.

Terms: Aut, Win, Spr | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Sawe, N. (PI); Wheaton, M. (PI); Singh, K. (TA)

https://explorecourses.stanford.edu/instructor/ibattiat
https://explorecourses.stanford.edu/instructor/horne
https://explorecourses.stanford.edu/instructor/cjr63
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https://explorecourses.stanford.edu/instructor/ks676


ENVRES 226: Energy Law
Modern energy systems aim to deliver a supply of reliable, low-cost, and clean energy; in turn, they require massive capital investments in infrastructure projects,
some of which have the features of a natural monopoly and therefore require ongoing economic regulation. The U.S. energy system today is subject to a complex
regime of state and federal laws. We will examine the historical role of state-level electric utility regulation, tracing its evolution into the various forms of
regulated and deregulated energy markets now in use in the U.S. electricity and natural gas sectors. Contemporary energy law increasingly involves a delicate
federalist balance where state and federal regulators share overlapping authority in contested policy areas that are subject to major technological and economic
change, as changes in the supply and costs of renewable and fossil energy resources alike transform the U.S. energy sector. Finally, we will interrogate the
contested ideals of regulation and competition, which private, non-profit, and governmental stakeholders all deploy in legal and political fora to advance private
gain and public goods¿most recently in a series of transformative proposals to use federal emergency powers to provide financial bailouts to legacy fossil and
nuclear power plants. Students who complete the class will gain a historical understanding of how economic regulation of the energy sector has evolved since the
early 20th century, a durable conceptual framework for understanding modern energy law and policy debates, and a practical understanding of energy law designed
for future practitioners. Non-law students interested in energy issues are highly encouraged to take this course, as energy law literacy is essential to careers in the
sector. Elements used in grading: class participation, short written assignments, and a one-day take-home final exam. Cross-listed with LAW 2503.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

ENVRES 229A: Policy Practicum: Smoke
Clients: Various California legislative and executive branch decision makers. Wildfire smoke has emerged as one of the most pressing air pollution and public health
threats in the Western United States. Last year, despite decades of progress in reducing air pollution from transport, industry, and electric power, wildfires caused
the highest number of "spare the air" declarations ever called by local Air Quality Management Districts in California. Oregon, Washington and Colorado all suffered
similar "airpocalypse" fire seasons. Recent model-based estimates of mortality from wildfire smoke-derived particulate matter suggest that between 1200 and 3000
seniors likely died from the fires this summer. Current law and regulation not only doesn't consider particulate matter derived from wildfire smoke to be a target
for regulation, it also imposes burdensome permitting requirements on one of the most effective risk-mitigation strategies: prescribed fire. This course will build on
student work from last spring, where students explored regulatory obstacles to an expansion of prescribed burning in California and began developing a simplified
air quality health benefits model to estimate the potential public health and economic benefits of better fuels management. This fall, we will continue refining the
air quality model and, on the regulatory side, we will investigate potential new policy approaches to streamlining the approval process for prescribed burning
projects while protecting environmental values with a particular focus on new approaches to NEPA and CEQA compliance for prescribed fire and cultural burning.
The course is intended for students interested in multi-disciplinary approaches to public policy problems. No background in either the Clean Air Act or wildfire
policy is required. Students will engage in weekly lecture and discussion of wildfire smoke science and policy, including student presentations. Students will also
meet additionally once per week with Professors Sivas and Wara in working sessions to discuss progress on team projects. Students will present the results of their
research to California legislative and executive branch staff engaged in developing new approaches to wildfire policy. Elements used in grading: Attendance,
Performance, Class Participation, Written Assignments, Final Paper. CONSENT APPLICATION: To apply for this course, students must complete and submit a Consent
Application Form available on the SLS website (Click Courses at the bottom of the homepage and then click Consent of Instructor Forms). See Consent Application
Form for instructions and submission deadline. This course is cross-listed with LAW 808D.

Terms: Aut, Win | Units: 3 | Repeatable 2 times (up to 6 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Sivas, D. (PI); Wara, M. (PI)

ENVRES 240: Environmental Decision-Making and Risk Perception
Mobilizing successful conservation efforts to mitigate climate change and preserve both local and global ecosystems requires a new way of thinking. This course will
investigate the barriers to pro-environmental behavior and the heuristics and biases that cloud our ability to respond effectively to environmental problems, using
insights from behavioral economics, neuroeconomics, and environmental risk perception. Emphasis on interdisciplinary applications of recent research, and
implications for environmental policymaking and persuasive messaging.

Terms: Aut | Units: 1-3 | Grading: Letter or Credit/No Credit

Instructors: ; Sawe, N. (PI); Fang, S. (TA)

ENVRES 245: Psychological Insights for Science Communication
This course integrates lessons learned from psychology, behavioral economics, marketing, and sociology to the practice of science communication, with practical
experience working to create and test new messaging for partner environmental organizations. Students learn about innate biases and heuristics that influence the
communication of scientific ideas and data and the public¿s receptiveness to environmental messaging. Topics covered include information framing, attention and
salience, public science literacy and numeracy, simplifying complexity and dealing with uncertainty, cultural and political contexts and social norms, and methods
to motivate science engagement, evidence-based decision-making, and behavior change. Students will learn how to design new messaging strategies based on social
science research and how to analyze their efficacy using basic statistical analyses in R (no prior programming knowledge is required). The course culminates in a
project developing and testing new messaging strategies for real-world environmental organizations.

Last offered: Winter 2019 | Units: 2-3 | Grading: Letter or Credit/No Credit

ENVRES 250: Environmental Governance (EARTHSYS 254)
How do we work together to solve environmental problems? Across the globe, who has a voice, and who ultimately decides how to balance conservation and
development? How do we build governance institutions that facilitate both environmental sustainability and social equity? This seminar on environmental
governance will focus on the challenges and opportunities for managing common-pool resources, like fisheries, forests, and water. Because managing environmental
resources is often about managing people, we will explore the motivations underlying human behavior towards the environment. We will discuss how institutions
encode our cultural values and beliefs, and how we can reshape these institutions to achieve more sustainable outcomes. Coursework includes foundational
readings and a pragmatic exploration of case studies. Teaching cases address topics in community-based conservation, international protected areas, market-based
approaches, coping with environmental risk, and other themes. Interested undergraduate and graduate students from any discipline are welcome.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Diver, S. (PI); Moore, K. (TA)

ENVRES 270: Graduate Practicum in Environment and Resources
Opportunity for E-IPER students to pursue areas of specialization in an institutional setting such as a laboratory, clinic, research institute, governmental agency,
non-governmental organization, or multilateral organization. Meets US CIS requirements for off-campus employment with endorsement from designated school
official.

Terms: Aut, Win, Spr, Sum | Units: 1-5 | Repeatable 24 times (up to 120 units total) | Grading: Letter or Credit/No Credit

https://explorecourses.stanford.edu/instructor/dsivas
https://explorecourses.stanford.edu/instructor/mwara
https://explorecourses.stanford.edu/instructor/sawe
https://explorecourses.stanford.edu/instructor/dsfang
https://explorecourses.stanford.edu/instructor/sibs
https://explorecourses.stanford.edu/instructor/kamoore9


ENVRES 280: Introduction to Environmental and Resource Systems
Required core course restricted to E-IPER Joint M.S. and Dual M.S. students. Introduces students to frameworks and tools to better understand complex social-
environmental systems and to intervene in them to address sustainability goals. Students will apply a systems lens and practice course concepts (provided through
lectures and readings) by evaluating case studies.

Terms: Spr | Units: 2 | Grading: Letter (ABCD/NP)

Instructors: ; Leape, J. (PI); Matson, P. (PI); McKanna, K. (PI); Dousa, K. (TA)

ENVRES 290: Capstone Project Seminar in Environment and Resources
Required for and limited to E-IPER Joint M.S. and Dual M.S. students. Propose, conduct and publicly present final individual or team projects demonstrating the
integration of professional (M.B.A., J.D., M.D., M.I.P., or Ph.D.) and M.S. in Environment and Resources degrees. Presentation at the Week 10 Capstone Symposium
and submission of final product required.

Terms: Aut, Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Sawe, N. (PI); Weyant, J. (PI); McKanna, K. (TA)

ENVRES 315: Environmental Research Design Seminar
Required core course restricted to first year E-IPER Ph.D. students. In a series of discussions with faculty, students further examine the research design theories
discussed in ENVRES 320, by exploring the creation, implementation, and analysis of speakers' research studies. Topics parallel the ENVRES 320 syllabus.
Corequisite: ENVRES 320.

Terms: Win | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Sawe, N. (PI)

ENVRES 320: Designing Environmental Research
Required core course restricted to first year E-IPER Ph.D. students. Research design options for causal inference in environmentally related research. Major
philosophies of knowledge and how they relate to research objectives and design choices. Identification of critical elements within a broad range of research
designs. Evaluation of the types of research questions for which different designs are suited, emphasizing fit between objectives, design, methods, and argument.
Development of individual research design proposals, including description and justification understandable to a non-specialist. Enrollment by permission number
only. Contact instructor for enrollment in course.

Terms: Win | Units: 3-4 | Grading: Letter (ABCD/NP)

Instructors: ; Ardoin, N. (PI); Lambin, E. (PI); Wheaton, M. (PI); Lee, A. (TA)

ENVRES 330: Research Approaches for Environmental Problem Solving
Required core course restricted to first year E-IPER Ph.D. students. How to develop and implement interdisciplinary research in environment and resources.
Assignments include development of research questions and data collection and analysis plans, and a summer funding proposal. Course is structured around peer
critique and student presentations of in-progress research. Corequisite: ENVRES 398 with a faculty member chosen to explore a possible dissertation topic.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Ardoin, N. (PI); Wheaton, M. (PI); Singh, K. (TA)

ENVRES 340: E-IPER PhD Writing Seminar
Required core course restricted to second-year E-IPER PhD students. Actively pursue one or more writing goals relevant to this stage in their graduate studies in a
structured setting. Set specific writing goals, create and follow a plan for reaching these goals, and receive substantive feedback on their written products from
their peers. Examples of writing products include, but are not limited to, the student's dissertation proposal, E-IPER Fields of Inquiry essay, a literature review, or a
grant or fellowship application. By the end of the course, students are expected to have completed or have made substantial progress toward their writing goal.

Terms: Win | Units: 1-2 | Grading: Satisfactory/No Credit

Instructors: ; Lee, A. (PI)

ENVRES 341: Theoretical Underpinnings of Environmental Behavior: Exploration and reflection
Human behavior is studied in many fields and disciplines at a range of scales, from the micro to the macro, with some focusing on the individual as the core, while
others take a more critical approach. Theories and approaches from each can be considered in context with implications for the environment, resources, and
sustainability-related issues. Using interdisciplinary frames, students in this doctoral-level seminar will apply various perspectives and lenses to advance their own
empirical work through intensive, focused writing sessions. The intention is to provide a supportive structure such that students may advance their own in-progress
research and ongoing writing grounded in behavioral science and social-ecological systems theories.

Last offered: Summer 2021 | Units: 1-3 | Repeatable 12 times (up to 36 units total) | Grading: Satisfactory/No Credit

ENVRES 391: Curricular Practical Training
Educational opportunities in research and development labs in industry. Qualified students engage in internship work and integrate that work into their academic
program. Students register during the quarter they are employed and complete a research report outlining their work activity, problems investigated, results, and
follow-on projects they expect to perform. Meets the requirements for curricular practical training for students on F-1 visas. Student is responsible for arranging
own internship/employment and faculty sponsorship. Register under faculty sponsor's section number. All paperwork must be completed by student and faculty
sponsor, as the Student Services Office does not sponsor CPT. Course may be repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-3 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

Instructors: ; Sawe, N. (PI)

ENVRES 398: Directed Reading in Environment and Resources
Under supervision of an E-IPER affiliated faculty member on a subject of mutual interest. Joint M.S. students must submit an Independent Study Agreement for
approval. May be repeat for credit

Terms: Aut, Win, Spr, Sum | Units: 1-10 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Ajami, N. (PI); Algee-Hewitt, M. (PI); Anderson, M. (PI); Andrews, J. (PI); Archie, P. (PI); Ardoin, N. (PI); Arrigo, K. (PI); Asner, G. (PI); Azevedo, I. (PI);
Bailenson, J. (PI); Ball, J. (PI); Banerjee, B. (PI); Barnett, W. (PI); Barry, M. (PI); Becker, J. (PI); Bendavid, E. (PI); Bendor, J. (PI); Benkard, L. (PI); Benson, S. (PI);
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Billington, S. (PI); Block, B. (PI); Boehm, A. (PI); Boness, N. (PI); Brandt, A. (PI); Brown, J. (PI); Burke, M. (PI); Caers, J. (PI); Cain, B. (PI); Caldeira, K. (PI);
Caldwell, M. (PI); Casciotti, K. (PI); Chamberlain, P. (PI); Cohen, J. (PI); Comello, S. (PI); Criddle, C. (PI); Crowder, L. (PI); Cullen, M. (PI); Curran, L. (PI); Dabiri, J.
(PI); Daily, G. (PI); Davis, J. (PI); De Leo, G. (PI); Diffenbaugh, N. (PI); Dirzo, R. (PI); Diver, S. (PI); Dunbar, R. (PI); Durham, W. (PI); Ehrlich, A. (PI); Ehrlich, P. (PI);
Ernst, W. (PI); Falcon, W. (PI); Fendorf, S. (PI); Ferguson, J. (PI); Field, C. (PI); Fischer, M. (PI); Francis, C. (PI); Frank, Z. (PI); Freyberg, D. (PI); Fringer, O. (PI);
Fukami, T. (PI); Fukuyama, F. (PI); Gardner, C. (PI); Gerritsen, M. (PI); Goldhaber-Fiebert, J. (PI); Gorelick, S. (PI); Goulder, L. (PI); Graham, S. (PI); Granovetter, M.
(PI); Hadly, E. (PI); Hayden, T. (PI); Hoagland, S. (PI); Hollberg, L. (PI); Holmes, S. (PI); Horne, R. (PI); Iancu, D. (PI); Jackson, R. (PI); Jacobson, M. (PI); Jain, R. (PI);
Johari, R. (PI); Jones, J. (PI); Karl, T. (PI); Kennedy, D. (PI); Kennedy, J. (PI); Knutson, B. (PI); Kolstad, C. (PI); Koseff, J. (PI); Kovscek, A. (PI); Krosnick, J. (PI);
LaBeaud, D. (PI); Lambin, E. (PI); Leape, J. (PI); Lee, H. (PI); Lepech, M. (PI); Levitt, R. (PI); Lobell, D. (PI); Luby, S. (PI); Luthy, R. (PI); Mach, K. (PI); Majumdar, A.
(PI); Martinez, J. (PI); Masters, G. (PI); Matson, P. (PI); McAdam, D. (PI); McFarland, D. (PI); McGehee, M. (PI); Meskell, L. (PI); Michalak, A. (PI); Micheli, F. (PI);
Miller, D. (PI); Miller, G. (PI); Monismith, S. (PI); Mooney, H. (PI); Mordecai, E. (PI); Nall, C. (PI); Naylor, R. (PI); Nevle, R. (PI); O'Neill, M. (PI); Ortolano, L. (PI);
Palumbi, S. (PI); Peay, K. (PI); Plambeck, E. (PI); Polk, E. (PI); Powell, W. (PI); Rafinejad, D. (PI); Rajagopal, R. (PI); Rao, H. (PI); Rehkopf, D. (PI); Reichelstein, S.
(PI); Reicher, D. (PI); Ritts, B. (PI); Sapolsky, R. (PI); Satz, D. (PI); Sawe, N. (PI); Schoolnik, G. (PI); Schultz, K. (PI); Seetah, K. (PI); Seiger, A. (PI); Shaw, G. (PI); Shiv,
B. (PI); Simonson, I. (PI); Sivas, D. (PI); Soule, S. (PI); Stedman, S. (PI); Suckale, J. (PI); Sweeney, J. (PI); Szeptycki, L. (PI); Tarpeh, W. (PI); Thomas, L. (PI);
Thompson, B. (PI); Tuljapurkar, S. (PI); Vitousek, P. (PI); Wara, M. (PI); Weinstein, J. (PI); Weyant, J. (PI); White, R. (PI); Wilcox, M. (PI); Willer, R. (PI); Wolfe, M.
(PI); Wong-Parodi, G. (PI); Zoback, M. (PI)

ENVRES 399: Directed Research in Environment and Resources
For advanced graduate students. Under supervision of an E-IPER affiliated faculty member. Joint M.S. students must submit an Independent Study Agreement for
approval.

Terms: Aut, Win, Spr, Sum | Units: 1-15 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Ajami, N. (PI); Algee-Hewitt, M. (PI); Anderson, M. (PI); Andrews, J. (PI); Archie, P. (PI); Ardoin, N. (PI); Arrigo, K. (PI); Asner, G. (PI); Azevedo, I. (PI);
Bailenson, J. (PI); Ball, J. (PI); Banerjee, B. (PI); Barnett, W. (PI); Barry, M. (PI); Becker, J. (PI); Beiker, S. (PI); Bendavid, E. (PI); Bendor, J. (PI); Benson, S. (PI);
Billington, S. (PI); Block, B. (PI); Boehm, A. (PI); Bonds, M. (PI); Brandt, A. (PI); Burke, M. (PI); Caers, J. (PI); Cain, B. (PI); Caldeira, K. (PI); Caldwell, M. (PI);
Casciotti, K. (PI); Chamberlain, P. (PI); Cohen, J. (PI); Comello, S. (PI); Criddle, C. (PI); Crowder, L. (PI); Cullen, M. (PI); Cullenward, D. (PI); Curran, L. (PI); Dabiri,
J. (PI); Daily, G. (PI); Davis, J. (PI); De Leo, G. (PI); Diffenbaugh, N. (PI); Dirzo, R. (PI); Diver, S. (PI); Dunbar, R. (PI); Durham, W. (PI); Ehrlich, A. (PI); Ehrlich, P.
(PI); Ernst, W. (PI); Falcon, W. (PI); Fendorf, S. (PI); Ferguson, J. (PI); Field, C. (PI); Fischer, M. (PI); Francis, C. (PI); Frank, Z. (PI); Freyberg, D. (PI); Fringer, O. (PI);
Fukami, T. (PI); Fukuyama, F. (PI); Gardner, C. (PI); Gerritsen, M. (PI); Goldhaber-Fiebert, J. (PI); Gorelick, S. (PI); Goulder, L. (PI); Gragg, D. (PI); Graham, S. (PI);
Granovetter, M. (PI); Hadly, E. (PI); Hayden, T. (PI); Hoagland, S. (PI); Hollberg, L. (PI); Holmes, S. (PI); Iancu, D. (PI); Jackson, R. (PI); Jacobson, M. (PI); Jain, R.
(PI); Jones, J. (PI); Karl, T. (PI); Kennedy, D. (PI); Kennedy, J. (PI); Knutson, B. (PI); Kolstad, C. (PI); Koseff, J. (PI); Kovscek, A. (PI); Krosnick, J. (PI); LaBeaud, D.
(PI); Lambin, E. (PI); Leape, J. (PI); Lee, H. (PI); Lepech, M. (PI); Levitt, R. (PI); Lobell, D. (PI); Luby, S. (PI); Luthy, R. (PI); Mach, K. (PI); Majumdar, A. (PI);
Martinez, J. (PI); Masters, G. (PI); Matson, P. (PI); McAdam, D. (PI); McFarland, D. (PI); McGehee, M. (PI); Meskell, L. (PI); Michalak, A. (PI); Micheli, F. (PI); Miller, D.
(PI); Miller, G. (PI); Monismith, S. (PI); Mooney, H. (PI); Mordecai, E. (PI); Moxley, J. (PI); Nall, C. (PI); Naylor, R. (PI); Nevle, R. (PI); O'Neill, M. (PI); Onori, S. (PI);
Ortolano, L. (PI); Palmer, M. (PI); Palumbi, S. (PI); Peay, K. (PI); Plambeck, E. (PI); Polk, E. (PI); Powell, W. (PI); Rafinejad, D. (PI); Rajagopal, R. (PI); Rao, H. (PI);
Rehkopf, D. (PI); Reichelstein, S. (PI); Reicher, D. (PI); Rogers, D. (PI); Sapolsky, R. (PI); Satz, D. (PI); Sawe, N. (PI); Schoolnik, G. (PI); Schultz, K. (PI); Seetah, K.
(PI); Seiger, A. (PI); Shaw, G. (PI); Shiv, B. (PI); Simonson, I. (PI); Sivas, D. (PI); Soule, S. (PI); Stedman, S. (PI); Suckale, J. (PI); Sweeney, J. (PI); Szeptycki, L. (PI);
Tarpeh, W. (PI); Thomas, L. (PI); Thompson, B. (PI); Tuljapurkar, S. (PI); Vitousek, P. (PI); Wara, M. (PI); Weinstein, J. (PI); Weyant, J. (PI); White, R. (PI); Wilcox, M.
(PI); Willer, R. (PI); Wolfe, M. (PI); Wong-Parodi, G. (PI); Zoback, M. (PI)

ENVRES 801: TGR Project

Terms: Aut, Win, Spr, Sum | Units: 0 | Repeatable for credit | Grading: TGR

Instructors: ; Algee-Hewitt, M. (PI); Ardoin, N. (PI); Arrigo, K. (PI); Asner, G. (PI); Banerjee, B. (PI); Barnett, W. (PI); Barry, M. (PI); Bendavid, E. (PI); Benson, S. (PI);
Billington, S. (PI); Block, B. (PI); Boehm, A. (PI); Brandt, A. (PI); Burke, M. (PI); Caers, J. (PI); Caldeira, K. (PI); Caldwell, M. (PI); Casciotti, K. (PI); Chamberlain, P.
(PI); Cohen, J. (PI); Criddle, C. (PI); Crowder, L. (PI); Cullen, M. (PI); Curran, L. (PI); Daily, G. (PI); Davis, J. (PI); De Leo, G. (PI); Diffenbaugh, N. (PI); Dirzo, R. (PI);
Dunbar, R. (PI); Durham, W. (PI); Ehrlich, P. (PI); Ernst, W. (PI); Falcon, W. (PI); Fendorf, S. (PI); Ferguson, J. (PI); Field, C. (PI); Fischer, M. (PI); Frank, Z. (PI);
Freyberg, D. (PI); Fringer, O. (PI); Fukami, T. (PI); Gerritsen, M. (PI); Gorelick, S. (PI); Granovetter, M. (PI); Hadly, E. (PI); Iancu, D. (PI); Jackson, R. (PI); Jacobson,
M. (PI); Jones, J. (PI); Karl, T. (PI); Kennedy, D. (PI); Knutson, B. (PI); Kolstad, C. (PI); Koseff, J. (PI); Kovscek, A. (PI); LaBeaud, D. (PI); Lambin, E. (PI); Lee, H. (PI);
Lepech, M. (PI); Levitt, R. (PI); Lobell, D. (PI); Luby, S. (PI); Luthy, R. (PI); Martinez, J. (PI); Masters, G. (PI); Matson, P. (PI); McAdam, D. (PI); McFarland, D. (PI);
McGehee, M. (PI); Meskell, L. (PI); Michalak, A. (PI); Micheli, F. (PI); Miller, D. (PI); Miller, G. (PI); Monismith, S. (PI); Mooney, H. (PI); Mordecai, E. (PI); Nall, C. (PI);
Naylor, R. (PI); Ortolano, L. (PI); Palumbi, S. (PI); Peay, K. (PI); Plambeck, E. (PI); Powell, W. (PI); Rafinejad, D. (PI); Rajagopal, R. (PI); Rao, H. (PI); Reichelstein, S.
(PI); Reicher, D. (PI); Sapolsky, R. (PI); Satz, D. (PI); Schoolnik, G. (PI); Schultz, K. (PI); Seetah, K. (PI); Shiv, B. (PI); Simonson, I. (PI); Sivas, D. (PI); Soule, S. (PI);
Stedman, S. (PI); Suckale, J. (PI); Sweeney, J. (PI); Thomas, L. (PI); Thompson, B. (PI); Tuljapurkar, S. (PI); Vitousek, P. (PI); Wara, M. (PI); Weinstein, J. (PI);
Weyant, J. (PI); White, R. (PI); Wilcox, M. (PI); Wolfe, M. (PI); Zoback, M. (PI)

ENVRES 802: TGR Dissertation
Terms: Aut, Win, Spr, Sum | Units: 0 | Repeatable for credit | Grading: TGR

Instructors: ; Algee-Hewitt, M. (PI); Ardoin, N. (PI); Arrigo, K. (PI); Asner, G. (PI); Azevedo, I. (PI); Banerjee, B. (PI); Barnett, W. (PI); Barry, M. (PI); Bendavid, E.
(PI); Benson, S. (PI); Billington, S. (PI); Block, B. (PI); Boehm, A. (PI); Brandt, A. (PI); Burke, M. (PI); Caers, J. (PI); Caldeira, K. (PI); Caldwell, M. (PI); Casciotti, K.
(PI); Chamberlain, P. (PI); Cohen, J. (PI); Criddle, C. (PI); Crowder, L. (PI); Cullen, M. (PI); Curran, L. (PI); Daily, G. (PI); Davis, J. (PI); De Leo, G. (PI); Diffenbaugh,
N. (PI); Dirzo, R. (PI); Dunbar, R. (PI); Durham, W. (PI); Ehrlich, P. (PI); Ernst, W. (PI); Falcon, W. (PI); Fendorf, S. (PI); Ferguson, J. (PI); Field, C. (PI); Fischer, M.
(PI); Frank, Z. (PI); Freyberg, D. (PI); Fringer, O. (PI); Fukami, T. (PI); Fukuyama, F. (PI); Gerritsen, M. (PI); Gorelick, S. (PI); Granovetter, M. (PI); Hadly, E. (PI);
Iancu, D. (PI); Jackson, R. (PI); Jacobson, M. (PI); Jain, R. (PI); Jones, J. (PI); Karl, T. (PI); Kennedy, D. (PI); Knutson, B. (PI); Kolstad, C. (PI); Koseff, J. (PI); Kovscek,
A. (PI); LaBeaud, D. (PI); Lambin, E. (PI); Lee, H. (PI); Lepech, M. (PI); Levitt, R. (PI); Lobell, D. (PI); Luby, S. (PI); Luthy, R. (PI); Martinez, J. (PI); Masters, G. (PI);
Matson, P. (PI); McAdam, D. (PI); McFarland, D. (PI); McGehee, M. (PI); Meskell, L. (PI); Michalak, A. (PI); Micheli, F. (PI); Miller, D. (PI); Miller, G. (PI); Monismith, S.
(PI); Mooney, H. (PI); Mordecai, E. (PI); Nall, C. (PI); Naylor, R. (PI); Ortolano, L. (PI); Palumbi, S. (PI); Peay, K. (PI); Plambeck, E. (PI); Powell, W. (PI); Rafinejad, D.
(PI); Rajagopal, R. (PI); Rao, H. (PI); Reichelstein, S. (PI); Reicher, D. (PI); Robinson, T. (PI); Sapolsky, R. (PI); Satz, D. (PI); Schoolnik, G. (PI); Schultz, K. (PI);
Seetah, K. (PI); Shiv, B. (PI); Simonson, I. (PI); Sivas, D. (PI); Soule, S. (PI); Stedman, S. (PI); Suckale, J. (PI); Sweeney, J. (PI); Thomas, L. (PI); Thompson, B. (PI);
Tuljapurkar, S. (PI); Vitousek, P. (PI); Wara, M. (PI); Weinstein, J. (PI); Weyant, J. (PI); White, R. (PI); Wilcox, M. (PI); Wolfe, M. (PI); Zoback, M. (PI)

ENVRINST 198: Prehonors Seminar
Seminar for students admitted to the Goldman Honors Program. Students will begin work on honors projects. Enrollment by consent of instructor.

Terms: Spr | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Diffenbaugh, N. (PI)

https://explorecourses.stanford.edu/instructor/billingt
https://explorecourses.stanford.edu/instructor/bblock
https://explorecourses.stanford.edu/instructor/aboehm
https://explorecourses.stanford.edu/instructor/nboness
https://explorecourses.stanford.edu/instructor/abrandt
https://explorecourses.stanford.edu/instructor/jdb79
https://explorecourses.stanford.edu/instructor/mburke
https://explorecourses.stanford.edu/instructor/jcaers
https://explorecourses.stanford.edu/instructor/bcain
https://explorecourses.stanford.edu/instructor/caldeira
https://explorecourses.stanford.edu/instructor/megc
https://explorecourses.stanford.edu/instructor/kcasciot
https://explorecourses.stanford.edu/instructor/chamb
https://explorecourses.stanford.edu/instructor/jcohen57
https://explorecourses.stanford.edu/instructor/scomello
https://explorecourses.stanford.edu/instructor/ccriddle
https://explorecourses.stanford.edu/instructor/lbcrowd
https://explorecourses.stanford.edu/instructor/mrcullen
https://explorecourses.stanford.edu/instructor/lmcurran
https://explorecourses.stanford.edu/instructor/jodabiri
https://explorecourses.stanford.edu/instructor/gdaily
https://explorecourses.stanford.edu/instructor/davisjen
https://explorecourses.stanford.edu/instructor/deleo
https://explorecourses.stanford.edu/instructor/omramom
https://explorecourses.stanford.edu/instructor/rdirzo
https://explorecourses.stanford.edu/instructor/sibs
https://explorecourses.stanford.edu/instructor/dunbar
https://explorecourses.stanford.edu/instructor/ebwhd
https://explorecourses.stanford.edu/instructor/aehrlich
https://explorecourses.stanford.edu/instructor/pre
https://explorecourses.stanford.edu/instructor/wernst
https://explorecourses.stanford.edu/instructor/wpfalcon
https://explorecourses.stanford.edu/instructor/fendorf
https://explorecourses.stanford.edu/instructor/jgfergus
https://explorecourses.stanford.edu/instructor/cfield
https://explorecourses.stanford.edu/instructor/fischer
https://explorecourses.stanford.edu/instructor/caf
https://explorecourses.stanford.edu/instructor/zfrank
https://explorecourses.stanford.edu/instructor/freyberg
https://explorecourses.stanford.edu/instructor/fringer
https://explorecourses.stanford.edu/instructor/fukamit
https://explorecourses.stanford.edu/instructor/ffukuyam
https://explorecourses.stanford.edu/instructor/cgardner
https://explorecourses.stanford.edu/instructor/gerritsn
https://explorecourses.stanford.edu/instructor/jeremygf
https://explorecourses.stanford.edu/instructor/gorelick
https://explorecourses.stanford.edu/instructor/goulder
https://explorecourses.stanford.edu/instructor/sagraham
https://explorecourses.stanford.edu/instructor/granovet
https://explorecourses.stanford.edu/instructor/hadly
https://explorecourses.stanford.edu/instructor/thayden
https://explorecourses.stanford.edu/instructor/shh
https://explorecourses.stanford.edu/instructor/leoh
https://explorecourses.stanford.edu/instructor/sph
https://explorecourses.stanford.edu/instructor/horne
https://explorecourses.stanford.edu/instructor/daniancu
https://explorecourses.stanford.edu/instructor/robertj2
https://explorecourses.stanford.edu/instructor/jacobson
https://explorecourses.stanford.edu/instructor/risheej
https://explorecourses.stanford.edu/instructor/rjohari
https://explorecourses.stanford.edu/instructor/jhj1
https://explorecourses.stanford.edu/instructor/tkarl
https://explorecourses.stanford.edu/instructor/dmk
https://explorecourses.stanford.edu/instructor/juliek
https://explorecourses.stanford.edu/instructor/knutson
https://explorecourses.stanford.edu/instructor/ckolstad
https://explorecourses.stanford.edu/instructor/koseff
https://explorecourses.stanford.edu/instructor/kovscek
https://explorecourses.stanford.edu/instructor/krosnick
https://explorecourses.stanford.edu/instructor/dlabeaud
https://explorecourses.stanford.edu/instructor/elambin
https://explorecourses.stanford.edu/instructor/jleape
https://explorecourses.stanford.edu/instructor/haulee
https://explorecourses.stanford.edu/instructor/mlepech
https://explorecourses.stanford.edu/instructor/rel
https://explorecourses.stanford.edu/instructor/dlobell
https://explorecourses.stanford.edu/instructor/sluby
https://explorecourses.stanford.edu/instructor/luthy
https://explorecourses.stanford.edu/instructor/mach
https://explorecourses.stanford.edu/instructor/arunava
https://explorecourses.stanford.edu/instructor/janetkgm
https://explorecourses.stanford.edu/instructor/gmasters
https://explorecourses.stanford.edu/instructor/pmatson
https://explorecourses.stanford.edu/instructor/mcadam
https://explorecourses.stanford.edu/instructor/dmcfarla
https://explorecourses.stanford.edu/instructor/mmcgehee
https://explorecourses.stanford.edu/instructor/lmeskell
https://explorecourses.stanford.edu/instructor/michalak
https://explorecourses.stanford.edu/instructor/micheli
https://explorecourses.stanford.edu/instructor/dtmiller
https://explorecourses.stanford.edu/instructor/ngmiller
https://explorecourses.stanford.edu/instructor/stephen
https://explorecourses.stanford.edu/instructor/hmooney
https://explorecourses.stanford.edu/instructor/emordeca
https://explorecourses.stanford.edu/instructor/nall
https://explorecourses.stanford.edu/instructor/roz
https://explorecourses.stanford.edu/instructor/rnevle
https://explorecourses.stanford.edu/instructor/oneillm
https://explorecourses.stanford.edu/instructor/ortolano
https://explorecourses.stanford.edu/instructor/spalumbi
https://explorecourses.stanford.edu/instructor/kpeay
https://explorecourses.stanford.edu/instructor/elp
https://explorecourses.stanford.edu/instructor/empolk
https://explorecourses.stanford.edu/instructor/woodyp
https://explorecourses.stanford.edu/instructor/rafineja
https://explorecourses.stanford.edu/instructor/ramr
https://explorecourses.stanford.edu/instructor/hrao
https://explorecourses.stanford.edu/instructor/drehkopf
https://explorecourses.stanford.edu/instructor/sterei
https://explorecourses.stanford.edu/instructor/dreicher
https://explorecourses.stanford.edu/instructor/ritts
https://explorecourses.stanford.edu/instructor/sapolsky
https://explorecourses.stanford.edu/instructor/dsatz
https://explorecourses.stanford.edu/instructor/sawe
https://explorecourses.stanford.edu/instructor/gks007
https://explorecourses.stanford.edu/instructor/kschultz
https://explorecourses.stanford.edu/instructor/kseetah
https://explorecourses.stanford.edu/instructor/aseiger
https://explorecourses.stanford.edu/instructor/gmshaw
https://explorecourses.stanford.edu/instructor/bshiv
https://explorecourses.stanford.edu/instructor/itamars
https://explorecourses.stanford.edu/instructor/dsivas
https://explorecourses.stanford.edu/instructor/soule
https://explorecourses.stanford.edu/instructor/sstedman
https://explorecourses.stanford.edu/instructor/jsuckale
https://explorecourses.stanford.edu/instructor/jsweeney
https://explorecourses.stanford.edu/instructor/leonsz
https://explorecourses.stanford.edu/instructor/wtarpeh
https://explorecourses.stanford.edu/instructor/leift
https://explorecourses.stanford.edu/instructor/buzzt
https://explorecourses.stanford.edu/instructor/tulja
https://explorecourses.stanford.edu/instructor/vitousek
https://explorecourses.stanford.edu/instructor/mwara
https://explorecourses.stanford.edu/instructor/jweinst
https://explorecourses.stanford.edu/instructor/weyant
https://explorecourses.stanford.edu/instructor/whiter
https://explorecourses.stanford.edu/instructor/mwilcox
https://explorecourses.stanford.edu/instructor/willer
https://explorecourses.stanford.edu/instructor/mikaelw
https://explorecourses.stanford.edu/instructor/gwongpar
https://explorecourses.stanford.edu/instructor/zoback
https://explorecourses.stanford.edu/instructor/newsha
https://explorecourses.stanford.edu/instructor/malgeehe
https://explorecourses.stanford.edu/instructor/mwa
https://explorecourses.stanford.edu/instructor/jandr
https://explorecourses.stanford.edu/instructor/jparchie
https://explorecourses.stanford.edu/instructor/nmardoin
https://explorecourses.stanford.edu/instructor/arrigo
https://explorecourses.stanford.edu/instructor/gpa
https://explorecourses.stanford.edu/instructor/iazevedo
https://explorecourses.stanford.edu/instructor/bailenso
https://explorecourses.stanford.edu/instructor/jeffball
https://explorecourses.stanford.edu/instructor/banny
https://explorecourses.stanford.edu/instructor/fbarnett
https://explorecourses.stanford.edu/instructor/mbarry11
https://explorecourses.stanford.edu/instructor/jcbecker
https://explorecourses.stanford.edu/instructor/beiker
https://explorecourses.stanford.edu/instructor/ebd
https://explorecourses.stanford.edu/instructor/fbendor
https://explorecourses.stanford.edu/instructor/smbenson
https://explorecourses.stanford.edu/instructor/billingt
https://explorecourses.stanford.edu/instructor/bblock
https://explorecourses.stanford.edu/instructor/aboehm
https://explorecourses.stanford.edu/instructor/mhbonds
https://explorecourses.stanford.edu/instructor/abrandt
https://explorecourses.stanford.edu/instructor/mburke
https://explorecourses.stanford.edu/instructor/jcaers
https://explorecourses.stanford.edu/instructor/bcain
https://explorecourses.stanford.edu/instructor/caldeira
https://explorecourses.stanford.edu/instructor/megc
https://explorecourses.stanford.edu/instructor/kcasciot
https://explorecourses.stanford.edu/instructor/chamb
https://explorecourses.stanford.edu/instructor/jcohen57
https://explorecourses.stanford.edu/instructor/scomello
https://explorecourses.stanford.edu/instructor/ccriddle
https://explorecourses.stanford.edu/instructor/lbcrowd
https://explorecourses.stanford.edu/instructor/mrcullen
https://explorecourses.stanford.edu/instructor/djcully
https://explorecourses.stanford.edu/instructor/lmcurran
https://explorecourses.stanford.edu/instructor/jodabiri
https://explorecourses.stanford.edu/instructor/gdaily
https://explorecourses.stanford.edu/instructor/davisjen
https://explorecourses.stanford.edu/instructor/deleo
https://explorecourses.stanford.edu/instructor/omramom
https://explorecourses.stanford.edu/instructor/rdirzo
https://explorecourses.stanford.edu/instructor/sibs
https://explorecourses.stanford.edu/instructor/dunbar
https://explorecourses.stanford.edu/instructor/ebwhd
https://explorecourses.stanford.edu/instructor/aehrlich
https://explorecourses.stanford.edu/instructor/pre
https://explorecourses.stanford.edu/instructor/wernst
https://explorecourses.stanford.edu/instructor/wpfalcon
https://explorecourses.stanford.edu/instructor/fendorf
https://explorecourses.stanford.edu/instructor/jgfergus
https://explorecourses.stanford.edu/instructor/cfield
https://explorecourses.stanford.edu/instructor/fischer
https://explorecourses.stanford.edu/instructor/caf
https://explorecourses.stanford.edu/instructor/zfrank
https://explorecourses.stanford.edu/instructor/freyberg
https://explorecourses.stanford.edu/instructor/fringer
https://explorecourses.stanford.edu/instructor/fukamit
https://explorecourses.stanford.edu/instructor/ffukuyam
https://explorecourses.stanford.edu/instructor/cgardner
https://explorecourses.stanford.edu/instructor/gerritsn
https://explorecourses.stanford.edu/instructor/jeremygf
https://explorecourses.stanford.edu/instructor/gorelick
https://explorecourses.stanford.edu/instructor/goulder
https://explorecourses.stanford.edu/instructor/moongdes
https://explorecourses.stanford.edu/instructor/sagraham
https://explorecourses.stanford.edu/instructor/granovet
https://explorecourses.stanford.edu/instructor/hadly
https://explorecourses.stanford.edu/instructor/thayden
https://explorecourses.stanford.edu/instructor/shh
https://explorecourses.stanford.edu/instructor/leoh
https://explorecourses.stanford.edu/instructor/sph
https://explorecourses.stanford.edu/instructor/daniancu
https://explorecourses.stanford.edu/instructor/robertj2
https://explorecourses.stanford.edu/instructor/jacobson
https://explorecourses.stanford.edu/instructor/risheej
https://explorecourses.stanford.edu/instructor/jhj1
https://explorecourses.stanford.edu/instructor/tkarl
https://explorecourses.stanford.edu/instructor/dmk
https://explorecourses.stanford.edu/instructor/juliek
https://explorecourses.stanford.edu/instructor/knutson
https://explorecourses.stanford.edu/instructor/ckolstad
https://explorecourses.stanford.edu/instructor/koseff
https://explorecourses.stanford.edu/instructor/kovscek
https://explorecourses.stanford.edu/instructor/krosnick
https://explorecourses.stanford.edu/instructor/dlabeaud
https://explorecourses.stanford.edu/instructor/elambin
https://explorecourses.stanford.edu/instructor/jleape
https://explorecourses.stanford.edu/instructor/haulee
https://explorecourses.stanford.edu/instructor/mlepech
https://explorecourses.stanford.edu/instructor/rel
https://explorecourses.stanford.edu/instructor/dlobell
https://explorecourses.stanford.edu/instructor/sluby
https://explorecourses.stanford.edu/instructor/luthy
https://explorecourses.stanford.edu/instructor/mach
https://explorecourses.stanford.edu/instructor/arunava
https://explorecourses.stanford.edu/instructor/janetkgm
https://explorecourses.stanford.edu/instructor/gmasters
https://explorecourses.stanford.edu/instructor/pmatson
https://explorecourses.stanford.edu/instructor/mcadam
https://explorecourses.stanford.edu/instructor/dmcfarla
https://explorecourses.stanford.edu/instructor/mmcgehee
https://explorecourses.stanford.edu/instructor/lmeskell
https://explorecourses.stanford.edu/instructor/michalak
https://explorecourses.stanford.edu/instructor/micheli
https://explorecourses.stanford.edu/instructor/dtmiller
https://explorecourses.stanford.edu/instructor/ngmiller
https://explorecourses.stanford.edu/instructor/stephen
https://explorecourses.stanford.edu/instructor/hmooney
https://explorecourses.stanford.edu/instructor/emordeca
https://explorecourses.stanford.edu/instructor/jfmoxley
https://explorecourses.stanford.edu/instructor/nall
https://explorecourses.stanford.edu/instructor/roz
https://explorecourses.stanford.edu/instructor/rnevle
https://explorecourses.stanford.edu/instructor/oneillm
https://explorecourses.stanford.edu/instructor/sonori
https://explorecourses.stanford.edu/instructor/ortolano
https://explorecourses.stanford.edu/instructor/mjpalmer
https://explorecourses.stanford.edu/instructor/spalumbi
https://explorecourses.stanford.edu/instructor/kpeay
https://explorecourses.stanford.edu/instructor/elp
https://explorecourses.stanford.edu/instructor/empolk
https://explorecourses.stanford.edu/instructor/woodyp
https://explorecourses.stanford.edu/instructor/rafineja
https://explorecourses.stanford.edu/instructor/ramr
https://explorecourses.stanford.edu/instructor/hrao
https://explorecourses.stanford.edu/instructor/drehkopf
https://explorecourses.stanford.edu/instructor/sterei
https://explorecourses.stanford.edu/instructor/dreicher
https://explorecourses.stanford.edu/instructor/dbrogers
https://explorecourses.stanford.edu/instructor/sapolsky
https://explorecourses.stanford.edu/instructor/dsatz
https://explorecourses.stanford.edu/instructor/sawe
https://explorecourses.stanford.edu/instructor/gks007
https://explorecourses.stanford.edu/instructor/kschultz
https://explorecourses.stanford.edu/instructor/kseetah
https://explorecourses.stanford.edu/instructor/aseiger
https://explorecourses.stanford.edu/instructor/gmshaw
https://explorecourses.stanford.edu/instructor/bshiv
https://explorecourses.stanford.edu/instructor/itamars
https://explorecourses.stanford.edu/instructor/dsivas
https://explorecourses.stanford.edu/instructor/soule
https://explorecourses.stanford.edu/instructor/sstedman
https://explorecourses.stanford.edu/instructor/jsuckale
https://explorecourses.stanford.edu/instructor/jsweeney
https://explorecourses.stanford.edu/instructor/leonsz
https://explorecourses.stanford.edu/instructor/wtarpeh
https://explorecourses.stanford.edu/instructor/leift
https://explorecourses.stanford.edu/instructor/buzzt
https://explorecourses.stanford.edu/instructor/tulja
https://explorecourses.stanford.edu/instructor/vitousek
https://explorecourses.stanford.edu/instructor/mwara
https://explorecourses.stanford.edu/instructor/jweinst
https://explorecourses.stanford.edu/instructor/weyant
https://explorecourses.stanford.edu/instructor/whiter
https://explorecourses.stanford.edu/instructor/mwilcox
https://explorecourses.stanford.edu/instructor/willer
https://explorecourses.stanford.edu/instructor/mikaelw
https://explorecourses.stanford.edu/instructor/gwongpar
https://explorecourses.stanford.edu/instructor/zoback
https://explorecourses.stanford.edu/instructor/malgeehe
https://explorecourses.stanford.edu/instructor/nmardoin
https://explorecourses.stanford.edu/instructor/arrigo
https://explorecourses.stanford.edu/instructor/gpa
https://explorecourses.stanford.edu/instructor/banny
https://explorecourses.stanford.edu/instructor/fbarnett
https://explorecourses.stanford.edu/instructor/mbarry11
https://explorecourses.stanford.edu/instructor/ebd
https://explorecourses.stanford.edu/instructor/smbenson
https://explorecourses.stanford.edu/instructor/billingt
https://explorecourses.stanford.edu/instructor/bblock
https://explorecourses.stanford.edu/instructor/aboehm
https://explorecourses.stanford.edu/instructor/abrandt
https://explorecourses.stanford.edu/instructor/mburke
https://explorecourses.stanford.edu/instructor/jcaers
https://explorecourses.stanford.edu/instructor/caldeira
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ENVRINST 199: Interschool Honors Program in Environmental Science, Technology, and Policy
Students from the schools of Humanities and Sciences, Engineering, and Earth Sciences analyze important problems in a year-long small group seminar. Combines
research methods, oral presentations, preparation of an honors project by each student, and where relevant, field study. May be repeated for credit.

Terms: Aut, Win, Spr | Units: 1-9 | Repeatable for credit | Grading: Letter (ABCD/NP)

Instructors: ; Diffenbaugh, N. (PI)

ESS 8: The Oceans: An Introduction to the Marine Environment (EARTHSYS 8)
The course will provide a basic understanding of how the ocean functions as a suite of interconnected ecosystems, both naturally and under the influence of human
activities. Emphasis is on the interactions between the physical and chemical environment and the dominant organisms of each ecosystem. The types of ecosystems
discussed include coral reefs, deep-sea hydrothermal vents, coastal upwelling systems, blue-water oceans, estuaries, and near-shore dead zones. Lectures,
multimedia presentations, group activities, and tide-pooling day trip.

Terms: Spr | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI); Lim, S. (SI); Payne, C. (SI)

ESS 10SC: In the Age of the Anthropocene: Coupled-Human Natural Systems of Southeast Alaska
Southeast Alaska is often described as America's "last frontier," embodying a physical reality of the "pristine" that was once revered by the early romantics and
founders of the modern conservation movement throughout Western North America. Although endowed with more designated Wilderness land than any other state,
Alaska remains a working landscape: a mixed cash-subsistence economy where communities rely upon the harvest and export of natural resources. Here, ecosystem
services remain tangible, and people living in communities that are unconnected by roads confront questions of sustainability on a daily basis. This field-based
course introduces students to the global questions of land use change and sustainable resource management in the American West through the place-based
exploration of Southeast Alaska. Focused on four key social-ecological challenges -- fisheries, forestry, tourism, and energy -- the coupled human-natural systems of
Southeast Alaska provide a unique lens for students to interpret broader resource management and conservation issues. The curriculum balances field explorations
and classroom lectures with community exploration in which students will engage with fishermen, hatchery workers, forest managers, loggers, mill owners, tour
operators, tourists, city officials, citizens, and Native residents. Students will catch their own salmon, walk through old-growth and logged forests, kayak next to
glacial moraines, and witness the impacts of human activities, both local and global, on the social-ecological systems around them. In the context of rapidly
changing ecosystems, students will confront the historical, ecological, and economic complexities of environmental stewardship in this region. By embedding their
experiences within frameworks of land change science, land-ocean interactions, ecosystem ecology, and natural resource management and economics, students will
leave this course ready to apply what they have learned to the global challenges of sustainability and conservation that pervade systems far beyond Alaska. This
course is co-sponsored by the School of Earth Sciences and takes place in Sitka, Alaska. Students arrange for their arrival at the seminar's point of origin; all
subsequent travel is made possible by Sophomore College and the School of Earth Sciences.

Last offered: Summer 2019 | Units: 2 | Grading: Letter (ABCD/NP)

ESS 14: Tropical coastal marine ecosystems: data and analysis methods
This 1-unit course is designed for Stanford undergraduates intending to work remotely or on-site in tropical coastal marine systems of the Indo-Pacific at any time
between 2021 and 2022. The course includes learning units on mangroves, seagrass beds, tropical estuaries, and coral reefs. Techniques covered include: satellite
observations, in-the-water deployments of biogeochemical and physical monitoring instruments, drone -based visible and infrared imaging, and field ecology
observations. Permission of instructor is required.

Last offered: Spring 2021 | Units: 1 | Grading: Letter or Credit/No Credit

ESS 38N: The Worst Journey in the World: The Science, Literature, and History of Polar Exploration (EARTHSYS 38N,
GEOLSCI 38N)
This course examines the motivations and experiences of polar explorers under the harshest conditions on Earth, as well as the chronicles of their explorations and
hardships, dating to the 1500s for the Arctic and the 1700s for the Antarctic. Materials include The Worst Journey in the World by Aspley Cherry-Garrard who in
1911 participated in a midwinter Antarctic sledging trip to recover emperor penguin eggs. Optional field trip into the high Sierra in March.

Terms: Aut | Units: 3 | UG Reqs: GER: DB-NatSci | Grading: Letter (ABCD/NP)

Instructors: ; Dunbar, R. (PI)

ESS 46N: Exploring the Critical Interface between the Land and Monterey Bay: Elkhorn Slough (EARTHSYS 46N)
Preference to freshmen. Field trips to sites in the Elkhorn Slough, a small agriculturally impacted estuary that opens into Monterey Bay, a model ecosystem for
understanding the complexity of estuaries, and one of California's last remaining coastal wetlands. Readings include Jane Caffrey's "Changes in a California Estuary:
A Profile of Elkhorn Slough". Basics of biogeochemistry, microbiology, oceanography, ecology, pollution, and environmental management.

Terms: Spr | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Francis, C. (PI)

ESS 61Q: Food and security (EARTHSYS 61Q, INTNLREL 61Q)
The course will provide a broad overview of key policy issues concerning agricultural development and food security, and will assess how global governance is
addressing the problem of food security. At the same time the course will provide an overview of the field of international security, and examine how governments
and international institutions are beginning to include food in discussions of security.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

ESS 65N: How to make a tornado (and other flows in the atmosphere and ocean)
In this seminar students explore the physics of atmospheric and oceanic flows experientially using rotating tanks of water on small turntables provided to each
student in the class. Different flow phenomena from tornado formation, ocean gyres, to hurricane propagation are introduced each week and experiments are
designed to simulate them. The experiments, like the oceanic and atmospheric motions they are simulating, can be visually stunning, like pieces of fluid artwork,
and the students will learn various visualization techniques to draw out their beauty. The goal is for students to practice the scientific method while gaining an
understanding and appreciation for how the ocean and atmosphere work.

Terms: Aut, Spr | Units: 3 | UG Reqs: WAY-SMA | Repeatable 2 times (up to 3 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Thomas, L. (PI)
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ESS 71: Planet Ocean (BIO 71)
Oceans make up the majority of our planet's area and living spaces and are fundamental to biodiversity, climate, food and commerce.This course covers integration
of the oceanography and marine biology of diverse ocean habitats such as the deep sea, coral reefs, open ocean, temperate coasts, estuaries and polar seas.
Lectures include state of the art knowledge as well as emerging technologies for future exploration. The second section focuses on how the oceans link to the
global environment, and how ocean capacity helps determine human sustainability.

Terms: Win | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Dunbar, R. (PI); Micheli, F. (PI); Palumbi, S. (PI)

ESS 86N: The Most Rational People in the World
Humans, broadly construed, emerged as bipedal apes in the African mixed savanna-woodlands approximately two million years ago. From humble beginnings,
humans have gone on to be become the ecologically dominant species in most biomes and grown to a global population in excess of seven billion. This dominance
arises from a combination of features of the human organism including its extreme degree of behavioral flexibility and flexible social organization. The prima facie
evidence of human evolutionary and ecological success raises a paradox with respect to recent work in economics and psychology which increasingly argues for
pervasive irrationality in human decision-making in a wide array of behavioral contexts. How is it possible for an organism with such seemingly flawed software
supporting decision-making to become the globally dominant species? We will use this contradiction as the launching point for understanding what rationality means
in a broad ecological and cross-cultural context. What do we mean by `rationality¿? How do different disciplines conceive of rationality in different ways? Is there
such a thing as a rationality that transcends cultural differences or is the very idea of rationality a cultural construction that is used to justify imperialism and other
modes of paternalism? Are there systematic factors that promote or impede rational decision-making? The seminar will provide a gentle introduction to the formal
approaches of decision theory which we will apply to an unusual array of topics centered on the subsistence and reproductive decisions of hunter-gatherers,
horticulturalists, pastoralists, and agrarian peasants, in short, people living in face-to-face, subsistence societies. In addition to doing reading from a broad array of
social and natural science disciplines around the topic of rationality, students will regularly engage in exercises to assess their own approaches to decision-making.

Last offered: Summer 2019 | Units: 4 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

ESS 101: Environmental and Geological Field Studies in the Rocky Mountains (EARTHSYS 100)
Three-week, field-based program in the Greater Yellowstone/Teton and Wind River Mountains of Wyoming. Field-based exercises covering topics including: basics of
structural geology and petrology; glacial geology; western cordillera geology; paleoclimatology; chemical weathering; aqueous geochemistry; and environmental
issues such as acid mine drainage and changing land-use patterns.

Last offered: Autumn 2018 | Units: 3 | Grading: Satisfactory/No Credit

ESS 102: Scientific Basis of Climate Change (ESS 202)
This course explores the scientific basis of anthropogenic climate change. We will read the original papers that established the scientific foundation for the climate
change forecast. Starting with Fourier's description of the greenhouse effect, we trace the history of the key insights into how humanity is perturbing the climate
system. The course is based on "The Warming Papers", edited by David Archer and Raymond Pierrehumbert. Participants take turns presenting and leading a
discussion of the papers and of Archer and Pierrehumbert's commentary.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Sheshadri, A. (PI)

ESS 103: Rethinking Meat: An Introduction to Alternative Proteins (EARTHSYS 109, EARTHSYS 209, ESS 203, ETHICSOC 107)
How do we feed a growing population in the face of climate change? Will Impossible Burgers become the new norm? Are you curious to learn about a frontier in bio-
and chemical-engineering? Are you passionate about animal rights, human health, and sustainable agriculture? Learn about the environmental, ethical, and
economic drivers behind the market for meat replacements. We'll take a deep dive into the science and technology used to develop emerging plant, fermentation
and cell-based meat alternatives and explore the political challenges and behavioral adaptation needed to decrease meat consumption. Hear from entrepreneurs,
researchers, and innovative startups developing sustainable and marketable alternative proteins through weekly guest lectures from industry leaders.

Terms: Spr | Units: 1-2 | Grading: Letter or Credit/No Credit

Instructors: ; Lobell, D. (PI); Fajer, E. (SI); Huddleston, H. (SI)

ESS 106: World Food Economy (EARTHSYS 106, EARTHSYS 206, ECON 106, ECON 206, ESS 206)
The World Food Economy is a survey course that covers the economic and political dimensions of food production, consumption, and trade. The course focuses on
food markets and food policy within a global context. It is comprised of three major sections: structural features (agronomic, technological, and economic) that
determine the nature of domestic food systems; the role of domestic food and agricultural policies in international markets; and the integrating forces of
international research, trade, and food aid in the world food economy. This 5-unit course entails a substantial group modeling project that is required for all
students. Enrollment is by application only. The application is found at https://economics.stanford.edu/undergraduate/forms. Deadline: March 15, 2022.

Terms: Spr | Units: 5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Naylor, R. (PI); Nyakundi, F. (TA); Zhong, C. (TA)

ESS 107: Control of Nature (EARTHSYS 107)
Think controlling the earth's climate is science fiction? It is when you watch Snowpiercer or Dune, but scientists are already devising geoengineering schemes to
slow climate change. Will we ever resurrect the woolly mammoth or even a T. Rex (think Jurassic Park)? Based on current research, that day will come in your
lifetime. Who gets to decide what species to save? And more generally, what scientific and ethical principles should guide our decisions to control nature? In this
course, we will examine the science behind ways that people alter and engineer the earth, critically examining the positive and negative consequences. We'll
explore these issues first through popular movies and books and then, more substantively, in scientific research.

Terms: Spr | Units: 3 | UG Reqs: GER:EC-EthicReas, WAY-ER | Grading: Letter or Credit/No Credit

Instructors: ; Jackson, R. (PI); Castaneda, S. (TA); Hasselmann, C. (TA); Scott-Buechler, C. (TA)

ESS 108: Research Preparation for Undergraduates
For undergraduates planning to conduct research during the summer with faculty through the MUIR and SUPER programs. Readings, oral presentations, proposal
development. May be repeated for credit.

Terms: Spr | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Field, C. (PI)
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ESS 109: Biological and Social Networks (ESS 209)
This course introduces the analysis of social and biological networks with a focus on field data collected by interdisciplinary environmental and health scientists.
Beginning from the premise that structure emerges from relationships between individual entities, we will concentrate in particular on the measurement of
relationships, emphasizing especially practical methodology for mixed-method fieldwork suitable for interdisciplinary biosocial sciences (e.g., earth system science,
epidemiology, demography, anthropology, conservation science). Topics include: social relationships in humans and other animals, ecological networks (e.g., trophic
and mutualistic interactions), epidemiological networks, research design for collecting relational data, naturalistic observation, ethnographic network methods,
sampling, data quality, missing data, graphs and graph theory, structural measures (e.g., density, centrality and centralization, clustering and community detection,
embeddedness), network evolution, network diffusion, emergence, egocentric networks, multi-mode/multi-layer networks, inference for sampled networks. All
computation and visualization will be done in R so some familiarity is assumed.

Last offered: Winter 2020 | Units: 3-5 | Grading: Letter (ABCD/NP)

ESS 111: Biology and Global Change (BIO 117, EARTHSYS 111, EARTHSYS 217)
The biological causes and consequences of anthropogenic and natural changes in the atmosphere, oceans, and terrestrial and freshwater ecosystems. Topics: glacial
cycles and marine circulation, greenhouse gases and climate change, tropical deforestation and species extinctions, and human population growth and resource
use. Prerequisite: Biology or Human Biology core or BIO 81 or graduate standing.

Terms: Win | Units: 4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Casciotti, K. (PI); Vitousek, P. (PI); Meyers, A. (TA); Mi, J. (TA); Sonawane, C. (TA)

ESS 112: Human Society and Environmental Change (EARTHSYS 112, EARTHSYS 212, HISTORY 103D)
Interdisciplinary approaches to understanding human-environment interactions with a focus on economics, policy, culture, history, and the role of the state.
Prerequisite: ECON 1.

Terms: Aut | Units: 4 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Frank, Z. (PI); Naylor, R. (PI); Belongia, M. (TA); Grattan, T. (TA); Kushel, C. (TA); Robles-Baez, C. (TA); Stock, A. (TA)

ESS 115: Approaching Nepal: Coupled Human-Natural Systems of the Solokhumbu (ESS 215)
This class designed to prepare students participating in the 2020 BOSP Nepal Seminar. Through readings, lectures, and class discussions, students will acquire a
working knowledge of coupled human-natural system theory and examine case studies of CHNS analysis in the region. We will also provide content on the history of
Nepal and the Sherpa people, Buddhist and Hindu thoughts on nature and resources, agricultural systems across Himalayan ecotones, and geology, glaciology, water,
and energy issues relevant to the course itinerary. The class will meet weekly through the Spring quarter. We may switch the time to accommodate the schedules of
all enrolled students. The class is mandatory for students participating in BOSP Nepal 2020.

Last offered: Spring 2020 | Units: 1-2 | Grading: Letter (ABCD/NP)

ESS 117: Earth Sciences of the Hawaiian Islands
Progression from volcanic processes through rock weathering and soil-ecosystem development to landscape evolution. The course starts with an investigation of
volcanic processes, including the volcano structure, origin of magmas, physical-chemical factors of eruptions. Factors controlling rock weathering and soil
development, including depth and nutrient levels impacting plant ecosystems, are explored next. Geomorphic processes of landscape evolution including erosion
rates, tectonic/volcanic activity, and hillslope stability conclude the course. Methods for monitoring and predicting eruptions, defining spatial changes in landform,
landform stability, soil production rates, and measuring biogeochemical processes are covered throughout the course. This course is restricted to students accepted
into the Earth Systems of Hawaii Program.

Last offered: Autumn 2018 | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

ESS 118X: Shaping the Future of the Bay Area (AMSTUD 118X, CEE 118X, CEE 218X, ESS 218X, GEOLSCI 118X, GEOLSCI
218X, GEOPHYS 118X, GEOPHYS 218X, POLISCI 218X, PUBLPOL 118X, PUBLPOL 218X)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Aut | Units: 1-5 | UG Reqs: WAY-AQR, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Wong-Parodi, G. (PI); Duan, J. (TA); Srinivas, S. (TA)

ESS 118Y: Shaping the Future of the Bay Area (CEE 118Y, CEE 218Y, ESS 218Y, GEOLSCI 118Y, GEOLSCI 218Y, GEOPHYS
118Y, GEOPHYS 218Y, POLISCI 218Y, PUBLPOL 118Y, PUBLPOL 218Y)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.
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Terms: Win | Units: 1-5 | Repeatable 2 times (up to 10 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Duan, J. (TA); Srinivas, S. (TA)

ESS 118Z: Shaping the Future of the Bay Area (CEE 118Z, CEE 218Z, ESS 218Z, GEOLSCI 118Z, GEOLSCI 218Z, GEOPHYS
118Z, GEOPHYS 218Z, POLISCI 218Z, PUBLPOL 118Z, PUBLPOL 218Z)
Students are placed in small interdisciplinary teams (engineers and non-engineers, undergraduate and graduate level) to work on complex design, engineering, and
policy problems presented by external partners in a real urban setting. Multiple projects are offered and may span both Winter and Spring quarters; students are
welcome to participate in one or both quarters. Students are expected to interact professionally with government and community stakeholders, conduct
independent team work outside of class sessions, and submit deliverables over a series of milestones. Prerequisite: the Autumn (X) skills course or approval of
instructors. For information about the projects and application process, visit http://bay.stanford.edu. Cardinal Course certified by the Haas Center.

Terms: Spr | Units: 1-5 | Repeatable 2 times (up to 10 units total) | Grading: Letter or Credit/No Credit

ESS 123: Biosphere-Atmosphere Interactions (EARTHSYS 123A, EARTHSYS 223, ESS 223)
How do ecosystems respond to climate, and how do ecosystems influence climate? Covers the role of the terrestrial land surface in earth's climate system, including
among others photosynthesis, transpiration, greenhouse gasses, radiation, and atmospheric water vapor. For each of these topics, attention is paid to both the
underlying processes and how they can be mathematically represented in earth system models. Instruments and techniques used to measure these processes are
also discussed, and, where appropriate, demonstrated.

Last offered: Winter 2021 | Units: 3-4 | Grading: Letter (ABCD/NP)

ESS 125: Introduction to Planetary Science (GEOLSCI 124, GEOPHYS 124)
This course provides an introduction to planetary science through the exploration of processes that formed and modified planetary bodies within the Solar System
and beyond. Each lecture will be given by an expert in a specific subfield of planetary sciences, with topics ranging from planetary materials and formation,
planetary dynamics, planetary structure and tectonics, planetary atmospheres, impact cratering, surface processes, and astrobiology. We will also discuss how
scientists investigate planets both near and far through sample analysis, telescopic and orbital remote sensing as well as in situ through robotic instruments.
Although there are no prerequisites for this course, it is primarily directed towards undergraduate students who are majoring (or plan to) in the sciences or
engineering. A minimum level of mathematics equivalent to high school algebra and introductory calculus will be necessary.

Last offered: Spring 2021 | Units: 3-4 | Repeatable 3 times (up to 12 units total) | Grading: Letter or Credit/No Credit

ESS 132: Evolution of Earth Systems (EARTHSYS 132, EARTHSYS 232, ESS 232, GEOLSCI 132, GEOLSCI 232)
This course examines biogeochemical cycles and how they developed through the interaction between the atmosphere, hydrosphere, biosphere, and lithosphere.
Emphasis is on the long-term carbon cycle and how it is connected to other biogeochemical cycles on Earth. The course consists of lectures, discussion of research
papers, and quantitative modeling of biogeochemical cycles. Students produce a model on some aspect of the cycles discussed in this course. Grades based on class
interaction, student presentations, and the modeling project.

Last offered: Winter 2019 | Units: 4 | Grading: Letter (ABCD/NP)

ESS 135: Community Leadership
Offered through Residential Education to residents of Castano House, Manzanita Park. Topics include: emotional intelligence, leadership styles, listening,
facilitating meetings, group dynamics and motivation, finding purpose, fostering resilience. Students will lead discussions on personal development, relationships,
risky behaviors, race, ethnicity, spirituality, integrity.

Last offered: Spring 2021 | Units: 1-2 | Repeatable 3 times (up to 6 units total) | Grading: Satisfactory/No Credit

ESS 141: Remote Sensing of the Oceans (EARTHSYS 141, EARTHSYS 241, ESS 241, GEOPHYS 141)
How to observe and interpret physical and biological changes in the oceans using satellite technologies. Topics: principles of satellite remote sensing, classes of
satellite remote sensors, converting radiometric data into biological and physical quantities, sensor calibration and validation, interpreting large-scale
oceanographic features.

Terms: Win | Units: 3-4 | UG Reqs: GER: DB-NatSci, WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI); Payne, C. (TA)

ESS 143: Molecular Geomicrobiology Laboratory (BIO 142, EARTHSYS 143, ESS 243)
In this course, students will be studying the biosynthesis of cyclic lipid biomarkers, molecules that are produced by modern microbes that can be preserved in rocks
that are over a billion years old and which geologist use as molecular fossils. Students will be tasked with identifying potential biomarker lipid synthesis genes in
environmental genomic databases, expressing those genes in a model bacterial expression system in the lab, and then analyzing the lipid products that are
produced. The overall goal is for students to experience the scientific research process including generating hypotheses, testing these hypotheses in laboratory
experiments, and communicating their results through a publication style paper. Prerequisites: BIO83 and CHEM 121 or permission of the instructor.

Terms: Spr | Units: 3-4 | UG Reqs: WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Welander, P. (PI); Brown, M. (TA)

ESS 148: Introduction to Physical Oceanography (CEE 162D, CEE 262D, EARTHSYS 164)
The dynamic basis of oceanography. Topics: physical environment; conservation equations for salt, heat, and momentum; geostrophic flows; wind-driven flows; the
Gulf Stream; equatorial dynamics and ENSO; thermohaline circulation of the deep oceans; and tides. Prerequisite: PHYSICS 41.

Terms: Win | Units: 4 | UG Reqs: GER: DB-NatSci | Grading: Letter or Credit/No Credit

Instructors: ; Fong, D. (PI); Boles, E. (TA)

ESS 151: Biological Oceanography (EARTHSYS 151, EARTHSYS 251, ESS 251)
Required for Earth Systems students in the oceans track. Interdisciplinary look at how oceanic environments control the form and function of marine life. Topics
include distributions of planktonic production and abundance, nutrient cycling, the role of ocean biology in the climate system, expected effects of climate changes
on ocean biology. Local weekend field trips. Designed to be taken concurrently with Marine Chemistry (ESS/EARTHSYS 152/252). Prerequisites: BIO 43 and ESS 8 or
equivalent.

Terms: Win, Spr | Units: 3-4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit
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Instructors: ; Arrigo, K. (PI)

ESS 152: Marine Chemistry (EARTHSYS 152, EARTHSYS 252, ESS 252)
Introduction to the interdisciplinary knowledge and skills required to critically evaluate problems in marine chemistry and related disciplines. Physical, chemical,
and biological processes that determine the chemical composition of seawater. Air-sea gas exchange, carbonate chemistry, and chemical equilibria, nutrient and
trace element cycling, particle reactivity, sediment chemistry, and diagenesis. Examination of chemical tracers of mixing and circulation and feedbacks of ocean
processes on atmospheric chemistry and climate. Designed to be taken concurrently with Biological Oceanography (ESS/EARTHSYS 151/251)

Terms: Spr | Units: 3-4 | UG Reqs: WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Casciotti, K. (PI); Gluschankoff, N. (TA)

ESS 155: Science of Soils (EARTHSYS 155)
Physical, chemical, and biological processes within soil systems. Emphasis is on factors governing nutrient availability, plant growth and production, land-resource
management, and pollution within soils. How to classify soils and assess nutrient cycling and contaminant fate. Recommended: introductory chemistry and biology.

Terms: Spr | Units: 3-4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Fendorf, S. (PI); Duncan, A. (TA); Wang, T. (TA); Wilson, A. (TA)

ESS 158: Geomicrobiology (EARTHSYS 158, EARTHSYS 258, ESS 258)
How microorganisms shape the geochemistry of the Earth's crust including oceans, lakes, estuaries, subsurface environments, sediments, soils, mineral deposits,
and rocks. Topics include mineral formation and dissolution; biogeochemical cycling of elements (carbon, nitrogen, sulfur, and metals); geochemical and
mineralogical controls on microbial activity, diversity, and evolution; life in extreme environments; and the application of new techniques to geomicrobial systems.
Recommended: introductory chemistry and microbiology such as CEE 274A.

Last offered: Winter 2021 | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

ESS 164: Fundamentals of Geographic Information Science (GIS) (EARTHSYS 144)
"Everything is somewhere, and that somewhere matters." The rapid growth and maturity of spatial data technologies over the past decade represent a paradigm
shift in the applied use of location data from high-level overviews of administrative interests, to highly personalized location-based services that place the
individual at the center of the map, at all times. The use of spatial data and related technology continues to grow in fields ranging from environmental sciences to
epidemiology to market prediction. This course will present an overview of current approaches to the use of spatial data and its creation, capture, management,
analysis and presentation, in a research context. Topics will include modeling of geographic objects and associated data, modeling of geographic space and the
conceptual foundations of "spatial thinking," field data collection, basic spatial statistical analysis, remote sensing & the use of satellite-based imagery, "Big Data"
and machine learning approaches to spatial data, and cartographic design and presentation including the use of web-based "Storymap" platforms.n nThe course will
consist of weekly lectures, guest speakers, computer lab assignments, midterm and final exam, as well as an individual final project requirement.nnThis course
must be taken for a minimum of 3 units and a letter grade to be eligible for Ways credit.

Terms: Aut | Units: 1-4 | UG Reqs: GER: DB-NatSci, WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Maples, S. (PI)

ESS 165: Advanced Geographic Information Systems (ESS 265)
Building on the Fundamentals of Geographic Information Systems course, this class delves deeper into geospatial analysis and mapping techniques. The class is
heavily project-based and students are encouraged to bring their own research questions. Topics include topographic analysis, interpolation, spatial statistics,
network analysis, and scripting using Python and Acrpy. All students are required to attend a weekly lab. ESS 164 or equivalent is a prerequisite.

Last offered: Spring 2020 | Units: 4 | Repeatable 2 times (up to 8 units total) | Grading: Letter (ABCD/NP)

ESS 170: Analyzing land use in a globalized world (ESS 270)
This course examines the dynamics of land use in relation to globalization. The objective is to understand how the expansion of global trade, and public and private
regulations affect land use changes. The course will enable students to better understand how to effectively influence land use change, from different vantage
points (government, NGO, corporate actor¿). The main emphasis is on tropical regions. Lectures introduce theories, practical cases, and evaluation tools to better
understand contemporary land use dynamics.

Last offered: Spring 2021 | Units: 3 | Grading: Letter (ABCD/NP)

ESS 171: Climate Models and Data (ESS 271)
Overview of key concepts necessary to develop familiarity with climate modeling and data. Topics covered will include components of the climate system, climate
change and global warming, and model mechanics, their evaluation and usability, and predictability. Assessments will involve the use of datasets and model output,
so some knowledge of programming is a pre-requisite.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Sheshadri, A. (PI); Burnett, A. (TA)

ESS 181: Urban Agroecology (EARTHSYS 181, EARTHSYS 281, ESS 281, URBANST 181)
Urban agriculture takes many forms in cities around the world and provides significant amounts of food and other resources and benefits for urban communities.
This Earth Systems practicum explores the application of agroecological principles to the design and stewardship of urban farms and gardens. Students will explore
social and ecological dimensions of urban agriculture including issues of environmental justice while gaining land stewardship and small-scale food production skills
at the Stanford Educational Farm and in the community.nnCourse full for spring 2022, will be offered again Winter 2023.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

ESS 185: Adaptation (EARTHSYS 183)
Adaptation is the process by which organisms or societies become better suited to their environments. In this class, we will explore three distinct but related
notions of adaptation. Biological adaptations arise through natural selection, while cultural adaptations arise from a variety of processes, some of which closely
resemble natural selection. A newer notion of adaptation has emerged in the context of climate change where adaptation takes on a highly instrumental, and often
planned, quality as a response to the negative impacts of environmental change. We will discuss each of these ideas, using their commonalities and subtle
differences to develop a broader understanding of the dynamic interplay between people and their environments. Topics covered will include, among others:
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evolution, natural selection, levels of selection, formal models of cultural evolution, replicator dynamics, resilience, rationality and its limits, complexity, adaptive
management.

Terms: Win | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Jones, J. (PI); Cagnard, M. (TA)

ESS 202: Scientific Basis of Climate Change (ESS 102)
This course explores the scientific basis of anthropogenic climate change. We will read the original papers that established the scientific foundation for the climate
change forecast. Starting with Fourier's description of the greenhouse effect, we trace the history of the key insights into how humanity is perturbing the climate
system. The course is based on "The Warming Papers", edited by David Archer and Raymond Pierrehumbert. Participants take turns presenting and leading a
discussion of the papers and of Archer and Pierrehumbert's commentary.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Sheshadri, A. (PI)

ESS 203: Rethinking Meat: An Introduction to Alternative Proteins (EARTHSYS 109, EARTHSYS 209, ESS 103, ETHICSOC 107)
How do we feed a growing population in the face of climate change? Will Impossible Burgers become the new norm? Are you curious to learn about a frontier in bio-
and chemical-engineering? Are you passionate about animal rights, human health, and sustainable agriculture? Learn about the environmental, ethical, and
economic drivers behind the market for meat replacements. We'll take a deep dive into the science and technology used to develop emerging plant, fermentation
and cell-based meat alternatives and explore the political challenges and behavioral adaptation needed to decrease meat consumption. Hear from entrepreneurs,
researchers, and innovative startups developing sustainable and marketable alternative proteins through weekly guest lectures from industry leaders.

Terms: Spr | Units: 1-2 | Grading: Letter or Credit/No Credit

Instructors: ; Lobell, D. (PI); Fajer, E. (SI); Huddleston, H. (SI)

ESS 204: Effective Scientific Presentation and Public Speaking (GEOLSCI 306, GEOPHYS 205)
The ability to present your research in a compelling, concise, and engaging manner will enhance your professional career. I will work to convince you that the best
way to capture an audience and leave a lasting impression is to tell a story, do a demo, or pick a fight. Virtual presentations make it harder to connect and interact
with the audience, and to overcome these obstacles requires getting the most from video, audio, lighting, live vs. pre-recorded content, and virtual posters. So,
these elements will also be an essential part of the class. The goal of a talk is not to show people how much work you did, how capable and dedicated you are, or
how much you know. We don't care about any of those things. The goal is for the audience to learn something new and important, to change their perspective, to
leave a lasting memory, and to influence their research. It is to be inspired, shocked, or moved. The course is taught as a series of stand-and-deliver exercises with
class feedback and revision on the fly, supplemented by one-on-one coaching. We will have exercises on conference presentations, job interviews and job talks,
departmental seminars, webinars, press interviews, and funding pitches. Grades are optional: 70% in-class exercises, 30% final presentation, such as your upcoming
AGU, GSA, or SEG presentation. Take this course when you have research to present. (http://syllabus.stanford.edu). My pledge is that everyone will come away a
more skilled and confident speaker than they were before.

Terms: Aut | Units: 2 | Grading: Letter or Credit/No Credit

Instructors: ; Stein, R. (PI)

ESS 205: Fundamentals of Geobiology (EARTHSYS 205A, GEOLSCI 205)
Lecture and discussion covering key topics in the history of life on Earth, as well as basic principles that apply to life in the universe. Co-evolution of Earth and life;
critical intervals of environmental and biological change; geomicrobiology; paleobiology; global biogeochemical cycles; scaling of geobiological processes in space
and time.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

ESS 206: World Food Economy (EARTHSYS 106, EARTHSYS 206, ECON 106, ECON 206, ESS 106)
The World Food Economy is a survey course that covers the economic and political dimensions of food production, consumption, and trade. The course focuses on
food markets and food policy within a global context. It is comprised of three major sections: structural features (agronomic, technological, and economic) that
determine the nature of domestic food systems; the role of domestic food and agricultural policies in international markets; and the integrating forces of
international research, trade, and food aid in the world food economy. This 5-unit course entails a substantial group modeling project that is required for all
students. Enrollment is by application only. The application is found at https://economics.stanford.edu/undergraduate/forms. Deadline: March 15, 2022.

Terms: Spr | Units: 5 | Grading: Letter (ABCD/NP)

Instructors: ; Naylor, R. (PI); Nyakundi, F. (TA); Zhong, C. (TA)

ESS 208: Topics in Geobiology (GEOLSCI 208)
Reading course addressing current topics in geobiology. Topics will vary from year to year, but will generally cover areas of current debate in the primary literature,
such as the origin of life, the origin and consequences of oxygenic photosynthesis, environmental controls on and consequences of metabolic innovations in
microbes, the early evolution of animals and plants, and the causes and consequences of major extinction events. Participants will be expected to read and present
on current papers in the primary literature.

Terms: Win | Units: 1 | Repeatable 5 times (up to 5 units total) | Grading: Satisfactory/No Credit

Instructors: ; Welander, P. (PI)

ESS 209: Biological and Social Networks (ESS 109)
This course introduces the analysis of social and biological networks with a focus on field data collected by interdisciplinary environmental and health scientists.
Beginning from the premise that structure emerges from relationships between individual entities, we will concentrate in particular on the measurement of
relationships, emphasizing especially practical methodology for mixed-method fieldwork suitable for interdisciplinary biosocial sciences (e.g., earth system science,
epidemiology, demography, anthropology, conservation science). Topics include: social relationships in humans and other animals, ecological networks (e.g., trophic
and mutualistic interactions), epidemiological networks, research design for collecting relational data, naturalistic observation, ethnographic network methods,
sampling, data quality, missing data, graphs and graph theory, structural measures (e.g., density, centrality and centralization, clustering and community detection,
embeddedness), network evolution, network diffusion, emergence, egocentric networks, multi-mode/multi-layer networks, inference for sampled networks. All
computation and visualization will be done in R so some familiarity is assumed.

Last offered: Winter 2020 | Units: 3-5 | Grading: Letter (ABCD/NP)
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ESS 210: Techniques in Environmental Microbiology (BIO 201)
Fundamentals and application of laboratory techniques to study the diversity and activity of microorganisms in environmental samples, including soil, sediment, and
water. Emphasis is on culture-independent approaches, including epifluorescence microscopy, extraction and analysis of major biomolecules (DNA, RNA, protein,
lipids), stable isotope probing, and metabolic rate measurements. Format will include lectures, laboratory exercises, and discussions. Students will learn how to
collect, analyze, and understand common and cutting-edge datasets in environmental microbiology. Permission from instructor is required to enroll as C/NC or for
1-3 units.

Terms: Aut | Units: 1-4 | Grading: Letter or Credit/No Credit

Instructors: ; Dekas, A. (PI); Kapili, B. (TA); Meyer, N. (TA)

ESS 211: Fundamentals of Modeling (EARTHSYS 211)
Simulation models are a powerful tool for environmental research, if used properly. The major concepts and techniques for building and evaluating models. Topics
include model calibration, model selection, uncertainty and sensitivity analysis, and Monte Carlo and bootstrap methods. Emphasis is on gaining hands-on
experience using the R programming language. Prerequisite: Basic knowledge of statistics.

Last offered: Autumn 2016 | Units: 3-5 | Grading: Letter or Credit/No Credit

ESS 212: Measurements in Earth Systems (EARTHSYS 124)
A classroom, laboratory, and field class designed to provide students familiarity with techniques and instrumentation used to track biological, chemical, and
physical processes operating in earth systems, encompassing upland, aquatic, estuarine, and marine environments. Topics include gas and water flux measurement,
nutrient and isotopic analysis, soil and water chemistry determination. Students will develop and test hypotheses, provide scientific evidence and analysis,
culminating in a final presentation.

Last offered: Winter 2020 | Units: 3-4 | Grading: Letter or Credit/No Credit

ESS 213: Global Change and Emerging Infectious Disease (EARTHSYS 114, EARTHSYS 214, HUMBIO 114)
The changing epidemiological environment. How human-induced environmental changes, such as global warming, deforestation and land-use conversion,
urbanization, international commerce, and human migration, are altering the ecology of infectious disease transmission, and promoting their re-emergence as a
global public health threat. Case studies of malaria, cholera, hantavirus, plague, and HIV.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Jones, J. (PI); Openshaw, J. (PI); Bromley-Dulfano, R. (TA); Cagnard, M. (TA); Caravan, S. (TA); Grattan, T. (TA); Lang-Ree, C. (TA); Singleton, A. (TA)

ESS 218X: Shaping the Future of the Bay Area (AMSTUD 118X, CEE 118X, CEE 218X, ESS 118X, GEOLSCI 118X, GEOLSCI
218X, GEOPHYS 118X, GEOPHYS 218X, POLISCI 218X, PUBLPOL 118X, PUBLPOL 218X)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Aut | Units: 1-5 | Grading: Letter (ABCD/NP)

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Wong-Parodi, G. (PI); Duan, J. (TA); Srinivas, S. (TA)

ESS 218Y: Shaping the Future of the Bay Area (CEE 118Y, CEE 218Y, ESS 118Y, GEOLSCI 118Y, GEOLSCI 218Y, GEOPHYS
118Y, GEOPHYS 218Y, POLISCI 218Y, PUBLPOL 118Y, PUBLPOL 218Y)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Win | Units: 1-5 | Repeatable 2 times (up to 10 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Duan, J. (TA); Srinivas, S. (TA)

ESS 218Z: Shaping the Future of the Bay Area (CEE 118Z, CEE 218Z, ESS 118Z, GEOLSCI 118Z, GEOLSCI 218Z, GEOPHYS
118Z, GEOPHYS 218Z, POLISCI 218Z, PUBLPOL 118Z, PUBLPOL 218Z)
Students are placed in small interdisciplinary teams (engineers and non-engineers, undergraduate and graduate level) to work on complex design, engineering, and
policy problems presented by external partners in a real urban setting. Multiple projects are offered and may span both Winter and Spring quarters; students are
welcome to participate in one or both quarters. Students are expected to interact professionally with government and community stakeholders, conduct
independent team work outside of class sessions, and submit deliverables over a series of milestones. Prerequisite: the Autumn (X) skills course or approval of
instructors. For information about the projects and application process, visit http://bay.stanford.edu. Cardinal Course certified by the Haas Center.

Terms: Spr | Units: 1-5 | Repeatable 2 times (up to 10 units total) | Grading: Letter or Credit/No Credit
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Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Srinivas, S. (TA)

ESS 220: Physical Hydrogeology (CEE 260A)
(Formerly GES 230.) Theory of underground water occurrence and flow, analysis of field data and aquifer tests, geologic groundwater environments, solution of
field problems, and groundwater modeling. Introduction to groundwater contaminant transport and unsaturated flow. Lab. Prerequisite: elementary calculus.

Terms: Aut | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Gorelick, S. (PI); Brown, C. (TA); Wang, A. (TA)

ESS 221: Contaminant Hydrogeology and Reactive Transport (CEE 260C)
Decades of industrial activity have released vast quantities of contaminants to groundwater, threatening water resources, ecosystems and human health. What
processes control the fate and transport of contaminants in the subsurface? What remediation strategies are effective and what are the tradeoffs among them? How
are these processes represented in models used for regulatory and decision-making purposes? This course will address these and related issues by focusing on the
conceptual and quantitative treatment of advective-dispersive transport with reacting solutes, including modern methods of contaminant transport simulation.
Some Matlab programming / program modification required. Prerequisite: Physical Hydrogeology ESS 220 / CEE 260A (Gorelick) or equivalent and college-level
course work in chemistry.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Gorelick, S. (PI); Maher, K. (PI); Perzan, Z. (TA)

ESS 223: Biosphere-Atmosphere Interactions (EARTHSYS 123A, EARTHSYS 223, ESS 123)
How do ecosystems respond to climate, and how do ecosystems influence climate? Covers the role of the terrestrial land surface in earth's climate system, including
among others photosynthesis, transpiration, greenhouse gasses, radiation, and atmospheric water vapor. For each of these topics, attention is paid to both the
underlying processes and how they can be mathematically represented in earth system models. Instruments and techniques used to measure these processes are
also discussed, and, where appropriate, demonstrated.

Last offered: Winter 2021 | Units: 3-4 | Grading: Letter (ABCD/NP)

ESS 224: Remote Sensing of Hydrology (CEE 260D)
This class discusses the methods available for remote sensing of the components of the terrestrial hydrologic cycle and how to use them. Topics include the
hydrologic cycle, relevant sensor types and the electromagnetic spectrum, active/passive microwave remote sensing (snow, soil moisture, canopy water content,
rainfall), thermal sensing of evapotranspiration, gravity and hyperspectral methods, as well as an introduction to data assimilation and calibration/validation
approaches for hydrologic variables. Pre-requisite: programming experience.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Konings, A. (PI); Famiglietti, C. (TA); Worden, M. (TA)

ESS 225: Rivers: The Arteries of Earth's Continents (GEOLSCI 224, GEOPHYS 221)
Rivers are the arteries of Earth's continents, conveying water, sediments, and solutes from the headwaters to the oceans. They provide a haven for life and have
been at the heart of the world's economy by generating fertile floodplains, human habitats, as well as by facilitating international commerce. This course offers a
quantitative examination of rivers, from headwaters to deltas. We will first develop a basic mechanistic understanding of fluvial processes, including flow
hydraulics, erosion, sediment transport, and deposition. We will then apply our acquired knowledge through thematic discussions of relevant issues. Possible themes
include deltas and climate change, rivers and human activity (damming, sand mining, deforestation), rivers and the evolution of land plants, rivers and
biogeochemical cycles, submarine channels, and the alien rivers of Mars and Titan.

Terms: Spr | Units: 3 | Repeatable 3 times (up to 9 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Lapotre, M. (PI)

ESS 227: Decision Science for Environmental Threats (EARTHSYS 227)
Decision science is the study of how people make decisions. It aims to describe these processes in ways that will help people make better or more well-informed
decisions. It is an interdisciplinary field that draws upon psychology, economics, political science, and management, among other disciplines. It is being used in a
number of domain areas and for a variety of applications, including managing freshwater resources, designing decision support tools to aid in coastal adaptation to
sea-level rise, and creating "nudges" to enhance energy efficiency behaviors. This course covers behavioral theories of probabilistic inference, intuitive prediction,
preference, and decision making. Topics include heuristics and biases, risk perceptions and attitudes, strategies for combining different sources of information and
dealing with conflicting objectives, and the roles of group and emotional processes in decision making. This course will introduce students to foundational theories
of decision science, and will involve applying these theories to understand decisions about environmental threats.

Terms: Aut | Units: 3-5 | Grading: Letter (ABCD/NP)

Instructors: ; Wong-Parodi, G. (PI); Berlin Rubin, N. (TA)

ESS 230: Pursuing Sustainability: Managing Complex Social Environmental Systems (SUST 210)
This course provides a systems framework for understanding and managing social-environmental systems, with the ultimate goal of inclusive, equitable, intra- and
intergenerational human well-being. It explores the roles of natural, human, social, technological and knowledge resources in supporting efforts toward
sustainability, and examines the trade-offs, feedbacks, non-linearities and other interactions among different parts of complex systems that must be addressed to
avoid unintended negative consequences for people and environment. Finally, it provides an overview of the tools, approaches, and strategies that assist with
management of assets for sustainability goals. The course draws on readings from a variety of on-line sources as well as chapters and case studies provided in the
required text. Priority given to SUST students. Enrollment open to seniors and graduate students only. Please contact Elizabeth Balde (ebalde@stanford.edu) for
permission code.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Matson, P. (PI); King Abramson, S. (TA)

ESS 232: Evolution of Earth Systems (EARTHSYS 132, EARTHSYS 232, ESS 132, GEOLSCI 132, GEOLSCI 232)
This course examines biogeochemical cycles and how they developed through the interaction between the atmosphere, hydrosphere, biosphere, and lithosphere.
Emphasis is on the long-term carbon cycle and how it is connected to other biogeochemical cycles on Earth. The course consists of lectures, discussion of research
papers, and quantitative modeling of biogeochemical cycles. Students produce a model on some aspect of the cycles discussed in this course. Grades based on class
interaction, student presentations, and the modeling project.
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Last offered: Winter 2019 | Units: 4 | Grading: Letter (ABCD/NP)

ESS 233: Mitigating Climate Change through Soil Management (EARTHSYS 233)
Climate change is one of the greatest crises facing our world. Increasing soil organic carbon storage may be a key strategy for mitigating global climate change,
with the potential to offset approximately 20% of annual global fossil fuel emissions. In this course, we will learn about soil carbon cycling, its contribution to the
global carbon cycle, how carbon is stored in soil, and land management practices that can increase or decrease soil carbon stocks, thereby mitigating or
exacerbating climate change. Although the content is centered on soil carbon, the processes and skills learned in this course can be applied to design solutions to
any environmental problem.nnPrerequisites: Some knowledge of soils, introductory chemistry, and introductory biology would be useful but not necessary. Please
email the instructor if you have any concerns or questions.

Terms: Win | Units: 2 | Grading: Letter or Credit/No Credit

Instructors: ; Fendorf, S. (PI); Lacroix, E. (SI); Filgas, L. (TA)

ESS 239: Data science for geoscience (EARTHSYS 240, ENERGY 240, GEOLSCI 240)
This course provides an overview of the most relevant areas of data science (applied statistics, machine learning & computer vision) to address geoscience
challenges, questions and problems. Using actual geoscientific research questions as background, principles and methods of data scientific analysis, modeling, and
prediction are covered. Data science areas covered are: extreme value statistics, multi-variate analysis, factor analysis, compositional data analysis, spatial
information aggregation models, spatial estimation, geostatistical simulation, treating data of different scales of observation, spatio-temporal modeling
(geostatistics). Application areas covered are: process geology, hazards, natural resources. Students are encouraged to participate actively in this course by means
of their own data science research challenge or question.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Caers, J. (PI); Hall, T. (TA); Wang, L. (TA)

ESS 240: Advanced Oceanography
For upper-division undergraduates and graduate students in the natural sciences and engineering. Topical issues in marine science/oceanography. Topics vary each
year following or anticipating research trends in ocean research and issues. For 2018, the focus is on the Arctic Ocean, including Arctic Oceanography, Ecosystems,
Resource Utilization and Geopolitics, and Environmental Change.

Last offered: Spring 2018 | Units: 3 | Repeatable for credit | Grading: Satisfactory/No Credit

ESS 241: Remote Sensing of the Oceans (EARTHSYS 141, EARTHSYS 241, ESS 141, GEOPHYS 141)
How to observe and interpret physical and biological changes in the oceans using satellite technologies. Topics: principles of satellite remote sensing, classes of
satellite remote sensors, converting radiometric data into biological and physical quantities, sensor calibration and validation, interpreting large-scale
oceanographic features.

Terms: Win | Units: 3-4 | UG Reqs: GER: DB-NatSci, WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI); Payne, C. (TA)

ESS 242: Antarctic Marine Geology and Geophysics (EARTHSYS 272)
For upper-division undergraduates and graduate students. Intermediate and advanced topics in marine geology and geophysics, focusing on examples from the
Antarctic continental margin and adjacent Southern Ocean. Topics: glaciers, icebergs, and sea ice as geologic agents (glacial and glacial marine sedimentology,
Southern Ocean current systems and deep ocean sedimentation), Antarctic biostratigraphy and chronostratigraphy (continental margin evolution). Students
interpret seismic lines and sediment core/well log data. Examples from a recent scientific drilling expedition to Prydz Bay, Antarctica.

Last offered: Autumn 2018 | Units: 3 | Grading: Letter or Credit/No Credit

ESS 243: Molecular Geomicrobiology Laboratory (BIO 142, EARTHSYS 143, ESS 143)
In this course, students will be studying the biosynthesis of cyclic lipid biomarkers, molecules that are produced by modern microbes that can be preserved in rocks
that are over a billion years old and which geologist use as molecular fossils. Students will be tasked with identifying potential biomarker lipid synthesis genes in
environmental genomic databases, expressing those genes in a model bacterial expression system in the lab, and then analyzing the lipid products that are
produced. The overall goal is for students to experience the scientific research process including generating hypotheses, testing these hypotheses in laboratory
experiments, and communicating their results through a publication style paper. Prerequisites: BIO83 and CHEM 121 or permission of the instructor.

Terms: Spr | Units: 3-4 | Grading: Letter (ABCD/NP)

Instructors: ; Welander, P. (PI); Brown, M. (TA)

ESS 244: Marine Ecosystem Modeling
This course will provide the practical background necessary to construct and implement a 2-dimensional (space and time) numerical model of a simple marine
ecosystem. Instruction on computer programming, model design and parameterization, and model evaluation will be provided. Throughout the 10-week course,
each student will develop and refine their own multi-component marine ecosystem model. Instructor consent required.

Last offered: Spring 2021 | Units: 3 | Grading: Letter (ABCD/NP)

ESS 245: Advanced Biological Oceanography
For upper-division undergraduates and graduate students. For upper-division undergraduate and graduate students interested in an in-depth look at biological
processes in the world's oceans. Themes will vary from year to year but will include such topics as marine bio-optics, marine ecological modeling, phytoplankton
primary production, and others. Hands-on laboratory and computer activities will be an integral part of the course, as will field trips into local waters. May be
repeated for credit. Enrollment by instructor consent only.

Last offered: Spring 2020 | Units: 2-3 | Repeatable for credit | Grading: Letter or Credit/No Credit

ESS 246A: Atmosphere, Ocean, and Climate Dynamics: The Atmospheric Circulation (CEE 161I, CEE 261I, EARTHSYS 146A)
Introduction to the physics governing the circulation of the atmosphere and ocean and their control on climate with emphasis on the atmospheric circulation. Topics
include the global energy balance, the greenhouse effect, the vertical and meridional structure of the atmosphere, dry and moist convection, the equations of
motion for the atmosphere and ocean, including the effects of rotation, and the poleward transport of heat by the large-scale atmospheric circulation and storm
systems. Prerequisites: MATH 51 or CME100 and PHYSICS 41.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)
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Instructors: ; O'Neill, M. (PI); Charles, P. (TA); Chmanti Houari, O. (TA); Fu, H. (TA); Nelson, L. (TA)

ESS 246B: Atmosphere, Ocean, and Climate Dynamics: the Ocean Circulation (CEE 162I, CEE 262I, EARTHSYS 146B)
Introduction to the physics governing the circulation of the atmosphere and ocean and their control on climate with emphasis on the large-scale ocean circulation.
This course will give an overview of the structure and dynamics of the major ocean current systems that contribute to the meridional overturning circulation, the
transport of heat, salt, and biogeochemical tracers, and the regulation of climate. Topics include the tropical ocean circulation, the wind-driven gyres and western
boundary currents, the thermohaline circulation, the Antarctic Circumpolar Current, water mass formation, atmosphere-ocean coupling, and climate variability.
Prerequisites: MATH 51 or CME100; and PHYSICS 41; and a course that introduces the equations of fluid motion (e.g. ESS 246A, ESS 148, or CEE 101B).

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Thomas, L. (PI); Dey, I. (TA)

ESS 247: Tropical Meteorology
Introduction to tropical meteorology and climate. Topics include radiative-convective equilibrium, Hadley and Walker circulations, equatorial waves, El
Nino/Southern Oscillation, the Madden-Julian Oscillation, monsoons and tropical cyclones. Prerequisites: Math 51 or CME100; and (concurrent is acceptable) ESS
246A and ESS 246B, or consent of the instructor.

Last offered: Spring 2021 | Units: 3-4 | Grading: Letter or Credit/No Credit

ESS 249: Marine Stable Isotopes
This course will provide an introduction to stable isotopes biogeochemistry with emphasis on applications in marine science. We will cover fundamental concepts of
nuclear structure and origin of elements and isotopes, and stable isotopic fractionation. We will discuss mass spectrometry techniques, mass independent
fractionation, clumped isotopes, mass balance and box models. Applications of these concepts to studies of ocean circulation, marine carbon and nitrogen cycles,
primary productivity, and particle scavenging will also be discussed.

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit

ESS 251: Biological Oceanography (EARTHSYS 151, EARTHSYS 251, ESS 151)
Required for Earth Systems students in the oceans track. Interdisciplinary look at how oceanic environments control the form and function of marine life. Topics
include distributions of planktonic production and abundance, nutrient cycling, the role of ocean biology in the climate system, expected effects of climate changes
on ocean biology. Local weekend field trips. Designed to be taken concurrently with Marine Chemistry (ESS/EARTHSYS 152/252). Prerequisites: BIO 43 and ESS 8 or
equivalent.

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI)

ESS 252: Marine Chemistry (EARTHSYS 152, EARTHSYS 252, ESS 152)
Introduction to the interdisciplinary knowledge and skills required to critically evaluate problems in marine chemistry and related disciplines. Physical, chemical,
and biological processes that determine the chemical composition of seawater. Air-sea gas exchange, carbonate chemistry, and chemical equilibria, nutrient and
trace element cycling, particle reactivity, sediment chemistry, and diagenesis. Examination of chemical tracers of mixing and circulation and feedbacks of ocean
processes on atmospheric chemistry and climate. Designed to be taken concurrently with Biological Oceanography (ESS/EARTHSYS 151/251)

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Casciotti, K. (PI); Gluschankoff, N. (TA)

ESS 253S: Hopkins Microbiology Course (BIO 274S, BIOHOPK 274, CEE 274S)
(Formerly GES 274S.) Four-week, intensive. The interplay between molecular, physiological, ecological, evolutionary, and geochemical processes that constitute,
cause, and maintain microbial diversity. How to isolate key microorganisms driving marine biological and geochemical diversity, interpret culture-independent
molecular characterization of microbial species, and predict causes and consequences. Laboratory component: what constitutes physiological and metabolic
microbial diversity; how evolutionary and ecological processes diversify individual cells into physiologically heterogeneous populations; and the principles of
interactions between individuals, their population, and other biological entities in a dynamically changing microbial ecosystem. Prerequisites: CEE 274A and CEE
274B, or equivalents.

Last offered: Summer 2019 | Units: 3-12 | Repeatable for credit | Grading: Letter or Credit/No Credit

ESS 255: Microbial Physiology (BIO 180, EARTHSYS 255, GEOLSCI 233A)
Introduction to the physiology of microbes including cellular structure, transcription and translation, growth and metabolism, mechanisms for stress resistance and
the formation of microbial communities. These topics will be covered in relation to the evolution of early life on Earth, ancient ecosystems, and the interpretation
of the rock record. Recommended: introductory biology and chemistry.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Welander, P. (PI); Castaneda Juarez, A. (TA)

ESS 256: Soil and Water Chemistry (EARTHSYS 256)
(Graduate students register for 256.) Practical and quantitative treatment of soil processes affecting chemical reactivity, transformation, retention, and
bioavailability. Principles of primary areas of soil chemistry: inorganic and organic soil components, complex equilibria in soil solutions, and adsorption phenomena
at the solid-water interface. Processes and remediation of acid, saline, and wetland soils. Recommended: soil science and introductory chemistry and microbiology.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Fendorf, S. (PI); Lopez, A. (TA)

ESS 258: Geomicrobiology (EARTHSYS 158, EARTHSYS 258, ESS 158)
How microorganisms shape the geochemistry of the Earth's crust including oceans, lakes, estuaries, subsurface environments, sediments, soils, mineral deposits,
and rocks. Topics include mineral formation and dissolution; biogeochemical cycling of elements (carbon, nitrogen, sulfur, and metals); geochemical and
mineralogical controls on microbial activity, diversity, and evolution; life in extreme environments; and the application of new techniques to geomicrobial systems.
Recommended: introductory chemistry and microbiology such as CEE 274A.

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit
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ESS 259: Environmental Microbial Genomics
The application of molecular and environmental genomic approaches to the study of biogeochemically-important microorganisms in the environment without the
need for cultivation. Emphasis is on meta-omic analysis of microbial DNA, RNA, and protein obtained directly from natural microbial assemblages. Topics include
microbial energy generation and nutrient cycling, genome structure, gene function, physiology, phylogenetic and functional diversity, evolution, and population
dynamics of uncultured communities.

Terms: Win | Units: 1-3 | Grading: Letter or Credit/No Credit

Instructors: ; Francis, C. (PI)

ESS 264: Poverty, Infrastructure and Climate (CEE 265I)
Lack of access to physical infrastructure such as roads, water supply and electricity is a key element of how 'poverty' is often defined. At the same time, the causal
pathways that link infrastructure and economic development are not well understood, and are likely being re-shaped by a changing climate. Students in this course
will contribute to a new initiative on poverty, infrastructure and climate change by (1) reviewing and synthesizing literature from relevant scholarly communities,
(2) co-creating a conceptual causal model of the ways in which infrastructure (particularly roads and water assets) contributes to poverty alleviation, and (3)
contributing to the design of applied research effort on these topics in sub-Saharan Africa. Students who opt for the 3-unit enrollment will have an additional
supervised project that could take the form of a review paper, research proposal, or analysis of secondary data. There are no formal pre-requisites for the class;
students from all schools and departments are welcome. Enrollment requires permission of the instructors. Interested students are invited to submit an application
at https://tiny.cc/EPIC-Stanford.

Last offered: Spring 2021 | Units: 2-3 | Repeatable 2 times (up to 6 units total) | Grading: Satisfactory/No Credit

ESS 265: Advanced Geographic Information Systems (ESS 165)
Building on the Fundamentals of Geographic Information Systems course, this class delves deeper into geospatial analysis and mapping techniques. The class is
heavily project-based and students are encouraged to bring their own research questions. Topics include topographic analysis, interpolation, spatial statistics,
network analysis, and scripting using Python and Acrpy. All students are required to attend a weekly lab. ESS 164 or equivalent is a prerequisite.

Last offered: Spring 2020 | Units: 4 | Repeatable 2 times (up to 8 units total) | Grading: Letter (ABCD/NP)

ESS 268: Empirical Methods in Sustainable Development (INTLPOL 272)
The determinants of human well-being over the short and long-run, including the role of environmental factors in shaping development outcomes. A focus on the
empirical literature across both social and natural sciences, with discussion and assignments emphasizing empirical analysis of environment-development linkages,
application of methods in causal inference, and data visualization.

Terms: Win | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Burke, M. (PI); Albistegui Adler, G. (TA)

ESS 270: Analyzing land use in a globalized world (ESS 170)
This course examines the dynamics of land use in relation to globalization. The objective is to understand how the expansion of global trade, and public and private
regulations affect land use changes. The course will enable students to better understand how to effectively influence land use change, from different vantage
points (government, NGO, corporate actor¿). The main emphasis is on tropical regions. Lectures introduce theories, practical cases, and evaluation tools to better
understand contemporary land use dynamics.

Last offered: Spring 2021 | Units: 3 | Grading: Letter (ABCD/NP)

ESS 271: Climate Models and Data (ESS 171)
Overview of key concepts necessary to develop familiarity with climate modeling and data. Topics covered will include components of the climate system, climate
change and global warming, and model mechanics, their evaluation and usability, and predictability. Assessments will involve the use of datasets and model output,
so some knowledge of programming is a pre-requisite.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Sheshadri, A. (PI); Burnett, A. (TA)

ESS 275: Nitrogen in the Marine Environment
The goal of this seminar course is to explore current topics in marine nitrogen cycle. We will explore a variety of processes, including primary production, nitrogen
fixation, nitrification, denitrification, and anaerobic ammonia oxidation, and their controls. We will use the book Nitrogen in the Marine Environment and
supplement with student-led discussions of recent literature. A variety of biomes, spatial and temporal scales, and methodologies for investigation will be
discussed.

Terms: Win | Units: 1-2 | Repeatable 2 times (up to 4 units total) | Grading: Satisfactory/No Credit

Instructors: ; Casciotti, K. (PI)

ESS 279: The Climate System and The Second Law of Thermodynamics
This course will read and discuss a recent review of the climate system with a focus on modeling the Earth's atmosphere as a heat engine, and quantifying entropy
balance and entropy production in the moist atmosphere. The Earth receives a small amount of entropy from the sun, and radiates an enormous amount of entropy
out to space. In a steady state climate system, this indicates that the atmosphere and ocean irreversibly produce substantial entropy to remain in balance. How this
entropy is produced impacts the mechanical efficiency of the atmosphere. We will construct a detailed entropy budget for a dry and then moist atmosphere,
emphasizing the substantial role that moisture plays in an atmospheric heat engine's ability to perform work on itself. We will consider several scales, from tropical
cyclones to the full planetary circulation, and then consider how these may change under climate change and on other planets. We will also briefly discuss
variational principles that minimize or maximize various quantities in order to understand the statistically steady-state climate system. The weekly class will be a
discussion and work-through of the review paper.

Last offered: Summer 2021 | Units: 1 | Grading: Satisfactory/No Credit

ESS 280: Principles and Practices of Sustainable Agriculture (EARTHSYS 180)
Field-based training in ecologically sound agricultural practices at the Stanford Community Farm. Weekly lessons, field work, and group projects. Field trips to
educational farms in the area. Topics include: soils, composting, irrigation techniques, IPM, basic plant anatomy and physiology, weeds, greenhouse management,
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and marketing. Application required. Deadline: September 10 for Autumn and March 10 for Spring. nnApplication:
https://stanforduniversity.qualtrics.com/jfe/form/SV_244JnBoEP7zs8Dz

Last offered: Spring 2020 | Units: 3-4 | Repeatable 3 times (up to 12 units total) | Grading: Letter or Credit/No Credit

ESS 281: Urban Agroecology (EARTHSYS 181, EARTHSYS 281, ESS 181, URBANST 181)
Urban agriculture takes many forms in cities around the world and provides significant amounts of food and other resources and benefits for urban communities.
This Earth Systems practicum explores the application of agroecological principles to the design and stewardship of urban farms and gardens. Students will explore
social and ecological dimensions of urban agriculture including issues of environmental justice while gaining land stewardship and small-scale food production skills
at the Stanford Educational Farm and in the community.nnCourse full for spring 2022, will be offered again Winter 2023.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

ESS 282: Designing Educational Gardens (EARTHSYS 182)
A project-based course emphasizing 'ways of doing 's sustainable agricultural systems based at the new Stanford Educational Farm. Students will work individually
and in small groups on the design of a new educational garden and related programs for the Stanford Educational Farm. The class will meet on 6 Fridays over the
course of winter quarter. Class meetings will include an introduction to designing learning gardens and affiliated programs, 3 field trips to exemplary educational
gardens in the bay area that will include tours and discussions with garden educators, and work sessions for student projects. By application only.

Last offered: Autumn 2017 | Units: 2 | Grading: Satisfactory/No Credit

ESS 292: Directed Individual Study in Earth System Science
Under supervision of an Earth System Science faculty member on a subject of mutual interest.

Terms: Aut, Win, Spr, Sum | Units: 1-10 | Repeatable 10 times (up to 10 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Burke, M. (PI); Dekas, A. (PI); Diffenbaugh, N. (PI); Diver, S. (PI); Fendorf, S. (PI); Hoyt, A. (PI); Jackson, R. (PI); Jones, J. (PI); Maher, K. (PI); Michalak,
A. (PI); Naylor, R. (PI); O'Neill, M. (PI); Wong-Parodi, G. (PI)

ESS 301: Topics in Earth System Science
Current topics, issues, and research related to interactions that link the oceans, atmosphere, land surfaces and freshwater systems. May be repeated for credit.

Terms: Aut, Win, Spr | Units: 2 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Jones, J. (PI); O'Neill, M. (PI)

ESS 305: Climate Change: An Earth Systems Perspective
This is an introductory graduate-level course that is intended to provide an overview of leading-edge research topics in the area of climate change. Lectures
introduce the physical, biogeochemical, ecological, and human dimensions of climate change, with emphasis on understanding climate change from an Earth System
perspective (e.g., nonlinearities, feedbacks, thresholds, tipping points, resilience, vulnerability, risk). The emphasis is on providing an initial introduction to the
process by which researchers pose questions and analyze and interpret results.

Terms: Aut | Units: 1-2 | Grading: Satisfactory/No Credit

Instructors: ; Diffenbaugh, N. (PI); Ly, A. (TA)

ESS 306: From Freshwater to Oceans to Land Systems: An Earth System Perspective to Global Challenges
Within this class we will have cover Earth System processes ranging from nutrient cycles to ocean circulation. We will also address global environmental challenges
of the twenty-first century that include maintaining freshwater resources, land degradation, health of our oceans, and the balance between food production and
environmental degradation. Weekly readings and problem sets on specific topics will be followed by presentations of Earth System Science faculty and an in-depth
class discussion. ESS first year students have priority enrollment.

Terms: Win | Units: 2 | Grading: Letter or Credit/No Credit

Instructors: ; Lambin, E. (PI); von Essen, M. (TA)

ESS 307: Research Proposal Development and Delivery (GEOLSCI 307)
In this class students will learn how to write rigorous, high yield, multidisciplinary proposals targeting major funding agencies. The skills gained in this class are
essential to any professional career, particularly in research science. Students will write a National Science Foundation style proposal involving testable hypotheses,
pilot data or calculations, and broader impact. Restricted to ESS and GS first-year graduate students.

Last offered: Spring 2021 | Units: 2 | Grading: Letter (ABCD/NP)

ESS 308: Carbon Dioxide and Methane Removal, Utilization, and Sequestration (EARTHSYS 308, ENERGY 308, ENVRES 295,
ME 308)
This is a seminar on carbon dioxide and methane removal, utilization, and sequestration options, and their role in decarbonizing the global energy system. This
course will cover topics including the global carbon balance, utilizing atmospheric carbon in engineered solutions, recycling and sequestering fossil-based carbon,
and enhancing natural carbon sinks. The multidisciplinary lectures and discussions will cover elements of technology, economics, policy and social acceptance, and
will be led by a series of guest lecturers. Short group project on carbon solutions.

Terms: Aut | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Field, C. (PI); Jackson, R. (PI); Saltzer, S. (PI)

ESS 322B: Seminar in Hydrology
Current topics. May be repeated for credit. Prerequisite: consent of instructor.

Terms: Win | Units: 1 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Gorelick, S. (PI)

ESS 323: Stanford at Sea (BIOHOPK 182H, BIOHOPK 323H, EARTHSYS 323)
(Graduate students register for 323H.) Five weeks of marine science including oceanography, marine physiology, policy, maritime studies, conservation, and nautical
science at Hopkins Marine Station, followed by five weeks at sea aboard a sailing research vessel in the Pacific Ocean. Shore component comprised of three
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multidisciplinary courses meeting daily and continuing aboard ship. Students develop an independent research project plan while ashore, and carry out the research
at sea. In collaboration with the Sea Education Association of Woods Hole, MA. Only 6 units may count towards the Biology major.

Terms: Spr | Units: 16 | Grading: Letter (ABCD/NP)

Instructors: ; Block, B. (PI); Dunbar, R. (PI); Bacasen, K. (TA); Mikles, C. (TA)

ESS 328: Environmental Change and Human Resiliency
Unprecedented environmental change increasingly threatens human settlements in the U.S. and around the globe. This environmental change renders communities
vulnerable to poor health outcomes, property loss, and displacement. This confluence of interrelated disaster events challenges people¿s ability to adapt, with
profound impacts on health and resiliency. This course is designed to help students think broadly about the factors that promote or inhibit individual and
community-level adaptation to environmental change through case studies such as the 2018 Camp Fire in Northern California to the 2017 Hurricane Maria in Puerto
Rico. Through this process, the class will consider the role of social and behavioral psychology, health, information, state and non-state actors, and the larger
climate community on resiliency outcomes.

| Units: 3-4 | Repeatable 2 times (up to 4 units total) | Grading: Letter (ABCD/NP)

ESS 348: Dynamics of the Atmosphere
Overview of large-scale atmospheric dynamics. Topics include the circulation of a zonally symmetric atmosphere, internal gravity waves, Rossby waves, the
instability of zonal flows, and the role of eddies in the general circulation. Class participation in terms of summarizing papers and making presentations will be
required.

Last offered: Winter 2020 | Units: 3-5 | Grading: Letter (ABCD/NP)

ESS 360: Social Structure and Social Networks
In this course, we will explore social network analysis, a set of methods and theories used in the analysis of social structure. The fundamental conceit underlying
social network analysis is that social structure emerges from relationships between individuals. We will therefore concentrate in particular on the measurement of
relationships, emphasizing especially practical methodology for anthropological fieldwork. This is a somewhat unusual course because of its focus on social network
research coming out of anthropological and ethological traditions. While most current practitioners of social network analysis are (probably) sociologists, many of
both the methodological antecedents and theoretical justifications for the field can be found in these two traditions. A major goal of this course is to understand
how the methods and perspectives of social network analysis can be usefully incorporated into contemporary approaches to ethnography and other anthropological
modes of investigation. Prerequisite: graduate standing or consent of instructor

Last offered: Winter 2021 | Units: 5 | Grading: Letter (ABCD/NP)

ESS 363F: Geophysical Fluid Dynamics (CEE 363F)
The fundamental dynamics of rotating stratified fluids. Topics include inertia-gravity waves, geostrophic and cyclogeostrophic balance, vorticity and potential
vorticity dynamics, quasi-geostrophic motions, planetary and topographic Rossby waves, inertial, symmetric, barotropic, and baroclinic instability, Ekman layers,
and the frictional spin-down of geostrophic flows. Prerequisites: CEE 262A or a graduate class in fluid mechanics. Recommended math background: vector calculus,
ordinary differential equations, and partial differential equations.

Last offered: Spring 2021 | Units: 3 | Grading: Letter or Credit/No Credit

ESS 400: Graduate Research
Independent study and thesis research under the supervision of a faculty member in the Earth System Science department. On registration, students designate
faculty member and agreed-upon units. The course involves regular meetings with the faculty advisor both in person and remotely. May be repeated for credit.
Prerequisite: consent of instructor

Terms: Aut, Win, Spr, Sum | Units: 1-15 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI); Burke, M. (PI); Casciotti, K. (PI); Dekas, A. (PI); Diffenbaugh, N. (PI); Dunbar, R. (PI); Fendorf, S. (PI); Field, C. (PI); Francis, C. (PI);
Gorelick, S. (PI); Hoyt, A. (PI); Jackson, R. (PI); Jones, J. (PI); Konings, A. (PI); Lambin, E. (PI); Lobell, D. (PI); Maher, K. (PI); Matson, P. (PI); Michalak, A. (PI);
Naylor, R. (PI); O'Neill, M. (PI); Sheshadri, A. (PI); Thomas, L. (PI); Welander, P. (PI); White, E. (PI); Wong-Parodi, G. (PI)

ESS 401: Curricular Practical Training
CPT course required for international students completing degree. Prerequisite: Earth System Science Ph.D. candidate.

Terms: Aut, Win, Spr, Sum | Units: 1-3 | Repeatable 4 times (up to 12 units total) | Grading: Satisfactory/No Credit

Instructors: ; Thomas, L. (PI)

ESS 801: TGR Project
Terms: Aut, Win, Spr, Sum | Units: 0 | Repeatable for credit | Grading: TGR

ESS 802: TGR Dissertation
Terms: Aut, Win, Spr, Sum | Units: 0 | Repeatable for credit | Grading: TGR

Instructors: ; Arrigo, K. (PI); Burke, M. (PI); Casciotti, K. (PI); Dekas, A. (PI); Diffenbaugh, N. (PI); Dunbar, R. (PI); Fendorf, S. (PI); Field, C. (PI); Francis, C. (PI);
Gorelick, S. (PI); Hoyt, A. (PI); Jackson, R. (PI); Jones, J. (PI); Konings, A. (PI); Lambin, E. (PI); Lobell, D. (PI); Maher, K. (PI); Matson, P. (PI); Michalak, A. (PI);
Naylor, R. (PI); O'Neill, M. (PI); Sheshadri, A. (PI); Thomas, L. (PI); Welander, P. (PI); White, E. (PI); Wong-Parodi, G. (PI)

ETHICSOC 107: Rethinking Meat: An Introduction to Alternative Proteins (EARTHSYS 109, EARTHSYS 209, ESS 103, ESS
203)
How do we feed a growing population in the face of climate change? Will Impossible Burgers become the new norm? Are you curious to learn about a frontier in bio-
and chemical-engineering? Are you passionate about animal rights, human health, and sustainable agriculture? Learn about the environmental, ethical, and
economic drivers behind the market for meat replacements. We'll take a deep dive into the science and technology used to develop emerging plant, fermentation
and cell-based meat alternatives and explore the political challenges and behavioral adaptation needed to decrease meat consumption. Hear from entrepreneurs,
researchers, and innovative startups developing sustainable and marketable alternative proteins through weekly guest lectures from industry leaders.

Terms: Spr | Units: 1-2 | Grading: Letter or Credit/No Credit

Instructors: ; Lobell, D. (PI); Fajer, E. (SI); Huddleston, H. (SI)
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ETHICSOC 133: Ethics and Politics of Public Service (CSRE 178, PHIL 175A, PHIL 275A, POLISCI 133, PUBLPOL 103D,
URBANST 122)
Ethical and political questions in public service work, including volunteering, service learning, humanitarian assistance, and public service professions such as
medicine and teaching. Motives and outcomes in service work. Connections between service work and justice. Is mandatory service an oxymoron? History of public
service in the U.S. Issues in crosscultural service work. Integration with the Haas Center for Public Service to connect service activities and public service
aspirations with academic experiences at Stanford.

Last offered: Spring 2018 | Units: 3-5 | UG Reqs: GER:DB-SocSci, WAY-ER | Grading: Letter or Credit/No Credit

ETHICSOC 136R: Introduction to Global Justice (INTNLREL 136R, PHIL 76, POLISCI 136R, POLISCI 336)
Our world is divided into many different states, each of which has its own culture or set of cultures. Vast inequalities of wealth and power exist between citizens of
the rich world and the global poor. International commerce, immigration, and climate change entwine our lives in ways that transcend borders. It is in this context
that problems of global justice, which relate to the normative obligations that arise from our international order, emerge. What demands (if any) does justice
impose on institutions and individuals acting in a global context? Is it morally permissible to prioritize the welfare of our compatriots over the welfare of foreigners?
Do states have the right to control their borders? What are the responsibilities (if any) of wealthy states, consumers, and multinational corporations to the global
poor? This course explores longstanding problems of global justice via a discussion of contemporary issues: global poverty, global public health, immigration, human
rights and humanitarian intervention, self-determination, and climate change.n nThere are no easy answers to these questions, and the complexity of these issues
requires an interdisciplinary approach. While there are several possible theoretical approaches to problems of global justice, the approach taken in this course will
be rooted in political philosophy and political theory. We will combine readings from political philosophy and theory with empirical material from the social
sciences, newspaper articles, and popular media. By the end of this course, students will be familiar with contemporary problems of global justice, be able to
critically assess theoretical approaches to these problems, and be able to formulate and defend their own views on these complex issues.

Terms: Win | Units: 4 | UG Reqs: GER:DB-Hum, GER:EC-EthicReas, WAY-ER | Grading: Letter or Credit/No Credit

Instructors: ; Soon, V. (PI); Kim, R. (TA)

ETHICSOC 178M: Introduction to Environmental Ethics (ETHICSOC 278M, PHIL 178M, PHIL 278M, POLISCI 134L)
How should human beings relate to the natural world? Do we have moral obligations toward non-human animals and other parts of nature? And what do we owe to
other human beings, including future generations, with respect to the environment? The first part of this course will examine such questions in light of some of our
current ethical theories: considering what those theories suggest regarding the extent and nature of our environmental obligations; and also whether reflection on
such obligations can prove informative about the adequacy of our ethical theories. In the second part of the course, we will use the tools that we have acquired to
tackle various ethical questions that confront us in our dealings with the natural world, looking at subjects such as: animal rights; conservation; economic
approaches to the environment; access to and control over natural resources; environmental justice and pollution; climate change; technology and the
environment; and environmental activism.

Last offered: Spring 2020 | Units: 4-5 | UG Reqs: GER:EC-EthicReas, WAY-ER | Grading: Letter (ABCD/NP)

ETHICSOC 185M: Contemporary Moral Problems (PHIL 72, POLISCI 134P)
This course is an introduction to contemporary ethical thought with a focus on the morality of harming others and saving others from harm. It aims to develop
students' ability to think carefully and rationally about moral issues, to acquaint them with modern moral theory, and to encourage them to develop their own
considered positions about important real-world issues. In the first part of the course, we will explore fundamental topics in the ethics of harm. Among other
questions, we will ask: How extensive are one's moral duties to improve the lives of the less fortunate? When is it permissible to inflict harm on others for the sake
of the greater good? Does the moral permissibility of a person's action depend on her intentions? Can a person be harmed by being brought into existence? In the
second part of the course, we will turn to practical questions. Some of these will be familiar; for example: Is abortion morally permissible? What obligations do we
have to protect the planet for the sake of future generations? Other questions we will ask are newer and less well-trodden. These will include: How does the
availability of new technology, in particular artificial intelligence, change the moral landscape of the ethics of war? What moral principles should govern the
programming and operation of autonomous vehicles?

Terms: Spr | Units: 4-5 | UG Reqs: GER:EC-EthicReas, WAY-ER | Grading: Letter (ABCD/NP)

Instructors: ; Karhu, T. (PI); Amaral, J. (TA); Brophy, S. (TA)

ETHICSOC 278M: Introduction to Environmental Ethics (ETHICSOC 178M, PHIL 178M, PHIL 278M, POLISCI 134L)
How should human beings relate to the natural world? Do we have moral obligations toward non-human animals and other parts of nature? And what do we owe to
other human beings, including future generations, with respect to the environment? The first part of this course will examine such questions in light of some of our
current ethical theories: considering what those theories suggest regarding the extent and nature of our environmental obligations; and also whether reflection on
such obligations can prove informative about the adequacy of our ethical theories. In the second part of the course, we will use the tools that we have acquired to
tackle various ethical questions that confront us in our dealings with the natural world, looking at subjects such as: animal rights; conservation; economic
approaches to the environment; access to and control over natural resources; environmental justice and pollution; climate change; technology and the
environment; and environmental activism.

Last offered: Spring 2020 | Units: 4-5 | Grading: Letter (ABCD/NP)

FEMGEN 44Q: Gendered Innovations in Science, Medicine, Engineering, and Environment (HISTORY 44Q)
Explores "Gendered Innovations" or how sex and gender analysis in research spark discovery and innovation. This course focuses on sex and gender, and considers
factors intersecting with sex and gender, including age, race, ethnicity, socioeconomic status, educational background, disabilities, etc., where relevant. Section 1
focuses on the history of women in science. Section 2 looks at transforming research institutions. Section 3 explores "Gendered Innovations." Topics include
historical background, basic concepts, social robots, sustainability, medicine & public health, facial recognition, inclusive crash test dummies, and more. Stanford
University is engaged in a multi-year collaboration with the European Commission and the U.S. National Science Foundation project on Gendered Innovations in
Science, Health & Medicine, Engineering, and Environment, and this class will contribute that project. This course fulfills the second level Writing and Rhetoric
Requirement (WRITE 2) and emphasizes oral, multimedia presentation, and writing skills. Each student will develop a case study illustrating how sex, gender, and
intersectional analysis can lead to innovation and enhance social equality.

Terms: Aut | Units: 4-5 | UG Reqs: GER:DB-Hum, GER:EC-Gender, WAY-EDP, WAY-SI, Writing 2 | Grading: Letter or Credit/No Credit

Instructors: ; Schiebinger, L. (PI)

FEMGEN 144: Gendered Innovations in Science, Medicine, Engineering, and Environment (HISTORY 144)
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https://explorecourses.stanford.edu/instructor/tkarhu
https://explorecourses.stanford.edu/instructor/jmamaral
https://explorecourses.stanford.edu/instructor/sjbrophy
https://explorecourses.stanford.edu/instructor/schieb


(HISTORY 44 is offered for 3 units; HISTORY 144 is offered for 5 units.) Explores "Gendered Innovations" or how sex, gender, and intersectional analysis in research
spark discovery and innovation. This course focuses on sex and gender, and considers factors intersecting with sex and gender, including age, race, ethnicity,
socioeconomic status, educational background, disabilities, etc., where relevant. Section 1 focuses on the history of women in science. Section 2 looks at
transforming research institutions. Section 3 explores Gendered Innovations. Topics include historical background, basic concepts, social robots, sustainability,
medicine & public health, facial recognition, inclusive crash test dummies, and more. Stanford University is engaged in a multi-year collaboration with the
European Commission and the U.S. National Science Foundation project on Gendered Innovations in Science, Health & Medicine, Engineering, and Environment, and
this class will contribute that project. The operative questions is: how can intersectional sex and gender analysis lead to discovery and enhance social equalities?

Terms: Aut | Units: 5 | UG Reqs: GER:DB-SocSci, GER:EC-Gender, WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Schiebinger, L. (PI); Harmse, K. (GP); Parish, W. (GP)

FEMGEN 241: Sex and Gender in Human Physiology and Disease (HUMBIO 140, MED 240)
(HUMBIO students must enroll in HUMBIO 140. PhD minor in FGSS must enroll in FEMGEN 241. Med students must enroll in MED 240.) Chromosomal, hormonal and
environmental influences that lead to male and female and intersex reproductive anatomy and physiology and neuroendocrine regulation. Masculinizing and
feminizing effects of endogenous and exogenous sex hormones and sociocultural factors, in particular gender identity, (social) gender norms and relationships, on
the musculoskeletal, neurological, cardiovascular, immunological and other systems and tissues, e.g. adipose, skin, etc. over the lifecourse, from conception to
puberty, through reproductive phases (including changes during the menstrual cycle and pregnancy up to and beyond menopause in women, and with aging in both
sexes). Transgender health issues. Guest lecturers. Enrollment limited to students with sophomore academic standing or above. Prerequisites: Human Biology Core
or Biology Foundations or equivalent, or consent of instructor.

Terms: Win | Units: 2-3 | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Stefanick, M. (PI)

GEOLSCI 1: Introduction to Geology (EARTHSYS 11)
Why are earthquakes, volcanoes, and natural resources located at specific spots on the Earth surface? Why are there rolling hills to the west behind Stanford, and
soaring granite walls to the east in Yosemite? What was the Earth like in the past, and what will it be like in the future? Lectures, hands-on laboratories, in-class
activities, and one virtual field trip will help you see the Earth through the eyes of a geologist. Topics include plate tectonics, the cycling and formation of different
types of rocks, and how geologists use rocks to understand Earth's history.

Terms: Spr | Units: 5 | UG Reqs: GER: DB-NatSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Sperling, E. (PI); Willenbring, J. (PI)

GEOLSCI 2: Chemistry of the Earth and Planets (EARTHSYS 2)
Chemistry of the Earth and PlanetsnCouse Description: Introduction to chemical principles with an emphasis on applications in the Earth Sciences. Topics include:
origin and distribution of the elements in the solar system and on Earth, origin and structure of the Earth, its oceans and atmosphere, crystal chemistry, structure,
and transformations, predicting and balancing reactions; thermodynamics, phase diagrams, high temperature and aqueous geochemistry, weathering, isotope
geochemistry, and organic geochemistry. Students will also be exposed to analytical methods used in the Earth sciences.

Terms: Spr | Units: 3 | UG Reqs: WAY-SMA | Repeatable 3 times (up to 9 units total) | Grading: Letter (ABCD/NP)

Instructors: ; Mao, W. (PI); Pamukcu, A. (PI)

GEOLSCI 4: Coevolution of Earth and Life (EARTHSYS 4)
Earth is the only planet in the universe currently known to harbor life. When and how did Earth become inhabited? How have biological activities altered the
planet? How have environmental changes affected the evolution of life? In this course, we explore these questions by developing an understanding of life's multi-
billion year history using tools from biology, geology, paleontology, and chemistry. We discuss major groups of organisms, when they appear in the rock record, and
how they have interacted with the Earth to create the habitats and ecosystems that we are familiar with today.

Terms: Win | Units: 4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Leslie, A. (PI); Ellefson, E. (TA); Huntsman, S. (TA); McShea, H. (TA)

GEOLSCI 5: Living on the Edge (EARTH 15)
A weekend field trip along the Pacific Coast. Tour local beaches, geology, and landforms with expert guides from the School of Earth, Energy & Environmental
Sciences. Enjoy a BBQ dinner and stay overnight in tents along the coast. Get to know faculty and graduate students in Stanford Earth. Transportation, meals, and
camping equipment are provided at no cost to student participants. AY2020-21 offering is dependent on the COVID-19 health situation.

Terms: Spr | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Grove, M. (PI)

GEOLSCI 6: Data Science for Geoscience (EARTHSYS 100A)
This course provides an overview of the most relevant areas of data science to address geoscientific challenges and questions as they pertain to the environment,
earth resources & hazards. The focus lies on the methods that treat common characters of geoscientific data: multivariate, multi-scale, compositional, geospatial
and space-time. In addition, the course will treat those statistical method that allow a quantification of the human dimension by looking at quantifying impact on
humans (e.g. hazards, contamination) and how humans impact the environment (e.g. contamination, land use). The course focuses on developing skills that are not
covered in traditional statistics and machine learning courses.

Terms: Win | Units: 3 | Repeatable 3 times (up to 9 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Caers, J. (PI)

GEOLSCI 20: Learn the (geo)science behind the environmental (in)justice concepts
For over almost a century, geoscientists have been studying Earth with the goal of identifying attributes of potentially habitable planets in the Universe. Turning our
gaze homeward, we discover that our own planet is more or less habitable for humans, depending on their socio-economic status, race, and ethnicity. In this
course, you will learn the scientific fundamentals behind the main topics often discussed surrounding environmental justice topics with a focus on geoscience
concepts and environmental justice issues in the United States.

Terms: Spr | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Willenbring, J. (PI)

https://explorecourses.stanford.edu/instructor/schieb
https://explorecourses.stanford.edu/instructor/kharmse
https://explorecourses.stanford.edu/instructor/wparish4
https://explorecourses.stanford.edu/instructor/marcias
https://explorecourses.stanford.edu/instructor/esper
https://explorecourses.stanford.edu/instructor/jkw1
https://explorecourses.stanford.edu/instructor/wmao
https://explorecourses.stanford.edu/instructor/apamukcu
https://explorecourses.stanford.edu/instructor/aleslieb
https://explorecourses.stanford.edu/instructor/edellefs
https://explorecourses.stanford.edu/instructor/stepfanh
https://explorecourses.stanford.edu/instructor/mcshea
https://explorecourses.stanford.edu/instructor/mjgrove
https://explorecourses.stanford.edu/instructor/jcaers
https://explorecourses.stanford.edu/instructor/jkw1


GEOLSCI 42: Moving and Shaking in the Bay Area (EARTH 42)
Active faulting and erosion in the Bay Area, and its effects upon landscapes. Earth science concepts and skills through investigation of the valley, mountain, and
coastal areas around Stanford. Faulting associated with the San Andreas Fault, coastal processes along the San Mateo coast, uplift of the mountains by plate
tectonic processes, and landsliding in urban and mountainous areas. Field excursions; student projects.

Terms: Aut | Units: 4 | UG Reqs: WAY-AQR, WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Hilley, G. (PI); Howell, H. (TA); Jung, E. (TA); Semler, A. (TA)

GEOLSCI 45: Developing and maintaining a habitable Earth: A global challenge?
Did you ever wonder how we got here and where we are going? This course examines how the Earth became habitable for humans after 4.5 billion years of history
and where we are headed as we continue to alter the Earth's livable environment. The Earth as we know it today is itself a highly tuned system of linked fluid
(oceans and atmosphere) and solid (rock) envelopes that interact to maintain a highly hospitable environment for advanced life forms and civilization. From water
to food to energy and mineral resources, we rely on our planet. Was this synergy always the case? Will it continue this way? We will explore how the Earth became
habitable, specifically examining how those conditions arose and how they might change in the future, exploring what might happen when we perturb this system.
How will the Earth respond and over what time scales? This course, taught by earth scientists who want to continue making our planet habitable for future
generations, will also give you the hands on working knowledge of the Earth system and its evolution, and the tools and models we use to understand today's
delicately balanced Earth system. It is our hope that at the end of this course you will have deep insights into your origins, your place in the universe, and how best
to ensure that Earth remains our home.

Terms: Win | Units: 3 | Repeatable 3 times (up to 9 units total) | Grading: Letter (ABCD/NP)

GEOLSCI 46Q: Environmental Impact of Energy Systems: What are the Risks? (EARTHSYS 46Q)
In order to reduce CO2 emissions and meet growing energy demands during the 21st Century, the world can expect to experience major shifts in the types and
proportions of energy-producing systems. These decisions will depend on considerations of cost per energy unit, resource availability, and unique national policy
needs. Less often considered is the environmental impact of the different energy producing systems: fossil fuels, nuclear, wind, solar, and other alternatives. One of
the challenges has been not only to evaluate the environmental impact but also to develop a systematic basis for comparison of environmental impact among the
energy sources. The course will consider fossil fuels (natural gas, petroleum and coal), nuclear power, wind and solar and consider the impact of resource
extraction, refining and production, transmission and utilization for each energy source.

| Units: 3 | UG Reqs: WAY-AQR | Grading: Letter (ABCD/NP)

GEOLSCI 59N: Earthquake 9.0: The Heritage of Fukushima Daiichi 6 Years Later
We will consider the case for nuclear power as an energy source through the lens of the Fukushima disaster. Specific topics will include the cause of the earthquake
and tsunami, the causes for the nuclear power plant failure, the mechanisms for the release of radioactivity at the time of the accident and today, and the ongoing
human impact of this tragedy. In addition to the details of the accident and the release of radioactivity, class discussions and readings will explore the health and
economic impacts of nuclear power and examine how the accident has affected the future prospects of nuclear power in Japan, the U.S., and around the world.

| Units: 3 | UG Reqs: WAY-AQR | Grading: Letter or Credit/No Credit

GEOLSCI 106: Sediments: The Book of Earth's History
Topics: weathering, erosion and transportation, deposition, origins of sedimentary structures and textures, sediment composition, diagenesis, sedimentary facies,
tectonics and sedimentation, and the characteristics of the major siliciclastic and carbonate depositional environments. Required Lab Section: methods of analysis
of sediments in hand specimen and thin section. There is a required field problem trips to the field site(s) during the quarter, data collection and analysis, and
preparation of a final written and oral report. Prerequisites: 1, 102, 103.

Terms: Win | Units: 3 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Graham, S. (PI); Lowe, D. (PI)

GEOLSCI 107: Journey to the Center of the Earth (GEOLSCI 207, GEOPHYS 184, GEOPHYS 274)
The interconnected set of dynamic systems that make up the Earth. Focus is on fundamental geophysical observations of the Earth and the laboratory experiments
to understand and interpret them. What earthquakes, volcanoes, gravity, magnetic fields, and rocks reveal about the Earth's formation and evolution. In addition to
the Tuesday Thursday class meeting, a one-hour weekly section will be arranged and scheduling will be determined at the start of the quarter.

Terms: Win | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Klemperer, S. (PI); Mao, W. (PI); Yang, H. (TA)

GEOLSCI 112: Geomorphology
Development of earth's landscapes and landforms by processes by rock uplift, weathering, hill slopes and flowing water, wind and ice. Analysis of the imprint, role,
and legacy of climate and tectonics in shaping modern landscapes. Application of earth's surface processes to the evaluation of hazards posed by these phenomena.

Last offered: Spring 2020 | Units: 3 | Grading: Letter or Credit/No Credit

GEOLSCI 118X: Shaping the Future of the Bay Area (AMSTUD 118X, CEE 118X, CEE 218X, ESS 118X, ESS 218X, GEOLSCI
218X, GEOPHYS 118X, GEOPHYS 218X, POLISCI 218X, PUBLPOL 118X, PUBLPOL 218X)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Aut | Units: 1-5 | UG Reqs: WAY-AQR, WAY-SI | Grading: Letter (ABCD/NP)

https://explorecourses.stanford.edu/instructor/hilley
https://explorecourses.stanford.edu/instructor/hannah12
https://explorecourses.stanford.edu/instructor/edasulj
https://explorecourses.stanford.edu/instructor/semler
https://explorecourses.stanford.edu/instructor/sagraham
https://explorecourses.stanford.edu/instructor/drlowe
https://explorecourses.stanford.edu/instructor/sklemp
https://explorecourses.stanford.edu/instructor/wmao
https://explorecourses.stanford.edu/instructor/hyang666


Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Wong-Parodi, G. (PI); Duan, J. (TA); Srinivas, S. (TA)

GEOLSCI 120: Planetary Surface Processes: Shaping the Landscape of the Solar System (GEOLSCI 220, GEOPHYS 119,
GEOPHYS 219)
The surfaces of planets, moons, and other bodies are shaped and modified by a wide array of physical and chemical processes. Understanding these processes
allows us to decipher the history of the Solar System. This course offers a quantitative examination of both exogenous processes - such as impact cratering and
space weathering - and endogenous processes - such as tectonics, weathering, and volcanic, fluvial, eolian, and periglacial activity - as well as a brief introduction
to the fundamentals of remote sensing in the context of planetary exploration. As we develop a basic mechanistic framework for these processes, we will apply our
acquired knowledge through thematic discussions of the surfaces of Mercury, Venus, Earth, the Moon, Mars, asteroids, Io, Titan, Europa, Enceladus, Pluto, and
comets. For upper-division undergraduates and graduate students.

Last offered: Spring 2021 | Units: 4 | Repeatable 3 times (up to 12 units total) | Grading: Letter or Credit/No Credit

GEOLSCI 122: Planetary Systems: Dynamics and Origins (GEOLSCI 222, GEOPHYS 122)
(Students with a strong background in mathematics and the physical sciences should register for 222.) Motions of planets and smaller bodies, energy transport in
planetary systems, composition, structure and dynamics of planetary atmospheres, cratering on planetary surfaces, properties of meteorites, asteroids and comets,
extrasolar planets, and planetary formation. Prerequisite: some background in the physical sciences, especially astronomy, geophysics, or physics. Students need
instructor approval to take the course for 2 or 4 units.

Last offered: Autumn 2019 | Units: 2-4 | Grading: Letter or Credit/No Credit

GEOLSCI 123: Evolution of Marine Ecosystems (BIO 119, EARTHSYS 122, GEOLSCI 223B)
Life originally evolved in the ocean. When, why, and how did the major transitions occur in the history of marine life? What triggered the rapid evolution and
diversification of animals in the Cambrian, after more than 3.5 billion years of Earth's history? What caused Earth's major mass extinction events? How do ancient
extinction events compare to current threats to marine ecosystems? How has the evolution of primary producers impacted animals, and how has animal evolution
impacted primary producers? In this course, we will review the latest evidence regarding these major questions in the history of marine ecosystems. We will
develop familiarity with the most common groups of marine animal fossils. We will also conduct original analyses of paleontological data, developing skills both in
the framing and testing of scientific hypotheses and in data analysis and presentation.

| Units: 3-4 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

GEOLSCI 124: Introduction to Planetary Science (ESS 125, GEOPHYS 124)
This course provides an introduction to planetary science through the exploration of processes that formed and modified planetary bodies within the Solar System
and beyond. Each lecture will be given by an expert in a specific subfield of planetary sciences, with topics ranging from planetary materials and formation,
planetary dynamics, planetary structure and tectonics, planetary atmospheres, impact cratering, surface processes, and astrobiology. We will also discuss how
scientists investigate planets both near and far through sample analysis, telescopic and orbital remote sensing as well as in situ through robotic instruments.
Although there are no prerequisites for this course, it is primarily directed towards undergraduate students who are majoring (or plan to) in the sciences or
engineering. A minimum level of mathematics equivalent to high school algebra and introductory calculus will be necessary.

Last offered: Spring 2021 | Units: 3-4 | Repeatable 3 times (up to 12 units total) | Grading: Letter or Credit/No Credit

GEOLSCI 128: Evolution of Terrestrial Ecosystems (BIO 148, BIO 228, EARTHSYS 128, GEOLSCI 228)
The what, when, where, and how do we know it regarding life on land through time. Fossil plants, fungi, invertebrates, and vertebrates (yes, dinosaurs) are all
covered, including how all of those components interact with each other and with changing climates, continental drift, atmospheric composition, and
environmental perturbations like glaciation and mass extinction. The course involves both lecture and lab components. Graduate students registering at the 200-
level are expected to write a term paper, but can opt out of some labs where appropriate.

Last offered: Spring 2021 | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

GEOLSCI 129: Paleomagnetism (GEOLSCI 229, GEOPHYS 139, GEOPHYS 239)
Introduction to planetary magnetic fields and how they are recorded by rocks on Earth and other solar system bodies. Topics covered will include dynamo magnetic
field generation and evolution, magnetization acquisition processes, paleointensity, paleogeography, magnetostratigraphy, biomagnetism, environmental
magnetism, and extraterrestrial magnetism.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Tikoo, S. (PI)

GEOLSCI 132: Evolution of Earth Systems (EARTHSYS 132, EARTHSYS 232, ESS 132, ESS 232, GEOLSCI 232)
This course examines biogeochemical cycles and how they developed through the interaction between the atmosphere, hydrosphere, biosphere, and lithosphere.
Emphasis is on the long-term carbon cycle and how it is connected to other biogeochemical cycles on Earth. The course consists of lectures, discussion of research
papers, and quantitative modeling of biogeochemical cycles. Students produce a model on some aspect of the cycles discussed in this course. Grades based on class
interaction, student presentations, and the modeling project.

Last offered: Winter 2019 | Units: 4 | Grading: Letter (ABCD/NP)

GEOLSCI 135: Sedimentary Geochemistry and Analysis (GEOLSCI 235)
Introduction to research methods in sedimentary geochemistry. Proper laboratory techniques and strategies for generating reliable data applicable to any future
labwork will be emphasized. This research-based course will examine how the geochemistry of sedimentary rocks informs us about local and global environmental
conditions during deposition. Students will collect geochemical data from a measured stratigraphic section in the western United States. These samples will be
collected during a four-day field trip at the end of spring break (attendance encouraged but not required). In lab, students will learn low-temperature geochemical
techniques focusing on the cycling of biogeochemical elements (O, C, S, and Fe) in marine sediments throughout Earth history. The focus will be on geochemistry of
fine-grained siliciclastic rocks (shale) but the geochemistry of carbonates will also be explored. This is a lab-based course complemented with lectures. Students
who wish to take the course for less than 4 units must receive approval from the instructor. This course must be taken for a minimum of 3 units and a letter grade
to be eligible for Ways credit.

Terms: Win | Units: 1-4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Sperling, E. (PI); Ritzer, S. (TA)

https://explorecourses.stanford.edu/instructor/douyang1
https://explorecourses.stanford.edu/instructor/jsuckale
https://explorecourses.stanford.edu/instructor/gwongpar
https://explorecourses.stanford.edu/instructor/jlduan
https://explorecourses.stanford.edu/instructor/shikha22
https://explorecourses.stanford.edu/instructor/smtikoo
https://explorecourses.stanford.edu/instructor/esper
https://explorecourses.stanford.edu/instructor/sritzer


GEOLSCI 135A: Sedimentary Geochemistry Field Trip
Field trip to a sedimentary succession of geobiological interest. Students will measure the stratigraphic section, describe any fossils and trace fossils, and collect
samples for geochemical analysis. Offered over spring break.

| Units: 1 | Grading: Satisfactory/No Credit

GEOLSCI 136: Macroevolution (BIO 136, BIO 236, GEOLSCI 236)
The course will focus on the macroevolution of animals. We will be exploring how paleobiology and developmental biology/genomics have contributed to our
understanding of the origins of animals, and how patterns of evolution and extinction have shaped the diversity of animal forms we observe today.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Lowe, C. (PI); Payne, J. (PI); Dulitzki, C. (TA)

GEOLSCI 150: Senior Seminar: Issues in Earth Sciences (GEOPHYS 199)
Focus is on written and oral communication in a topical context. Topics from current frontiers in earth science research and issues of concern to the public.
Readings, oral presentations, written work, and peer review.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Klemperer, S. (PI); Conger, B. (TA)

GEOLSCI 179: Geoarchaeology (ARCHLGY 155)
For undergraduates in archaeology with limited experience in natural sciences and also students in geoscience and environmental studies interested in learning how
their discipline can contribute to studies of the human past. Soils and sediments of archaeological sites yield information on how combined environmental and
anthropogenic factors form sites before, during, and after occupation. Interpretation of archaeological soils and sediments also offers important insight into past
human-environment relationships from macro- to micro-scales and to the environmental context of the human past, including geological hazards and climate
change. A fieldtrip and lab exercises introduce the field and laboratory methods and techniques of soil micromorphology for studying the geological and
geomorphological processes applicable to archaeological interpretation of paleoenvironmental conditions and cultural remains.

Terms: Win | Units: 5 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Gaggioli, A. (PI)

GEOLSCI 205: Fundamentals of Geobiology (EARTHSYS 205A, ESS 205)
Lecture and discussion covering key topics in the history of life on Earth, as well as basic principles that apply to life in the universe. Co-evolution of Earth and life;
critical intervals of environmental and biological change; geomicrobiology; paleobiology; global biogeochemical cycles; scaling of geobiological processes in space
and time.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

GEOLSCI 206: Soil Biology
Seminar course covering an area of structural biology, physiology, or ecology relevant to understanding the fossil record, with the topic changing each time the
course is offered. Examples of potential topics are biomineralization, fluid mechanics, biomechanics, taphonomy & biochemical preservation, and the functional
morphology/fossil history of specific evolutionary groups such as vertebrates, insects, or plants.

Terms: Aut | Units: 2-3 | Repeatable 4 times (up to 12 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Boyce, C. (PI)

GEOLSCI 207: Journey to the Center of the Earth (GEOLSCI 107, GEOPHYS 184, GEOPHYS 274)
The interconnected set of dynamic systems that make up the Earth. Focus is on fundamental geophysical observations of the Earth and the laboratory experiments
to understand and interpret them. What earthquakes, volcanoes, gravity, magnetic fields, and rocks reveal about the Earth's formation and evolution. In addition to
the Tuesday Thursday class meeting, a one-hour weekly section will be arranged and scheduling will be determined at the start of the quarter.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Klemperer, S. (PI); Mao, W. (PI); Yang, H. (TA)

GEOLSCI 208: Topics in Geobiology (ESS 208)
Reading course addressing current topics in geobiology. Topics will vary from year to year, but will generally cover areas of current debate in the primary literature,
such as the origin of life, the origin and consequences of oxygenic photosynthesis, environmental controls on and consequences of metabolic innovations in
microbes, the early evolution of animals and plants, and the causes and consequences of major extinction events. Participants will be expected to read and present
on current papers in the primary literature.

Terms: Win | Units: 1 | Repeatable 5 times (up to 5 units total) | Grading: Satisfactory/No Credit

Instructors: ; Welander, P. (PI)

GEOLSCI 213: Topics in Sedimentary Geology
For upper division undergraduates and graduate students. Topics vary each year but the focus is on current developments and problems in sedimentary geology,
sedimentology, Archean geology, and basin analysis. These include issues in deep-water sediments, their origin, facies, and architecture; sedimentary systems on
the early Earth; and relationships among tectonics, basin development, and basin fill. May be repeated for credit.

Last offered: Spring 2020 | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

GEOLSCI 215: Topics in Geobiodiversity and Stable Isotopes
This course exams the key questions of biodiversity through time (Geobiodiversity) and examines how we might tackle these questions using isotope
biogeochemistry. The course consists of two interwoven components. First, what are the drivers of biodiversity - such as global and regional climate change, rise of
topographic barriers, supply of nutrients, etc. Second, how do organisms obtain their isotopic signatures and how these might be used to differentiate between the
drivers of biodiversity. The course will use case studies of biodiversity questions in key areas such as the Cenozoic of Asia, North America, and South America to
develop research questions and approaches. The course will consist of lectures, work groups, and selected readings. Grade: Credit, No Credit.

Last offered: Winter 2020 | Units: 1 | Repeatable 12 times (up to 12 units total) | Grading: Satisfactory/No Credit

https://explorecourses.stanford.edu/instructor/clowe
https://explorecourses.stanford.edu/instructor/jlpayne
https://explorecourses.stanford.edu/instructor/coby18
https://explorecourses.stanford.edu/instructor/sklemp
https://explorecourses.stanford.edu/instructor/abconger
https://explorecourses.stanford.edu/instructor/gaggioli
https://explorecourses.stanford.edu/instructor/chkenboy
https://explorecourses.stanford.edu/instructor/sklemp
https://explorecourses.stanford.edu/instructor/wmao
https://explorecourses.stanford.edu/instructor/hyang666
https://explorecourses.stanford.edu/instructor/welander


GEOLSCI 218X: Shaping the Future of the Bay Area (AMSTUD 118X, CEE 118X, CEE 218X, ESS 118X, ESS 218X, GEOLSCI
118X, GEOPHYS 118X, GEOPHYS 218X, POLISCI 218X, PUBLPOL 118X, PUBLPOL 218X)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Aut | Units: 1-5 | Grading: Letter (ABCD/NP)

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Wong-Parodi, G. (PI); Duan, J. (TA); Srinivas, S. (TA)

GEOLSCI 220: Planetary Surface Processes: Shaping the Landscape of the Solar System (GEOLSCI 120, GEOPHYS 119,
GEOPHYS 219)
The surfaces of planets, moons, and other bodies are shaped and modified by a wide array of physical and chemical processes. Understanding these processes
allows us to decipher the history of the Solar System. This course offers a quantitative examination of both exogenous processes - such as impact cratering and
space weathering - and endogenous processes - such as tectonics, weathering, and volcanic, fluvial, eolian, and periglacial activity - as well as a brief introduction
to the fundamentals of remote sensing in the context of planetary exploration. As we develop a basic mechanistic framework for these processes, we will apply our
acquired knowledge through thematic discussions of the surfaces of Mercury, Venus, Earth, the Moon, Mars, asteroids, Io, Titan, Europa, Enceladus, Pluto, and
comets. For upper-division undergraduates and graduate students.

Last offered: Spring 2021 | Units: 4 | Repeatable 3 times (up to 12 units total) | Grading: Letter or Credit/No Credit

GEOLSCI 224: Rivers: The Arteries of Earth's Continents (ESS 225, GEOPHYS 221)
Rivers are the arteries of Earth's continents, conveying water, sediments, and solutes from the headwaters to the oceans. They provide a haven for life and have
been at the heart of the world's economy by generating fertile floodplains, human habitats, as well as by facilitating international commerce. This course offers a
quantitative examination of rivers, from headwaters to deltas. We will first develop a basic mechanistic understanding of fluvial processes, including flow
hydraulics, erosion, sediment transport, and deposition. We will then apply our acquired knowledge through thematic discussions of relevant issues. Possible themes
include deltas and climate change, rivers and human activity (damming, sand mining, deforestation), rivers and the evolution of land plants, rivers and
biogeochemical cycles, submarine channels, and the alien rivers of Mars and Titan.

Terms: Spr | Units: 3 | Repeatable 3 times (up to 9 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Lapotre, M. (PI)

GEOLSCI 227: Planetary Science Reading (GEOLSCI 127, GEOPHYS 126, GEOPHYS 226)
The course will meet once a week to discuss a recent journal article related to the broad field of planetary science, including but not limited to cosmochemistry,
planet formation, planetary geology, planetary atmospheres, Earth history, astrobiology, and exoplanets. Students will be expected to lead the group discussion at
least once per quarter. No formal presentations will be required. There are no prerequisites for this course, but students should have some facility with reading
scientific literature.

Terms: Aut, Win, Spr | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

Instructors: ; Schaefer, L. (PI)

GEOLSCI 228: Evolution of Terrestrial Ecosystems (BIO 148, BIO 228, EARTHSYS 128, GEOLSCI 128)
The what, when, where, and how do we know it regarding life on land through time. Fossil plants, fungi, invertebrates, and vertebrates (yes, dinosaurs) are all
covered, including how all of those components interact with each other and with changing climates, continental drift, atmospheric composition, and
environmental perturbations like glaciation and mass extinction. The course involves both lecture and lab components. Graduate students registering at the 200-
level are expected to write a term paper, but can opt out of some labs where appropriate.

Terms: Spr | Units: 4 | Grading: Letter or Credit/No Credit

GEOLSCI 232: Evolution of Earth Systems (EARTHSYS 132, EARTHSYS 232, ESS 132, ESS 232, GEOLSCI 132)
This course examines biogeochemical cycles and how they developed through the interaction between the atmosphere, hydrosphere, biosphere, and lithosphere.
Emphasis is on the long-term carbon cycle and how it is connected to other biogeochemical cycles on Earth. The course consists of lectures, discussion of research
papers, and quantitative modeling of biogeochemical cycles. Students produce a model on some aspect of the cycles discussed in this course. Grades based on class
interaction, student presentations, and the modeling project.

Last offered: Winter 2019 | Units: 4 | Grading: Letter (ABCD/NP)

GEOLSCI 233A: Microbial Physiology (BIO 180, EARTHSYS 255, ESS 255)
Introduction to the physiology of microbes including cellular structure, transcription and translation, growth and metabolism, mechanisms for stress resistance and
the formation of microbial communities. These topics will be covered in relation to the evolution of early life on Earth, ancient ecosystems, and the interpretation
of the rock record. Recommended: introductory biology and chemistry.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Welander, P. (PI); Castaneda Juarez, A. (TA)

GEOLSCI 240: Data science for geoscience (EARTHSYS 240, ENERGY 240, ESS 239)
This course provides an overview of the most relevant areas of data science (applied statistics, machine learning & computer vision) to address geoscience
challenges, questions and problems. Using actual geoscientific research questions as background, principles and methods of data scientific analysis, modeling, and
prediction are covered. Data science areas covered are: extreme value statistics, multi-variate analysis, factor analysis, compositional data analysis, spatial
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information aggregation models, spatial estimation, geostatistical simulation, treating data of different scales of observation, spatio-temporal modeling
(geostatistics). Application areas covered are: process geology, hazards, natural resources. Students are encouraged to participate actively in this course by means
of their own data science research challenge or question.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Caers, J. (PI); Hall, T. (TA); Wang, L. (TA)

GEOLSCI 249: Deciphering Depositional Environments in the Pre-Vegetation Rock Record
This course is a companion seminar to GEOLSCI 258, in which we will explore and discuss the ambiguities of existing facies models for fluvial, eolian, and near-shore
depositional environments in the pre-vegetation sedimentary record. Our goal will be to formulate new quantitative criteria for more robust paleoenvironmental
interpretations of pre-vegetation sedimentary rocks. Students in the class should also enroll in GEOLSCI 258 (or have attended an equivalent course).

Terms: Aut | Units: 1 | Grading: Letter or Credit/No Credit

Instructors: ; Lapotre, M. (PI); Lowe, D. (PI)

GEOLSCI 251: Sedimentary Basins
Analysis of the sedimentary fill and tectonic evolution of sedimentary basins. Topics: tectonic and environmental controls on depositional systems, detrital
composition, burial history, and stratigraphic architecture; synthesis of basin development through time. One weekend field trip required.

Terms: Aut | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Graham, S. (PI); Scheirer, A. (PI); Coholich, M. (TA)

GEOLSCI 254: Sedimentology and Rock Physics of Carbonates (GEOPHYS 254)
Processes of precipitation and sedimentation of carbonate minerals as well as their post-depositional alteration with emphasis on marine systems. Topics include:
geographic and bathymetric distribution of carbonates in modern and ancient oceans; genesis and environmental significance of carbonate grains and sedimentary
textures; carbonate diagenesis; changes in styles of carbonate deposition through Earth history; reservoir quality and properties defined by storage capacity, flow
(permeability) and connectivity of pores (effective porosity); the interplay between these properties, the original depositional characteristics of the carbonate
sediments and post-depositional alteration; relationships between dissolution processes, cementation processes, and the resulting connectivity of the flow
pathways. Lab exercises emphasize petrographic and rock physics analysis of carbonate rocks at scales ranging from map and outcrop to hand sample and thin
section.

Terms: Win | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Payne, J. (PI); Vanorio, T. (PI); Malenda, M. (TA); Singh, P. (TA)

GEOLSCI 257: Clastic Sequence Stratigraphy
Sequence stratigraphy facilitates integration of all sources of geologic data, including seismic, log, core, and paleontological, into a time-stratigraphic model of
sediment architecture. Tools applicable to regional and field scales. Emphasis is on practical applications and integration of seismic and well data to exploration
and field reservoir problems. Examples from industry data; hands-on exercises.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; McHargue, T. (PI)

GEOLSCI 258: Introduction to Depositional Systems
The characteristics of the major sedimentary environments and their deposits in the geologic record, including alluvial fans, braided and meandering rivers, aeolian
systems, deltas, open coasts, barred coasts, marine shelves, and deep-water systems. Emphasis is on subdivisions; morphology; the dynamics of modern systems;
and the architectural organization and sedimentary structures, textures, and biological components of ancient deposits.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Lowe, D. (PI); Cahill, M. (TA)

GEOLSCI 260: Quantifying Uncertainty in Subsurface Systems
Broad conceptual overview of the various components required to uncertainty quantification (UQ) for decision making in subsurface engineering problems such as
oil/gas production, groundwater management, contaminant remediation, geothermal energy and mineral deposits. The emphasis lies on learning how to synthesize
rather than the details of each individual discipline. The class will cover the basic data science for UQ: dimension reduction methods, Monte Carlo & global
sensitivity analysis. Introduction to Bayesianism and how it applies to subsurface prediction problems, in particular, the formulation of geological prior models and
the role of geostatistics. Strategies for integrating geological science, geophysics, data science and decision science into decision making under uncertainty. Team
work on real field applications.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Caers, J. (PI)

GEOLSCI 266: Managing Nuclear Waste: Technical, Political and Organizational Challenges (INTLPOL 266)
(Formerly IPS 266) The essential technical and scientific elements of the nuclear fuel cycle, focusing on the sources, types, and characteristics of the nuclear waste
generated, as well as various strategies for the disposition of spent nuclear fuel - including reprocessing, transmutation, and direct geologic disposal. Policy and
organizational issues, such as: options for the characteristics and structure of a new federal nuclear waste management organization, options for a consent-based
process for locating nuclear facilities, and the regulatory framework for a geologic repository. A technical background in the nuclear fuel cycle, while desirable, is
not required

Last offered: Winter 2019 | Units: 3 | Grading: Letter or Credit/No Credit

GEOLSCI 283: Thermochronology and Crustal Evolution
Thermochronology analyzes the competition between radioactive in-growth and temperature-dependant loss of radiogenic isotopes within radioactive mineral hosts
in terms of temperature-time history. Coupled with quantitative understanding of kinetic phenomena and crustal- or landscape-scale interpretational models,
thermochronology provides an important source of data for the Earth Sciences, notably tectonics, geomorphology, and petrogenesis. Focus on recent developments
in thermochronology, specifically analytical and interpretative innovations developed over the past decade. Integrates the latest thermochronology techniques with
field work in a small-scale research project focused upon crustal evolution.

Last offered: Spring 2020 | Units: 4 | Grading: Letter or Credit/No Credit
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GEOLSCI 293A: Geology of Oman Field Trip
Reading and discussion of papers addressing current topics related to the geology of Oman, including Neoproterozoic and Permian-Triassic environmental change. By
invitation only. May be repeat for credit.

Last offered: Autumn 2018 | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

GEOLSCI 311: Interpretation of Tectonically Active Landscapes
Focuses on interpreting various topographic attributes in terms of horizontal and vertical tectonic motions. Topics include identification, mapping, and dating of
geomorphic markers, deducing tectonic motions from spatial changes in landscape steepness, understanding processes that give rise to different landscape
elements, interrogating the role of climate and lithology in producing these landscape elements, and understanding relationships between tectonic motions, surface
topography, and the spatial distribution of erosion. Consists of two one hour lectures per week and one laboratory section that help students gain proficiency in
Quaternary mapping and interpretation of topographic metrics.

| Units: 3 | Grading: Letter (ABCD/NP)

GEOLSCI 313: Modeling of Landforms
Geomorphic-transport-rule-based, as well as mass- and momentum-conservation based models to understand the evolution of Earth's topography. Topics include
formulation of land-sculpting processes as geomorphic transport rules, coupling this mass-conservation approach with mechanical models of crustal deformation,
and analysis of landscape forms in terms of events for which mass and momentum of fluid and sediment can be conserved. Both analytical, as well as numerical
(finite-volume) treatments of particular problems in tectonic geomorphology will be covered. The specific problems addressed as part of the course will be tailored
to those currently investigated by class participants.

| Units: 3 | Grading: Letter or Credit/No Credit

GEOPHYS 20N: Predicting Volcanic Eruptions
The physics and chemistry of volcanic processes and modern methods of volcano monitoring. Volcanoes as manifestations of the Earth's internal energy and hazards
to society. How earth scientists better forecast eruptive activity by monitoring seismic activity, bulging of the ground surface, and the discharge of volcanic gases,
and by studying deposits from past eruptions. Focus is on the interface between scientists and policy makers and the challenges of decision making with incomplete
information. Field trip to Mt. St. Helens, site of the 1980 eruption.

Last offered: Spring 2020 | Units: 3 | UG Reqs: GER: DB-NatSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

GEOPHYS 60N: Man versus Nature: Coping with Disasters Using Space Technology (EE 60N)
Preference to freshman. Natural hazards, earthquakes, volcanoes, floods, hurricanes, and fires, and how they affect people and society; great disasters such as
asteroid impacts that periodically obliterate many species of life. Scientific issues, political and social consequences, costs of disaster mitigation, and how scientific
knowledge affects policy. How spaceborne imaging technology makes it possible to respond quickly and mitigate consequences; how it is applied to natural
disasters; and remote sensing data manipulation and analysis. GER:DB-EngrAppSci

Last offered: Autumn 2018 | Units: 4 | UG Reqs: GER:DB-EngrAppSci, WAY-SMA | Grading: Letter or Credit/No Credit

GEOPHYS 90: Earthquakes and Volcanoes (EARTHSYS 113)
Is the "Big One" overdue in California? What kind of damage would that cause? What can we do to reduce the impact of such hazards in urban environments? Does
"fracking" cause earthquakes and are we at risk? Is the United States vulnerable to a giant tsunami? The geologic record contains evidence of volcanic super
eruptions throughout Earth's history. What causes these gigantic explosive eruptions, and can they be predicted in the future? This course will address these and
related issues. For non-majors and potential Earth scientists. No prerequisites. More information at: https://stanford.box.com/s/zr8ar28efmuo5wtlj6gj2jbxle76r4lu

Terms: Spr | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Beroza, G. (PI); Aguilar Suarez, A. (TA)

GEOPHYS 104: The Water Course (EARTHSYS 104, EARTHSYS 204, GEOPHYS 204)
The Central Valley of California provides a third of the produce grown in the U.S., but recent droughts and increasing demand have raised concerns about both food
and water security. The pathway that water takes from rainfall to the irrigation of fields or household taps ('the water course') determines the quantity and quality
of the available water. Working with various data sources (measurements made on the ground, in wells, and from satellites) allows us to model the water budget in
the valley and explore the recent impacts on freshwater supplies.

Terms: Win | Units: 4 | UG Reqs: GER: DB-NatSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Knight, R. (PI); Holtzman, N. (TA); Lees, M. (TA)

GEOPHYS 108: Tectonics Field Trip (GEOLSCI 189, GEOLSCI 289, GEOPHYS 214)
What does an earthquake fault look like near Earth's surface? How about the inside of, or beneath, a volcano? Why does California experience earthquakes and
volcanic eruptions? Learn about thermo-physico-chemical evolution (mass transport, heat transport) in Earth's crust through a required long-weekend field trip
(some camping, all equipment provided) in Dead Week (in 2022: evening Thurs 5/26 - evening Mon 5/30) likely to northern California/southern Oregon, including
Crater Lake, Lassen and Lava Tubes National Parks/Monument). May be repeated for credit (future destinations likely include Sierra Nevada, Owens Valley, Mono
Lake, Yosemite, San Andreas fault, Mendocino Triple Junction, and western Basin and Range province. Lectures provide context for planned trip. Minimum pre-req:
GEOLSCI1 (co-registration acceptable) or GEOPHYS110 or equivalent. No Class on Monday, March 28th. First meeting Friday, April 1, 2022.

Terms: Spr | Units: 1-3 | Grading: Satisfactory/No Credit

Instructors: ; Klemperer, S. (PI); Wang, A. (TA)

GEOPHYS 110: Introduction to the Foundations of Contemporary Geophysics (EARTHSYS 110)
Introduction to the foundations of contemporary geophysics. Topics drawn from broad themes in: whole Earth geodynamics, geohazards, natural resources, and
environment. In each case the focus is on how the interpretation of a variety of geophysical measurements (e.g., gravity, seismology, heat flow, electromagnetics,
and remote sensing) can be used to provide fundamental insight into the behavior of the Earth. The course will include a weekend field trip. Prerequisite: CME 100
or MATH 51, or co-registration in either.

Terms: Win | Units: 3 | UG Reqs: GER: DB-NatSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Schroeder, D. (PI); Conger, B. (TA); Teisberg, T. (TA)
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GEOPHYS 112: Exploring Geosciences with MATLAB (ENERGY 112)
How to use MATLAB as a tool for research and technical computing, including 2-D and 3-D visualization features, numerical capabilities, and toolboxes. Practical
skills in areas such as data analysis, regressions, optimization, spectral analysis, differential equations, image analysis, computational statistics, and Monte Carlo
simulations. Emphasis is on scientific and engineering applications. Offered every year, autumn quarter.

Terms: Aut | Units: 1-3 | Grading: Letter or Credit/No Credit

Instructors: ; Mukerji, T. (PI); Kanfar, R. (TA); Kashefi, A. (TA)

GEOPHYS 118X: Shaping the Future of the Bay Area (AMSTUD 118X, CEE 118X, CEE 218X, ESS 118X, ESS 218X, GEOLSCI
118X, GEOLSCI 218X, GEOPHYS 218X, POLISCI 218X, PUBLPOL 118X, PUBLPOL 218X)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Aut | Units: 1-5 | UG Reqs: WAY-AQR, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Wong-Parodi, G. (PI); Duan, J. (TA); Srinivas, S. (TA)

GEOPHYS 118Y: Shaping the Future of the Bay Area (CEE 118Y, CEE 218Y, ESS 118Y, ESS 218Y, GEOLSCI 118Y, GEOLSCI
218Y, GEOPHYS 218Y, POLISCI 218Y, PUBLPOL 118Y, PUBLPOL 218Y)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Win | Units: 1-5 | Repeatable 2 times (up to 10 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Duan, J. (TA); Srinivas, S. (TA)

GEOPHYS 119: Planetary Surface Processes: Shaping the Landscape of the Solar System (GEOLSCI 120, GEOLSCI 220,
GEOPHYS 219)
The surfaces of planets, moons, and other bodies are shaped and modified by a wide array of physical and chemical processes. Understanding these processes
allows us to decipher the history of the Solar System. This course offers a quantitative examination of both exogenous processes - such as impact cratering and
space weathering - and endogenous processes - such as tectonics, weathering, and volcanic, fluvial, eolian, and periglacial activity - as well as a brief introduction
to the fundamentals of remote sensing in the context of planetary exploration. As we develop a basic mechanistic framework for these processes, we will apply our
acquired knowledge through thematic discussions of the surfaces of Mercury, Venus, Earth, the Moon, Mars, asteroids, Io, Titan, Europa, Enceladus, Pluto, and
comets. For upper-division undergraduates and graduate students.

Last offered: Spring 2021 | Units: 4 | Repeatable 3 times (up to 12 units total) | Grading: Letter or Credit/No Credit

GEOPHYS 120: Ice, Water, Fire (GEOPHYS 220)
Introductory application of continuum mechanics to ice sheets and glaciers, water waves and tsunamis, and volcanoes. Emphasis on physical processes and
mathematical description using balance of mass and momentum, combined with constitutive equations for fluids and solids. Designed for undergraduates with no
prior geophysics background; also appropriate for beginning graduate students. Prerequisites: CME 100 or MATH 52 and PHYSICS 41 (or equivalent).

Last offered: Winter 2020 | Units: 3-5 | UG Reqs: GER: DB-NatSci, WAY-FR, WAY-SMA | Grading: Letter or Credit/No Credit

GEOPHYS 124: Introduction to Planetary Science (ESS 125, GEOLSCI 124)
This course provides an introduction to planetary science through the exploration of processes that formed and modified planetary bodies within the Solar System
and beyond. Each lecture will be given by an expert in a specific subfield of planetary sciences, with topics ranging from planetary materials and formation,
planetary dynamics, planetary structure and tectonics, planetary atmospheres, impact cratering, surface processes, and astrobiology. We will also discuss how
scientists investigate planets both near and far through sample analysis, telescopic and orbital remote sensing as well as in situ through robotic instruments.
Although there are no prerequisites for this course, it is primarily directed towards undergraduate students who are majoring (or plan to) in the sciences or
engineering. A minimum level of mathematics equivalent to high school algebra and introductory calculus will be necessary.

Terms: Spr | Units: 3-4 | Repeatable 3 times (up to 12 units total) | Grading: Letter or Credit/No Credit

GEOPHYS 126: Planetary Science Reading (GEOLSCI 127, GEOLSCI 227, GEOPHYS 226)
The course will meet once a week to discuss a recent journal article related to the broad field of planetary science, including but not limited to cosmochemistry,
planet formation, planetary geology, planetary atmospheres, Earth history, astrobiology, and exoplanets. Students will be expected to lead the group discussion at
least once per quarter. No formal presentations will be required. There are no prerequisites for this course, but students should have some facility with reading
scientific literature.
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Terms: Aut, Win, Spr | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

Instructors: ; Schaefer, L. (PI)

GEOPHYS 128: Modeling Earth (GEOPHYS 228)
Most problems in Earth Science are dazzling and beautifully complex. Abstracting from this natural complexity to identify the essential components and mechanisms
of a natural system is perhaps the most important, but commonly overlooked, task for developing testable mathematical models for Earth and Environmental
Science. This course focuses on conceptual model development, rather than addressing the variety of formal mathematical techniques available for the analytical
analysis or numerical simulation of a model. Recommended Prerequisites: CME 100 or MATH 51 (or equivalent)

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Suckale, J. (PI); Liu, E. (TA)

GEOPHYS 130: Introductory Seismology
Introduction to seismology including: elasticity and the wave equation, P, S, and surface waves, dispersion, ray theory, reflection and transmission of seismic waves,
seismic imaging, large-scale Earth structure, earthquake location, earthquake statistics and forecasting, magnitude scales, seismic source theory.

Last offered: Autumn 2020 | Units: 3 | UG Reqs: GER: DB-NatSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

GEOPHYS 141: Remote Sensing of the Oceans (EARTHSYS 141, EARTHSYS 241, ESS 141, ESS 241)
How to observe and interpret physical and biological changes in the oceans using satellite technologies. Topics: principles of satellite remote sensing, classes of
satellite remote sensors, converting radiometric data into biological and physical quantities, sensor calibration and validation, interpreting large-scale
oceanographic features.

Terms: Win | Units: 3-4 | UG Reqs: GER: DB-NatSci, WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Arrigo, K. (PI); Payne, C. (TA)

GEOPHYS 181: Fluids and Flow in the Earth: Computational Methods (GEOPHYS 203)
Interdisciplinary problems involving the state and movement of fluids in crustal systems, and computational methods to model these processes. Examples of
processes include: nonlinear, time-dependent flow in porous rocks; coupling in porous rocks between fluid flow, stress, deformation, and heat and chemical
transport; percolation of partial melt; diagenetic processes; pressure solution and the formation of stylolites; and transient pore pressure in fault zones. MATLAB,
Lattice-Boltzmann, and COMSOL Multiphysics. Term project. No experience with COMSOL Multiphysics required. Offered every other year, winter quarter.

Last offered: Winter 2021 | Units: 3 | Grading: Letter (ABCD/NP)

GEOPHYS 182: Reflection Seismology (GEOPHYS 222)
The principles of seismic reflection profiling, focusing on methods of seismic data acquisition and seismic data processing for hydrocarbon exploration.

Last offered: Autumn 2019 | Units: 3 | UG Reqs: GER: DB-NatSci | Grading: Letter or Credit/No Credit

GEOPHYS 183: Reflection Seismology Interpretation (GEOLSCI 223, GEOPHYS 223)
The structural and stratigraphic interpretation of seismic reflection data, emphasizing hydrocarbon traps in two and three dimensions on industry data, including
workstation-based interpretation. Lectures only, 1 unit. Prerequisite: 222, or consent of instructor. (Geophys 183 must be taken for a minimum of 3 units to be
eligible for Ways credit).

Last offered: Winter 2020 | Units: 1-4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

GEOPHYS 184: Journey to the Center of the Earth (GEOLSCI 107, GEOLSCI 207, GEOPHYS 274)
The interconnected set of dynamic systems that make up the Earth. Focus is on fundamental geophysical observations of the Earth and the laboratory experiments
to understand and interpret them. What earthquakes, volcanoes, gravity, magnetic fields, and rocks reveal about the Earth's formation and evolution. In addition to
the Tuesday Thursday class meeting, a one-hour weekly section will be arranged and scheduling will be determined at the start of the quarter.

Terms: Win | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Klemperer, S. (PI); Mao, W. (PI); Yang, H. (TA)

GEOPHYS 188: Basic Earth Imaging (GEOPHYS 210)
Echo seismogram recording geometry, head waves, moveout, velocity estimation, making images of complex shaped reflectors, migration by Fourier and integral
methods. Anti-aliasing. Dip moveout. Computer labs. See http://sep.stanford.edu/sep/prof/. Offered every year, autumn quarter. *The Geophys180 cross-listing is
considered an advanced undergraduate course.

Terms: Aut | Units: 2-3 | Grading: Letter or Credit/No Credit

Instructors: ; Biondi, B. (PI); Frigerio, J. (TA)

GEOPHYS 190: Near-Surface Geophysics: Imaging Groundwater Systems
Introduction to geophysical methods that can be used for imaging and characterizing groundwater systems. This Cardinal Class will be structured around solving a
problem currently facing the Santa Clara Valley Open Space Authority: How to select a site that can be used to recharge the groundwater? where is there sand and
gravel? clay? where will the water go? connections between groundwater and surface water? We will review data from the area then model, acquire, and interpret
geophysical data. Each week includes three hours of classroom or fieldwork time. Pre-requisite: CME 100 or Math 51, or co-registration in either.

Terms: Spr | Units: 4 | UG Reqs: GER:DB-EngrAppSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Knight, R. (PI); Peralta, J. (TA); Summers, P. (TA)

GEOPHYS 196: Undergraduate Research in Geophysics
Field-, lab-, or computer-based. Faculty supervision. Written reports.

Terms: Aut, Win, Spr, Sum | Units: 1-10 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Beroza, G. (PI); Biondi, B. (PI); Dunham, E. (PI); Ellsworth, W. (PI); Harris, J. (PI); Klemperer, S. (PI); Knight, R. (PI); Mao, W. (PI); Mavko, G. (PI);
Pidlisecky, A. (PI); Schroeder, D. (PI); Segall, P. (PI); Sleep, N. (PI); Suckale, J. (PI); Vanorio, T. (PI); Zebker, H. (PI); Zoback, M. (PI)
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GEOPHYS 201: Frontiers of Geophysical Research at Stanford (GEOPHYS 101)
Required for new students entering the department and undergraduate majors. Department faculty introduce the frontiers of research problems and methods being
employed or developed in the department and unique to department faculty and students: what the current research is, why the research is important, what
methodologies and technologies are being used, and what the potential impact of the results might be. Graduate students register for 1 unit (Mondays only),
undergraduates for 3 units which include a discussion section (Mondays and Wednesdays). Offered every year, autumn quarter.

Terms: Aut | Units: 1-3 | Repeatable 4 times (up to 12 units total) | Grading: Satisfactory/No Credit

Instructors: ; Biondi, B. (PI); Tikoo, S. (PI)

GEOPHYS 202: Reservoir Geomechanics
Basic principles of rock mechanics and the state of stress and pore pressure in sedimentary basins related to exploitation of hydrocarbon and geothermal reservoirs.
Mechanisms of hydrocarbon migration, exploitation of fractured reservoirs, reservoir compaction and subsidence, hydraulic fracturing, utilization of directional and
horizontal drilling to optimize well stability.Given alternate years.

Last offered: Winter 2021 | Units: 3 | Grading: Letter (ABCD/NP)

GEOPHYS 203: Fluids and Flow in the Earth: Computational Methods (GEOPHYS 181)
Interdisciplinary problems involving the state and movement of fluids in crustal systems, and computational methods to model these processes. Examples of
processes include: nonlinear, time-dependent flow in porous rocks; coupling in porous rocks between fluid flow, stress, deformation, and heat and chemical
transport; percolation of partial melt; diagenetic processes; pressure solution and the formation of stylolites; and transient pore pressure in fault zones. MATLAB,
Lattice-Boltzmann, and COMSOL Multiphysics. Term project. No experience with COMSOL Multiphysics required. Offered every other year, winter quarter.

Last offered: Winter 2021 | Units: 3 | Grading: Letter (ABCD/NP)

GEOPHYS 204: The Water Course (EARTHSYS 104, EARTHSYS 204, GEOPHYS 104)
The Central Valley of California provides a third of the produce grown in the U.S., but recent droughts and increasing demand have raised concerns about both food
and water security. The pathway that water takes from rainfall to the irrigation of fields or household taps ('the water course') determines the quantity and quality
of the available water. Working with various data sources (measurements made on the ground, in wells, and from satellites) allows us to model the water budget in
the valley and explore the recent impacts on freshwater supplies.

Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Knight, R. (PI); Holtzman, N. (TA); Lees, M. (TA)

GEOPHYS 205: Effective Scientific Presentation and Public Speaking (ESS 204, GEOLSCI 306)
The ability to present your research in a compelling, concise, and engaging manner will enhance your professional career. I will work to convince you that the best
way to capture an audience and leave a lasting impression is to tell a story, do a demo, or pick a fight. Virtual presentations make it harder to connect and interact
with the audience, and to overcome these obstacles requires getting the most from video, audio, lighting, live vs. pre-recorded content, and virtual posters. So,
these elements will also be an essential part of the class. The goal of a talk is not to show people how much work you did, how capable and dedicated you are, or
how much you know. We don't care about any of those things. The goal is for the audience to learn something new and important, to change their perspective, to
leave a lasting memory, and to influence their research. It is to be inspired, shocked, or moved. The course is taught as a series of stand-and-deliver exercises with
class feedback and revision on the fly, supplemented by one-on-one coaching. We will have exercises on conference presentations, job interviews and job talks,
departmental seminars, webinars, press interviews, and funding pitches. Grades are optional: 70% in-class exercises, 30% final presentation, such as your upcoming
AGU, GSA, or SEG presentation. Take this course when you have research to present. (http://syllabus.stanford.edu). My pledge is that everyone will come away a
more skilled and confident speaker than they were before.

Terms: Aut | Units: 2 | Grading: Letter or Credit/No Credit

Instructors: ; Stein, R. (PI)

GEOPHYS 208: Unconventional Reservoir Geomechanics
This course will investigate oil and gas production from extremely low permeability reservoirs. Lectures and exercises will address 1) the physical and fluid
transport properties of unconventional reservoir formations, 2) stimulation techniques such as hydraulic fracturing and 3) understanding microseismicity associated
with hydraulic stimulation and induced seismicity associated with wastewater injection. Prerequisite: GEOPHYS 202 or concurrent enrollment in GEOPHYS 202 is
strongly recommended.

Last offered: Spring 2020 | Units: 3 | Grading: Letter (ABCD/NP)

GEOPHYS 210: Basic Earth Imaging (GEOPHYS 188)
Echo seismogram recording geometry, head waves, moveout, velocity estimation, making images of complex shaped reflectors, migration by Fourier and integral
methods. Anti-aliasing. Dip moveout. Computer labs. See http://sep.stanford.edu/sep/prof/. Offered every year, autumn quarter. *The Geophys180 cross-listing is
considered an advanced undergraduate course.

Terms: Aut | Units: 2-3 | Grading: Letter or Credit/No Credit

Instructors: ; Biondi, B. (PI); Frigerio, J. (TA)

GEOPHYS 211: Environmental Soundings Image Estimation
Imaging principles exemplified by means of imaging geophysical data of various uncomplicated types (bathymetry, altimetry, velocity, reflectivity). Adjoints, back
projection, conjugate-gradient inversion, preconditioning, multidimensional autoregression and spectral factorization, the helical coordinate, and object-based
programming. Common recurring issues such as limited aperture, missing data, signal/noise segregation, and nonstationary spectra. See
http://sep.stanford.edu/sep/prof/.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Clapp, R. (PI); Yuan, S. (TA)

GEOPHYS 218X: Shaping the Future of the Bay Area (AMSTUD 118X, CEE 118X, CEE 218X, ESS 118X, ESS 218X, GEOLSCI
118X, GEOLSCI 218X, GEOPHYS 118X, POLISCI 218X, PUBLPOL 118X, PUBLPOL 218X)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
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forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Aut | Units: 1-5 | Grading: Letter (ABCD/NP)

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Wong-Parodi, G. (PI); Duan, J. (TA); Srinivas, S. (TA)

GEOPHYS 218Y: Shaping the Future of the Bay Area (CEE 118Y, CEE 218Y, ESS 118Y, ESS 218Y, GEOLSCI 118Y, GEOLSCI
218Y, GEOPHYS 118Y, POLISCI 218Y, PUBLPOL 118Y, PUBLPOL 218Y)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Win | Units: 1-5 | Repeatable 2 times (up to 10 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Duan, J. (TA); Srinivas, S. (TA)

GEOPHYS 219: Planetary Surface Processes: Shaping the Landscape of the Solar System (GEOLSCI 120, GEOLSCI 220,
GEOPHYS 119)
The surfaces of planets, moons, and other bodies are shaped and modified by a wide array of physical and chemical processes. Understanding these processes
allows us to decipher the history of the Solar System. This course offers a quantitative examination of both exogenous processes - such as impact cratering and
space weathering - and endogenous processes - such as tectonics, weathering, and volcanic, fluvial, eolian, and periglacial activity - as well as a brief introduction
to the fundamentals of remote sensing in the context of planetary exploration. As we develop a basic mechanistic framework for these processes, we will apply our
acquired knowledge through thematic discussions of the surfaces of Mercury, Venus, Earth, the Moon, Mars, asteroids, Io, Titan, Europa, Enceladus, Pluto, and
comets. For upper-division undergraduates and graduate students.

Last offered: Spring 2021 | Units: 4 | Repeatable 3 times (up to 12 units total) | Grading: Letter or Credit/No Credit

GEOPHYS 220: Ice, Water, Fire (GEOPHYS 120)
Introductory application of continuum mechanics to ice sheets and glaciers, water waves and tsunamis, and volcanoes. Emphasis on physical processes and
mathematical description using balance of mass and momentum, combined with constitutive equations for fluids and solids. Designed for undergraduates with no
prior geophysics background; also appropriate for beginning graduate students. Prerequisites: CME 100 or MATH 52 and PHYSICS 41 (or equivalent).

Last offered: Winter 2020 | Units: 3-5 | Grading: Letter or Credit/No Credit

GEOPHYS 221: Rivers: The Arteries of Earth's Continents (ESS 225, GEOLSCI 224)
Rivers are the arteries of Earth's continents, conveying water, sediments, and solutes from the headwaters to the oceans. They provide a haven for life and have
been at the heart of the world's economy by generating fertile floodplains, human habitats, as well as by facilitating international commerce. This course offers a
quantitative examination of rivers, from headwaters to deltas. We will first develop a basic mechanistic understanding of fluvial processes, including flow
hydraulics, erosion, sediment transport, and deposition. We will then apply our acquired knowledge through thematic discussions of relevant issues. Possible themes
include deltas and climate change, rivers and human activity (damming, sand mining, deforestation), rivers and the evolution of land plants, rivers and
biogeochemical cycles, submarine channels, and the alien rivers of Mars and Titan.

Terms: Spr | Units: 3 | Repeatable 3 times (up to 9 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Lapotre, M. (PI)

GEOPHYS 222: Reflection Seismology (GEOPHYS 182)
The principles of seismic reflection profiling, focusing on methods of seismic data acquisition and seismic data processing for hydrocarbon exploration.

Last offered: Autumn 2019 | Units: 3 | Grading: Letter or Credit/No Credit

GEOPHYS 223: Reflection Seismology Interpretation (GEOLSCI 223, GEOPHYS 183)
The structural and stratigraphic interpretation of seismic reflection data, emphasizing hydrocarbon traps in two and three dimensions on industry data, including
workstation-based interpretation. Lectures only, 1 unit. Prerequisite: 222, or consent of instructor. (Geophys 183 must be taken for a minimum of 3 units to be
eligible for Ways credit).

Last offered: Winter 2020 | Units: 1-4 | Grading: Letter or Credit/No Credit

GEOPHYS 224: Seismic Reflection Processing
Workshop in computer processing of 2D and 3D seismic reflection data. Students individually process a seismic reflection profile (of their own choice or instructor-
provided) from field recordings to migrated sections and subsurface images, using interactive software (OpenCPS from OpenGeophysical.com). Prerequisite:
GEOPHYS 222 or consent of instructor.

Last offered: Winter 2018 | Units: 2-3 | Grading: Satisfactory/No Credit
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GEOPHYS 226: Planetary Science Reading (GEOLSCI 127, GEOLSCI 227, GEOPHYS 126)
The course will meet once a week to discuss a recent journal article related to the broad field of planetary science, including but not limited to cosmochemistry,
planet formation, planetary geology, planetary atmospheres, Earth history, astrobiology, and exoplanets. Students will be expected to lead the group discussion at
least once per quarter. No formal presentations will be required. There are no prerequisites for this course, but students should have some facility with reading
scientific literature.

Terms: Aut, Win, Spr | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

Instructors: ; Schaefer, L. (PI)

GEOPHYS 228: Modeling Earth (GEOPHYS 128)
Most problems in Earth Science are dazzling and beautifully complex. Abstracting from this natural complexity to identify the essential components and mechanisms
of a natural system is perhaps the most important, but commonly overlooked, task for developing testable mathematical models for Earth and Environmental
Science. This course focuses on conceptual model development, rather than addressing the variety of formal mathematical techniques available for the analytical
analysis or numerical simulation of a model. Recommended Prerequisites: CME 100 or MATH 51 (or equivalent)

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Suckale, J. (PI); Liu, E. (TA)

GEOPHYS 229: Earthquake Rupture Dynamics
Physics of earthquakes, including nucleation, propagation, and arrest; slip-weakening and rate-and-state friction laws; thermal pressurization and dynamic
weakening mechanisms; off-fault plasticity; dynamic fracture mechanics; earthquake energy balance. Problem sets involve numerical simulations on CEES cluster.
Prerequisites: GEOPHYS 287. Offered occasionally.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Dunham, E. (PI)

GEOPHYS 235: Waves and Fields in Geophysics
Basic topics and approaches (theory and numerical simulations) on acoustic, electromagnetic, and elastic waves and fields for geophysical applications: dispersion,
phase and group velocities, attenuation, reflection and transmission at planar interfaces, high frequency and low frequency approximations, heterogeneous media.
Prerequisites: UG level class on waves or consent of instructor.

Last offered: Winter 2018 | Units: 3 | Grading: Letter (ABCD/NP)

GEOPHYS 237: Evolution of Terrestrial Planets
Despite forming in the inner solar system from broadly similar starting materials, Mercury, Venus, Earth, Mars, and the Moon each represent a unique outcome of
the planetary formation process. Processes occurring deep inside planets drive the evolution of planetary crusts and atmospheres, which both control planetary
habitability. This course explores how geophysical approaches such as gravity, topography, seismology, heat flow, and magnetism provide insight into the thermal
and chemical histories of each rocky world. We cover how planetary scientists study ancient processes such as core formation, impact cratering, magnetic field
generation, mantle convection, and tectonics by a combination of spacecraft measurements, modeling, and laboratory analyses of extraterrestrial materials.
Recommended prerequisites: PHYSICS 41, 43, and MATH 51 or CME 100, or instructor consent.

Last offered: Spring 2020 | Units: 3 | Grading: Letter or Credit/No Credit

GEOPHYS 241A: Seismic Reservoir Characterization (ENERGY 141, ENERGY 241)
(Same as GP241) Practical methods for quantitative characterization and uncertainty assessment of subsurface reservoir models integrating well-log and seismic
data. Multidisciplinary combination of rock-physics, seismic attributes, sedimentological information and spatial statistical modeling techniques. Student teams
build reservoir models using limited well data and seismic attributes typically available in practice, comparing alternative approaches. Software provided (SGEMS,
Petrel, Matlab). Offered every other year.nRecommended: ERE240/260, or GP222/223, or GP260/262 or GES253/257; ERE246, GP112

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Mukerji, T. (PI); Fonseca, J. (TA)

GEOPHYS 254: Sedimentology and Rock Physics of Carbonates (GEOLSCI 254)
Processes of precipitation and sedimentation of carbonate minerals as well as their post-depositional alteration with emphasis on marine systems. Topics include:
geographic and bathymetric distribution of carbonates in modern and ancient oceans; genesis and environmental significance of carbonate grains and sedimentary
textures; carbonate diagenesis; changes in styles of carbonate deposition through Earth history; reservoir quality and properties defined by storage capacity, flow
(permeability) and connectivity of pores (effective porosity); the interplay between these properties, the original depositional characteristics of the carbonate
sediments and post-depositional alteration; relationships between dissolution processes, cementation processes, and the resulting connectivity of the flow
pathways. Lab exercises emphasize petrographic and rock physics analysis of carbonate rocks at scales ranging from map and outcrop to hand sample and thin
section.

Terms: Win | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Payne, J. (PI); Vanorio, T. (PI); Malenda, M. (TA); Singh, P. (TA)

GEOPHYS 255: Report on Energy Industry Training
On-the-job-training for master's and doctoral degree students under the guidance of on-site supervisors. Students submit a report detailing work activities,
problems, assignment, and key results. May be repeated for credit. Prerequisite: written consent of adviser.

Terms: Aut, Win, Spr, Sum | Units: 1-3 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Beroza, G. (PI); Biondi, B. (PI); Dunham, E. (PI); Dvorkin, J. (PI); Harris, J. (PI); Klemperer, S. (PI); Knight, R. (PI); Mavko, G. (PI); Mukerji, T. (PI);
Schroeder, D. (PI); Segall, P. (PI); Sleep, N. (PI); Suckale, J. (PI); Vanorio, T. (PI); Zebker, H. (PI); Zoback, M. (PI)

GEOPHYS 257: Introduction to Computational Earth Sciences
Techniques for mapping numerically intensive algorithms to modern high performance computers such as the Center for Computational Earth and Environmental
Science's (CEES) . Topics include computer architecture performance analysis, and parallel programming. Topics covered include pthreads OpenMP; MPI, Cilk++, and
CUDA.. Exercises using SMP and cluster computers. May be repeated for credit. Offered every other year, winter quarter.

Last offered: Winter 2021 | Units: 1-4 | Repeatable for credit | Grading: Letter or Credit/No Credit
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GEOPHYS 259: Properties of Rocks and Geomaterials (CEE 192, GEOLSCI 230)
Lectures and laboratory experiments. Properties of rocks and geomaterials and how they relate to chemo-mechanical processes in crustal settings, reservoirs, and
man-made materials. Focus is on properties such as porosity, permeability, acoustic wave velocity, and electrical resistivity. Students may investigate a scientific
problem to support their own research (4 units). Prerequisites: Physics 41 (or equivalent) and CME 100.

Terms: Spr | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Vanorio, T. (PI); Malenda, M. (TA)

GEOPHYS 262: Rock Physics (ENERGY 252)
Geophysical methods are used to image and characterize regions of the subsurface to explore for, evaluate and manage Earth resources (water and energy). A rock
physics relationship is required to transform measured geophysical properties to the material properties of interest. Starting with the theoretical framework, we
will explore the development of the rock physics transform from the laboratory to the field scale. Electrical and elastic properties and NMR. Grading based on four
2-week assignments.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

GEOPHYS 265: Imaging Radar and Applications (EE 355)
Radar remote sensing, radar image characteristics, viewing geometry, range coding, synthetic aperture processing, correlation, range migration, range/Doppler
algorithms, wave domain algorithms, polar algorithm, polarimetric processing, interferometric measurements. Applications: surfafe deformation, polarimetry and
target discrimination, topographic mapping surface displacements, velocities of ice fields. Prerequisites: EE261. Recommended: EE254, EE278, EE279.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Zebker, H. (PI); Kapai, S. (TA)

GEOPHYS 270: Electromagnetic Properties of Geological Materials
Laboratory observations and theoretical modeling of the electromagnetic properties and nuclear magnetic resonance response of geological material. Relationships
between these properties and water-saturated materials properties such as composition, water content, surface area, and permeability.

Last offered: Spring 2016 | Units: 2-3 | Grading: Letter or Credit/No Credit

GEOPHYS 274: Journey to the Center of the Earth (GEOLSCI 107, GEOLSCI 207, GEOPHYS 184)
The interconnected set of dynamic systems that make up the Earth. Focus is on fundamental geophysical observations of the Earth and the laboratory experiments
to understand and interpret them. What earthquakes, volcanoes, gravity, magnetic fields, and rocks reveal about the Earth's formation and evolution. In addition to
the Tuesday Thursday class meeting, a one-hour weekly section will be arranged and scheduling will be determined at the start of the quarter.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Klemperer, S. (PI); Mao, W. (PI); Yang, H. (TA)

GEOPHYS 275: Near-Surface Geophysics: Imaging Groundwater Systems (GEOPHYS 190)
Introduction to geophysical methods that can be used for imaging and characterizing groundwater systems. This Cardinal Class will be structured around solving a
problem currently facing the Santa Clara Valley Open Space Authority: How to select a site that can be used to recharge the groundwater? where is there sand and
gravel? clay? where will the water go? connections between groundwater and surface water? We will review data from the area then model, acquire, and interpret
geophysical data. Each week includes three hours of classroom or fieldwork time. Pre-requisite: CME 100 or Math 51, or co-registration in either.

Last offered: Spring 2020 | Units: 4 | Grading: Letter or Credit/No Credit

GEOPHYS 280: 3-D Seismic Imaging
The principles of imaging complex structures in the Earth subsurface using 3-D reflection seismology. Emphasis is on processing methodologies and algorithms, with
examples of applications to field data. Topics: acquisition geometrics of land and marine 3-D seismic surveys, time vs. depth imaging, migration by Kirchhoff
methods and by wave-equation methods, migration velocity analysis, velocity model building, imaging irregularly sampled and aliased data. Computational labs
involve some programming. Lab for 3 units. Offered every year, Spring quarter.

Terms: Spr | Units: 2-3 | Grading: Letter or Credit/No Credit

Instructors: ; Biondi, B. (PI); Bader, M. (TA)

GEOPHYS 281: Geophysical Inverse Problems
Concepts of inverse theory, with application to geophysics. Inverses with discrete and continuous models, generalized matrix inverses, resolving kernels,
regularization, use of prior information, singular value decomposition, nonlinear inverse problems, back-projection techniques, and linear programming. Application
to seismic tomography, earthquake location, migration, and fault-slip estimation. Prerequisite: MATH 51

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit

GEOPHYS 287: Earthquake Seismology
Seismic wave propagation (body waves and surface waves, reflection/transmission), Green's functions, seismic moment tensors and equivalent forces,
representation theorem, finite-source effects. Prerequisites: GEOPHYS 130 or equivalent. Offered every other year.

Last offered: Autumn 2018 | Units: 3-5 | Grading: Letter or Credit/No Credit

GEOPHYS 288A: Crustal Deformation
Earthquake and volcanic deformation, emphasizing analytical models that can be compared to data from GPS, InSAR, and strain meters. Deformation, stress, and
conservation laws. Dislocation models of strike slip and dip slip faults, in 2 and 3 dimensions. Crack models, including boundary element methods. Dislocations in
layered and elastically heterogeneous earth models. Models of volcano deformation, including sills, dikes, and magma chambers. Offered every other year, autumn
quarter.

Terms: Aut | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Segall, P. (PI); Wang, T. (TA)

GEOPHYS 288B: Crustal Deformation
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Earthquake and volcanic deformation, emphasizing analytical models that can be compared to data from GPS, InSAR, and strain meters. Viscoelasticity, post-seismic
rebound, and viscoelastic magma chambers. Effects of surface topography and earth curvature on surface deformation. Gravity changes induced by deformation
and elastogravitational coupling. Poro-elasticity, coupled fluid flow and deformation. Earthquake nucleation and rate-state friction. Models of earthquake cycle at
plate boundaries.

Terms: Win | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Segall, P. (PI); Schultz, R. (TA)

GEOPHYS 304: Effects of Global Change and Agriculture on Hydrology
Effects of global change on crop production and fluxes of water across the surface and through the subsurface. Nexus of food, energy, and water through primary
literature, and relevant data analyses. Students will be introduced to concepts ranging from global climate change to climate impact assessments, and to
methodologies including remote sensing, climate model downscaling, and process-based landscape hydrologic modeling.

| Units: 1 | Grading: Satisfactory/No Credit

GEOPHYS 385A: Reflection Seismology
Research in reflection seismology and petroleum prospecting. May be repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-2 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Biondi, B. (PI); Clapp, R. (PI)

GEOPHYS 385B: Environmental Geophysics
Research on the use of geophysical methods for near-surface environmental problems. May be repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-2 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Knight, R. (PI)

GEOPHYS 385D: Theoretical Geophysics
Research on physics and mechanics of earthquakes, volcanoes, ice sheets, and nglaciers. Emphasis is on developing theoretical understanding of processes governing
natural phenomena.

Terms: Aut, Win, Spr, Sum | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Dunham, E. (PI)

GEOPHYS 385E: Tectonics
Research on the origin, major structures, and tectonic processes of the Earth's crust. Emphasis is on use of deep seismic reflection and refraction data. May be
repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-2 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Klemperer, S. (PI); Sleep, N. (PI)

GEOPHYS 385G: Radio Glaciology
Research on the acquisition, processing, and analysis of radio geophysical signals in observing the subsurface conditions and physical processes of ice sheets,
glaciers, and icy moons.

Terms: Aut, Win, Spr, Sum | Units: 1-2 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Schroeder, D. (PI)

GEOPHYS 385K: Crustal Mechanics
Research in areas of petrophysics, seismology, in situ stress, and subjects related to characterization of the physical properties of rock in situ. May be repeated for
credit.

Last offered: Winter 2021 | Units: 1-2 | Repeatable for credit | Grading: Letter or Credit/No Credit

GEOPHYS 385L: Earthquake Seismology, Deformation, and Stress
Research on seismic source processes, crustal stress, and deformation associated with faulting and volcanism. May be repeated for credit.

Terms: Aut, Win, Sum | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Beroza, G. (PI); Dunham, E. (PI); Ellsworth, W. (PI); Segall, P. (PI); Zoback, M. (PI)

GEOPHYS 385N: Experimental Rock Physics
Research on the use of laboratory geophysical methods for the characterization of the physical properties of rocks and their response to earth stresses,
temperature, and rock-fluid interactions. May be repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-2 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Vanorio, T. (PI)

GEOPHYS 385Q: Seismology
Research on Source and Structural Seismology of the Earth. May be repeated for credit.

Terms: Aut, Win, Spr, Sum | Units: 1-2 | Repeatable for credit (up to 99 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Beroza, G. (PI); Ellsworth, W. (PI)

GEOPHYS 385R: Physical Volcanology
Research on volcanic processes. May be repeat for credit

Terms: Aut, Win, Spr, Sum | Units: 1 | Repeatable for credit (up to 99 units total) | Grading: Satisfactory/No Credit

Instructors: ; Dunham, E. (PI); Mahood, G. (PI); Segall, P. (PI)
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GEOPHYS 385S: Wave Physics
Theory, numerical simulation, and experiments on seismic and electromagnetic waves in complex porous media. Applications from Earth imaging and in situ
characterization of Earth properties, including subsurface monitoring. Presentations by faculty, research staff, students, and visitors. May be repeated for credit.

Last offered: Autumn 2019 | Units: 1-2 | Repeatable for credit | Grading: Satisfactory/No Credit

GEOPHYS 385V: Poroelasticity
Research on the mechanical properties of porous rocks: dynamic problems of seismic velocity, dispersion, and attentuation; and quasi-static problems of faulting,
fluid transport, crustal deformation, and loss of porosity. Participants define, investigate, and present an original problem of their own. May be repeated for credit.

Last offered: Summer 2019 | Units: 1-2 | Repeatable for credit | Grading: Letter or Credit/No Credit

GEOPHYS 385W: GEOPHYSICAL MULTI-PHASE FLOWS
Research on the dynamics of multi-phase systems that are fundamental to many geophysical problems such as ice sheets and volcanoes.

Terms: Aut, Win, Spr, Sum | Units: 1-2 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Suckale, J. (PI)

GEOPHYS 385Z: Radio Remote Sensing
Research applications, especially crustal deformation measurements. Recent instrumentation and system advancements. May be repeated for credit.

Terms: Win, Spr | Units: 1-2 | Repeatable for credit | Grading: Letter or Credit/No Credit

Instructors: ; Zebker, H. (PI)

GERMAN 111: The End of the Western World (as we know it): German Responses to Global Challenges
Germany defines its foreign policy being based on two pillars: being a part of an integrated Europe and belonging to the Western World. For decades, America and
Europe have remained closely connected politically, economically, and culturally. This close working relationship, however, now risks coming to an end, or getting
substantially weakened. When asked to identify his "biggest foe globally right now," President Trump put the European Union on the list, along with China and
Russia. Not only deeds but already words have far reaching consequences for Germany in a number of respects. The course addresses the question whether "The
Western World" is coming to an end and discusses root causes and possible implications. As the course unfolds, we will cover a number of timely topics, including
the future of NATO and why multilateralism matters, how an open society can survive the rising tide of populism, how migration is changing demographics and
politics on both sides of the Atlantic, and the prospects for finding political solutions to climate change. We will even address German and European approaches to
dealing with digitization and the protection of private data. The course will be discussion based, and include a number of illuminating studies; our goal is to
increase students' understanding of the major challenges facing the decades-old American-European alliance and how Germany is dealing with them. Students will
need no prior knowledge of Germany and the European Union. Knowledge of the American perspective is welcome but not required.

Last offered: Winter 2019 | Units: 3-5 | Grading: Letter or Credit/No Credit

GLOBAL 150N: Climate Change and Mental Health (PSYC 150N)
The impact of climate change is far-reaching, extending beyond immediate and imminent ecological effects and into a range of human experiences, including
physical and mental disease. This course uses an interdisciplinary approach to consider the interaction of climate change and mental health. Beginning with
historical associations of nature and human well-being, we will use a variety of texts¿some historic, some literary, some scientific¿to explore the effects of nature
on the human mind. Similarly, we will look at how human psychology influences our reactions to climate change, from grief, to climate change denialism, to action.
The seminar has a significant out-of-doors component, including local ecosystem exploration, an applied study of ¿nature therapy,¿ and field trips to sites where
clinical work on the interaction of nature and mental health can be observed first-hand. This year we are fortunate to have received a Global Studies Course
Innovation Award to support our field-trips, as well as the visit of several guests nationally known for their work in the areas of climate change and mental health.

| Units: 3 | Grading: Letter or Credit/No Credit

GSBGEN 332: Sustainable Energy: Business Opportunities and Public Policy
This course examines trends and opportunities in the sustainable energy sector with a particular focus on low carbon energy. We examine these trends in the
context of technological change, emerging business opportunities and the parameters set by public policy. nSpecific topics to be examined include: (i) the impact of
regulatory policies and tax subsidies on the energy mix (ii) the growing competitiveness of renewable energy, in particular solar PV and wind, (iii) sustainable
transportation (iv) adaptation by fossil fuel energy sources, (v) innovative financing mechanisms for energy projects, (vi) the venture capital perspective (vii) the
changing role of utilities in the energy landscape.

Last offered: Autumn 2015 | Units: 3 | Grading: GSB Student Option LTR/PF

GSBGEN 335: Clean Energy Project Development and Finance
This case study-oriented course will focus on the critical skills needed to evaluate, develop, finance (on a non-recourse basis), and complete standalone energy and
infrastructure projects. The primary course materials will be documents from several representative projects - e.g. solar, wind, storage, carbon capture - covering
key areas including market and feasibility studies, environmental permitting and regulatory decisions, financial disclosure from bank and bond transactions, and
construction, input, and offtake contracts. Documents and economic models tend to be highly customized. By taking a forensic approach, looking at several
different projects, we can learn how project developers, financiers, and lawyers work to get deals over the finish line that meet the demands of the market, the
requirements of the law, and (sometimes) broader societal goals, in particular climate change, economic competitiveness, and energy security.

Last offered: Winter 2018 | Units: 3 | Grading: GSB Letter Graded

GSBGEN 336: Energy Markets and Policy
This is a course on how energy and environmental markets work, and the regulatorymechanisms that have been and can be used to achieve desired policy goals.
The courseuses a electricity market game as a central teaching tool. In the game, students play the roleof electricity generators and retailers in order to gain an
understanding of how market rules(including environmental regulations and renewable energy mandates) affect the businessstrategy of market participants¿and in
turn economic and environmental outcomes.The goal of the course is to provide students with both theoretical and hands-onunderstanding of important energy and
environmental market concepts that are critical tomarket functioning but not always widely appreciated. Concepts covered include: 1)regulated price-setting
versus price-setting through market mechanisms, 2) BTU arbitragein input energy choices, 3) uniform price vs. pay-as-bid auctions, 4) the ability andincentive to
exercise unilateral market power, 5) unilateral versus cooordinated exercise ofmarket power, 6) transmission congestion, 7) forward contracts and their effect on
marketfunctioning, 8) dynamic pricing of electricity and active involvement of final demand, 9)the nature of energy reserves, 10) carbon pricing mechanisms
including taxes and cap-andtradesystems, 11) renewable portfolio standards and other renewable energy incentives,12) determination of levelized cost of energy
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(LCOE) and its impact on new capacityinvestment decisions, and 13) interactions between environmental mechanisms andregulations. We will also discuss the key
features of the markets for major sources ofenergy such as oil, natural gas, coal, nuclear, solar, wind, and biomass.The course is useful background for private
sector roles in energy production,research, management, trading, investment, and government and regulatory affairs;government positions in policymaking and
regulation; research and policy functions inacademia, think tanks, or consultancies; and non-profit advocacy roles related to energy and the environment.

Terms: Win | Units: 3 | Grading: GSB Student Option LTR/PF

Instructors: ; Wolak, F. (PI); Thurber, M. (SI); Zweig, S. (GP)

GSBGEN 532: Clean Energy Opportunities: Business Models and Innovations
This course examines business models and opportunities emerging as part of the global decarbonization process. We focus on technological innovations and public
policies that enable the adoption of carbon-free energy and low-carbon manufacturing processes. Specific topics to be examined include: Funding Innovative Energy
Companies, Cost Competitiveness of Renewable Energy Technologies, Energy Storage and Conversion, Electric Mobility Services, the Circular Carbon Economy.

Terms: Win | Units: 2 | Grading: GSB Student Option LTR/PF

Instructors: ; Reichelstein, S. (PI); Wood, D. (SI); Flores-Solano, J. (GP); Smeton, K. (GP)

GSBGEN 559: The Technology, Politics, and Finance for Solving Global Warming
There is increasing scientific consensus that global warming threatens our world. This course explores how the next generation of leaders can use a combination of
forward-looking public policy, political power, and financing new technologies to solve this vexing challenge. The course will integrate public policy and politics
with finance and real life cases on companies from Nest to Tesla. The instructor will bring regulatory leaders, elected officials and venture capitalists to class to
explain how each of these leaders drive change and discuss what obstacles they must overcome in the process. There will be a heavy emphasis on class
participation and students will be asked to apply what they've learned in every aspect of their GSB education, from finance and accounting to marketing and
organizational behavior. Students will be asked to make their own case on which new technology, piece of legislation, or regulatory mandate will have the greatest
impact on solving global warming and what role they see themselves playing in making change.

Terms: Spr | Units: 2 | Grading: GSB Letter Graded

Instructors: ; Westly, S. (PI); Dubon, M. (GP)

GSBGEN 569: The Open Road: Innovation in Cars, Driving, and Mobility
This course will look at ongoing and upcoming innovation in cars, driving, and mobility from three perspectives: (1) technology, (2) economics & business models,
and (3) policy. We'll survey changes in powering vehicles (e.g. electrification and biofuels), in-vehicle connectivity and communications, and most especially
changes in autonomy and self-driving vehicles. We'll examine at changes in the economics of cars, vehicles, and driving¿new business models, shared ownership,
mobility as a service, as well as who some of the major players are in this nascent field and what they are doing/developing. And we'll explore the interactions of
technology and economics with policy and broader societal changes¿direct effects like safety, legal liability, and who can drive; indirect effects on traffic,
insurance, infrastructure needs, fuel taxes, and the environment; as well as longer-term and even bigger changes in daily life and where and how we live, work,
and drive.The class is structured a bit like a large seminar. At the beginning of the quarter each student will, with the instructor, choose a topic to research. The
student will interview experts on that topic and then write a memo. Most of our class sessions will be dedicated to discussing the memos written by you and your
peers.

Last offered: Winter 2020 | Units: 2 | Grading: GSB Letter Graded

HISTORY 1B: Global History: The Early Modern World, 1300 to 1800
(Course is offered for 3 OR 5 units.) Topics include early globalization and cross-cultural exchanges; varying and diverse cultural formations in different parts of the
world; the growth and interaction of empires and states; the rise of capitalism and the economic divergence of "the west"; changes in the nature of technology,
including military and information technologies; migration of ideas and people (including the slave-trade); disease, climate, and environmental change over time.
Designed to accommodate beginning students, non-majors, and more advanced history students

Terms: Win | Units: 3-5 | UG Reqs: GER:DB-Hum, GER:EC-GlobalCom, WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Lewis, M. (PI); Johnston, H. (TA); Powell, M. (TA)

HISTORY 29SC: River and Region: The Columbia-Snake System and the Shaping of the Pacific Northwest (CEE 17SC,
EARTHSYS 16SC, POLISCI 14SC)
This seminar will explore the crucial role of the Columbia River in the past, present, and future of the Pacific Northwest. Topics will include the lives and legacies
of the indigenous peoples that Lewis and Clark encountered more than two centuries ago; the historic fisheries that attracted thousands of Chinese and, later,
Scandinavian workers; the New Deal¿s epic dam-building initiatives beginning in the 1930s; the impact of the Manhattan Project¿s plutonium bomb development at
Hanford Atomic Works in WWII; and the twenty-first-century server farms dotted across the Columbia Plateau. We plan to visit with local water managers, farmers,
ranchers, loggers, Native American fishermen, and energy administrators, as well as elected officials and environmental activists, to examine the hydrologic,
meteorologic, and geologic bases of the River¿s water and energy resources, and the practical, social, environmental, economic, and political issues surrounding
their development in the Pacific Northwest region.<br><br>The Columbia River and its watershed provide a revealing lens on a host of issues. A transnational,
multi-state river with the largest residual populations of anadromous salmonids in the continental US, it is a major source of renewable hydroelectric power. (The
Grand Coulee dam powerhouse is the largest-capacity hydropower facility in the US; nearly 50% of Oregon¿s electricity generation flows from hydropower; in
Washington State it¿s nearly two-thirds, the highest in the nation.) The river provides a major bulk commodity transportation link from the interior West to the sea
via an elaborate system of locks. It irrigates nearly 700,000 acres of sprawling wheat ranches and fruit farms in the federally administered Columbia Basin Project.
We will look at all these issues with respect to rapid climate change, ecosystem impacts, economics, and public policy.<br><br>We will begin with classroom
briefings on campus, in preparation for the two-week field portion of the seminar. We plan to then travel widely throughout the Columbia basin, visiting water and
energy facilities across the watershed, e.g., hydro, solar, wind, and natural gas power plants; dams and reservoirs with their powerhouses, fish passage facilities,
navigation locks, and flood-mitigation systems; tribal organizations; irrigation projects; the Hanford Nuclear Reservation; and offices of regulatory agencies. We
hope to meet with relevant policy experts and public officials, along with several of the stakeholders in the basin.<br><br>Over the summer students will be
responsible for assigned readings from several sources, including monographs, online materials, and recent news articles. During the trip, students will work in
small groups to analyze and assess one aspect of the river¿s utilization, and the challenges to responsible management going forward. The seminar will culminate in
presentations to an audience of Stanford alumni in Portland, Oregon.

| Units: 2 | Grading: Satisfactory/No Credit

HISTORY 40: World History of Science: From Prehistory through the Scientific Revolution
(History 40 is 3 units; History 140 is 5 units.) The earliest developments in science, the prehistoric roots of technology, the scientific revolution, and global
voyaging. Theories of human origins and the oldest known tools and symbols. Achievements of the Mayans, Aztecs, and native N. Americans. Science and medicine
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in ancient Greece, Egypt, China, Africa, and India. Science in medieval and Renaissance Europe and the Islamic world including changing cosmologies and natural
histories. Theories of scientific growth and decay; how science engages other factors such as material culture and religions.

Terms: Win | Units: 3 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Proctor, R. (PI); Parish, W. (TA)

HISTORY 40A: The Scientific Revolution
(Same as History 140A. 40A is 3 units; 140A is 5 units.) What do people know and how do they know it? What counts as scientific knowledge? In the 16th and 17th
centuries, understanding the nature of knowledge engaged the attention of individuals and institutions including Copernicus, Galileo, Descartes, Newton, the early
Royal Society, and less well-known contemporaries. New meanings of observing, collecting, experimenting, and philosophizing, and political, religious, and cultural
ramifications in early modern Europe.

Terms: Spr | Units: 3 | UG Reqs: WAY-A-II, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Daly, J. (PI); Johnston, H. (TA)

HISTORY 44: Gendered Innovations in Science, Medicine, Engineering, and Environment
(HISTORY 44 is offered for 3 units; HISTORY 144 is offered for 5 units.) Explores "Gendered Innovations" or how sex, gender, and intersectional analysis in research
spark discovery and innovation. This course focuses on sex and gender, and considers factors intersecting with sex and gender, including age, race, ethnicity,
socioeconomic status, educational background, disabilities, etc., where relevant. Section 1 focuses on the history of women in science. Section 2 looks at
transforming research institutions. Section 3 explores Gendered Innovations. Topics include historical background, basic concepts, social robots, sustainability,
medicine & public health, facial recognition, inclusive crash test dummies, and more. Stanford University is engaged in a multi-year collaboration with the
European Commission and the U.S. National Science Foundation project on Gendered Innovations in Science, Health & Medicine, Engineering, and Environment, and
this class will contribute that project. The operative questions is: how can intersectional sex and gender analysis lead to discovery and enhance social equalities?

Terms: Aut | Units: 3 | UG Reqs: GER:DB-SocSci, GER:EC-Gender, WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Schiebinger, L. (PI); Harmse, K. (GP); Parish, W. (GP)

HISTORY 44Q: Gendered Innovations in Science, Medicine, Engineering, and Environment (FEMGEN 44Q)
Explores "Gendered Innovations" or how sex and gender analysis in research spark discovery and innovation. This course focuses on sex and gender, and considers
factors intersecting with sex and gender, including age, race, ethnicity, socioeconomic status, educational background, disabilities, etc., where relevant. Section 1
focuses on the history of women in science. Section 2 looks at transforming research institutions. Section 3 explores "Gendered Innovations." Topics include
historical background, basic concepts, social robots, sustainability, medicine & public health, facial recognition, inclusive crash test dummies, and more. Stanford
University is engaged in a multi-year collaboration with the European Commission and the U.S. National Science Foundation project on Gendered Innovations in
Science, Health & Medicine, Engineering, and Environment, and this class will contribute that project. This course fulfills the second level Writing and Rhetoric
Requirement (WRITE 2) and emphasizes oral, multimedia presentation, and writing skills. Each student will develop a case study illustrating how sex, gender, and
intersectional analysis can lead to innovation and enhance social equality.

Terms: Aut | Units: 4-5 | UG Reqs: GER:DB-Hum, GER:EC-Gender, WAY-EDP, WAY-SI, Writing 2 | Grading: Letter or Credit/No Credit

Instructors: ; Schiebinger, L. (PI)

HISTORY 47: History of South Africa (AFRICAAM 47, CSRE 74)
(Same as HISTORY 147. HISTORY 47 is for 3 units; HISTORY 147 is for 5 units.) Introduction, focusing particularly on the modern era. Topics include: precolonial
African societies; European colonization; the impact of the mineral revolution; the evolution of African and Afrikaner nationalism; the rise and fall of the apartheid
state; the politics of post-apartheid transformation; and the AIDS crisis.

Last offered: Winter 2020 | Units: 3 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

HISTORY 74: Mexico Since 1876: The Road to Ayotzinapa
(History 74 is for 3 units; History 174 is for 5 units.) In September of 2014, 43 students from a Mexican teacher's college in Ayotzinapa, Guerrero were abducted and
disappeared via the actions of police and organized crime. This shocking human rights violation, as well as the violence and impunity it represented, were symbolic
of the decline of the rule of law embodied by Mexico's drug war. How did the nation arrive at this crossroads? This course is an introduction to the history of Mexico
from 1876 to the present. Through lectures, discussions, primary and secondary sources, film and documentaries, and written assignments, students will critically
explore the events and people that shaped Mexico for over a century. From the Porfirian dictatorship, to the Revolution, to the PRI's "perfect dictatorship," this
course analyzes socioeconomic and racial inequality, foreign intervention, urbanization and industrialization, technological innovation and environmental
degradation, education and ideology, modernity and migration, culture and media, and the drug trade.

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit

HISTORY 79C: The Ethical Challenges of the Climate Catastrophe (HISTORY 179C)
(History 79C is 3 units; History 179C is 5 units.) This course explores the ethical challenges of the climate catastrophe from historical, social, economic, political,
cultural and scientific perspectives. These include the discovery of global warming over two centuries; the rise of secular and religious denialism toward the
scientific consensus on it; the dispute between "developed" and "developing" countries over the timing and amount of national contributions per the 2015 Paris
Accord; climate justice as it intersects with race, ethnicity, class, gender, and nationality; and the "role morality" of various actors (scientists, politicians, fossil fuel
companies, the media and ordinary individuals) in assessing ethical responsibility for the catastrophe and how to mitigate, adapt, or even geoengineer, it.

Last offered: Spring 2021 | Units: 3-5 | UG Reqs: GER:EC-EthicReas, WAY-ER, WAY-SI | Grading: Letter or Credit/No Credit

HISTORY 102: History of the International System since 1914 (INTNLREL 102)
After defining the characteristics of the international system at the beginning of the twentieth century, this course reviews the primary developments in its
functioning in the century that followed. Topics include the major wars and peace settlements; the emergence of Nazism and Communism; the Cold War;
decolonization; and globalization. The role of international institutions and international society will also be a focus as will the challenges of climate change,
inequality, migration, and terrorism.

Terms: Spr | Units: 5 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Rakove, R. (PI)

HISTORY 103D: Human Society and Environmental Change (EARTHSYS 112, EARTHSYS 212, ESS 112)

https://explorecourses.stanford.edu/instructor/rproctor
https://explorecourses.stanford.edu/instructor/wparish4
https://explorecourses.stanford.edu/instructor/jpegg
https://explorecourses.stanford.edu/instructor/hjohnst
https://explorecourses.stanford.edu/instructor/schieb
https://explorecourses.stanford.edu/instructor/kharmse
https://explorecourses.stanford.edu/instructor/wparish4
https://explorecourses.stanford.edu/instructor/schieb
https://explorecourses.stanford.edu/instructor/robr


Interdisciplinary approaches to understanding human-environment interactions with a focus on economics, policy, culture, history, and the role of the state.
Prerequisite: ECON 1.

Terms: Aut | Units: 4 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Frank, Z. (PI); Naylor, R. (PI); Belongia, M. (TA); Grattan, T. (TA); Kushel, C. (TA); Robles-Baez, C. (TA); Stock, A. (TA)

HISTORY 106A: Global Human Geography: Asia and Africa
Global patterns of demography, economic and social development, geopolitics, and cultural differentiation, covering E. Asia, S. Asia, S.E. Asia, Central Asia, N.
Africa, and sub-Saharan Africa. Use of maps to depict geographical patterns and processes.

Terms: Win | Units: 5 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Lewis, M. (PI); Perez, J. (TA)

HISTORY 106B: Global Human Geography: Europe and Americas
Patterns of demography, economic and social development, geopolitics, and cultural differentiation. Use of maps to depict geographical patterns and processes.

Terms: Spr | Units: 5 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Lewis, M. (PI); Bykova, A. (TA)

HISTORY 107: Introduction to Urban Studies (URBANST 110)
Today, for the first time in history, a majority of people live in cities. By 2050, cities will hold two-thirds of the world¿s population. This transformation touches
everyone, and raises critical questions. What draws people to live in cities? How will urban growth affect the world¿s environment? Why are cities so divided by race
and by class, and what can be done about it? How do cities change who we are, and how can we change cities? In this class, you will learn to see cities in new ways,
from the smallest everyday interactions on a city sidewalk to the largest patterns of global migration and trade. We will use specific examples from cities around
the world to illustrate the concepts that we learn in class. The course is intended primarily for freshmen and sophomores.

Terms: Win | Units: 4 | UG Reqs: GER:DB-SocSci, GER:EC-AmerCul, WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Chan, D. (PI); Kahan, M. (PI); Salovaara, I. (TA)

HISTORY 131G: From Oil to Opium: Commodities and Consumption In European and Global History, 1800-present
This course surveys the origins and impact of encounters at several sites of European empires: Qing China, India, Africa, the Pacific, and the Caribbean. The course
conducts its inquiry from several angles, focusing on the way Western imperial systems affected politics, law, economics, and culture. Students will grapple with
key concepts, including financial imperialism and neocolonialism; they will also learn about such specialized topics as the laws of imperial expansion. While the
course will spend ample time covering the effects of imperialism at home, it will equally engage with its effects abroad.

Last offered: Spring 2018 | Units: 5 | Grading: Letter (ABCD/NP)

HISTORY 140: World History of Science: From Prehistory through the Scientific Revolution
(History 40 is 3 units; History 140 is 5 units.) The earliest developments in science, the prehistoric roots of technology, the scientific revolution, and global
voyaging. Theories of human origins and the oldest known tools and symbols. Achievements of the Mayans, Aztecs, and native N. Americans. Science and medicine
in ancient Greece, Egypt, China, Africa, and India. Science in medieval and Renaissance Europe and the Islamic world including changing cosmologies and natural
histories. Theories of scientific growth and decay; how science engages other factors such as material culture and religions.

Terms: Win | Units: 5 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Proctor, R. (PI); Parish, W. (TA)

HISTORY 144: Gendered Innovations in Science, Medicine, Engineering, and Environment (FEMGEN 144)
(HISTORY 44 is offered for 3 units; HISTORY 144 is offered for 5 units.) Explores "Gendered Innovations" or how sex, gender, and intersectional analysis in research
spark discovery and innovation. This course focuses on sex and gender, and considers factors intersecting with sex and gender, including age, race, ethnicity,
socioeconomic status, educational background, disabilities, etc., where relevant. Section 1 focuses on the history of women in science. Section 2 looks at
transforming research institutions. Section 3 explores Gendered Innovations. Topics include historical background, basic concepts, social robots, sustainability,
medicine & public health, facial recognition, inclusive crash test dummies, and more. Stanford University is engaged in a multi-year collaboration with the
European Commission and the U.S. National Science Foundation project on Gendered Innovations in Science, Health & Medicine, Engineering, and Environment, and
this class will contribute that project. The operative questions is: how can intersectional sex and gender analysis lead to discovery and enhance social equalities?

Terms: Aut | Units: 5 | UG Reqs: GER:DB-SocSci, GER:EC-Gender, WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Schiebinger, L. (PI); Harmse, K. (GP); Parish, W. (GP)

HISTORY 147: History of South Africa (AFRICAAM 147, CSRE 174)
(Same as HISTORY 47. HISTORY 147 is for 5 units; HISTORY 47 is for 3 units) Introduction, focusing particularly on the modern era. Topics include: precolonial African
societies; European colonization; the impact of the mineral revolution; the evolution of African and Afrikaner nationalism; the rise and fall of the apartheid state;
the politics of post-apartheid transformation; and the AIDS crisis.

Last offered: Winter 2020 | Units: 5 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

HISTORY 151: The American West (AMSTUD 124A, ARTHIST 152, ENGLISH 124, POLISCI 124A)
The American West is characterized by frontier mythology, vast distances, marked aridity, and unique political and economic characteristics. This course integrates
several disciplinary perspectives into a comprehensive examination of Western North America: its history, physical geography, climate, literature, art, film,
institutions, politics, demography, economy, and continuing policy challenges. Students examine themes fundamental to understanding the region: time, space,
water, peoples, and boom and bust cycles.

Terms: Spr | Units: 5 | UG Reqs: GER:DB-Hum, GER:EC-AmerCul, WAY-A-II, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Cain, B. (PI); Fishkin, S. (PI); Freyberg, D. (PI); Kennedy, D. (PI); Hammann, A. (TA); Messarra, L. (TA); Vargas Nunez, C. (TA)

HISTORY 174: Mexico Since 1876: The Road to Ayotzinapa
(History 74 is for 3 units; History 174 is for 5 units.) In September of 2014, 43 students from a Mexican teacher's college in Ayotzinapa, Guerrero were abducted and
disappeared via the actions of police and organized crime. This shocking human rights violation, as well as the violence and impunity it represented, were symbolic
of the decline of the rule of law embodied by Mexico's drug war. How did the nation arrive at this crossroads? This course is an introduction to the history of Mexico
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from 1876 to the present. Through lectures, discussions, primary and secondary sources, film and documentaries, and written assignments, students will critically
explore the events and people that shaped Mexico for over a century. From the Porfirian dictatorship, to the Revolution, to the PRI's "perfect dictatorship," this
course analyzes socioeconomic and racial inequality, foreign intervention, urbanization and industrialization, technological innovation and environmental
degradation, education and ideology, modernity and migration, culture and media, and the drug trade.

Last offered: Winter 2021 | Units: 5 | UG Reqs: WAY-EDP | Grading: Letter or Credit/No Credit

HISTORY 200B: Doing Environmental History: Water Justice
This course is an introduction to the field of environmental history, or the study of how humans have influenced, and have been influenced by, diverse environments
over time. We will employ various sources (written, visual, aural) to learn about different methods of doing environmental history with a focus on water justice, or
how access to freshwater has historically reflected racial, gender and class disparities at multiple levels, from families to communities (urban and rural), states,
nations, and empires, especially with the rise of industrial capitalism from the late 19th century and increasing scientific understanding of climate change in the
late 20th century. Final assignments may be multi-media (Youtube, TikTok, Podcasts, etc) as well as traditional research papers.

Terms: Win | Units: 5 | UG Reqs: WAY-CE, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Wolfe, M. (PI)

HISTORY 202B: Coffee, Sugar, and Chocolate: Commodities and Consumption in World History, 1200-1800 (ARTHIST 102B,
ARTHIST 302B, HISTORY 302B, HISTORY 402B)
Many of the basic commodities that we consider staples of everyday life became part of an increasingly interconnected world of trade, goods, and consumption
between 1200 and 1800. This seminar offers an introduction to the material culture of the late medieval and early modern world, with an emphasis on the role of
European trade and empires in these developments. We will examine recent work on the circulation, use, and consumption of things, starting with the age of the
medieval merchant, and followed by the era of the Columbian exchange in the Americas that was also the world of the Renaissance collector, the Ottoman patron,
and the Ming connoisseur. This seminar will explore the material horizons of an increasingly interconnected world, with the rise of the Dutch East India Company
and other trading societies, and the emergence of the Atlantic economy. It concludes by exploring classic debates about the "birth" of consumer society in the
eighteenth century. How did the meaning of things and people's relationships to them change over these centuries? What can we learn about the past by studying
things? Graduate students who wish to take a two-quarter graduate research seminar need to enroll in 402B in fall and 430 in winter.

Terms: Aut | Units: 4-5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Findlen, P. (PI)

HISTORY 202J: Climate Politics: Science and Global Governance (INTLPOL 271)
Historical and contemporary perspectives on climate politics. Briefly covers the origins of climate understanding in the 1800s, then turns to the co-evolution of
climate science and climate politics from the 20th century to the present, including multiple political issues and debates that established human impacts on the
global atmosphere. The last half of the course focuses on the UN Framework Convention on Climate Change, the 2015 Paris Agreement, the 2021 IPCC Sixth
Assessment Report, organized climate disinformation, and the future of international climate policy and fossil fuels. Assignments include in-class presentations and
a policy brief or research paper.

Terms: Aut | Units: 3-4 | Grading: Letter (ABCD/NP)

Instructors: ; Edwards, P. (PI)

HISTORY 203C: History of Ignorance
Scholars pay a lot of attention to knowledge--how it arises and impacts society--but much less attention has been given to ignorance, even though its impacts are
equally profound. Here we explore the political history of ignorance, through case studies including: corporate denials of harms from particular products (tobacco,
asbestos), climate change denialism, and creationist rejections of Darwinian evolution. Students will be expected to produce a research paper tracing the origins
and impact of a particular form of ignorance.

Terms: Aut | Units: 5 | Grading: Letter (ABCD/NP)

Instructors: ; Proctor, R. (PI)

HISTORY 208A: Science and Law in History
How the intertwined modern fields of science and law, since the early modern period, together developed central notions of fact, evidence, experiment,
demonstration, objectivity, and proof.

Last offered: Winter 2018 | Units: 4-5 | UG Reqs: GER:DB-SocSci, WAY-A-II, WAY-SI | Grading: Letter (ABCD/NP)

HISTORY 208K: Global Capitalism and the Global South
Is modern capitalism a European innovation or a global phenomenon? Can there be different manifestations of capitalism in different local, regional, national, and
imperial contexts? What role has the Global South played in the history of capitalism? This course examines the ways that capitalism has innovated, destroyed, and
matured from the 17th to 20th centuries. It explores the themes of business, trade, labor, agriculture, gender, and race with a focus on the Middle East, Africa, and
East and South Asia.

Last offered: Spring 2018 | Units: 5 | Grading: Letter (ABCD/NP)

HISTORY 223E: Cities of Empire: An Urban Journey through Eastern Europe and the Mediterranean (HISTORY 323E, REES
204, REES 304)
This course explores the cities of the Habsburg, Ottoman and Russian empires in the dynamic and turbulent period of their greatest transformation from the 19th
century through the Two World Wars. Through the reading of urban biographies of Venice and Trieste, Vienna, Budapest, Cracow, Lviv, Sarajevo, Belgrade, Salonica,
and Odessa, we consider broad historical trends of political, economic, and social modernization, urbanization, identity formation, imperialism, cosmopolitanism,
and orientalism. As vibrant centers of coexistence and economic exchange, social and cultural borderlands, and sites of transgression, these cities provide an ideal
lens through which to examine these themes in the context of transition from imperial to post-imperial space.

Last offered: Spring 2019 | Units: 3-5 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

HISTORY 232G: Early Modern Cities (HISTORY 332G)
Colloquium on the history of early modern European cities, covering urbanization, street life, neighborhoods, fortifications, guilds and confraternities, charity,
vagrancy, and begging, public health, city-countryside relationship, urban constitutions, and confederations. Assignments include annotated bibliography, book
review, and a final paper. Second-quarter continuation of research seminar available (HIST299S or HIST402).
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Last offered: Summer 2021 | Units: 4-5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

HISTORY 243C: People, Plants, and Medicine: Colonial Science and Medicine (HISTORY 343C)
Explores the global exchange of knowledge, technologies, plants, peoples, disease, and medicines. Considers primarily Africans, Amerindians, and Europeans in the
eighteenth-century Atlantic World but also takes examples from other knowledge traditions. Readings treat science and medicine in relation to voyaging,
colonialism, slavery, racism, plants, and environmental exchange. Colonial sciences and medicines were important militarily and strategically for positioning
emerging nation states in global struggles for land and resources.

Terms: Spr | Units: 4-5 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Schiebinger, L. (PI)

HISTORY 243G: Tobacco and Health in World History: How Big Nic created the template for global science denial
(HISTORY 343G)
Cigarettes are the world's leading cause of death--but how did we come into this world, where 6 trillion cigarettes are smoked every year? Here we explore the
political, cultural, and technological origins of the cigarette and cigarette epidemic, using the tobacco industry's 80 million pages of secret documents. Topics
include the history of cigarette advertising and cigarette design, the role of the tobacco industry in fomenting climate change denial, and questions raised by the
testimony of experts in court.

Terms: Aut | Units: 4-5 | UG Reqs: GER:DB-SocSci | Grading: Letter (ABCD/NP)

Instructors: ; Proctor, R. (PI)

HISTORY 254: Popular Culture and American Nature
Despite John Muir, Aldo Leopold, and Rachel Carson, it is arguable that the Disney studios have more to do with molding popular attitudes toward the natural world
than politicians, ecologists, and activists. Disney as the central figure in the 20th-century American creation of nature. How Disney, the products of his studio, and
other primary and secondary texts see environmentalism, science, popular culture, and their interrelationships.

Last offered: Autumn 2019 | Units: 5 | UG Reqs: GER:DB-Hum, WAY-A-II, WAY-SI | Grading: Letter or Credit/No Credit

HISTORY 263C: Nature's Bounty: Natural Resources and U.S. Political Economy
The United States has long been among the wealthiest countries in the world, and its economic life has been closely tied to natural resource extraction. Taking the
relation between these two historical facts as a question to be examined rather than a truism to be repeated, this course considers the histories of fossil fuels,
plantation agriculture, farming, forestry, fishing, and nuclear energy as they relate to wealth, poverty, and economic thought.

Last offered: Winter 2020 | Units: 5 | Grading: Letter (ABCD/NP)

HISTORY 276K: The Nature State: Latin American Conservation in Global Perspective
This colloquium studies the history of conservation as a way to understand (territorial) state formation. It examines Latin America from a global perspective by
comparing case studies from around the world. It examines how various political arrangements allowed for nature protection, the creation and functioning of
institutions and bureaucracies in charge of protected areas, what these developments tell us about citizenship, the role of science in state formation, and the
implications of different environments in the building of national territories.

Last offered: Winter 2018 | Units: 4-5 | Grading: Letter (ABCD/NP)

HISTORY 283: Middle East Oil and Global Economy
The class studies Middle East oil in the global economy using the method of political economy. Topics addressed include: origins of the Middle East oil industry; the
Seven Sisters international oil cartel; Aramco and the U.S.-Saudi alliance; the post-World War II petroleum order; petroleum, the crisis of 1971-82, and the rise of a
new regime of capital accumulation regulated neo-liberal economic orthodoxy and "Washington Consensus" policies- commonly referred to as "globalization" since
the 1990s.

Last offered: Winter 2018 | Units: 4-5 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter (ABCD/NP)

HISTORY 283G: Place, Nature, and Life: Production of Space in European and Muslim History
How did people experience, produce and imagine their physical and spiritual environment, their past and future, their immediate places and far geographies, life
and afterlife in Europe and the Muslim Eurasia throughout history? How did political, legal and economic organizations configure and claim spaces in different time
and geographies in Europe and the Muslim world? In addition to various case studies, primary texts and visual depictions, the theoretical framework of discussions
will be based on texts by Lefebvre, Foucault, Soja, de Certeau, Yi-Fu Tuan, J.B. Jackson, Casey, Harvey.

| Units: 4-5 | Grading: Letter (ABCD/NP)

HISTORY 291J: East Asian Environmental History
Traversing 2,500 years of history, this colloquium begins with conceptions of nature, agricultural time, and agriculture in ancient East Asia, proceeds to look closely
at the environmental history of China, Japan, Korea, and Vietnam, and then concludes with environmental issues in East Asia from a contemporary perspective.

Last offered: Winter 2018 | Units: 4-5 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

HISTORY 302B: Coffee, Sugar, and Chocolate: Commodities and Consumption in World History, 1200-1800 (ARTHIST 102B,
ARTHIST 302B, HISTORY 202B, HISTORY 402B)
Many of the basic commodities that we consider staples of everyday life became part of an increasingly interconnected world of trade, goods, and consumption
between 1200 and 1800. This seminar offers an introduction to the material culture of the late medieval and early modern world, with an emphasis on the role of
European trade and empires in these developments. We will examine recent work on the circulation, use, and consumption of things, starting with the age of the
medieval merchant, and followed by the era of the Columbian exchange in the Americas that was also the world of the Renaissance collector, the Ottoman patron,
and the Ming connoisseur. This seminar will explore the material horizons of an increasingly interconnected world, with the rise of the Dutch East India Company
and other trading societies, and the emergence of the Atlantic economy. It concludes by exploring classic debates about the "birth" of consumer society in the
eighteenth century. How did the meaning of things and people's relationships to them change over these centuries? What can we learn about the past by studying
things? Graduate students who wish to take a two-quarter graduate research seminar need to enroll in 402B in fall and 430 in winter.

Terms: Aut | Units: 4-5 | Grading: Letter (ABCD/NP)

Instructors: ; Findlen, P. (PI)
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HISTORY 303C: History of Ignorance
Scholars pay a lot of attention to knowledge--how it arises and impacts society--but much less attention has been given to ignorance, even though its impacts are
equally profound. Here we explore the political history of ignorance, through case studies including: corporate denials of harms from particular products (tobacco,
asbestos), climate change denialism, and creationist rejections of Darwinian evolution. Students will be expected to produce a research paper tracing the origins
and impact of a particular form of ignorance.

Terms: Aut | Units: 4-5 | Grading: Letter (ABCD/NP)

Instructors: ; Proctor, R. (PI)

HISTORY 308A: Science and Law in History
How the intertwined modern fields of science and law, since the early modern period, together developed central notions of fact, evidence, experiment,
demonstration, objectivity, and proof.

Last offered: Winter 2018 | Units: 4-5 | Grading: Letter (ABCD/NP)

HISTORY 343C: People, Plants, and Medicine: Colonial Science and Medicine (HISTORY 243C)
Explores the global exchange of knowledge, technologies, plants, peoples, disease, and medicines. Considers primarily Africans, Amerindians, and Europeans in the
eighteenth-century Atlantic World but also takes examples from other knowledge traditions. Readings treat science and medicine in relation to voyaging,
colonialism, slavery, racism, plants, and environmental exchange. Colonial sciences and medicines were important militarily and strategically for positioning
emerging nation states in global struggles for land and resources.

Terms: Spr | Units: 4-5 | Grading: Letter (ABCD/NP)

Instructors: ; Schiebinger, L. (PI)

HISTORY 343G: Tobacco and Health in World History: How Big Nic created the template for global science denial
(HISTORY 243G)
Cigarettes are the world's leading cause of death--but how did we come into this world, where 6 trillion cigarettes are smoked every year? Here we explore the
political, cultural, and technological origins of the cigarette and cigarette epidemic, using the tobacco industry's 80 million pages of secret documents. Topics
include the history of cigarette advertising and cigarette design, the role of the tobacco industry in fomenting climate change denial, and questions raised by the
testimony of experts in court.

Terms: Aut | Units: 4-5 | Grading: Letter (ABCD/NP)

Instructors: ; Proctor, R. (PI)

HISTORY 378: The Historical Ecology of Latin America (HISTORY 278B)
What role did the natural environment play in the emergence of Latin America as a distinct geographical and socio-cultural world region? How do we analyze the
historical relationship between the regions rich and seemingly abundant natural resources and its status as "underdeveloped"? What historical consequences did this
relationship have and what alternative, more sustainable developmental paths can we envision for the future in light of the past that we will study? In this course,
students will become familiar with the historiography on Latin America (with emphasis on Mexico) that has explored these questions through a variety of
approaches, methodologies and points of view.

Terms: Spr | Units: 4-5 | Grading: Letter (ABCD/NP)

Instructors: ; Wolfe, M. (PI)

HISTORY 383: Middle East Oil and Global Economy
The class studies Middle East oil in the global economy using the method of political economy. Topics addressed include: origins of the Middle East oil industry; the
Seven Sisters international oil cartel; Aramco and the U.S.-Saudi alliance; the post-World War II petroleum order; petroleum, the crisis of 1971-82, and the rise of a
new regime of capital accumulation regulated neo-liberal economic orthodoxy and "Washington Consensus" policies- commonly referred to as "globalization" since
the 1990s.

Last offered: Winter 2018 | Units: 4-5 | Grading: Letter (ABCD/NP)

HRP 224: Social Entrepreneurship and Innovation Lab (SE Lab) - Human & Planetary Health (MED 224, PUBLPOL 224)
Social Entrepreneurship and Innovation Lab (SE Lab) - Global & Planetary Health is a Collaboratory workshop for students/fellows to design and develop innovative
social ventures addressing key challenges in health and the environment, especially in support of the UN Sustainable Development Goals (SDGs 2030). Your mandate
in identifying problems and designing solutions is broad and flexible! SE Lab is open to students and fellows across Stanford and combines design thinking exercises,
short lectures & case studies, workshops, small group teamwork, presentations, guest speakers, and faculty, practitioner and peer feedback to support you and your
team in generating and developing ideas and projects that will change the world! Join SE Lab with an idea or simply the desire to join a team. Enrollment limited to
30.

Terms: Aut, Win, Spr | Units: 1-5 | Repeatable 3 times (up to 15 units total) | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Bloom, G. (PI)

HRP 256: Economics of Health and Medical Care (BIOMEDIN 156, BIOMEDIN 256, ECON 126)
Institutional, theoretical, and empirical analysis of the problems of health and medical care. Topics: demand for medical care and medical insurance; institutions in
the health sector; economics of information applied to the market for health insurance and for health care; measurement and valuation of health; competition in
health care delivery. Graduate students with research interests should take ECON 249. Prerequisites: ECON 50 and either ECON 102A or STATS 116 or the equivalent.
Recommended: ECON 51.

Terms: Aut, Spr | Units: 5 | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Bhattacharya, J. (PI); MaCurdy, T. (PI); Wilcher, B. (PI); Anderson, J. (TA); Pousada, B. (TA)

HRP 285: Global Leaders and Innovators in Human and Planetary Health (MED 285)
Are you interested in innovative ideas and strategies for addressing urgent challenges in human and planetary health? This 7 session lecture series features a
selection of noteworthy leaders, innovators and experts across diverse sectors in health and the environment such as: healthcare/medical innovation,
environmental sustainability, foundations/venture capital, biotechnology/pharmaceuticals, social innovation/entrepreneurship, tech/media and artificial
intelligence (AI), human rights, global poverty/development, sustainable agriculture/hunger/nutrition, public policy/systems change. Co-convened by faculty,

https://explorecourses.stanford.edu/instructor/rproctor
https://explorecourses.stanford.edu/instructor/schieb
https://explorecourses.stanford.edu/instructor/rproctor
https://explorecourses.stanford.edu/instructor/mikaelw
https://explorecourses.stanford.edu/instructor/gobloom
https://explorecourses.stanford.edu/instructor/jay
https://explorecourses.stanford.edu/instructor/tmac
https://explorecourses.stanford.edu/instructor/bwilcher
https://explorecourses.stanford.edu/instructor/joeya
https://explorecourses.stanford.edu/instructor/bpousada


fellows and students collaborating across several Stanford centers/departments/schools, the course invites the discussion of global problems, interdisciplinary
perspectives and solutions in the fields of health and the environment. nSpecial themes for AY 2020-2021 include: 1) US and Global Responses in Combatting the
Coronavirus Pandemic; 2) Climate Crisis, Wildfires, Extreme Weather and Environmental Sustainability; 3) Systemic Racism, Gender Inequality, Health Inequity and
Community Well Being; 4) Democracy Under Siege, Political Landscape of Electoral, Judicial, Legislative Turmoil; 5) Partnership/Collaboration, Models of
Leadership, Innovation, Sustainable Social Change; and Other Topics TBD by students/fellows. Students from all backgrounds are encouraged to enroll - registration
open to all Stanford students and fellows. May be repeated for credit.

Terms: Aut, Spr | Units: 1-2 | Repeatable 4 times (up to 8 units total) | Grading: Medical Satisfactory/No Credit

Instructors: ; Bloom, G. (PI); Singer, S. (PI)

HRP 299: Directed Reading in Health Research and Policy
Epidemiology, health services research, preventive medicine, medical genetics, public health, economics of medical care, occupational or environmental medicine,
international health, or related fields. May be repeated for credit. Prerequisite: consent of instructor.

Terms: Aut, Win, Spr, Sum | Units: 1-18 | Repeatable for credit | Grading: Medical Satisfactory/No Credit

Instructors: ; Alsan, M. (PI); Andrews, J. (PI); Asch, S. (PI); Assimes, T. (PI); Baiocchi, M. (PI); Baker, L. (PI); Basu, S. (PI); Bendavid, E. (PI); Bhattacharya, J. (PI);
Bundorf, M. (PI); Butwick, A. (PI); Carmichael, S. (PI); Chan, D. (PI); Chertow, G. (PI); Corso, I. (PI); Cullen, M. (PI); Felsher, D. (PI); Fiorentino, D. (PI); Friedman, G.
(PI); Garber, A. (PI); Gesundheit, N. (PI); Goldhaber-Fiebert, J. (PI); Goldstein, M. (PI); Goodman, S. (PI); Haberland, C. (PI); Halpern-Felsher, B. (PI); Heidenreich, P.
(PI); Henderson, V. (PI); Hlatky, M. (PI); Hsing, A. (PI); Ingelsson, E. (PI); Ioannidis, J. (PI); John, E. (PI); Johnstone, I. (PI); Kessler, D. (PI); King, A. (PI); Kurian, A.
(PI); Kurina, L. (PI); LaBeaud, D. (PI); Lee, J. (PI); Leonard, M. (PI); Leppert, J. (PI); Lu, Y. (PI); Luby, S. (PI); Maahs, D. (PI); Macario, A. (PI); Maldonado, Y. (PI);
Mello, M. (PI); Miller, G. (PI); Morris, A. (PI); Nelson, L. (PI); Odden, M. (PI); Owens, D. (PI); Palaniappan, L. (PI); Parsonnet, J. (PI); Pershing, S. (PI); Polyakova, M.
(PI); Popat, R. (PI); Rehkopf, D. (PI); Rogosa, D. (PI); Rosas, L. (PI); Rose, S. (PI); Rossin-Slater, M. (PI); Sainani, K. (PI); Salomon, J. (PI); Sanders, L. (PI); Shaw, G.
(PI); Shih, M. (PI); Simard, J. (PI); Stefanick, M. (PI); Studdert, D. (PI); Sun, E. (PI); Turakhia, M. (PI); Wang, C. (PI); West, D. (PI); Whittemore, A. (PI); Wise, P. (PI);
Zulman, D. (PI)

HUMBIO 2A: Genetics, Evolution, and Ecology
Introduction to the evolutionary study of human diversity, the origins of social complexity, and the field of demography. Topics will include hominid evolution,
population dynamics and the demographic transition, the impact of disease on societies, social theory, and patterns and consequences of inequality. HUMBIO2B,
with HUMBIO3B and HUMBIO 4B, satisfies the Writing in the Major (WIM) requirement for students in Human Biology. HUMBIO 2A and HUMBIO 2B are designed to be
taken concurrently. Periodically there will be joint module lectures that address related content in the two courses. Concurrent enrollment is strongly encouraged
and is necessary for majors to meet recommended declaration deadlines. Please note that Human Biology majors are required to take the Human Biology Core
Courses for a letter grade.

Terms: Aut | Units: 5 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Baker, J. (PI); Sherlock, G. (PI); Talbot, W. (PI); Butchko, J. (TA); Hillier, C. (TA); Kaye, A. (TA); Riley, A. (TA); Salmeen, A. (GP)

HUMBIO 2B: Culture, Evolution, and Society
Introduction to the evolutionary study of human diversity, the origins of social complexity, and the field of demography. Topics will include hominid evolution,
population dynamics and the demographic transition, the impact of disease on societies, social theory, and patterns and consequences of inequality. HUMBIO2B,
with HUMBIO3B and HUMBIO 4B, satisfies the Writing in the Major (WIM) requirement for students in Human Biology. HUMBIO 2A and HUMBIO 2B are designed to be
taken concurrently. Periodically there will be joint module lectures that address related content in the two courses. Concurrent enrollment is strongly encouraged
and is necessary for majors to meet recommended declaration deadlines. Please note that Human Biology majors are required to take the Human Biology Core
Courses for a letter grade.

Terms: Aut | Units: 5 | UG Reqs: GER:DB-SocSci, WAY-SI, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Preston, K. (PI); Scheidel, W. (PI); Gamboa, S. (TA); Montague-Alamin, S. (TA); Salmeen, A. (GP); Schwartz, A. (TA); Vo, V. (TA)

HUMBIO 3B: Environmental and Health Policy Analysis
Connections among the life sciences, social sciences, climate science, public health, and public policy. The economic, social, and institutional factors that underlie
environmental degradation and challenges facing the health care system including high spending and inequalities in access to health care. Public policies to address
these problems. Topics include pollution regulation, climate change policy, health insurance, health care delivery, health care regulation, health disparities, and
health care reform. HUMBIO 3B, with HUMBIO 2B and HUMBIO 4B, satisfies the Writing in the Major (WIM) requirement for students in Human Biology. HUMBIO 3A
and HUMBIO 3B are designed to be taken concurrently. Periodically there will be joint module lectures that address related content in the two courses. Concurrent
enrollment is strongly encouraged and is necessary for majors to meet recommended declaration deadlines. Please note that Human Biology majors are required to
take the Human Biology Core Courses for a letter grade.

Terms: Win | Units: 5 | UG Reqs: GER:DB-SocSci | Grading: Letter or Credit/No Credit

Instructors: ; Baker, L. (PI); Nation, J. (PI); Salmeen, A. (GP)

HUMBIO 5E: Science Education in Human Biology
In this seminar, students will learn about research on science education. They will use this knowledge to create and analyze teaching material such as section plans,
exams, and problem sets. Material produced in this course will be related to the topics covered in the core course of the Program in Human Biology. Students will
experience and practice various teaching styles. Prerequisitez: Human Biology Core or equivalent or consent of instructor.

Terms: Spr | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Salmeen, A. (PI)

HUMBIO 19SC: Parks and Peoples: Dilemmas of Protected Area Conservation in East Africa
The world-famous landscapes of East Africa, including Serengeti National Park, Ngorongoro Conservation Area, and the Rift Valley lakes of Tanzania represent iconic
national parks for which Africa is known. This course focuses on protected area conservation and its impacts on local people in the East African context. The course
is designed to explore the pros and cons of parks and protected areas as they affect flora, fauna, and human inhabitants, and to address the dilemma of how to
achieve conservation in a manner that creates local community benefits and promotes social justice. These issues, and the insights gained are relevant for
protected area conservation worldwide.nWe will use a case study approach to ask:n(1) What approach to protected area (PA) conservation has been taken in each
case? Who are the key proponents and what are their main social and ecological objectives? n(2) How successful has the protected area been at achieving its
conservation goals?n(3) What are the benefits of the PA to people and who receives them?n(4) What are the costs of the PA to people and who pays them?n(5)
Where benefits are not commensurate to costs, what, if anything, is being done to address the imbalance? How well is it working?nn(6) Are there alternative
conservation models that would make the interests of parks and local people more compatible, and reduce the tradeoffs between them? What is needed to
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operationalize these alternatives, and how do they incentivize conservation behavior among local residents?nnThe class emphasizes student contributions and
presentations. Students are required to read one or two books a month over the summer, and to come to campus in the fall well-prepared to discuss each one,
including co-leading the discussion of one of the readings. Students are also expected to carry out literature research on a particular conservation dilemma in East
Africa that is of interest to them for the final assignment of the seminar, an 8- to 10-page paper, and to present the main findings of that paper to the class during
our last few meetings.

Last offered: Summer 2017 | Units: 2 | Grading: Letter (ABCD/NP)

HUMBIO 71A: Race in Science (AFRICAAM 51A, CEE 151A, COMM 51A, CSRE 51A, STS 51A)
What are the roles of race and racism in science, technology, and medicine? 3-course sequence; each quarter can be taken independently. Fall quarter focuses on
science. What is the science of race and racism? How does race affect scientific work? Weekly guest speakers will address such issues as the psychology and
anthropology of race and racism; how race, language, and culture affect education; race in environmental science and environmental justice; the science of
reducing police violence; and the role of race in genomic research. Talks will take a variety of forms, from panel discussions to interviews and lectures. Weekly
assignments: read a related article and participate in an online discussion.

Last offered: Autumn 2020 | Units: 1 | Grading: Satisfactory/No Credit

HUMBIO 112: Conservation Biology: A Latin American Perspective (BIO 144, BIO 234)
Principles and application of the science of preserving biological diversity. Conceptually, this course is designed to explore the major components relevant to the
conservation of biodiversity, as exemplified by the Latin American region. The conceptual frameworks and principles, however, should be generally applicable, and
provide insights for all regions of the world. All students will be expected to conduct a literature research exercise leading to a written report, addressing a topic of
their choosing, derived from any of the themes discussed in class. Prerequisite: BIO 101 or BIO 43 or HUMBIO 2A or BIO 81 and 84 or consent of instructor.

Terms: Spr | Units: 3 | UG Reqs: GER: DB-NatSci | Grading: Letter or Credit/No Credit

Instructors: ; Dirzo, R. (PI)

HUMBIO 113: The Human-Plant Connection
The intertwined biologies of humans and plants, particularly the ways in which people and plants have imposed selection pressures and ecological change on one
another. Topics include evolution and basic plant structure; plant domestication; effects of agriculture on human health and physiology; plants in traditional and
contemporary diets; and human influences on plant biology through genetic manipulation and environmental change. Class meetings center on journal articles.
Final project includes written and multimedia presentations. Prerequisites: HUMBIO 2A or BIO 81 and BIO 82 or consent of instructor.

Terms: Spr | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Preston, K. (PI)

HUMBIO 113S: Healthy/Sustainable Food Systems: Maximum Sustainability across Health, Economics, and Environment
(CHPR 113)
Focus on problems with and systems-based solutions to food system issues. Four particular settings are addressed: University, worksite, hospital, and school food.
Traditional vs. disruptive food system models compared and contrasted. The goal is to determine how best to maximize sustainability across several dimensions,
including health, economics, and the environment. Underlying class themes include social justice and the potential for changing social norms around food
production and consumption. Discussion-based seminar. Prerequisite: Human Biology Core or Biology Foundations or consent of instructor.

Terms: Win | Units: 4 | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Gardner, C. (PI)

HUMBIO 114: Global Change and Emerging Infectious Disease (EARTHSYS 114, EARTHSYS 214, ESS 213)
The changing epidemiological environment. How human-induced environmental changes, such as global warming, deforestation and land-use conversion,
urbanization, international commerce, and human migration, are altering the ecology of infectious disease transmission, and promoting their re-emergence as a
global public health threat. Case studies of malaria, cholera, hantavirus, plague, and HIV.

Terms: Spr | Units: 3 | UG Reqs: GER:DB-SocSci, WAY-AQR, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Jones, J. (PI); Openshaw, J. (PI); Bromley-Dulfano, R. (TA); Cagnard, M. (TA); Caravan, S. (TA); Grattan, T. (TA); Lang-Ree, C. (TA); Singleton, A. (TA)

HUMBIO 116: Climate Perspectives: Climate Science, Impacts, Policy, Negotiations, and Advocacy (PUBLPOL 116)
The course contains four main parts:Climate Science, Climate Impacts, Climate Policy, Climate Advocacy. Part I begins with a detailed introduction to climate
science, including an assessment of arguments by climate science skeptics, and an examination of climate change models. Part II describes the impacts of climate
change on the planet, human health, species and biodiversity, and it adds an economic perspective on the costs and benefits of responding now¿or later¿to climate
change. Part II also include a discussion on climate change ethics, i.e., fairness and responsibility among individuals, nations, and generations. Part III focuses on
climate policy, from the Kyoto Protocol to the Paris Accord. Part III also includes an introduction to how the public and officials have viewed climate change over
time, and it explores factors that make widespread formal agreement difficult. Part IV looks forward to climate advocacy and what to expect from future of
climate negotiations. Enrollment limited to students with sophomore academic standing or above. Prerequisite: Human Biology Core or Biology Foundations or
consent of instructor (i.e. background in earth systems, economics, policy).

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Nation, J. (PI)

HUMBIO 121E: Ethnicity and Medicine (EMED 121E)
Weekly lecture series. Examines the linguistic, social class, and cultural factors that impact patient care. Presentations promote culturally sensitive health care
services and review contemporary research issues involving minority and underserved populations. Topics include health care inequities and medical practices of
African Americans, Asians, Latinos, Native Americans, immigrants, and refugees in both urban and rural settings. 1 unit requires weekly lecture attendance,
completion of required readings, completion of response questions; 2 units requires weekly lecture attendance and discussion session, completion of required
readings and weekly response questions; 3 units (HUMBIO only) requires completion of a significant term paper. Students must in enroll in HUMBIO 121E for 3 units
to receive a letter grade. This course must be taken for a minimum of 3 units to be eligible for Ways credit. In 2020-21, a ¿letter¿ or ¿CR¿ grade will satisfy the Ways
requirement. Enrollment limited to students with sophomore academic standing or above.

Last offered: Spring 2021 | Units: 1-3 | UG Reqs: WAY-EDP | Grading: Medical Option (Med-Ltr-CR/NC)
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HUMBIO 122M: Challenges of Human Migration: Health and Health Care of Migrants and Autochthonous Populations (PEDS
212)
(HUMBIO students must enroll in HUMBIO 122M. Med/Graduate students enroll in PEDS 212) An emerging area of inquiry. Topics include: global migration trends,
health Issues/aspects of migration, healthcare and the needs of immigrants in the US, and migrants as healthcare providers: a new area of inquiry in the US. Class is
structured to include: lectures lead by the instructor and possible guest speakers; seminar, discussion and case study sessions led by students. Upper division course
with preference given to upperclassmen.

Terms: Spr | Units: 3 | UG Reqs: WAY-EDP, WAY-SI | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Rodriguez, E. (PI)

HUMBIO 125: Current Topics and Controversies in Women's Health (FEMGEN 256, OBGYN 256)
(HUMBIO students must enroll in HUMBIO 125. PhD minor in FGSS must enroll in FEMGEN 256. Med students must enroll in OBGYN 256.) Interdisciplinary. Focus is
primarily on the U.S., with selected global women's health topics. Topics include: leading causes of morbidity and mortality across the life course; reproductive
(e.g. gynecologic & obstetric) health issues; sexual function; importance of lifestyle (e.g. diet, exercise, weight control), including eating disorders; mental health;
sexual and relationship abuse; issues for special populations. In-class Student Debates on key controversies in women's health. Guest lecturers. Undergraduates
must enroll for 3 units. PhD minor in FGSS should enroll for 2 - 3 units. Med students can enroll for 2 units. To receive a letter grade in any listing, students must
enroll for 3 units. This course must be taken for a letter grade and a minimum of 3 units to be eligible for Ways credit. In 2020-21, a letter or CR grade will satisfy
the Ways requirement. Enrollment limited to students with sophomore academic standing or above. Undergraduate prerequisite: Human Biology Core or Biology
Foundations or equivalent or consent of instructor.

Terms: Spr | Units: 2-3 | UG Reqs: GER:EC-Gender, WAY-SI | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Stefanick, M. (PI); Slater, H. (TA)

HUMBIO 126: Promoting Health Over the Life Course: the Science of Healthy Living (CHPR 226)
(HUMBIO students must enroll in HUMBIO 126. Med/Graduate students must enroll in CHPR 226.) Disease prevention and health promotion topics pertinent at
different stages of the life span emphasizing healthy lifestyle and reducing risk factors in both individuals and communities. Focus is on the application of
behavioral science to risk reduction strategies, and the importance of health promotion as a social and economic imperative. Public and community health are
emphasized. Topics include: epidemiology of chronic diseases; social determinants of health, behavior change; physical activity, nutrition, obesity and stress
reduction; children, young adult, mid-life and aging health issues; health care delivery and public health system; workplace wellness; and other additional issues.
Students enrolled in CHPR 226 for a letter grade must complete additional assignments appropriate for its Masters level listing. Enrollment limited to students with
sophomore academic standing or above. Undergraduate prerequisites: Human Biology Core or equivalent or consent of instructor.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

HUMBIO 130: Human Nutrition (CHPR 130)
(HUMBIO students must enroll in HUMBIO 130. CHPR master's students must enroll in CHRP 130.) The study of food, and the nutrients and substances therein. Their
action, interaction, and balance in relation to health and disease. Emphasis is on the biological, chemical, and physiological processes by which humans ingest,
digest, absorb, transport, utilize, and excrete food. Dietary composition and individual choices are discussed in relationship to the food supply, and to population
and cultural, race, ethnic, religious, and social economic diversity. The relationships between nutrition and disease; ethnic diets; vegetarianism; nutritional
deficiencies; nutritional supplementation; phytochemicals. CHPR master's students must enroll for a letter grade. Enrollment limited to students with sophomore
academic standing or above. Prerequisites: Human Biology Core or Biology Foundations or consent of instructor.

Terms: Spr | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Gardner, C. (PI)

HUMBIO 135: Exercise Physiology
Explore the amazing capacity of your body to move and adapt within your everyday world. You will learn: how your body systems respond to the stress of acute
exercise and adapt to chronic exercise training, how your cardiovascular system adapts to optimize oxygen delivery and utilization, how your muscles generate
force and hypertrophy in response to training, and how your metabolic/biochemical pathways are regulated to support the increased energy demand of exercise.
We will discuss theories on the causes of fatigue and muscle soreness, and on what limits human performance. Applied topics such as the effects of aging, gender,
and environmental conditions (high altitude, heat, cold, microgravity) on your body will be emphasized in the second half of the course. Portions of the class will be
taught through videos that use online lectures and engaging stories to illustrate physiology concepts. Enrollment limited to students with sophomore academic
standing or above. Prerequisites: Human Biology core or Biology Foundations or equivalent, or consent of instructor.

Terms: Aut | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Friedlander, A. (PI); Caetano-Ferrara, B. (TA); Pickell, S. (TA)

HUMBIO 151R: Biology, Health and Big Data
We are living in the midst of a revolution in the accessibility and availability of biological and medical data. How can all this data be used to improve human health?
In this course, students will look at case studies from diabetes and cancer research to learn how to access publicly available data ranging from genetic, protein and
signaling pathway databases to information about clinical trials. Students will apply what they learn from the case studies to develop a research proposal and
presentation on a biology-related topic of their choice. The class will have a small group workshop-type format. Students will gain skills in research methods
including accessing, analyzing and presenting data. Assignments will use the R programming language. Prior programming experience is not required. Prerequisites:
HUMBIO 2A and HUMBIO 3A or BIO 82 and BIO 83 or consent of instructor.

Terms: Spr | Units: 3 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Salmeen, A. (PI)

HUMBIO 153: Parasites and Pestilence: Infectious Public Health Challenges
We will learn about parasitic and other pestilence of public health importance and how they affect billions of people worldwide. We examine the pathogenesis,
clinical syndromes, complex life cycles, and the interplay among environment, vectors, hosts, and reservoirs; we explore historical contexts as it informs current
interventions and programming against disease. Public health policy initiatives aimed at halting disease transmission are viewed critically through the lens of
researchers, public health level initiatives, popular media (TV and movies) and individual patients with these diseases. There will be guest visitors who have
experienced these diseases and we will hear from several researchers and experts working on the challenges of controlling, eliminating or even eradicating these
diseases. We will become familiar with the targeted diseases of the World Health Organization tropical disease research list, including river blindness, sleeping
sickness, leishmaniasis, schistosomiasis, mycobacterial disease (tuberculosis and leprosy), malaria, toxoplasmosis, dracunculiasis, and intestinal helminthes. There
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will be a lab section for "hands on" learning and viewing of parasites. Interactive sessions will involve teaching each other about these biological forces of nature
that invade humans. Prerequisites: Human Biology Core or Biology Foundations or equivalent or consent of instructor.

Last offered: Winter 2020 | Units: 4 | UG Reqs: WAY-SMA | Grading: Letter or Credit/No Credit

HUMBIO 154B: Principles of Epidemiology
Epidemiology is the study of the distribution and determinants of health and disease in human populations. In this course, students will learn about design,
measures of disease occurrence and measures of association between exposures - be they environmental, behavioral or genetic - and health outcomes of interest.
Students will also learn about how error, confounding and bias can impact epidemiological results. The course draws on both classic and contemporary research
articles, which students will learn to critically appraise. Through lectures, problem sets, written responses to original articles and in-class discussions, students will
gain a solid foundation in epidemiology. HUMBIO 154 courses can be taken separately or as a series. Upper division course with preference given to upperclassmen.
Prerequisites: Human Biology Core or Biology Foundations or consent of instructor.

Terms: Aut | Units: 3 | UG Reqs: WAY-AQR | Grading: Letter (ABCD/NP)

Instructors: ; Kurina, L. (PI); Porter, S. (TA)

HUMBIO 159: Genes and Environment in Disease Causation: Implications for Medicine and Public Health (EPI 238)
(Formerly HRP 238) The historical, contemporary, and future research and practice among genetics, epidemiology, clinical medicine, and public health as a source
of insight for medicine and public health. Genetic and environmental contributions to multifactorial diseases; multidisciplinary approach to enhancing detection
and diagnosis. The impact of the Human Genome Project on analysis of cardiovascular and neurological diseases, and cancer. Ethical and social issues in the use of
genetic information. This course must be taken for a minimum of 3 units and a letter grade to be eligible for Ways credit. Prerequisites: Human Biology core or
Biology Foundations or consent of instructor.

Terms: Win | Units: 2-3 | UG Reqs: WAY-SMA | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Popat, R. (PI); Bellon, M. (TA)

HUMBIO 166: Food and Society: Exploring Eating Behaviors in Social, Environmental, and Policy Context (CHPR 166)
(HUMBIO students must enroll in HUMBIO 166. Med/Graduate students must enroll in CHRP 166.) The material in this course is an introduction to the field and the
target audience is undergraduates. It may be of interest to graduate students unfamiliar with the field. The class examines the array of forces that affect the foods
human beings eat, and when, where, and how we eat them, including human labor, agriculture, environmental sustainability, politics, animal rights/welfare, ethics,
policy, culture, economics, business, law, trade, and ideology, and psychology. The class addresses the impact of current policies and actions that might be taken to
improve human nutrition and health; macro-scale influences on food, nutrition, and eating behavior. Enrollment limited to students with sophomore academic
standing or above. Undergraduate Prerequisites: Human Biology Core or Biology Foundations or consent of instructor.

Last offered: Winter 2021 | Units: 4 | Grading: Letter (ABCD/NP)

HUMRTS 118: Topics in International Justice, Rights, and the Environment
As the effects of environmental change are increasingly felt by people around the globe--whether point-source pollution from factories, livelihood deterioration
from overfishing, or exposure to climate change impacts--it is more urgent than ever that we engage critically and creatively with the justice, ethics, and rights
implications of these changes. Topics that will be addressed in this survey course include marine justice, climate justice and ethics, environmental racism, social
movements, resource degradation, and neoliberal conservation. Through guest lectures, student-led discussions, readings, and creative writing, students will
engage with cutting-edge research on these topics. The course offers two enrollment options: a 1-unit seminar-only option that meets once a week, and a 3-unit
seminar + discussion option that meets twice a week. The 3-unit option of the course requires instructor approval. Please submit an application by March 17th at
11:59 PM Pacific Time. Application is available at https://tinyurl.com/TIJREapplication.

Terms: Spr | Units: 1-3 | Grading: Letter or Credit/No Credit

HUMRTS 194A: Environmental Justice Colloquium (EARTHSYS 194A, URBANST 155A)
This colloquium brings the voices and vision of leading Environmental Justice (EJ) advocates to the Stanford community, in order to educate, inspire, and transform
our understanding of environmental science. Environmental Justice advances a positive vision for policies and actions that fight environmental racism. EJ
approaches involve centering the voices and leadership of marginalized communities in 1) ensuring equitable access to environmental benefits, and 2) preventing or
mitigating the disproportionate impacts of environmental harms for all communities, regardless of gender, class, race, ethnicity, or other social positions. This
colloquium highlights the work of leading EJ thinkers and practitioners, speaking from frontline organizations on a wide range of topics. These topics include acting
on toxic exposures and health disparities for community resilience, climate justice and youth action, Indigenous land and water rights, green cities and
Afrofuturism, food justice and intersecting social movements, queer ecologies, and more. The colloquium will host a weekly speaker, and final symposium at the
end of the quarter. nnStudents registering for the colloquium will join us virtually by ZOOM.nnCourse meetings will be held every Wednesday, beginning on October
6 and ending on November 17, 11:00-12:50pm. The final November 17 meeting is the Annual Environmental Justice Symposium, 11:00am-2:00pm (for those who can
stay the extended hour).

Terms: Aut | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

Instructors: ; Diver, S. (PI); Polk, E. (PI); Mi, J. (TA)

HUMRTS 196: Environmental Justice and Human Rights Lab (EARTHSYS 196A)
The Environmental Justice and Human Rights Lab is an intellectual hub and supportive learning community for students engaging in environmental justice and
human rights work of any kind. Environmental justice (EJ) advances a positive vision for policies and actions that fight environmental racism, and human rights (HR)
center on the notion that all people, by virtue of their existence and regardless of any given status or classification, are equally entitled to fundamental rights and
protections. Our semi-structured weekly sessions will foster an open learning environment for students and peer-to-peer learning connections. Sessions will include
giving and receiving feedback on capstone or community-based projects, independent research, or other relevant coursework or extracurricular activity. We also
welcome students who are new to these topics and would like to learn more. We are open to students of all backgrounds and disciplines at any stage of their
research or project work. Following EJ and HR principles, we seek to center local, contextualised knowledge and leadership through ethical research partnerships
with community members. To do so, we follow community-based participatory research approaches and decolonizing methodologies. Examples of our work to date
include 1) enabling graduate students to effectively bring EJ and HR approaches into dissertation research, 2) supporting campus leaders and directly participating
in diversity, equity, and inclusion (DEI) initiatives, and 3) educating and learning from one another about critical EJ and HR scholarship and anti-racist approaches to
our work. Lab interests include addressing inequitable impacts of climate change, advancing decolonial approaches to land and water management, promoting food
justice, combatting human trafficking and labor exploitation, promoting fair and just immigration policies, and additional EJ and HR research topics. Note that this
lab is intended as an open space for engagement. If you are unable to enroll for credit, but would still like to participate, please email humanrights@stanford.edu.

Terms: Aut, Win, Spr | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

https://explorecourses.stanford.edu/instructor/lmk
https://explorecourses.stanford.edu/instructor/seporter
https://explorecourses.stanford.edu/instructor/rpopat
https://explorecourses.stanford.edu/instructor/margotbb
https://explorecourses.stanford.edu/instructor/sibs
https://explorecourses.stanford.edu/instructor/empolk
https://explorecourses.stanford.edu/instructor/jess3965


Instructors: ; Brunner, J. (PI); Diver, S. (PI); Polk, E. (PI); Van Tuyl, P. (PI)

ILAC 255: Climate Change and Latin American Naturecultures
In this course, we will explore fundamental concepts of the environmental humanities as they relate to the inseparable natural and cultural phenomena that
constitute climate change in Latin America. The course will be structured around different ecological themes¿such as, energy and extractive industries, the
Amazon, the desert, the Andes, the Caribbean, urban habitats¿that will be examined through twentieth- and twenty-first-century Latin American novels, film, short
story, and song. Possible authors include Gloria Anzaldúa, Macarena Gómez-Barris, Gabriel García Márquez, and José Eustasio Rivera. We will consider the ethics
and politics of climate change in the Americas, how the methodologies of literary and decolonial studies can generate insights into contemporary climate change
impacts in Latin America, and what role culture has in a period defined by chronic and slow-moving environmental crisis and recovery. Taught in English.

Last offered: Spring 2020 | Units: 3-5 | Grading: Letter or Credit/No Credit

ILAC 256A: Landscapes in Latin American Cinema
From Patagonia to the US/Mexico border, this course examines diverse cinematic visions of the Latin American continent through documentaries, fiction films,
stories, and essays. We will consider different regions and time periods, including representations of dictatorship/violence, the drug trade, and cities to explore
how land, nature, and humanity interact in film and to what effect. Areas of focus are the Southern Cone, Brazil, and the US/Mexico/Central America borderlands,
and students will gain a solid critical understanding of how to read film.

Last offered: Spring 2018 | Units: 3-5 | Grading: Letter or Credit/No Credit

ILAC 263: Visions of the Andes
Themes like "people," "revolt," "community," "utopia" and "landscape" are central to 20th century Andean narrative and its accompanying critical apparatus. The
course reviews major works of Andean literature to reconsider the aesthetic and intellectual legacy of modernity and modernization in the region. We discuss
changes in recent literature and film. Special attention is payed to post-conflict Peru and Evo Morales' Bolivia.

Last offered: Autumn 2018 | Units: 3-5 | UG Reqs: WAY-A-II | Grading: Letter or Credit/No Credit

INTLPOL 200: The Social & Economic Impact of Artificial Intelligence (CS 22A)
Recent advances in computing may place us at the threshold of a unique turning point in human history. Soon we are likely to entrust management of our
environment, economy, security, infrastructure, food production, healthcare, and to a large degree even our personal activities, to artificially intelligent computer
systems. The prospect of "turning over the keys" to increasingly autonomous systems raises many complex and troubling questions. How will society respond as
versatile robots and machine-learning systems displace an ever-expanding spectrum of blue- and white-collar workers? Will the benefits of this technological
revolution be broadly distributed or accrue to a lucky few? How can we ensure that these systems are free of algorithmic bias and respect human ethical principles?
What role will they play in our system of justice and the practice of law? How will they be used or abused in democratic societies and autocratic regimes? Will they
alter the geopolitical balance of power, and change the nature of warfare? The goal of CS22a is to equip students with the intellectual tools, ethical foundation,
and psychological framework to successfully navigate the coming age of intelligent machines.

Terms: Win | Units: 1 | Grading: Satisfactory/No Credit

Instructors: ; Kaplan, J. (PI)

INTLPOL 204A: Microeconomics for Policy (PUBLPOL 51, PUBLPOL 301A)
Microeconomic concepts relevant to decision making. Topics include: competitive market clearing, price discrimination; general equilibrium; risk aversion and
sharing, capital market theory, Nash equilibrium; welfare analysis; public choice; externalities and public goods; hidden information and market signaling; moral
hazard and incentives; auction theory; game theory; oligopoly; reputation and credibility. Undergraduate Public Policy students may take PublPol 51 as a substitute
for the Econ 51 major requirement. Economics majors still need to take Econ 51. Prerequisites: ECON 50 and MATH 51 or equiv.

Terms: Aut | Units: 4-5 | Grading: Letter or Credit/No Credit

Instructors: ; Bulow, J. (PI)

INTLPOL 240: Contemporary Issues in International Security
This seminar examines crucial foreign policy and defense-related challenges. Emphasis is on understanding how the recent past produced today's challenges and
evaluating alternative strategies intended to overcome them. Topics include great power competition; terrorism and other transnational threats; security dynamics
in South Asia and the Middle East; nuclear proliferation; disruptive technologies; and the interrelated problem set associated with climate change and
environmental protection as well as energy, water, food, and health security. Students are expected to engage actively in class discussions, present on select course
topics and write short weekly reflections. Enrollment is by instructor consent only. Enrollment priority will be given to students in the Master's in International
Policy who must take this course for the specialization in International Security (ISEC).

Terms: Win | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Buono, S. (PI)

INTLPOL 241S: International Security in a Changing World
This class examines the most pressing international security problems facing the world today: nuclear crises, non-proliferation, insurgencies and civil wars,
terrorism, and climate change. Alternative perspectives - from political science, history, and STS (Science, Technology, and Society) studies - are used to analyze
these problems. nn nnThe INTLPOL 241S listing is open to students enrolled via the Stanford Center for Professional Development only. It has been adapted to be
available to online students. This class does NOT include the two-day international negotiation simulation.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Carlson, M. (PI); Mastro, O. (PI); Dalton, M. (GP)

INTLPOL 244: U.S. Policy toward Northeast Asia (EASTASN 244)
This course examines contemporary issues in U.S. foreign policy towards China, Japan, South and North Korea, Russia and Taiwan. It will look at US interests and
objectives in Northeast Asia, the dynamics and drivers of U.S. policy and its historical evolution. The course will focus in more detail on US relations and policy
toward Japan, Korea, and China. It will also look at specific dimensions of US foreign policy - security relations, economic and trade relations, human rights, and
democracy. The course will look at contemporary issues including the response to the pandemic as well as the policies of the incoming Presidential administration.
The class will combine lectures with student led presentations on the issues under discussion. Students will be asked to make presentations on those issues and to
lead discussion - after the first opening lectures on US policy, the first class each week will have a lecture on the assigned topic; the Thursday class will be built
around student presentations.nThere will be midterm and final papers.
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Terms: Aut | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Fingar, T. (PI); Sneider, D. (PI)

INTLPOL 256: Technology and National Security: Past, Present, and Future (MS&E 193, MS&E 293)
Explores the relation between technology, war, and national security policy from early history to modern day, focusing on current U.S. national security challenges
and the role that technology plays in shaping our understanding and response to these challenges. Topics include the interplay between technology and modes of
warfare; dominant and emerging technologies such as nuclear weapons, cyber, sensors, stealth, and biological; security challenges to the U.S.; and the U.S.
response and adaptation to new technologies of military significance.

Terms: Aut | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Lin, H. (PI); Alpert, L. (TA); Kumar, R. (TA); O'Donohue, A. (TA); Person, H. (TA); Rajesh, N. (TA); Tokuyama, D. (TA)

INTLPOL 271: Climate Politics: Science and Global Governance (HISTORY 202J)
Historical and contemporary perspectives on climate politics. Briefly covers the origins of climate understanding in the 1800s, then turns to the co-evolution of
climate science and climate politics from the 20th century to the present, including multiple political issues and debates that established human impacts on the
global atmosphere. The last half of the course focuses on the UN Framework Convention on Climate Change, the 2015 Paris Agreement, the 2021 IPCC Sixth
Assessment Report, organized climate disinformation, and the future of international climate policy and fossil fuels. Assignments include in-class presentations and
a policy brief or research paper.

Terms: Aut | Units: 3-4 | Grading: Letter (ABCD/NP)

Instructors: ; Edwards, P. (PI)

INTLPOL 272: Empirical Methods in Sustainable Development (ESS 268)
The determinants of human well-being over the short and long-run, including the role of environmental factors in shaping development outcomes. A focus on the
empirical literature across both social and natural sciences, with discussion and assignments emphasizing empirical analysis of environment-development linkages,
application of methods in causal inference, and data visualization.

Terms: Win | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Burke, M. (PI); Albistegui Adler, G. (TA)

INTLPOL 302: The Global Economy
This course examines the economic inter-connectedness of nations. Among the topics covered are the causes and consequences of current account imbalances,
exchange rate determination, monetary unification, financial and currency crises, and contagion. In addition, the course includes an assessment of key global
financial institutions, such as the International Monetary Fund, and the global effort to reform the international financial architecture. The goal of the course is to
equip students with the tools to analyze international macroeconomic issues, events, and policies. Students will analyze economic data of countries with a view to
assessing the economic health and vulnerabilities of countries. They will propose policies to address the identified economic vulnerabilities, and will assess the
feasibility of policy implementation. In addition, the "In the News" segment in class will discuss and analyze current events in areas relevant to the course. (This
course was formerly IPS 202.) Enrollment limited to Master's in International Policy (MIP) students.

Terms: Aut | Units: 5 | Grading: Letter (ABCD/NP)

Instructors: ; Aturupane, C. (PI)

INTLPOL 306: Foreign Policy Decision-Making in International Relations
Foreign Policy Decision-Making in International Relations examines the factors that shape how actors develop and implement foreign policy in a comparative
context. This course will discuss questions like: How do leaders respond to traditional threats like interstate war and non-traditional threats like climate change and
migration flows? How do bureaucratic politics and interagency processes across different country contexts facilitate and constrain leaders' decisions? How do factors
like relative military strength, regime type, alliances, internal unrest, and regional dynamics impact these decisions? How do small states develop and implement
foreign policy compared to major powers? This course draws on scholarship from the political sciences, psychology, history, sociology, and economics to analyze how
choices made by individuals, small groups, or coalitions representing nation-states result in policies or strategies with international outcomes. Students will learn
how to leverage various social science theories and methodologies to explore and assess how leaders across the world weigh different policy options when
responding to international problems. Enrollment is limited to students in the Master's in International Policy (MIP) program.

Terms: Spr | Units: 5 | Grading: Letter (ABCD/NP)

Instructors: ; Ding, J. (PI)

INTLPOL 321: Fundamentals of Cyber Policy and Security
This course will provide an introduction to fundamental issues in cyber policy and security. It will focus on the way that cyber issues impact people and
organizations across sectors - from government and law to business, tech, and others - and how people and organizations can and should approach the myriad cyber
challenges. This is not a technical or computer science course and no technical background nor prerequisites are necessary. In the first part of the course, we will
introduce cyber policy and security fundamentals. The second part of the course will explore cyber policy and security aspects related to economics, psychology,
law, warfare, international relations, critical infrastructure, privacy, and innovation. The third part of the course will be focused mostly on a number of case studies
designed to simulate the challenges faced by policy-makers and executive-level decision makers. This course is heavily discussion-based and so attendance is
required. Assignments will consist of three short papers and a take-home final exam. All graduate students are welcome to enroll, especially those in the
international policy, law, and business programs. Undergraduate enrollment only by permission of instructor.

Terms: Win | Units: 4-5 | Grading: Letter or Credit/No Credit

Instructors: ; Grotto, A. (PI); Thompson, K. (GP)

INTLPOL 371: Policy Practicum: Assessing the Impact of China's Global Infrastructure Spending on Climate Change
(LAW 807O) Client: Steyer-Taylor Center for Energy Policy and Finance. China is investing in massive foreign-infrastructure construction, notably in emerging
economies. Whether that infrastructure is high-carbon or low-carbon will largely determine the future of climate change. In this policy lab, students will advance
research that is underway toward two sorts of deliverables: a data-analysis and data-visualization tool to map players, financing structures, and carbon emissions
from Chinese-financed infrastructure projects; and a written account of how Chinese-financed infrastructure is playing out in those countries. Research will involve
close interaction with officials at key infrastructure-financing institutions in China and around the world. Graduate students from any discipline at Stanford are
invited to apply. Data-analysis skills, energy-finance understanding, and proficiency in Mandarin are useful skills for this work but are not required. To apply, submit
Consent Application Form available on Stanford Law School website. Form includes instructions and submission deadline. See LAW listing for full description.
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Last offered: Autumn 2020 | Units: 2-3 | Grading: Letter or Credit/No Credit

INTNLREL 61Q: Food and security (EARTHSYS 61Q, ESS 61Q)
The course will provide a broad overview of key policy issues concerning agricultural development and food security, and will assess how global governance is
addressing the problem of food security. At the same time the course will provide an overview of the field of international security, and examine how governments
and international institutions are beginning to include food in discussions of security.

Last offered: Autumn 2020 | Units: 3 | Grading: Letter or Credit/No Credit

INTNLREL 102: History of the International System since 1914 (HISTORY 102)
After defining the characteristics of the international system at the beginning of the twentieth century, this course reviews the primary developments in its
functioning in the century that followed. Topics include the major wars and peace settlements; the emergence of Nazism and Communism; the Cold War;
decolonization; and globalization. The role of international institutions and international society will also be a focus as will the challenges of climate change,
inequality, migration, and terrorism.

Terms: Spr | Units: 5 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Rakove, R. (PI)

INTNLREL 135A: International Environmental Law and Policy: Oceans and Climate Change
This seminar offers an introduction to International Environmental Law, with a strong emphasis on oceans and climate change, its underlying principles, how it is
developed and implemented, and the challenges of enforcing it. We will focus on oceans and climate change, exploring the United Nations Law of the Sea
Convention (UNCLOS) and the United Nations Framework Convention for Climate Change (UNFCCC). We will explain why these agreements are described as
¿umbrella conventions¿ and how new conventions like the Paris Agreement fit within them. There will be guest speakers, a negotiation simulation, and a legal
design sprint focused on re-imagining International Environmental Law.

Last offered: Winter 2021 | Units: 4-5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

INTNLREL 136R: Introduction to Global Justice (ETHICSOC 136R, PHIL 76, POLISCI 136R, POLISCI 336)
Our world is divided into many different states, each of which has its own culture or set of cultures. Vast inequalities of wealth and power exist between citizens of
the rich world and the global poor. International commerce, immigration, and climate change entwine our lives in ways that transcend borders. It is in this context
that problems of global justice, which relate to the normative obligations that arise from our international order, emerge. What demands (if any) does justice
impose on institutions and individuals acting in a global context? Is it morally permissible to prioritize the welfare of our compatriots over the welfare of foreigners?
Do states have the right to control their borders? What are the responsibilities (if any) of wealthy states, consumers, and multinational corporations to the global
poor? This course explores longstanding problems of global justice via a discussion of contemporary issues: global poverty, global public health, immigration, human
rights and humanitarian intervention, self-determination, and climate change.n nThere are no easy answers to these questions, and the complexity of these issues
requires an interdisciplinary approach. While there are several possible theoretical approaches to problems of global justice, the approach taken in this course will
be rooted in political philosophy and political theory. We will combine readings from political philosophy and theory with empirical material from the social
sciences, newspaper articles, and popular media. By the end of this course, students will be familiar with contemporary problems of global justice, be able to
critically assess theoretical approaches to these problems, and be able to formulate and defend their own views on these complex issues.

Terms: Win | Units: 4 | UG Reqs: GER:DB-Hum, GER:EC-EthicReas, WAY-ER | Grading: Letter or Credit/No Credit

Instructors: ; Soon, V. (PI); Kim, R. (TA)

INTNLREL 146A: Energy and Climate Cooperation in the Western Hemisphere
The seminar provides an overview of the current political dynamics in each of the major fossil fuel producing countries in the Western Hemisphere and its impact on
local energy exploration and production. It also explores the potential for expanding existing or developing new renewable energy resources throughout the
Americas, and impacts on the local environment, food prices, and land use issues. The course examines the feasibility of integrating energy markets and
establishing initiatives to reduce greenhouse gas emissions at the regional and hemispheric level. The seminar focuses on Chile, a country that lacks significant
petroleum and natural gas reserves and has traditionally been a major user of coal. Accordingly, the country has been at the forefront of efforts to facilitate the
regional integration of energy markets and develop renewable and non-traditional energy resources. The course concludes with a discussion of the Energy and
Climate Partnership of the Americas or ECPA, launched by the Obama administration at the Fifth Summit of the Americas in Trinidad in April 2009, and China¿s
increasing role in Latin America¿s energy sector.

Terms: Spr | Units: 4 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; O'Keefe, T. (PI)

JEWISHST 39S: The Other Side: Ethnography and Travel Writing through Jewish, Christian and Muslim Eyes
In an age of reality television and social media, we are bombarded with snapshots of the exotic, monstrous, and bizarre. Yet despite their quantity, these images
pale in comparison to the qualities of terror, wonder and curiosity that ancient travelers evoked in their encounters with foreign lands and peoples. Early
ethnographers, too, painstakingly explored the beliefs and practices of unfamiliar peoples sometimes very close to home. This course surveys their most vivid
writings, from ancient Greece to the colonization of the New World, focusing on the relation between fascination with the other and the author's own religious
imagination. In particular, it introduces the contributions of Jewish travelers and ethnographers to this history, which has often been written from the standpoint of
imperial, ecclesiastical or colonial power. It stresses literary continuities across three general periods (ancient, medieval, and colonial), showing how remarkably
consistent patterns of identification spring from diverse encounters.

Last offered: Summer 2017 | Units: 3 | Grading: Letter or Credit/No Credit

JEWISHST 129A: Milk and Honey, Wine and Blood: Food, Justice, and Ethnic Identity in Jewish Culture (RELIGST 129)
This course examines Jewish culture and the food practices and traditions that have shaped and continue to shape it. Students learn to prepare a variety of meals
while studying about the historical and literary traditions associated with them, such as the dietary `laws¿ and the long history of their interpretation, as well as
the cultivation of eating as devotional practice in Jewish mystical traditions. We will explore how regional foods the world over contribute to the formation of
distinct Jewish ethnic identities, and how these traditions shape contemporary Jewish food ethics. The course includes guest visits by professional chefs and food
writers, and field trips to a local winery.

Last offered: Spring 2019 | Units: 4 | UG Reqs: WAY-A-II, WAY-EDP | Grading: Letter (ABCD/NP)

LATINAM 207: Spanish in Science/Science in Spanish (BIO 208, EARTHSYS 207)

https://explorecourses.stanford.edu/instructor/robr
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https://explorecourses.stanford.edu/instructor/richie
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For graduate and undergraduate students interested in the natural sciences and the Spanish language. Students will acquire the ability to communicate in Spanish
using scientific language and will enhance their ability to read scientific literature written in Spanish. Emphasis on the development of science in Spanish-speaking
countries or regions. Course is conducted in Spanish and intended for students pursuing degrees in the sciences, particularly disciplines such as ecology,
environmental science, sustainability, resource management, anthropology, and archeology.

Terms: Spr | Units: 2 | Repeatable 2 times (up to 4 units total) | Grading: Satisfactory/No Credit

Instructors: ; Dirzo, R. (PI)

LATINAM 248: Racial and Gender Inequalities in Latin America
This course explores the intersection between racial and gender inequalities in Latin America focusing on the historical pattern of racism, sexism and
discrimination, and on the political and social changes that have enabled Afro-descendants and women to achieve social rights in some countries of the region such
as Brazil, Colombia, Ecuador, and Uruguay. The first part of this course introduces the struggle of political movements taking into consideration the historical
process of race and gender discrimination. It will address not only the history of blacks¿ and women's movements in the 20th century, but also racism and sexism as
cultural and institutional elements that configure inequality in those countries. Socio-economic indicators, race and gender-based violence, and political
participation will be analyzed. The second part of this course examines the most recent discourses about women and afro-descendant rights, and their political
framework. It evaluates how they have changed public opinion, laws and the social, institutional and political environment of Latin America. Finally, this course
discusses the ability of Afro-descendants and women movements to navigate in the current political climate and advance their rights.nCourse will be taught in
Portuguese.

Terms: Spr | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Cavalleiro, E. (PI)

LAW 807B: Policy Practicum: What we can do to Mitigate Climate Warming
Client: Steyer-Taylor Center for Climate Energy and Finance. This is the winter quarter continuation of this practicum. We take as a given the well-established
scientific evidence establishing the causal connection between greenhouse gas (GHG) emissions and global warming, and the likelihood that current trajectories of
fossil fuel use are leading to catastrophic climate change. In addition to its global consequences, climate change threatens to compromise Stanford's core missions
through fires, environmental damage, and other harms to the University's staff, students, and faculty. In the Autumn Quarter, in which the practicum was co-taught
by Alicia Seiger, students undertook several research projects, including how Stanford researchers' broad-ranging expertise in energy-related finance issues could be
most effectively deployed to inform policy makers; reducing food waste as a means of reducing GHG emissions; and Stanford health services' role in reducing GHG
emissions. In the Winter Quarter, we will focus on the possible effects on GHG emissions of investment policies and practices, automobile and air transportation,
and the consumption of beef and other foods. The mandate of Stanford Law and Policy Labs is to conduct impartial, evidence-informed policy analysis. Rather than
deliver a set of specific recommendations, this practicum seeks to assess the pros and cons of plausible policies. While participants may have prior views on some of
the issues, they should be open to revising their views in light of the evidence. Policy Lab practicums are research seminars. Although we will assign some readings
and invite experts to meet with the seminar during the quarter, much of the research will be conducted by student teams. Policy Lab practicums are designed
primarily for law students, but are open to students throughout the University. This practicum seeks students with knowledge of economics, finance, food systems,
and environmental science. Admission is by petition. Elements used in grading: Autumn Quarter - Attendance, Performance, Class Participation, Written
Assignments, Final Paper. Winter Quarter- Class Participation, Final Paper. CONSENT APPLICATION: To apply for this course, students must complete and submit a
Consent Application Form available on the SLS website (Click Courses at the bottom of the homepage and then click Consent of Instructor Forms). See Consent
Application Form for instructions and submission deadline.

Last offered: Winter 2020 | Units: 2-3 | Repeatable 2 times (up to 6 units total) | Grading: Law Honors/Pass/Restrd Cr/Fail

LAW 807K: Policy Practicum: The Outlaw Ocean 3.0
Illegal fishing has long plagued the world's oceans, undermining economic development, national security, food security, and human rights -- and nowhere is this
more starkly evident than in the Pacific Ocean. From cans of tuna to shrimp cocktail, the legality of how this seafood is caught and processed is often uncertain. A
recent World Resources Institute study estimates that half of illegal marine trading networks come from the Pacific, totaling between 3.7 and 7.2 million tons of
fish stolen from fishermen and coastal nations. Of further critical concern is the role of forced labor within the industry. This policy lab confronts the global
environmental, human rights and privacy challenges associated with the existing framework of international laws and policies. The research delves into
international laws that apply to the high seas, illegal fishing and forced labor and slavery to locate leverage points and explore innovative solutions, including how
new technologies might be developed and deployed. The research contributes to the agendas of two organizations that are leaders in addressing Illegal,
Unreported, and Unregulated (IUU) fishing in supply chains (FishWise), and idenfifying leverage points to reduce forced labor and slavery in fishing activities (Rights
Lab, University of Nottingham). Effective solutions to these problems required broad collaborations among nations, international seafood companies, nonprofit
organizations, and universities. Students will have the opportunity to explore one of the following two topics. The Supply Chain Risk Tool (SCRT), co-led by
FishWise, encompasses the development of a tool to enable companies to identify and address risk of IUU fishing activities in supply chains. The role of the students
will be to design a user research plan, which could help to identify users, needs, and processes that the SCRT could support. A Port Resilience Framework to Address
Forced Labor, co-led by colleagues from the Rights Lab at University of Nottingham, will be an effort to apply a resilience framework to address modern forms of
slavery in port communities. Students will be able to apply resilience concepts to ports by identifying key systemic issues, legislative assets and problems, local
institutions, and policies or practices. The Stanford Center for Ocean Solutions serves as the liaison to both policy clients stated above and will also connect
students with partners such as large seafood companies, and human rights and environmental NGOs. Students will produce policy briefs that will contribute to a
third installment in a comprehensive public report issued by the Stanford Center for Ocean Solutions. The practicum seeks law students as well as graduate and
well-qualified undergraduate students in such programs as earth systems, computer science, public policy, business, sociology, and marine biology. Elements used in
grading: Attendance, Performance, Class Participation, Written Assignments, Final Paper. CONSENT APPLICATION: To apply for this course, students must complete
and submit a Consent Application Form available on the SLS website (Click Courses at the bottom of the home

Terms: Aut | Units: 2-3 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Leape, J. (PI); Martinez, J. (PI)

LAW 807O: Policy Practicum: Assessing the Impact of China's Global Infrastructure Spending on Climate Change
Client: Steyer-Taylor Center for Energy Policy and Finance. China is investing in massive foreign-infrastructure construction, notably in emerging economies.
Whether that infrastructure is high-carbon or low-carbon will largely determine the future of climate change. Many universities and institutions are studying the
carbon impacts of China's foreign-infrastructure investment. That research tends to compare China's aggregate fossil-fuel-versus-renewable investments, assessing
whether those investments meet a clean-energy ideal. New research at Stanford's Steyer-Taylor Center for Energy Policy and Finance is undertaking this analysis
differently. It seeks to map the players and financial flows of global infrastructure investment in a way that compares the carbon intensity of Chinese-financed
infrastructure projects in important emerging economies with the carbon intensity of energy infrastructure in those countries that has been financed by
multilateral, bilateral, and other non-Chinese entities. This method is designed to reflect the way global infrastructure funding works, politically and economically,
in actual practice -- and thus to elucidate particularly realistic ways to meaningfully decarbonize Chinese infrastructure financing. In this policy lab, which is the

https://explorecourses.stanford.edu/instructor/rdirzo
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second phase of the spring 2020 lab, students will advance research toward two sorts of deliverables: a data-analysis and data-visualization tool to map players,
financing structures, and carbon emissions from Chinese-financed infrastructure projects in key host countries; and a written account of how Chinese-financed
infrastructure is playing out in those countries. The research will involve close interaction with key officials at key infrastructure-financing institutions in China and
around the world. Graduate students from across Stanford are invited to apply. Data-analysis skills, energy-finance understanding, and proficiency in Mandarin are
useful skills for this work, but they are not required. The lab seeks graduate students from the disciplines of law, business, engineering and environmental science,
and East Asian Studies. Elements used in grading: Attendance, Performance, Class Participation, Written Assignments, Final Paper. CONSENT APPLICATION: To apply
for this course, students must complete and submit a Consent Application Form available on the SLS website (Click Courses at the bottom of the homepage and then
click Consent of Instructor Forms). See Consent Application Form for instructions and submission deadline. Cross-listed with International Policy (INTLPOL 371).

Last offered: Autumn 2020 | Units: 2-3 | Grading: Law Honors/Pass/Restrd Cr/Fail

LAW 908: Advanced Environmental Law Clinic
The Advanced Environmental Law Clinic provides students who have already taken the Environmental Law Clinic the opportunity to continue intense individual
project work. Advanced students often work on matters they worked on as full-time students, but they also have the chance to work on new matters and develop
new skills. Advanced students work closely with supervising faculty on their designated projects and are expected to take increasing responsibility for managing
their work and representing clients. In addition, advanced students often serve as mentors to less experienced full-time students and thereby receive training in
basic team building and supervision. Advanced students may arrange to receive between two and seven units. No student may receive more than 27 total clinical
units during the course of the student's law school career. Elements used in grading: TBA.

Terms: Aut, Win, Spr | Units: 2-7 | Repeatable 7 times (up to 15 units total) | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Safdi, S. (PI); Sanders, M. (PI); Sivas, D. (PI)

LAW 908A: Environmental Law Clinic: Clinical Practice
Students enrolled in the Clinic provide legal assistance to national, regional and grassroots non-profit organizations on a variety of environmental issues, with a
focus on complex natural resource conservation and biodiversity matters at the interface of law, science and policy. Working under the direct supervision of
practicing environmental attorneys, Clinic students help screen new matters and potential clients; formulate strategies; research and develop factual and legal
issues; and prosecute administrative and litigation proceedings. During the term, students may meet with clients, opposing counsel or agency decision-makers;
review and prepare administrative records; develop expert testimony; draft comment letters, petitions, pleading or briefs; and/or attend and present arguments in
administrative and court hearings. In regular one-on-one meetings with supervising faculty, there is a heavy emphasis on learning how to write persuasively and
present oral arguments. Indeed, in any given quarter, our students typically prepare a mix of state and federal, and trial and appellate, court pleadings, and
because all of our hearings during the academic year are conducted by students, many students also have the opportunity to present oral argument in front of one
or more judges. In addition, students participate in a regular seminar where we examine strategic, ethical and substantive issues arising out of the Clinic's work.
The Clinic is a particularly good place to learn how to conduct effective legal research, marshal facts in support of legal arguments, and, above all, write well. We
practice at all levels of state and federal court and before many local, state and federal administrative agencies. Our work involves extensive motions practice and
brief writing, and often involves administrative petitions and policy papers. Our work is inherently cross-disciplinary. No prior environmental experience or
background is necessary, but an interest in learning about environmental and natural resources law is important. Special Instructions: General Structure of Clinical
Courses - - The Law School's clinical courses are offered on a full-time basis for 12 units. This allows students to immerse themselves in the professional experience
without the need to balance clinical projects with other classes, exams and papers. Students enrolled in a clinic are not permitted to enroll in any other classes,
seminars, directed research or other credit-yielding activities within the Law School or University during the quarter in which they are enrolled in a clinic. Nor are
they allowed to serve as teaching assistants who are expected to attend a class on a regular basis. There is a limited exception for joint degree students who are
required to take specific courses each quarter and who would be foreclosed from ever taking a clinic unless allowed to co-register. These exceptions are approved
on a case-by-case basis. Clinic students are expected to work in their clinical office during most business hours Monday through Friday. Students are also expected
to be available by e-mail or cell phone when elsewhere during those hours. Because students have no other courses (and hence no exams or papers), the clinical
quarter begins the first day of classes and runs through the final day of the examination period. Students should not plan personal travel during the Monday to
Friday work week without prior authorization from the clinical supervisor. The work during a typical week in a clinic is divided into three components. First, as they
are for practicing attorneys, most of the hours of any week are taken up by work on client matters or case work (this time includes meetings with instructors to
discuss the work). Again, as is the case for practicing lawyers, in some weeks these responsibilities demand time above and beyond "normal business hours." Second,
students will spend approximately five-to-seven hours per week preparing for and participating in weekly discussions or other group work in their individual clinic
(scheduling varies by clinic). Third, over the course of the quarter each clinic student (with the exception of those enrolled in the Criminal Prosecution Clinic) is
required to prepare for and attend a few inter-clinic group sessions. Students will be awarded three separate grades for their clinical quarter, each reflecting four
units. The three grades are broken into the following categories: clinical practice; clinical methods; and clinical coursework. Grading is pursuant to the H/P system.
Enrollment in a clinic is binding; once selected into a clinic to which he or she has applied, a student may not later drop the course except in limited and
exceptional cases. Requests for withdrawal are processed through the formal petition and clinical faculty review process described in the clinic policy document
posted on the SLS website. Students may not enroll in any clinic (full-time or advanced) which would result in them earning more than 27 clinical units during their
law school career. The rules described here do not apply to advanced clinics for students who are continuing with a clinic in which they were previously enrolled.
For information about advanced clinics, please see the course descriptions for those courses. For more information about clinic enrollment and operations, please
see the clinic policy document posted on the SLS website. Elements used in grading: Attendance and participation in class, professionalism, timeliness, initiative,
and follow-through on project work and other class requirements.

Terms: Aut, Win | Units: 4 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Safdi, S. (PI); Sanders, M. (PI); Sivas, D. (PI)

LAW 908B: Environmental Law Clinic: Clinical Methods
Students enrolled in the Clinic provide legal assistance to national, regional and grassroots non-profit organizations on a variety of environmental issues, with a
focus on complex natural resource conservation and biodiversity matters at the interface of law, science and policy. Working under the direct supervision of
practicing environmental attorneys, Clinic students help screen new matters and potential clients; formulate strategies; research and develop factual and legal
issues; and prosecute administrative and litigation proceedings. During the term, students may meet with clients, opposing counsel or agency decision-makers;
review and prepare administrative records; develop expert testimony; draft comment letters, petitions, pleading or briefs; and/or attend and present arguments in
administrative and court hearings. In regular one-on-one meetings with supervising faculty, there is a heavy emphasis on learning how to write persuasively and
present oral arguments. Indeed, in any given quarter, our students typically prepare a mix of state and federal, and trial and appellate, court pleadings, and
because all of our hearings during the academic year are conducted by students, many students also have the opportunity to present oral argument in front of one
or more judges. In addition, students participate in a regular seminar where we examine strategic, ethical and substantive issues arising out of the Clinic's work.
The Clinic is a particularly good place to learn how to conduct effective legal research, marshal facts in support of legal arguments, and, above all, write well. We
practice at all levels of state and federal court and before many local, state and federal administrative agencies. Our work involves extensive motions practice and
brief writing, and often involves administrative petitions and policy papers. Our work is inherently cross-disciplinary. No prior environmental experience or
background is necessary, but an interest in learning about environmental and natural resources law is important. Special Instructions: General Structure of Clinical
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Courses - - The Law School's clinical courses are offered on a full-time basis for 12 units. This allows students to immerse themselves in the professional experience
without the need to balance clinical projects with other classes, exams and papers. Students enrolled in a clinic are not permitted to enroll in any other classes,
seminars, directed research or other credit-yielding activities within the Law School or University during the quarter in which they are enrolled in a clinic. Nor are
they allowed to serve as teaching assistants who are expected to attend a class on a regular basis. There is a limited exception for joint degree students who are
required to take specific courses each quarter and who would be foreclosed from ever taking a clinic unless allowed to co-register. These exceptions are approved
on a case-by-case basis. Clinic students are expected to work in their clinical office during most business hours Monday through Friday. Students are also expected
to be available by e-mail or cell phone when elsewhere during those hours. Because students have no other courses (and hence no exams or papers), the clinical
quarter begins the first day of classes and runs through the final day of the examination period. Students should not plan personal travel during the Monday to
Friday work week without prior authorization from the clinical supervisor. The work during a typical week in a clinic is divided into three components. First, as they
are for practicing attorneys, most of the hours of any week are taken up by work on client matters or case work (this time includes meetings with instructors to
discuss the work). Again, as is the case for practicing lawyers, in some weeks these responsibilities demand time above and beyond "normal business hours." Second,
students will spend approximately five-to-seven hours per week preparing for and participating in weekly discussions or other group work in their individual clinic
(scheduling varies by clinic). Third, over the course of the quarter each clinic student (with the exception of those enrolled in the Criminal Prosecution Clinic) is
required to prepare for and attend a few inter-clinic group sessions. Students will be awarded three separate grades for their clinical quarter, each reflecting four
units. The three grades are broken into the following categories: clinical practice; clinical methods; and clinical coursework. Grading is pursuant to the H/P system.
Enrollment in a clinic is binding; once selected into a clinic to which he or she has applied, a student may not later drop the course except in limited and
exceptional cases. Requests for withdrawal are processed through the formal petition and clinical faculty review process described in the clinic policy document
posted on the SLS website. Students may not enroll in any clinic (full-time or advanced) which would result in them earning more than 27 clinical units during their
law school career. The rules described here do not apply to advanced clinics for students who are continuing with a clinic in which they were previously enrolled.
For information about advanced clinics, please see the course descriptions for those courses. For more information about clinic enrollment and operations, please
see the clinic policy document posted on the SLS website. Elements used in grading: Attendance and participation in class, professionalism, timeliness, initiative,
and follow-through on project work and other class requirements.

Terms: Aut, Win | Units: 4 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Safdi, S. (PI); Sanders, M. (PI); Sivas, D. (PI)

LAW 908C: Environmental Law Clinic: Clinical Coursework
Students enrolled in the Clinic provide legal assistance to national, regional and grassroots non-profit organizations on a variety of environmental issues, with a
focus on complex natural resource conservation and biodiversity matters at the interface of law, science and policy. Working under the direct supervision of
practicing environmental attorneys, Clinic students help screen new matters and potential clients; formulate strategies; research and develop factual and legal
issues; and prosecute administrative and litigation proceedings. During the term, students may meet with clients, opposing counsel or agency decision-makers;
review and prepare administrative records; develop expert testimony; draft comment letters, petitions, pleading or briefs; and/or attend and present arguments in
administrative and court hearings. In regular one-on-one meetings with supervising faculty, there is a heavy emphasis on learning how to write persuasively and
present oral arguments. Indeed, in any given quarter, our students typically prepare a mix of state and federal, and trial and appellate, court pleadings, and
because all of our hearings during the academic year are conducted by students, many students also have the opportunity to present oral argument in front of one
or more judges. In addition, students participate in a regular seminar where we examine strategic, ethical and substantive issues arising out of the Clinic's work.
The Clinic is a particularly good place to learn how to conduct effective legal research, marshal facts in support of legal arguments, and, above all, write well. We
practice at all levels of state and federal court and before many local, state and federal administrative agencies. Our work involves extensive motions practice and
brief writing, and often involves administrative petitions and policy papers. Our work is inherently cross-disciplinary. No prior environmental experience or
background is necessary, but an interest in learning about environmental and natural resources law is important. Special Instructions: General Structure of Clinical
Courses - - The Law School's clinical courses are offered on a full-time basis for 12 credits. This allows students to immerse themselves in the professional
experience without the need to balance clinical projects with other classes, exams and papers. Students enrolled in a clinic are not permitted to enroll in any other
classes, seminars, directed research or other credit-yielding activities within the Law School or University during the quarter in which they are enrolled in a clinic.
Nor are they allowed to serve as teaching assistants who are expected to attend a class on a regular basis. There is a limited exception for joint degree students
who are required to take specific courses each quarter and who would be foreclosed from ever taking a clinic unless allowed to co-register. These exceptions are
approved on a case-by-case basis. Clinic students are expected to work in their clinical office during most business hours Monday through Friday. Students are also
expected to be available by e-mail or cell phone when elsewhere during those hours. Because students have no other courses (and hence no exams or papers), the
clinical quarter begins the first day of classes and runs through the final day of the examination period. Students should not plan personal travel during the Monday
to Friday work week without prior authorization from the clinical supervisor. The work during a typical week in a clinic is divided into three components. First, as
they are for practicing attorneys, most of the hours of any week are taken up by work on client matters or case work (this time includes meetings with instructors
to discuss the work). Again, as is the case for practicing lawyers, in some weeks these responsibilities demand time above and beyond "normal business hours."
Second, students will spend approximately five-to-seven hours per week preparing for and participating in weekly discussions or other group work in their individual
clinic (scheduling varies by clinic). Third, over the course of the quarter each clinic student (with the exception of those enrolled in the Criminal Prosecution Clinic)
is required to prepare for and attend a few inter-clinic group sessions. Students will be awarded three separate grades for their clinical quarter, each reflecting four
credits. The three grades are broken into the following categories: clinical practice; clinical methods; and clinical coursework. Grading is pursuant to the H/P
system. Enrollment in a clinic is binding; once selected into a clinic to which he or she has applied, a student may not later drop the course except in limited and
exceptional cases. Requests for withdrawal are processed through the formal petition and clinical faculty review process described in the clinic policy document
posted on the SLS website. Students may not enroll in any clinic (full-time or advanced) which would result in them earning more than 27 clinical credits during
their law school career. The rules described here do not apply to advanced clinics for students who are continuing with a clinic in which they were previously
enrolled. For information about advanced clinics, please see the course descriptions for those courses. For more information about clinic enrollment and
operations, please see the clinic policy document posted on the SLS website. Elements used in grading: Attendance and participation in class, professionalism,
timeliness, initiative, and follow-through on project work and other class requirements.

Terms: Aut, Win | Units: 4 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Safdi, S. (PI); Sanders, M. (PI); Sivas, D. (PI)

LAW 1015: Corporate Social Responsibility
Although corporate social responsibility ("CSR") initiatives have been pursued by a range of companies as voluntary measures for decades, recent developments have
rendered the exercise by companies of designing and implementing environmental, social and governance mechanisms inherently legal in nature. This course will
explore the legal issues that companies have been forced to confront, increasingly with the support of specialized legal counsel, in pursuing CSR or sustainability
objectives, including those arising in the context of supply chain human rights due diligence (e.g., minerals sourcing and human trafficking), impact investment and
the adoption of alternative corporate forms, voluntary standards and mandatory requirements regarding non-financial disclosure and reporting (e.g., SASB,
sustainability listing standards, possible amendments to Regulation S-K, and the EU non-financial reporting rules), director fiduciary duties and the changing
expectations of investors, shareholder proposals and stakeholder engagement, and the rise of corporate social activism by companies and their officers, among
others. Elements used in grading: Class Participation, Written Assignments, Final Paper.

Last offered: Autumn 2016 | Units: 2 | Grading: Law Honors/Pass/Restrd Cr/Fail
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LAW 1047: Business, Social Responsibility, and Human Rights
Large corporations now routinely spend millions of dollars to protect human rights and the environment. Shell Nigeria builds hospitals and schools in the Niger
Delta. Nike employs hundreds of inspectors to improve conditions for the factory workers who produce its shoes across Asia and Latin America. Technology
companies such as Facebook have scrambled to fend off the threat of new regulation since the Cambridge Analytica revelations. Other examples abound, across
industries and around the globe. "Don't be evil" (Google's former motto) may be one motivation for these companies, but something more mundane is also at work:
many companies believe they will do well, financially, if they do good, ethically. This course examines questions that lawyers in large law firms, corporations,
NGOs, and government agencies regularly confront: --How does business activity affect human rights and other "social" goods (such as the environment and
community cohesion)? --What factors, internal and external to companies, shape corporate decisions that have human rights/social impacts? When does it serve a
company's interest to take costly action to address human rights, labor, and environmental concerns? -- What tactics have activists used to shift public opinion,
media frames, and the law, and thereby change companies' incentives? We will learn through seminar-style discussion, lectures, role play, and small group
exercises. Several guest speakers with experience in business, advocacy, or in between will provide insights from their experiences on the ground. Special
Instructions: Students have the option to write a long research paper in lieu of the final exam with consent of instructor. After the term begins, students enrolled in
the course can transfer from section (01) into section (02), which meets the R requirement, with consent of the instructor. Elements used in grading: Class
Participation, Written Assignments; Final Exam or Final Paper. Cross-listed with International Policy (INTLPOL 358).

Terms: Spr | Units: 3 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; O'Connell, J. (PI)

LAW 2503: Energy Law
All modern industrial economies, including that in the U.S., require massive energy infrastructure and a coherent legal framework to ensure that energy services
are provided to consumers of all types in a manner that is safe, reliable and affordable. Because of climate change, it is also increasingly clear that our energy
sources must be sustainable. The focus of this course is on the electricity and natural gas industries, which operate in the U.S. under a comprehensive legal and
regulatory framework involving extensive interplay between federal and state authorities. This course provides a strong grounding in the governing legal principles.
It draws upon case-law, primarily decisions by the U.S. Supreme Court, to bring these principles into focus. We will examine the respective roles of regulation and
market forces in this field. Students who complete the class will gain a historical understanding of how economic regulation of the energy industry has evolved
since its origins in the late 19th and early 20th Centuries, a durable conceptual understanding of current energy law and policy debates, and a practical grasp of the
legal and regulatory framework for the energy industry in the US. Non-law students interested in energy issues are welcomed and encouraged to take this course, as
an understanding of the legal framework is essential to careers in the energy sector. Elements used in grading: class participation, in-class group presentations, and
a one-day, take-home, open-book final exam.

Terms: Aut, Spr | Units: 3 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Lindh, F. (PI)

LAW 2504: Environmental Law and Policy
Environmental law is critically important and endlessly fascinating. In this course, we will look at the major statutes and policies used, at both the federal and state
levels, to protect humans and the environment against exposure to harmful substances, including the Clean Air Act, Clean Water Act, Superfund, and the Resource
Conservation & Recovery Act. We also will discuss the National Environmental Policy Act, which covers and extends beyond pollution control, and several class units
will discuss climate change. The class will look not only at the substance of these laws and policies, but also at enforcement challenges, alternative legal
mechanisms for advancing environmental policies, the role of market mechanisms in addressing environmental problems, and constitutional restrictions on
environmental regulation. As part of the class, students will engage in a series of situational case studies designed to provide a better sense of the real-world issues
faced by environmental lawyers and to teach students the skills and tactics needed to solve those issues. Elements used in grading: Attendance, Class Participation,
Exam.

Terms: Spr | Units: 3 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Owen, D. (PI)

LAW 2505: Land Use Law
This course focuses on the pragmatic (more than theoretical) aspects of contemporary land use law and policy, including: the tools and historical/legal foundation
of modern land use law; zoning and General Plans; the process of land development; vested property rights and development agreements; environmental review;
environmental justice; growth control, sprawl, housing density, and affordable housing; constitutional challenges to land use regulation; redevelopment; historic
preservation; direct democracy over land use; and global warming and climate action plans. We explore how land use decisions affect environmental quality and
how land use decision-making addresses environmental impacts and distribution of resources. Special Instructions: Student participation is essential. Roughly four-
fifths of the class time will involve a combination of lecture and classroom discussion. The remaining time will engage students in case studies based on actual land
use issues and disputes. This class is limited to 20 students selected by consent. Elements used in grading: attendance, class participation, two short writing
assignments, an oral presentation, and a final exam. CONSENT APPLICATION: To apply for this course, students must complete and submit a Consent Application
Form available on the SLS website (Click Courses at the bottom of the homepage and then click Consent of Instructor Forms). See Consent Application Form for
instructions and submission deadline.

Terms: Aut | Units: 3 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Schwartz, A. (PI)

LAW 2506: Natural Resources Law and Policy
Natural resource management presents extremely difficult and contentious issues of law and public policy. Major debates continue to rage over issues such as the
Endangered Species Act, whether the United States should permit drilling in the Arctic National Wildlife Refuge, how to ensure equitable allocation of key resources
such as water and energy, and how to prevent the overfishing of the oceans. This course is a survey course and will look at the National Environmental Protection
Act (and environmental impact statements), wildlife protection, marine and fisheries management, water, energy, and public lands. Class sessions will include
critical examinations of current law and policy and in-depth discussions of situational case studies that force you to consider how you would resolve real-life issues.
Students will be expected to participate actively in class discussions. (Because this is a survey class, students interested in an in-depth understanding of water or
energy issues should consider classes offered at the Law School specific to those subjects.) Elements used in grading: Class participation and final exam (open
book).

Last offered: Spring 2021 | Units: 3 | Grading: Law Honors/Pass/Restrd Cr/Fail

LAW 2508: The Business of Water
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The Business of Water (2508): One of the fastest growing global economic sectors is water, and private water companies are playing an increasingly important role
around the world in water management. This growing private involvement has sometimes clashed with the inherently public nature of water and generated
controversies. In many cases, private companies have made important contributions to meeting water needs (e.g., in the development of new technologies and
expanding water supplies). In other cases, however, the involvement of private companies has proven contentious (e.g., when private companies have taken over
public water supply systems in developing countries such as Bolivia). This course will look at established or emerging water businesses and the legal, economic, and
social issues that they generate. These businesses include investor-owned water utilities, water technology companies (e.g., companies investing in new
desalination or water recycling technologies), water-right funds (who directly buy and sell water rights), social impact funds, innovative agricultural
operations,infrastructure companies, and financial investors. The class will begin with two introductory classes. After that, each week will focus on a different
business or sector. Company executives will attend these class session and discuss their business with the class. In most classes, we will examine (1) the viability
and efficacy of the company's business plan, (2) the legal and/or social issues arising from the business' work, and (3) how the business might contribute to
improved water management and policy. Each student will be expected to write (1) two short reflection papers during the course of the quarter on businesses that
present to the class, and (2) a 10- to15-page paper at the conclusion on the class on a water company of the student's choice (including a potential company that
the student might propose creating), a water sector, or a policy initiative that can improve the role that business plays in improving water management (either in a
particular sector or more generally). Elements used in grading: Attendance, Class Participation, Written Assignments, Final Paper. Cross-listed with Civil &
Environmental Engineering (CEE 273B).

Terms: Win | Units: 2 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Kline, M. (PI); Thompson, B. (PI)

LAW 2509: Clean Energy Project Development and Finance
(Formerly Law 774) This case study-oriented course will focus on the critical skills needed to evaluate, develop, finance (on a non-recourse basis), and complete
grid-scale clean energy projects. This course will be essentially the same as in the past four years (when it was cross-listed as GSB GEN 335). This course is highly
multi-disciplinary, both in terms of substance and student mix. The course has consistently had a significant mix of business, engineering, law and earth science
students. As in the past, the course will focus on the issues associated with the business of developing, financing, constructing and operating grid-scale clean
energy projects. The course will focus on what a project developer or lender (i.e., in either case, the business person) needs to know to develop and finance
successful projects. The project development business--far more than many other businesses such as tech, manufacturing, consumer, services, retail or
transportation--inherently involves a VERY long list of highly-germane and critical legal issues. We address the legal issues from the perspective of what a business
person needs to understand in order to navigate them and complete a project. The primary course materials will be documents from several representative
projects -- e.g., solar, wind, storage, carbon capture, transmission, combined heat & power -- covering key areas including market and feasibility studies,
environmental permitting and regulatory decisions, financial disclosure from bank and bond transactions, and construction, input, and offtake contracts. For
virtually every clean energy project, legal documents and financial/business models tend to highly customized. By examining actual projects and transactions we
can learn how developers, financiers, and lawyers work to get deals over the finish line--deals that meet the demands of the market, the requirements of the law,
and (sometimes) broader societal goals, in particular climate change, economic competitiveness, and energy security. Elements used in grading: Class Participation
(35 %), Lecture-based Assignment (15 %), Group Project (50 %). Absences affect grade. This class is limited to 36 students, with an effort made to have students
from SLS, GSB, engineering and earth sciences. (All students need to be graduate students.) CONSENT APPLICATION: To apply for this course, students must
complete and submit a Consent Application Form available on the SLS website (Click Courses at the bottom of the homepage and then click Consent of Instructor
Forms). Students are encouraged to apply as early as possible. See Consent Application Form for instructions and submission deadline.

Last offered: Spring 2019 | Units: 3 | Grading: Law Honors/Pass/Restrd Cr/Fail

LAW 2510: California Coast: Science, Policy and Law
This interdisciplinary course integrates the legal, scientific, and policy dimensions of how we characterize and manage resource use and allocation along the
California coast. We will use this geographic setting as the vehicle for exploring more generally how agencies, legislatures, and courts resolve resource-use conflicts
and the role that scientific information and uncertainty play in the process. Our focus will be on the land-sea interface as we explore contemporary coastal land-
use and marine resource decision-making, including coastal pollution, public health, ecosystem management; public access; private development; local community
and state infrastructure; natural systems and significant threats; resource extraction; and conservation, mitigation and restoration. Students will learn the
fundamental physics, chemistry, and biology of the coastal zone, tools for exploring data collected in the coastal ocean, and the institutional framework that
shapes public and private decisions affecting coastal resources. There will be 3 to 4 written assignments addressing policy and science issues during the quarter, as
well as a take-home final assignment. Special Instructions: In-class work and discussion is often done in interdisciplinary teams of students from the School of Law,
the School of Engineering, the School of Humanities and Sciences, and the School of Earth, Energy, and Environmental Sciences. Students are expected to
participate in class discussion and 2-3 Saturday field trips. Elements used in grading: Participation, including class session and field trip attendance, writing and
quantitative assignments. Cross-listed with Civil & Environmental Engineering (CEE 175A/275A).

Last offered: Spring 2020 | Units: 4 | Grading: Law Honors/Pass/Restrd Cr/Fail

LAW 2512: Cities and Sustainability: Current Issues, Policy, and Law
Cities are on the front lines of solving many of society's sustainability problems, from advancing green buildings and clean energy, to preparing for the effects of
climate change. With a diminishing role of the federal government on environmental policy and regulation, it is up to sub-nationals like states and cities to lead
innovation and deployment of clean energy, resilience strategies, water management, and more. This class will explore the evolving role of cities in advancing
sustainability from the lens of law, policy, planning, and governance. Some of the topics we will discuss in-depth include climate mitigation, clean energy, green
buildings, climate adaptation and resilience, water supply and reuse, land use and transportation, and more. Case studies will focus on U.S. cities with some
emphasis on California. Overarching themes across all content areas include legal constraints of city authority, governance, socioeconomic tradeoffs, and the roles
of various types of institutions in developing, advancing, and advocating for local policy change. Elements used in grading: Attendance, Class Participation, Written
Assignments, Exam. Cross-listed with Environment and Resources (ENVRES 212).

Last offered: Spring 2018 | Units: 2 | Grading: Law Honors/Pass/Restrd Cr/Fail

LAW 2513: Climate: Politics, Finance, and Infrastructure
While climate change is often considered an 'environmental problem', the risks and opportunities embedded in a changing climate go well beyond the natural
environment. This course reframes climate as a macroeconomic challenge, one in which multilateral politics, global investment, and distribution of impacts must
be understood and reconsidered. Based on readings and guest speakers, this interdisciplinary course traces the arc of climate past, present and future on the pillars
of politics, finance, and infrastructure (both physical and institutional). Grounded in the latest climate science and the history of global climate negotiations, the
bulk of the course investigates innovations at the intersection of finance, law and policy, with particular emphasis on risk management, legal liability, corporations,
climate justice and resilience. The final sessions look to the future and consider how the next generation of leaders might solve the greatest challenge of our time.
Elements used in grading: Students may take the course for 2 units (section 1) or 3 units (section 2). Section 1 and 2 students will receive grades for attendance, in
class participation and guest-speaker questions. Section 1 students will complete a group presentation on the design of a financial, business, legal or policy
intervention with the potential to reduce emissions on a large scale. Section 2 students will be required to write an individual research paper meeting the Law
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School's R paper requirements. This class is limited to 30 students, with an effort made to have students from SLS (15 students will be selected by lottery) and 15
non-law students by consent of instructor. After the term begins, students accepted into the course can transfer from section (01) into section (02), which meets
the R requirement, with consent of the instructor.

Terms: Win | Units: 2-3 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Gordon, K. (PI); Seiger, A. (PI)

LAW 2515: Environmental Justice
This course will introduce environmental justice as a social movement, including its central substantive concerns (the needs of humans in the built environment
rather than the need to protect the environment from humans) and its methods (community-based political organizing rather than professionalized judicial or
legislative action). The bulk of the course will then pursue a broader conception of environmental justice today by using social science research, theory, and case
studies to investigate the civil rights and poverty aspects of environmental safety and natural resources. The course will include units on: (1) toxic exposure and
public health disparities stemming from the disproportionate siting of locally-unwanted land uses in poor neighborhoods of color; (2) access to natural resources and
basic public services, including clean water, wastewater disposal, and open space; (3) tools in environmental justice advocacy (including community-based
lawyering, Title VI of the Civil Rights Act of 1964, the Fair Housing Act, common law nuisance actions, and transactional lawyering); (4) environmental justice issues
in Indian Country, and (5) environmental justice issues in climate change policy. Much of the course material, including student presentations, will be grounded in
the experiences and advocacy histories of specific communities, both urban and rural, across the country. This class is limited to 25 students, with an effort made
to have students from SLS (20 students will be selected by lottery) and 5 non-law students by consent of instructor. Special Instructions: Students on the waitlist for
the course will be admitted if spots are available on the basis of priority and degree program. Course requirements will include class participation, in-class
presentation, and either response papers (section 01) or a long research paper for R credit (section 02). A maximum of 10 students will be permitted to write the
long research paper with instructor consent. After the term begins, students enrolled in the course can transfer from section (01) into section (02), which meets the
R requirement, with consent of the instructor. Elements used in grading: Class participation, in-class presentation; response papers or a final research paper.

Terms: Spr | Units: 3 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Anderson, M. (PI)

LAW 2516: Natural Resources Law and Policy - South Africa: Field Study
This is the South Africa Field Study component of Natural Resources Law and Policy (LAW 2506). For details, see course description for Law 2506. This course will
look at three issues covered in Natural Resources Law & Policy from a comparative perspective, focusing on Cape Town, South Africa, and the region surrounding it.
First, we will look at the water challenges facing Cape Town, including (a) the supply limitations that led the city to warn in 2018 of a "Day Zero" when it would be
forced to turn off everyone's taps and (b) the ongoing water equity issues facing the region's impoverished townships such as Khayelitsha. Second, we will visit with
companies and law firms seeking to promote renewable energy projects to discuss the issues that they face. Finally, we will meet with environmental non-profits to
examine South Africa's efforts to protect wildlife from poaching and other threats. Students might also participate in small, half-day conference with the University
of Stellenbosch examining these and related sustainability issues. Elements used in grading: TBA. CONSENT APPLICATION: To apply for this course, students must
complete and submit a Consent Application Form available on the SLS website (Click Courses at the bottom of the homepage and then click Consent of Instructor
Forms). See Consent Application Form for instructions and submission deadline.

Last offered: Winter 2019 | Units: 1 | Grading: Law Mandatory P/R/F

LAW 2517: Modern Crosscurrents in Energy and Environmental Law
This course explores the close relationship between energy and environmental law. We will work through the major energy sectors and, for each, discuss key
environmental law and policy issues that are influencing energy production and use. Our focus will be on current issues. We'll explore environmental issues that are
traditionally associated with the energy sector, including air emissions, waste disposal and cleanup, and oil spills, while also covering new environmental issues
emerging from the energy sector including climate change-related regulatory and business risk issues, energy infrastructure permitting issues, and environmental
pressure points on the utility industry and on renewable energy and conventional energy projects, more generally. Elements used in grading: Exam; one written
assignment; class participation.

Last offered: Autumn 2017 | Units: 3 | Grading: Law Honors/Pass/Restrd Cr/Fail

LAW 2518: U.S. Environmental Law in Transition
This course offers an accessible survey of timely topics in environmental law and policy as the United States transitions presidential administrations. Taught by two
practicing lawyers, the class introduces students from any background to the interactions between local, state, and federal environmental law as they apply to
critical policy issues. We will analyze major changes in federal policy, providing historical context for the transformations now underway in the laws and institutions
that shape environmental outcomes in the United States. Elements used in grading: Attendance, Class Participation, Final Paper. Cross-listed with Earth Systems
(EARTHSYS 108 & 208).

Last offered: Spring 2017 | Units: 1 | Grading: Law Mandatory P/R/F

LAW 2519: Water Law
This course will study how society allocates and protects its most crucial natural resource -- water. The emphasis will be on current legal and policy debates,
although we will also examine the history of water development and politics. The course will focus on United States law and policy, but insights from the course are
applicable to water regimes throughout the world, and we will occasionally look at law and policy elsewhere in the world for comparison. Among the many issues
that we will consider are: how to allocate water during periods of scarcity (particularly as climate change leads to more extremes); alternative means of responding
to the world's growing demands for water (including active conservation); the appropriate role for the market and private companies in meeting society's water
needs; protection of threatened groundwater resources; environmental limits on water development (including the U.S. Endangered Species Act and the "public
trust" doctrine); constitutional issues in water governance; the human right to water; Native American water rights; protection of water quality; challenges to the
substantive reform of existing water law; and interstate and international disputes over water. Students will be expected to participate actively in classroom
discussions. Elements Used in Grading: Class participation, attendance and final exam.

Terms: Win | Units: 3 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Thompson, B. (PI)

LAW 2521: California's Water Policy and Management: Toward a Sustainable Future
This seminar series focuses on the dramatic changes in recent decades in California water policy and management and how water researchers can help forge
modern, collaborative solutions that will allow the state to adapt to an uncertain and challenging future. The seminar will meet six times during the Spring Quarter.
The heart of the series will include four seminars with panels of outside experts covering the following topics: 1) The diversification of California's water supply
portfolio; 2) The rise of the coequal goals of ecosystem restoration and water supply reliability; 3) The ongoing tension between collaborative and adversarial

https://explorecourses.stanford.edu/instructor/khgordon
https://explorecourses.stanford.edu/instructor/aseiger
https://explorecourses.stanford.edu/instructor/mwa
https://explorecourses.stanford.edu/instructor/buzzt


decision-making processes; and 4) Implications for water researchers seeking to help define pathways to meaningful solutions. In addition to these four seminar
sessions, there will be an introductory California Water 101 session for students and a closing session on what we have learned. Students will be assigned readings
and required to develop questions for discussion. Lead instructor for the seminar will be Landreth Visiting Fellow Dr. Timothy Quinn. Dr. Quinn spent more than ten
years as the executive director of the Association of California Water Agencies, and more than twenty years as the Deputy General Manager of the Metropolitan
Water District of Southern California. Over the course of that career, he was at the center of every major water management issue facing the state of California,
including the state's use of Colorado River water, management of the Bay Delta, and sustainable groundwater management. This class will meet the first five weeks
of the quarter. Elements used in grading: Attendance, Class Participation, Written Assignments. Cross-listed with Civil & Environmental Engineering (CEE 266E).

Last offered: Spring 2019 | Units: 1 | Grading: Law Mandatory P/R/F

LAW 2522: Private Environmental Governance
The tools of private environmental regulation (e.g., eco-certifications, CSR initiatives, supplier contracts) have become an increasingly important source of
governance. But how do they work? How do they arise--why and how can corporations participate in these voluntary measures? How do they regulate firm behavior
and how can regulators police the tools themselves? This interdisciplinary seminar examines these questions and more, with readings from traditional legal sources
(cases, agreements), as well as from economics, political science, and social psychology. Guest speakers and case studies will add real-world context to our
exploration of theory. Elements used in grading: Students may take the course for 2 units (section 1) or 3 units (section 2). Attendance, class participation, and
short written assignments will factor into grades for both sections. Section 1 students will also prepare a private governance proposal and presentation. Section 2
students will write a research paper meeting the Law School's R paper requirements. After the term begins, students can transfer from section 1 to section 2, which
meets the R requirement, with consent of the instructors. Please note that the last two class sessions (May 21 and 28) will have to be rescheduled. Cross-listed with
Environment and Resources (ENVRES 228).

Last offered: Spring 2020 | Units: 2-3 | Grading: Law Honors/Pass/Restrd Cr/Fail

LAW 2523: Climate, Energy, and Democracy
This 1-credit, discussion-based seminar will examine the challenge and promise of responding to climate change in democracy. Combining theoretical readings and
real-world examples such as California community choice energy programs and the movement for a Green New Deal, we will explore questions including: To
transform our fossil-fuel based economy, do we need more democracy or less democracy, and what practically does either of those things mean? What makes
federal climate change legislation so hard to achieve? In contrast, why have many sub-federal communities been successful in adopting climate change policies, and
what are the benefits and limitations of these local actions? Grades will be based on a series of short reaction papers and class participation. Elements used in
grading: Attendance, Class Participation, Written Assignments. This class will meet 4:15-7:15pm on Mondays - April 20, April 27, and May 4.

Last offered: Spring 2020 | Units: 1 | Grading: Law Honors/Pass/Restrd Cr/Fail

LAW 2524: Environmental Justice Workshop
This workshop will provide students with the opportunity to hear from faculty at other law schools who are at the cutting edge of research in the area of
environmental justice. Although it is open to all students, the seminar is designed especially for those with an interest in the field who wish to stay abreast of
current issues, work, and ideas. Each class will involve a legal expert presenting a scholarly article that is a work-in-progress, giving the students an opportunity to
comment on and shape the piece. This class will meet for six sessions on Thursday afternoons from 4:15 to 5:45 during the fall quarter. It will be a 1-unit Mandatory
Pass (MP) class. Elements used in grading include attendance and participation, preparation of written questions for the speakers, and short reflection papers.

Terms: Aut | Units: 1 | Grading: Law Mandatory P/R/F

Instructors: ; Polk, A. (PI); Sivas, D. (PI); Thompson, B. (PI)

LAW 4014: Law, Technology, and Liberty
New technologies from gene editing to networked computing have already transformed our economic and social structures and are increasingly changing what it
means to be human. What role has law played in regulating and shaping these technologies? And what role can and should it play in the future? This seminar will
consider these and related questions, focusing on new forms of networked production, the new landscape of security and scarcity, and the meaning of human
nature and ecology in an era of rapid technological change. Readings will be drawn from a range of disciplines, including science and engineering, political
economy, and law. The course will feature several guest speakers. There are no formal prerequisites in either engineering or law, but students should be committed
to pursuing novel questions in an interdisciplinary context. The enrollment goal is to balance the class composition between law and non-law students. Elements
used in grading: Attendance, Class Participation, Written Assignments. CONSENT APPLICATION: To apply for this course, students must complete and submit a
Consent Application Form available on the SLS website (Click Courses at the bottom of the homepage and then click Consent of Instructor Forms). See Consent
Application Form for instructions and submission deadline. This course is cross-listed with Bioengineering (BIOE 242) and Engineering (ENGR 243) .

Last offered: Winter 2017 | Units: 2 | Grading: Law Honors/Pass/Restrd Cr/Fail

LAW 4043: The Social & Economic Impact of Artificial Intelligence
Recent advances in computing may place us at the threshold of a unique turning point in human history. Soon we are likely to entrust management of our
environment, economy, security, infrastructure, food production, healthcare, and to a large degree even our personal activities, to artificially intelligent computer
systems. The prospect of "turning over the keys" to increasingly autonomous systems raises many complex and troubling questions. How will society respond as
versatile robots and machine-learning systems displace an ever-expanding spectrum of blue- and white-collar workers? Will the benefits of this technological
revolution be broadly distributed or accrue to a lucky few? How can we ensure that these systems are free of algorithmic bias and respect human ethical principles?
What role will they play in our system of justice and the practice of law? How will they be used or abused in democratic societies and autocratic regimes? Will they
alter the geopolitical balance of power, and change the nature of warfare? The goal of CS22a is to equip students with the intellectual tools, ethical foundation,
and psychological framework to successfully navigate the coming age of intelligent machines. Elements used in grading: Attendance. Cross-listed with Computer
Science (CS 22A) and International Policy (INTLPOL 200).

Terms: Win | Units: 1 | Grading: Law Mandatory P/R/F

Instructors: ; Kaplan, J. (PI)

LAW 5015: International Dealmaking: Vienna Field Negotiation
This course is structured around a week-long, simulated negotiation exercise which provides an in-depth study of the structuring and negotiating of an international
business transaction. This class will be taught in counterpart with a class at University of Vienna Law School. Students in this class will represent a U.S.
pharmaceutical company, and the students in the class at Vienna will represent an African agricultural production company. The two companies are interested in
working together to exploit a new technology developed by the pharmaceutical company that uses the cassava produced by the African agricultural production
company. The form of their collaboration could be a joint venture, a licensing agreement or a long-term supply contract, or some combination. The negotiations
between the two classes will take place through written exchanges and through real-time negotiation which will be conducted in-person. The purpose of the course
is to provide students with an opportunity (i) to experience the sequential development of a business transaction over an extended negotiation, (ii) to study the
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business and legal issues and strategies that impact the negotiation, (iii) to gain insight into the professional and cultural dynamics of negotiating and structuring
international business transactions, (iv) to learn about the role that lawyers and law play in these negotiations, (v) to give students experience in drafting
communications, and (vi) to provide negotiating experience in a context that replicates actual legal practice with an unfamiliar opposing party. Students will also
learn about the legal and business issues that may arise in joint ventures, supply agreements and licensing agreements. The thrust of this course is class
participation and active involvement in the negotiations process. Students are expected to spend time outside of class, working in teams, to prepare for class
discussions involving the written exchanges, as well as preparing for the live negotiations. Class discussions will focus on the strategy for, and progress of, the
negotiations, as well as the substantive legal, business and policy matters that impact on the negotiations. The course will be limited by consent to eight (8)
students. Prerequisites: A course in basic negotiations (e.g., Law 7821) or comparable prior experience is recommended. Elements used in grading: Class
participation, written assignments and final paper. There will be two preparatory sessions at Stanford during February and March 2018. Students in the class will
travel to Vienna on or before Saturday, March 24th. Class sessions will begin on Sunday afternoon, March 25, and continue all day Monday, March 26 through
Wednesday, March 28th. [Cultural tour and closing dinner on Thursday, March 29th, and depart for USA on Friday, March 30th.]

Last offered: Winter 2018 | Units: 2 | Grading: Law Mandatory P/R/F

LAW 7024: Food Law and Policy
This seminar explores legal and policy issues related to our food system, including the regulation of food supply, food safety, nutrition / obesity, marketing /
labeling, security, and animal treatment. We will examine how laws and regulations affect the production, distribution, sale, and consumption of food and whether
particular regulatory approaches (e.g., product bans, product standards, government subsidies, taxes, information disclosure, or labeling) are more effective in
achieving public goals. The course can be conceived of as a form of applied administrative law and regulation, but no background is necessary. Instructions: Grades
will be based on class attendance, class participation, and either several short reflection papers (section (01)) or an independent research paper (section (02)).
After the term begins, students accepted into the course can transfer from section (01) into section (02), which meets the R requirement, with consent of the
instructor. Students taking the course for R credit can take the course for either 2-4 units, depending on paper length. CONSENT APPLICATION: To apply for this
course, students must complete and submit a Consent Application Form available on the SLS website (Click Courses at the bottom of the homepage and then click
Consent of Instructor Forms). See Consent Application Form for instructions and submission deadline

Last offered: Winter 2019 | Units: 2-4 | Grading: Law Honors/Pass/Restrd Cr/Fail

LAW 7030: Federal Indian Law
This course will provide an overview of the field of federal Indian law. It will consider the origins and scope of tribal sovereignty as recognized under federal law, as
well as current federal law on tribal criminal and civil jurisdiction. It will also explore the division of authority between tribal, federal, and state governments;
federal statutory schemes governing Natives and Native nations; and constitutional issues affecting Natives. Additional current legal issues which may be covered
based on class selection include Native land claims, gaming, family law, religious and cultural rights, and natural resources. Elements used in grading: Class
Participation, Final Exam.

Terms: Aut | Units: 3 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Ablavsky, G. (PI)

LAW 7051: Local Government Law
This course will examine the source, scope and limits of local government power. It will consider the relationship of local governments to state and federal
government and of the relationship of local governments to the individuals and communities within and around them. Specific themes will include the potential of
local governments to be responsive democratic communities, the potential of local governments to become isolated or exclusive enclaves, and the effect of local
governments on the metropolitan political economy. The course will examine state and federal doctrine that affects local government, political/ social theory and
urban planning/ development literature. Students may write papers in lieu of the final exam. Upon instructor consent, students interested in writing should enroll
in Law 427-0-02. Students who do not receive a spot in section 02 may enroll in section 01. Elements used in grading: Exam or paper and class participation

Terms: Win | Units: 3 | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Ford, R. (PI)

LAW 7824: Advanced Negotiation: Environmental Policy
Advanced negotiation courses are designed to take students beyond the two-party, lawyer-client negotiations that were the focus of the Negotiation Seminar, to
examine many facets of negotiation complexity, both in terms of the participants and topics. This section of Advanced Negotiation will focus on two-party and
multi-party environmental policy negotiations, working in teams, group decision-making, coalition management, and negotiating on behalf of organizations to solve
complex problems in environmental policy. The goals of the class are twofold, for students (1) to acquire an added theoretical base beyond what was covered in the
Negotiation Seminar through which to analyze (in terms of law and facts), prepare for, participate in and facilitate more complex, multiparty negotiations, and (2)
to expand skills through deeper examination of various actual negotiation cases and complex simulations, including ethical responsibilities to the client and the
public, opportunities for leadership, and collaboration. Special Instructions: Attendance at and participation in the simulations is required. Passing is dependent
upon active preparation and participation, submission of four assigned short reflection papers, and completion of a student-selected case analysis (a completed or
ongoing environmental policy dialogue). Prerequisite: Negotiation Seminar (Law 7821) or its substantial equivalent. Advanced degree students (and graduate
students in other departments and programs) are encouraged to enroll. The course is designed for students who have already taken a basic negotiation seminar, but
students who have not taken Negotiation may still be admitted if they attend an intensive bootcamp in basic negotiation theory and methods the first Saturday of
winter quarter, January 8. Elements used in grading: Class participation and engagement, including simulations; attendance; preparation for and contributions to
discussion; four short written assignments; and a 10 page case analysis.

Terms: Win | Units: 3 | Grading: Law Mandatory P/R/F

Instructors: ; Martinez, J. (PI)

LAW 8002: Environmental Law and Policy Colloquium
The Environmental Law & Policy Colloquium offers students the opportunity to learn about cutting-edge legal topics related to environmental law, broadly defined
to include, among other areas, pollution control, natural resources management, and energy development. The colloquium meets in two quarters. During the
autumn quarter, students will learn about core concepts that underlie the administration of environmental law, exploring ideas from economics, philosophy, natural
science, and law. In the autumn quarter, students will begin to develop a capstone research paper on a contemporary environmental law issue. During the spring
quarter, the students will write and present their research papers. Elements used in grading include attendance and participation, problem sets, small writing
assignments, and a final paper. This course is required for students in the Environmental Law & Policy LL.M. Program. All other students are welcome but will need
instructor permission to enroll. Class will meet online (Zoom) and in-person to be arranged by the instructor with the students.

Terms: Aut, Spr | Units: 2 | Repeatable 3 times (up to 4 units total) | Grading: Law Honors/Pass/Restrd Cr/Fail

Instructors: ; Polk, A. (PI)
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LAWGEN 20SC: Fighting over Our Common Heritage: Public Lands in the West
Wallace Stegner described our national parks as America's "best idea...absolutely American, absolutely democratic." But our parks are just a small part of the
nation's public lands, which also include national monuments, national forests, wildernesses, wildlife refuges, recreation areas, and wild and scenic rivers. The
federal government owns almost a quarter of the United States and almost twice that much of the West, peaking at an astounding 84.9 percent of Nevada. Since
the founding of the Republic, Americans have argued over the best uses and management of the federal public lands--even disagreeing whether the federal
government should continue to own them. These debates have grown more intense under the Trump Administration. Many of the conflicts focus on the types and
intensity of uses to which federal lands should be put. Should wildlife refuges be open for petroleum development? Should national parks allow hunting,
snowmobiles, and other off-road vehicles? In other cases, private landowners complain about spillovers from neighboring public lands. Ranchers in the West, for
example, long have complained about federal protection of wolves and wild horses. These public land debates can be heated and even deadly. In 2016, armed
militants occupied the Malheur National Wildlife Refuge in Oregon to protest federal ownership; the occupation ultimately led to the shooting death of one of the
militants. We will begin at Stanford with several classes on the history and politics of the federal public lands, as well as an evaluation of the competing visions for
their use. We then will travel to Utah to visit key public lands, meet with government officials and stakeholders on all sides of the issues, and study conflicts first
hand. Utah is the perfect state for this intensive field experience. Outside of Nevada, Utah has the largest percentage of federal public lands (64.9%). It is home to
five magnificent national parks. Yet Utah also has been home in recent years to a new Sagebrush Rebellion, battling against federal ownership and protection of the
public domain. Utah has been the central focus of President Trump's efforts to reverse the orders of previous presidents who protected large swaths of public lands,
including Bears Ears and Grand Staircase-Escalante, from development by declaring them national monuments. Students will complete assigned readings on the
public lands over the summer. Once on campus, each student will choose a current public-land controversy to research and analyze. Students will write 6-8 page
papers and present their findings to the class in the last week of the course.

Last offered: Summer 2018 | Units: 2 | Grading: Satisfactory/No Credit

MATSCI 144: Thermodynamic Evaluation of Green Energy Technologies
Understand the thermodynamics and efficiency limits of modern green technologies such as carbon dioxide capture from air, fuel cells, batteries, and geothermal
power. Recommended: ENGR 50 or equivalent introductory materials science course. (Formerly 154)

Terms: Spr | Units: 4 | UG Reqs: GER:DB-EngrAppSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Kaeli (she/her), E. (PI); Lomeli, E. (TA)

MATSCI 156: Solar Cells, Fuel Cells, and Batteries: Materials for the Energy Solution
Operating principles and applications of emerging technological solutions to the energy demands of the world. The scale of global energy usage and requirements
for possible solutions. Basic physics and chemistry of solar cells, fuel cells, and batteries. Performance issues, including economics, from the ideal device to the
installed system. The promise of materials research for providing next generation solutions. Undergraduates register in 156 for 4 units; graduates register in 256 for
3 units. Prerequisites: MATSCI 145 and 152 or equivalent coursework in thermodynamics and electronic properties.

Last offered: Spring 2021 | Units: 3-4 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter or Credit/No Credit

MATSCI 161: Energy Materials Laboratory (MATSCI 171)
From early church architectures through modern housing, windows are passages of energy and matter in the forms of light, sound, and air. By letting in heat during
the summer and releasing it in the winter, windows can place huge demands on air conditioning and heating systems, thereby increasing energy consumption and
raising greenhouse gas levels in the atmosphere. Latest advances in materials science have enabled precise and on-demand control of electromagnetic radiation
through `smart' dynamic windows with photochromic and electrochromic materials that change color and optical density in response to light radiance and electrical
potential. In this course, we will spend the whole quarter on a project to make and characterize dynamic windows based on a representative electrochromic
material system, the reversible electroplating of metal alloys. There will be an emphasis in this course on characterization methods such as scanning electron
microscopy (SEM), x-ray photoelectron spectroscopy (XPS), optical spectroscopy, four-point probe measurements of conductivity, and electrochemical
measurements (cyclic voltammetry).

Terms: Spr | Units: 3-4 | UG Reqs: GER:DB-EngrAppSci, WAY-SMA | Grading: Letter or Credit/No Credit

Instructors: ; Hong, G. (PI); Cui, H. (TA); Narain, A. (TA)

MATSCI 256: Solar Cells, Fuel Cells, and Batteries: Materials for the Energy Solution
Operating principles and applications of emerging technological solutions to the energy demands of the world. The scale of global energy usage and requirements
for possible solutions. Basic physics and chemistry of solar cells, fuel cells, and batteries. Performance issues, including economics, from the ideal device to the
installed system. The promise of materials research for providing next generation solutions.

Last offered: Spring 2021 | Units: 3-4 | Grading: Letter or Credit/No Credit

MATSCI 301: Engineering Energy Policy Change
Public policy and economic decisions profoundly affect all aspects of the energy ecosystem, including its supply, distribution, storage and utilization. These
decisions can also influence the pace and focus of innovation of new technologies, including through government-funded research and development programs or
regulatory efforts. This course will equip graduate students, who have strong science and engineering backgrounds, with a basic ability to understand and shape the
ideation and implementation of sound energy and, related economic, policy. Building on case studies of both aspirational and reactive U.S. energy policy-making,
students will design their own policy proposals for new, ambitious and achievable moonshot goals that advance a sustainable and prosperous future. In particular,
students will choose a moonshot goal designed to reduce U.S. (and/or global) transportation-related emissions. These proposals may focus on specific mobility
technologies (e.g., new zero-GHG liquid fuels), lead to transformation of mobility systems (e.g., integration of wide-scale automation into the transportation
sector), or reduce emissions in another way altogether (e.g., moving manufacturing closer to consumption through 3-d printing). Students will also be introduced to
gunshot scenarios, moments of energy crisis that require robust response and can create openings for dramatic change to the energy ecosystem.

Last offered: Winter 2019 | Units: 2 | Grading: Letter or Credit/No Credit

MATSCI 302: Solar Cells
In the last 15 years, the solar power market has grown in size by 100 times while solar modules prices have fallen by 20 times. Unsubsidized, solar power projects
now compete favorably against fossil fuels in many countries and is on track to be the largest energy provider in the future. How did this happen? nnIn MatSci 302
we will take a comprehensive look at solar cells starting from the underlying device physics that are relevant to all photovoltaic cell technologies. We will then look
at the undisputed king (silicon based solar cells); how do they work today and how will they develop in the future. Finally, we will look at why past challengers have
failed and how future challengers can succeed. This class will be co-taught by Brian and Craig, who graduated from the Material Science PhD program in 2011 and
then started PLANT PV, a startup that developed a solar technology from idea to protoype and then full implementation on production lines in China. The lecturers
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routinely visit manufacturing facilities in Asia and work closely with engineering staff at the largest solar cell makers in the world to implement their technology
into production lines.

Last offered: Autumn 2019 | Units: 3 | Grading: Letter or Credit/No Credit

MATSCI 303: Principles, Materials and Devices of Batteries
Thermodynamics and electrochemistry for batteries. Emphasis on lithium ion batteries, but also different types including lead acid, nickel metal hydride, metal air,
sodium sulfur and redox flow. Battery electrode materials, electrolytes, separators, additives and electrode-electrolyte interface. Electrochemical techniques;
advanced battery materials with nanotechnology; battery device structure. Prerequisites: undergraduate chemistry.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Cui, Y. (PI); Greenburg, L. (TA); Yang, Y. (TA)

ME 30: Engineering Thermodynamics
The basic principles of thermodynamics are introduced in this course. Concepts of energy and entropy from elementary considerations of the microscopic nature of
matter are discussed. The principles are applied in thermodynamic analyses directed towards understanding the performances of engineering systems. Methods and
problems cover socially responsible economic generation and utilization of energy in central power generation plants, solar systems, refrigeration devices, and
automobile, jet and gas-turbine engines.

Terms: Aut, Win | Units: 3 | UG Reqs: WAY-AQR, WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Wang, H. (PI); Zheng, X. (PI); Boxill, A. (TA); Greene, C. (TA); Toro Garza, E. (TA); Vacek, D. (TA)

ME 70: Introductory Fluids Engineering
Elements of fluid mechanics as applied to engineering problems. Equations of motion for incompressible flow. Hydrostatics. Control volume laws for mass,
momentum, and energy. Bernoulli equation. Differential equations of fluid flow. Euler equations. Dimensional analysis and similarity. Internal flows. Introductory
external boundary layer flows. Introductory lift and drag. ENGR14 and ME30 required.

Terms: Win, Spr | Units: 3 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter or Credit/No Credit

Instructors: ; Cappelli, M. (PI); Tang, S. (PI); Brown, A. (TA); Choudhary, R. (TA); Guo, J. (TA); Koppaka, S. (TA); Paul, R. (TA)

ME 141: Alternative Energy Systems
Capstone course. Energy analysis, diagnostics and engineering of selected alternative energy systems with an integrated thermodynamic, heat transfer, and fluid
mechanic approach. Mixtures, transport, reactions, electrochemical processes and photovoltaic effects. Labs apply principles through hands-on experience with
selected alternative energy systems and their components. Use of MATLAB as an analysis tool.

Last offered: Spring 2018 | Units: 5 | Grading: Letter (ABCD/NP)

ME 170A: Mechanical Engineering Design- Integrating Context with Engineering
First course of two-quarter capstone sequence. Working in project teams, design and develop an engineering system addressing a real-world problem in theme area
of pressing societal need. Learn and utilize industry development process: first quarter focuses on establishing requirements and narrowing to top concept. Second
quarter emphasizes implementation and testing. Learn and apply professional communication skills, assess ethics. Students must also enroll in ME170b; completion
of 170b required to earn grade in 170a. Course sequence fulfills ME WIM requirement. Prerequisites: ENGR15, ME80, ME104 (112), ME131, ME123/151. (Cardinal
Course certified by the Haas Center). Concurrent enrollment in sections 1 and 2, is required.

Terms: Aut | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Cohen, S. (PI); Wood, J. (PI); Chen, S. (TA); Haynesworth, C. (TA); Marable, M. (TA); Wang, C. (TA)

ME 170B: Mechanical Engineering Design: Integrating Context with Engineering
Second course of two-quarter capstone sequence. Working in project teams, design and develop an engineering system addressing a real-world problem in theme
area of pressing societal need. Learn and utilize industry development process: first quarter focuses on establishing requirements and narrowing to top concept.
Second quarter emphasizes implementation and testing. Learn and apply professional communication skills, assess ethics. Students must have completed ME170a;
completion of 170b required to earn grade in 170a. Course sequence fulfills ME WIM requirement. Prerequisites: ENGR15, ME80, ME104 (112), ME131, ME123/151.
(Cardinal Course certified by the Haas Center).Concurrent enrollment in sections 1 and 2, is required.

Terms: Win | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Cohen, S. (PI); Wood, J. (PI); Chen, S. (TA); Haynesworth, C. (TA); Hiss, E. (TA); Marable, M. (TA); Pinto, S. (TA); Wang, C. (TA)

ME 182: Electric Transportation
Transportation accounts for nearly one-third of American energy use and greenhouse gas emissions and three-quarters of American oil consumption. It has crucial
impacts on climate change, air pollution, resource depletion, and national security. Students wishing to address these issues reconsider how we move, finding
sustainable transportation solutions. An introduction to the issue, covering the past and present of transportation and its impacts; examining alternative fuel
proposals; and digging deeper into the most promising option: battery electric vehicles. Energy requirements of air, ground, and maritime transportation; design of
electric motors, power control systems, drive trains, and batteries; and technologies for generating renewable energy. Students will also have a fun opportunity for
a hands-on experience with an electric car. Prerequisites: Introduction to calculus and Physics AP or elementary mechanics.

Last offered: Autumn 2017 | Units: 3 | Grading: Letter (ABCD/NP)

ME 206A: Design for Extreme Affordability
Design for Extreme Affordability (fondly called Extreme) is a two-quarter course offered by the d.school through the School of Engineering and the Graduate School
of Business. This multidisciplinary project-based experience creates an enabling environment in which students learn to design products and services that will
change the lives of the world's poorest citizens. Students work directly with course partners on real world problems, the culmination of which is actual
implementation and real impact. Topics include design thinking, product and service design, rapid prototype engineering and testing, business modelling, social
entrepreneurship, team dynamics, impact measurement, operations planning and ethics. Possibility to travel overseas during spring break. Previous projects include
d.light, Driptech, Earthenable, Embrace, the Lotus Pump, MiracleBrace, Noora Health and Sanku. Periodic design reviews; Final course presentation and expo;
industry and adviser interaction. Limited enrollment via application. Must sign up for ME206A and ME206B. See extreme.stanford.edu

Terms: Win | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Coulson, S. (PI); Kohn, M. (SI); Yeturu, M. (SI); Lion-Transler, C. (GP)
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ME 206B: Design for Extreme Affordability
Design for Extreme Affordability (fondly called Extreme) is a two-quarter course offered by the d.school through the School of Engineering and the Graduate School
of Business. This multidisciplinary project-based experience creates an enabling environment in which students learn to design products and services that will
change the lives of the world's poorest citizens. Students work directly with course partners on real world problems, the culmination of which is actual
implementation and real impact. Topics include design thinking, product and service design, rapid prototype engineering and testing, business modelling, social
entrepreneurship, team dynamics, impact measurement, operations planning and ethics. Possibility to travel overseas during spring break. Previous projects include
d.light, Driptech, Earthenable, Embrace, the Lotus Pump, MiracleBrace, Noora Health and Sanku. Periodic design reviews; Final course presentation and expo;
industry and adviser interaction. Limited enrollment via application. Must sign up for ME206A and ME206B. See extreme.stanford.edu. Cardinal Course certified by
the Haas Center

Terms: Spr | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Coulson, S. (PI); Kohn, M. (SI); Yeturu, M. (SI); Lion-Transler, C. (GP)

ME 250: Internal Combustion Engines
Internal combustion engines including conventional and turbocharged spark ignition, and diesel engines. Lectures: basic engine cycles, engine components, methods
of analysis of engine performance, pollutant emissions, and methods of engine testing. Lab involves hands-on experience with engines and test hardware. Limited
enrollment. Prerequisites: 140.

Last offered: Autumn 2017 | Units: 1-5 | Grading: Letter or Credit/No Credit

ME 257: Gas-Turbine Design Analysis (ME 357)
This course is concerned with the design analysis of gas-turbine engines. After reviewing essential concepts of thermo- and aerodynamics, we consider a turbofan
gas-turbine engine that is representative of a business aircraft. We will first conduct a performance analysis to match the engine design with aircraft performance
requirements. This is followed by examining individual engine components, including compressor, combustor, turbines, and nozzles, thereby increase the level of
physical description. Aspects of modern engine concepts, environmental impacts, and advanced engine-analysis methods will be discussed. Students will have the
opportunity to develop a simulation code to perform a basic design analysis of a turbofan engine. Course Prerequisites: ENGR 30, ME 70, ME 131B, CME 100

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Ihme, M. (PI); Guo, J. (TA)

ME 262: Physics of Wind Energy (CEE 261B, ENERGY 262)
Formerly CEE 261. An introduction to the analysis and modeling of wind energy resources and their extraction. Topics include the physical origins of atmospheric
winds; vertical profiles of wind speed and turbulence over land and sea; the wind energy spectrum and its modification by natural topography and built
environments; theoretical limits on wind energy extraction by wind turbines and wind farms; modeling of wind turbine aerodynamics and wind farm performance.
Final project will focus on development of a new wind energy technology concept. Prerequisites: CEE 262A or ME 351A

Last offered: Winter 2018 | Units: 3 | Grading: Letter or Credit/No Credit

ME 267: Ethics and Equity in Transportation Systems
Transportation is a crucial element of human life. It enables communication with others, provides access to employment / economic opportunity, and transports
goods upon which we depend. However, transportation also generates negative impacts: pollution, noise, energy consumption and risk to human life. Because of its
enormous capability to affect our lives, transportation is one of the most highly regulated businesses in the world. These regulations are designed to promote social
welfare, improve access, and protect vulnerable populations. This course examines the origins and impacts of transportation policy and regulation: who benefits,
who bears the cost, and how social and individual objectives are achieved.

Terms: Win | Units: 3 | UG Reqs: WAY-ER | Grading: Letter (ABCD/NP)

Instructors: ; Gerdes, J. (PI)

ME 352B: Fundamentals of Heat Conduction
Physical description of heat conduction in solids, liquids, and gases. The heat diffusion equation and its solution using analytical and numerical techniques. Data
and microscopic models for the thermal conductivity of solids, liquids, and gases, and for the thermal resistance at solid-solid and solid-liquid boundaries.
Introduction to the kinetic theory of heat transport, focusing on applications for composite materials, semiconductor devices, micromachined sensors and
actuators, and rarefied gases. Prerequisite: consent of instructor.

Last offered: Winter 2020 | Units: 3 | Grading: Letter or Credit/No Credit

ME 357: Gas-Turbine Design Analysis (ME 257)
This course is concerned with the design analysis of gas-turbine engines. After reviewing essential concepts of thermo- and aerodynamics, we consider a turbofan
gas-turbine engine that is representative of a business aircraft. We will first conduct a performance analysis to match the engine design with aircraft performance
requirements. This is followed by examining individual engine components, including compressor, combustor, turbines, and nozzles, thereby increase the level of
physical description. Aspects of modern engine concepts, environmental impacts, and advanced engine-analysis methods will be discussed. Students will have the
opportunity to develop a simulation code to perform a basic design analysis of a turbofan engine. Course Prerequisites: ENGR 30, ME 70, ME 131B, CME 100

Last offered: Spring 2020 | Units: 3 | Grading: Letter or Credit/No Credit

ME 370A: Energy Systems I: Thermodynamics
Thermodynamic analysis of energy systems emphasizing systematic methodology for and application of basic principles to generate quantitative understanding.
Exergy, mixtures, reacting systems, phase equilibrium, chemical exergy, and modern computational methods for analysis. Prerequisites: undergraduate engineering
thermodynamics and computer skills such as Matlab.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Zheng, X. (PI); Tucker, C. (TA); Vallez, L. (TA)

ME 370B: Energy Systems II: Modeling and Advanced Concepts
Development of quantitative device models for complex energy systems, including fuel cells, reformers, combustion engines, and electrolyzers, using
thermodynamic and transport analysis. Student groups work on energy systems to develop conceptual understanding, and high-level, quantitative and refined
models. Advanced topics in thermodynamics and special topics associated with devices under study. Prerequisite: 370A.
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Terms: Win | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Edwards, C. (PI); Sniatowsky, J. (TA)

ME 370C: Energy Systems III: Projects
Refinement and calibration of energy system models generated in ME 370B carrying the models to maturity and completion. Integration of device models into a
larger model of energy systems. Prerequisites: 370A,B, consent of instructor.

Last offered: Spring 2021 | Units: 3-5 | Grading: Letter or Credit/No Credit

ME 371: Combustion Fundamentals
Heat of reaction, adiabatic flame temperature, and chemical composition of products of combustion; kinetics of combustion and pollutant formation reactions;
conservation equations for multi-component reacting flows; propagation of laminar premixed flames and detonations. Prerequisite: 362A or 370A, or consent of
instructor.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Bowman, C. (PI); Boddapati Venkata, V. (TA)

MED 50Q: Respiration
Preference to sophomores. Topics include: the biological basis for use of oxygen for aerobic metabolism in animals, human lung physiology and pathophysiology,
comparative physiology of respiration in fish, birds and mammals, new insights into mammalian lung development, current challenges in human respiratory health
including air pollution and lung cancer. Student presentations on specific topics based on literature research developed in consultation with the instructor.
Application required.

Last offered: Autumn 2017 | Units: 3 | Grading: Letter or Credit/No Credit

MED 131: Exploring Israel's Innovation and Entrepreneurship Ecosystem for Sustaining Human & Planetary Health
Israel's innovation ecosystem is one of the most admired in the world. Israel is a leader in health, environmental, and ecological innovation, and despite its small
size, Israel is home to a disproportionate number of successful start-ups. Israel combines history, culture, politics, and religion in unparalleled ways that influence
not only the human and planetary health innovation ecosystem, but all aspects of life. Students in this course will (1) develop an understanding of how socio-
cultural conditions, including political, regulatory, military, and academic institutions; geographical, historical, environmental, and technological conditions; and
human cultures and activities have shaped the innovation ecosystem in human and planetary health in Israel into one of the world's most productive centers; (2)
gain an appreciation of the advantages and disadvantages faced by entrepreneurs in Israel, how they have evolved, and how they compare to the experience of
entrepreneurs in the US and elsewhere; and (3) develop a strategy for delving more deeply into these themes in Israel. Note, this course will meet a total of four
times during spring term. REGISTRATION is limited to undergraduate students participating in the Bing Overseas Study Program in Israel, Summer 2022.
Prerequisites: This course is limited in enrollment to undergraduate students who will be participating in the Summer 2022 Bing Overseas Study Program (BOSP)
Seminar in Israel, Exploring Israel's Innovation Ecosystem in Human and Planetary Health: Can A startup Culture and Technology Change the World?

Terms: Spr | Units: 1-2 | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Bloom, G. (PI); Singer, S. (PI)

MED 224: Social Entrepreneurship and Innovation Lab (SE Lab) - Human & Planetary Health (HRP 224, PUBLPOL 224)
Social Entrepreneurship and Innovation Lab (SE Lab) - Global & Planetary Health is a Collaboratory workshop for students/fellows to design and develop innovative
social ventures addressing key challenges in health and the environment, especially in support of the UN Sustainable Development Goals (SDGs 2030). Your mandate
in identifying problems and designing solutions is broad and flexible! SE Lab is open to students and fellows across Stanford and combines design thinking exercises,
short lectures & case studies, workshops, small group teamwork, presentations, guest speakers, and faculty, practitioner and peer feedback to support you and your
team in generating and developing ideas and projects that will change the world! Join SE Lab with an idea or simply the desire to join a team. Enrollment limited to
30.

Terms: Aut, Win, Spr | Units: 1-5 | Repeatable 3 times (up to 15 units total) | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Bloom, G. (PI)

MED 228: Physicians and Social Responsibility
Social and political context of the roles of physicians and health professionals in social change; policy, advocacy, and shaping public attitudes. How physicians have
influenced governmental policy on nuclear arms proliferation; environmental health concerns; physicians in government; activism through research; the effects of
poverty on health; homelessness; and gun violence. Guest speakers from national and international NGOs.

Terms: Aut | Units: 1 | Grading: Medical Satisfactory/No Credit

Instructors: ; Laws, A. (PI)

MED 237: Health Law: Improving Public Health
(Same as Law 3009) Examines how the law can be used to improve the public's health. Major themes explored include: what authority does the government have to
regulate in the interest of public health? How are individual rights balanced against this authority? What are the benefits and pitfalls of using laws and litigation to
achieve public health goals? Investigates these issues in several contexts, including the control and prevention of infectious disease, laws aimed at preventing
obesity and associated noncommunicable diseases, tobacco regulation, ensuring access to medical care, reproductive health, lawsuits against tobacco, food and
gun companies, and public health emergencies.

Last offered: Spring 2021 | Units: 3 | Grading: Medical Option (Med-Ltr-CR/NC)

MED 285: Global Leaders and Innovators in Human and Planetary Health (HRP 285)
Are you interested in innovative ideas and strategies for addressing urgent challenges in human and planetary health? This 7 session lecture series features a
selection of noteworthy leaders, innovators and experts across diverse sectors in health and the environment such as: healthcare/medical innovation,
environmental sustainability, foundations/venture capital, biotechnology/pharmaceuticals, social innovation/entrepreneurship, tech/media and artificial
intelligence (AI), human rights, global poverty/development, sustainable agriculture/hunger/nutrition, public policy/systems change. Co-convened by faculty,
fellows and students collaborating across several Stanford centers/departments/schools, the course invites the discussion of global problems, interdisciplinary
perspectives and solutions in the fields of health and the environment. nSpecial themes for AY 2020-2021 include: 1) US and Global Responses in Combatting the
Coronavirus Pandemic; 2) Climate Crisis, Wildfires, Extreme Weather and Environmental Sustainability; 3) Systemic Racism, Gender Inequality, Health Inequity and
Community Well Being; 4) Democracy Under Siege, Political Landscape of Electoral, Judicial, Legislative Turmoil; 5) Partnership/Collaboration, Models of
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Leadership, Innovation, Sustainable Social Change; and Other Topics TBD by students/fellows. Students from all backgrounds are encouraged to enroll - registration
open to all Stanford students and fellows. May be repeated for credit.

Terms: Aut | Units: 1-2 | Repeatable 4 times (up to 8 units total) | Grading: Medical Satisfactory/No Credit

Instructors: ; Bloom, G. (PI); Singer, S. (PI)

MI 70Q: Photographing Nature
Utilizes the idiom of photography to learn about nature, enhance observation, and explore scientific concepts. Builds upon the pioneering photographic work of
Eadweard J. Muybridge on human and animal locomotion. A secondary goal is to learn the grammar, syntax, composition, and style of nature photography to
enhance the use of this medium as a form of scientific communication and also to explore the themes of change across time and space. Scientific themes to be
explored include: taxonomy, habitat preservation, climate change; species diversity; survival and reproductive strategies; ecological niches and coevolution,
carrying capacity and sustainability, population densities, predation, and predator-prey relationships, open-space management, the physics of photography.
Extensive use of field trips and class critque.

Terms: Win | Units: 3 | UG Reqs: WAY-CE | Grading: Letter or Credit/No Credit

Instructors: ; Siegel, R. (PI)

MLA 322: Coffee, Sugar, and Chocolate: Commodities and Consumption in World History. 120--1800
Last offered: Winter 2020 | Units: 4 | Grading: Letter (ABCD/NP)

MS&E 92Q: International Environmental Policy
Preference to sophomores. Science, economics, and politics of international environmental policy. Current negotiations on global climate change, including actors
and potential solutions. Sources include briefing materials used in international negotiations and the U.S. Congress.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Weyant, J. (PI)

MS&E 152: Introduction to Decision Analysis
How to make good decisions in a complex, dynamic, and uncertain world. People often make decisions that on close examination they regard as wrong. Decision
analysis uses a structured conversation based on actional thought to obtain clarity of action in a wide variety of domains. Topics: distinctions, possibilities and
probabilities, relevance, value of information and experimentation, relevance and decision diagrams, risk attitude. Prerequisites: high school algebra and basic
spreadsheet skills.

Terms: Spr | Units: 3-4 | UG Reqs: GER:DB-EngrAppSci, WAY-AQR, WAY-FR | Grading: Letter or Credit/No Credit

Instructors: ; Shachter, R. (PI); Hua, V. (TA); Lee, J. (TA); Rodriguez Silva Santisteban, F. (TA)

MS&E 185: Global Work
Issues, challenges, and opportunities facing workers, teams, and organizations working across national boundaries. Topics include geographic distance, time zones,
language and cultural differences, technologies to support distant collaboration, team dynamics, and corporate strategy. Limited enrollment. Recommended: 180.

Last offered: Spring 2019 | Units: 4 | Grading: Letter (ABCD/NP)

MS&E 201: Dynamic Systems
Dynamic System: Provides a solid foundation in understanding and modeling the dynamics of change. Differential equations are used as a mathematical language to
facilitate discussions on dynamic phenomena. Develop mathematical tools to analyze the dynamic models, and use such tools to think about and manage the
dynamics of change. The course covers the notions of equilibrium, stability, growth and limit cycle of dynamic systems and discussed in terms of examples in
product market penetration, business competition, ecology and spread of epidemics. The course gives an introduction to Catastrophe Theory, which provides a
mathematical model for certain discontinuous phenomena like the crash of the stock market and the extinction of species. The course concludes with optimal
control theory and differential games. Optimal economic growth model and optimal dynamic pricing are used to illustrate how the optimal control theory is applied
to economic modeling analysis and business application. A platform competition model is used to illustrate how different games can be used to do dynamic
competitive analysis. Required a project in dynamic system modeling. Pre-requisite: calculus and linear algebra

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Tse, E. (PI); Zhao, G. (TA)

MS&E 220: Probabilistic Analysis
Concepts and tools for the analysis of problems under uncertainty, focusing on structuring, model building, and analysis. Examples from legal, social, medical, and
physical problems. Topics include axioms of probability, probability trees, random variables, distributions, conditioning, expectation, change of variables, and limit
theorems. Prerequisite: multivariable calculus and some linear algebra.

Terms: Aut, Sum | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Shachter, R. (PI); Rodriguez Silva Santisteban, F. (TA); Wang, S. (TA)

MS&E 243: Energy and Environmental Policy Analysis
Concepts, methods, and applications. Energy/environmental policy issues such as automobile fuel economy regulation, global climate change, research and
development policy, and environmental benefit assessment. Group project. Prerequisite: MS&E 241 or ECON 50.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Sweeney, J. (PI); Weiner, E. (TA)

MS&E 250A: Engineering Risk Analysis
The techniques of analysis of engineering systems for risk management decisions involving trade-offs (technical, human, environmental aspects). Elements of
decision analysis; probabilistic risk analysis (fault trees, event trees, systems dynamics); economic analysis of failure consequences (human safety and long-term
economic discounting); and case studies such as space systems, nuclear power plants, and medical systems. Public and private sectors. Pre or Co-requisites:
probability, decision analysis, stochastic processes, and convex optimization.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Pate-Cornell, E. (PI); Goldfrank, J. (TA)
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MS&E 250B: Project Course in Engineering Risk Analysis
Students, individually or in groups, choose, define, formulate, and resolve a real risk management problem, preferably from a local firm or institution. Oral
presentation and report required. Scope of the project is adapted to the number of students involved. Three phases: risk assessment, communication, and
management. Emphasis is on the use of probability for the treatment of uncertainties and sensitivity to problem boundaries. Prerequisites: engineering risk
analysis, decision analysis, or consent of instructor.

Terms: Spr | Units: 3 | Repeatable 4 times (up to 12 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Pate-Cornell, E. (PI); Goldfrank, J. (TA)

MS&E 252: Foundations of Decision Analysis
Coherent approach to decision making, using the metaphor of developing a structured conversation having desirable properties, and producing actional thought that
leads to clarity of action. Emphasis is on creation of distinctions, representation of uncertainty by probability, development of alternatives, specification of
preference, and the role of these elements in creating a normative approach to decisions. Information gathering opportunities in terms of a value measure.
Relevance and decision diagrams to represent inference and decision. How to assess the quality of decisions, the role of the decision analysis cycle, framing
decisions, the decision hierarchy, biases in assessment, and uncertainty about probability. Sensitivity analysis, joint information, options, flexibility, assessing and
using risk attitude, and decisions involving health and safety. Principles are applied to decisions in business, technology, law, and medicine. nPrerequisite: 220 or
equivalent.

Terms: Win | Units: 3-4 | Grading: Letter or Credit/No Credit

Instructors: ; Shachter, R. (PI); Diao, T. (TA); Lee, J. (TA); Rodriguez Silva Santisteban, F. (TA); Vicol, S. (TA)

MS&E 254: The Ethical Analyst
We raise awareness of ethically sensitive situations and provide principles and tools for forming coherent ethical judgments regarding individual, government, or
organizational actions. Students learn ethical theories and tools from which they create their own personal ethical codes and test them against established ethical
principles, class discussion, homework, class presentations, and situations from work and life. The course addresses personal life, human action and relations in
society, technology, medicine, coercion, harming, stealing, imposition of risk, deception, and other ethical issues.

Terms: Spr | Units: 1-3 | Grading: Letter or Credit/No Credit

Instructors: ; Nesbitt, D. (PI); Marcantetti, A. (TA); Prabhu, N. (TA); Zhu, A. (TA)

MS&E 292: Health Policy Modeling
Primarily for master's students; also open to undergraduates and doctoral students. The application of mathematical, statistical, economic, and systems models to
problems in health policy. Areas include: disease screening, prevention, and treatment; assessment of new technologies; bioterrorism response; and drug control
policies.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Malloy, G. (PI); Guan, G. (TA)

MS&E 352: Decision Analysis II: Professional Decision Analysis
How to organize the decision conversation, the role of the decision analysis cycle and the model sequence, assessing the quality of decisions, framing decisions, the
decision hierarchy, strategy tables for alternative development, creating spare and effective decision diagrams, biases in assessment, knowledge maps, uncertainty
about probability. Sensitivity analysis, approximations, value of revelation, joint information, options, flexibility, bidding, assessing and using corporate risk
attitude, risk sharing and scaling, and decisions involving health and safety. See 353 for continuation. Prerequisite: 252.

Last offered: Winter 2018 | Units: 3-4 | Grading: Letter or Credit/No Credit

MS&E 391: Doctoral Research Seminar in Energy-Environmental Systems Modeling and Analysis
Restricted to PhD students, or by consent of instructor. Doctoral research seminar covering current topics in energy and environmental modeling and analysis.
Current emphasis on approaches to incorporation of uncertainty and technology dynamics into complex systems models. May be repeated for credit.

Terms: Aut | Units: 1-3 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Weyant, J. (PI)

MS&E 394: Advanced Methods in Modeling for Climate and Energy Policy
Design and application of computational models and techniques for assessing climate and energy policy, and for predicting the impacts of climate change. Topics
include 1) best practices in research design, model design and selection; 2) types of models available, taxonomy, core concepts, and limitations; 3) interpreting and
presenting model results; and 4) advanced topics and recent literature, e.g. representing uncertainty, technological change, distributional change, and cross-
sectoral climate impacts. Prerequisites: MS&E 241, MS&E 211, or equivalents.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Weyant, J. (PI)

MS&E 494: The Energy Seminar (CEE 301, ENERGY 301)
Interdisciplinary exploration of current energy challenges and opportunities, with talks by faculty, visitors, and students. May be repeated for credit.

Terms: Aut, Win, Spr | Units: 1 | Repeatable for credit | Grading: Satisfactory/No Credit

Instructors: ; Weyant, J. (PI)

NATIVEAM 109A: Federal Indian Law (CSRE 109A)
Cases, legislation, comparative justice models, and historical and cultural material. The interlocking relationships of tribal, federal, and state governments.
Emphasis is on economic development, religious freedom, and environmental justice issues in Indian country.

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Biestman, K. (PI)

NATIVEAM 109B: Native Nation Building (CSRE 109B)
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The history of competing tribal and Western economic models, and the legal, political, social, and cultural implications for tribal economic development. Case
studies include mineral resource extraction, gaming, and cultural tourism. 21st-century strategies for sustainable economic development and protection of political
and cultural sovereignty.

Last offered: Winter 2020 | Units: 3 | Grading: Letter (ABCD/NP)

NATIVEAM 162: Tribal Economic Development and Sustainability (EARTHSYS 163)
Native Americans, Alaska Natives and Inuit are disproportionately on the forefront of climate change and are being forced to adapt to climate change now. One of
the biggest challenges Indigenous Nations face is building sustainable businesses that respect the environment while providing for current and future generations.
This course will survey environmental, regulatory, political and financing issues associated with economic development on tribal, Alaska Native and Inuit lands. We
will examine Indigenous business success stories as well as an overview of major challenges to building sustainable businesses. We will engage with Indigenous
leaders and industry experts to discuss the challenges of building businesses that provide jobs and economic opportunities for Indigenous communities now while
also taking into account the responsibilities Indigenous leadership has to future generations.

Last offered: Winter 2020 | Units: 3-5 | Grading: Letter or Credit/No Credit

NENS 230: Analysis Techniques for the Biosciences Using MATLAB
Data analysis and visualization techniques commonly encountered in biosciences research. Fundamentals of the MATLAB computing environment, programming and
debugging, data import/export, data structures, plotting, image analysis, introduction to statistical tools. Examples and assignments draw from a range of topics
applicable to bioscience research: frequency analysis, genetic data mining, ion channel kinetics, neural spike rasters and spike-triggered averages, cell counting in
fluorescence images, regression, PCA, and stochastic simulation. Assignments are practical in nature and demonstrate how to implement specific analyses that a
biosciences student is likely to encounter. Assumes no previous programming experience.

Last offered: Autumn 2020 | Units: 2 | Grading: Medical Satisfactory/No Credit

OB 601: Organizational Ecology (SOC 366A)
This seminar examines theoretical and methodological issues in the study of the ecology of organizations. Particular attention is given to the dynamics that
characterize the interface between organizational populations and their audiences.

Last offered: Winter 2015 | Units: 3 | Grading: GSB Letter Graded

OB 672: Organization and Environment
This seminar considers the leading sociological approaches to analyzing relations of organizations and environments, with a special emphasis on dynamics. Attention
is given to theoretical formulations, research designs, and results of empirical studies. Prerequisite: Enrollment in a PhD program. Also listed as Sociology 362.

Last offered: Autumn 2020 | Units: 3 | Grading: GSB Letter Graded

OBGYN 256: Current Topics and Controversies in Women's Health (FEMGEN 256, HUMBIO 125)
(HUMBIO students must enroll in HUMBIO 125. PhD minor in FGSS must enroll in FEMGEN 256. Med students must enroll in OBGYN 256.) Interdisciplinary. Focus is
primarily on the U.S., with selected global women's health topics. Topics include: leading causes of morbidity and mortality across the life course; reproductive
(e.g. gynecologic & obstetric) health issues; sexual function; importance of lifestyle (e.g. diet, exercise, weight control), including eating disorders; mental health;
sexual and relationship abuse; issues for special populations. In-class Student Debates on key controversies in women's health. Guest lecturers. Undergraduates
must enroll for 3 units. PhD minor in FGSS should enroll for 2 - 3 units. Med students can enroll for 2 units. To receive a letter grade in any listing, students must
enroll for 3 units. This course must be taken for a letter grade and a minimum of 3 units to be eligible for Ways credit. In 2020-21, a letter or CR grade will satisfy
the Ways requirement. Enrollment limited to students with sophomore academic standing or above. Undergraduate prerequisite: Human Biology Core or Biology
Foundations or equivalent or consent of instructor.

Terms: Spr | Units: 2-3 | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Stefanick, M. (PI); Slater, H. (TA)

OIT 333: Design for Extreme Affordability
Design for Extreme Affordability is a two-quarter project-based course hosted by Stanford's d.school and jointly offered by the Graduate School of Business and the
School of Mechanical Engineering. We focus on the development of products and services to improve the lives of the our poorest citizens. This multidisciplinary
project-based experience creates an enabling environment in which students learn to design products and services that will change lives. Topics include user
empathy, product and service design, rapid prototype engineering and testing, social entrepreneurship, business modeling, ethics, equity, partnerships, team
dynamics and project management. Since the course was first offered, we have executed 167 projects with 71 partners. Many of the projects have been
implemented and are achieving significant social impact. This year we will focus on local Bay Area partners and communities to address some of their challenges,
We will continue to publish latest information for prospective students here: https://extreme.stanford.edu/prospective-students. Cardinal Course certified by the
Haas Center

Terms: Win | Units: 4 | Grading: GSB Letter Graded

Instructors: ; Coulson, S. (PI); Kohn, M. (SI); Yeturu, M. (SI); Lion-Transler, C. (GP)

OIT 334: Design for Extreme Affordability
Design for Extreme Affordability is a two-quarter project-based course hosted by Stanford's d.school and jointly offered by the Graduate School of Business and the
School of Mechanical Engineering. We focus on the development of products and services to improve the lives of the our poorest citizens. This multidisciplinary
project-based experience creates an enabling environment in which students learn to design products and services that will change lives. Topics include user
empathy, product and service design, rapid prototype engineering and testing, social entrepreneurship, business modeling, ethics, equity, partnerships, team
dynamics and project management. Since the course was first offered, we have executed 167 projects with 71 partners. Many of the projects have been
implemented and are achieving significant social impact. This year we will focus on local Bay Area partners and communities to address some of their challenges,
We will continue to publish latest information for prospective students here: https://extreme.stanford.edu/prospective-students. Cardinal Course certified by the
Haas Center

Terms: Spr | Units: 4 | Grading: GSB Letter Graded

Instructors: ; Coulson, S. (PI); Kohn, M. (SI); Yeturu, M. (SI); Lion-Transler, C. (GP)

OSPAUSTL 10: Coral Reef Ecosystems
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Key organisms and processes, and the complexity of coral reef ecosystems. Students explore the Great Barrier Reef from the southern end which demonstrates the
physical factors that limit coral reefs, to the northern reef systems which demonstrate key aspects of these high biodiversity ecosystems. Human-related changes.
Emphasis is on research experiences and development of analytical skills. Two units only counted for the Biology major.

Terms: Aut | Units: 3 | UG Reqs: GER:DB-EngrAppSci, WAY-SMA | Grading: Letter (ABCD/NP)

OSPAUSTL 25: Freshwater Systems
Integrated water resource management and how this applies across the globe, comparing strategies and results in the developing and more developing world.
Ethics, values and politics of water and the management of extremes such as drought and flood. Ecology and hydrology in an urban context, along with important
current issues such as stormwater and water sensitive urban design. Construction of a well, a water tank, and a pit latrine. Community service working with a local
catchment management group on riparian and wetland restoration work. Field work complements lectures.

Last offered: Autumn 2018 | Units: 3 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter (ABCD/NP)

OSPAUSTL 28: Terrestrial Ecology and Conservation
Examination of the rain forest and sclerophyll ecosystems in far north Queensland. Methodology for classification of key terrestrial ecosystems in lectures and then
use of multiple field-based techniques to put theory to the test in the field. Ecosystem health is assessed using bioindicators under differing fire regimes and
disturbance levels. Globally, terrestrial ecosystems and their associated fauna are affected by many of the same anthropogenic impacts and these are explored
using Australian case studies and hands-on field activities. How both the plants and animals of Australian ecosystems came to be so utterly unique, in the context of
the long evolution of 'the island continent' from the prehistoric rain forests that once covered the ancient super-continent of Gondwana

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

OSPAUSTL 30: Coastal Forest Ecosystems
Prehistory of Australian rainforest and how rainforest structure and biodiversity change with altitude, latitude, and geology. Tropical coastal marine wetlands,
mangrove forests, and the relationship between land- and sea-based biota. Biology and ecology of marine plants, mangroves, and tropical salt marsh. Introduction
to specialized fields of marine plant biology and ecology including biogeography and evolution, aquatic plant ecophysiology, water quality and bioindicator
techniques, pollution and eutrophication, and environmental control of marine plant distribution and productivity. Two units only counted for the Biology major.

Last offered: Autumn 2018 | Units: 3 | UG Reqs: GER:DB-EngrAppSci | Grading: Letter (ABCD/NP)

OSPAUSTL 32: Coastal Ecosystems
Field course that takes place on North Stradbroke Island, located in Moreton Bay. Physical and biological factors that influence ecosystems of the coastal zone.
Lectures, field activities and discussions to increase knowledge of coastal ecosystems, their structure, including knowledge of the communities of flora and fauna,
their importance to human communities, their management and the threats that negatively affect them. Coastal ecosystems of Moreton Bay used as an example,
considering how both natural and human factors influence coastal ecosystems. Multiple field activities on the island observing various marine animals and plant
communities, and exploring the range of coastal ecosystems of North Stradbroke Island.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

OSPAUSTL 40: Australian Studies: History, Society and Culture Down Under
Introduction to Australian society, history, culture, politics, and identity. Social and cultural framework and working understanding of Australia in relationship to the
focus on coastal environment in other program courses. Field trips.

Terms: Aut | Units: 3 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

OSPBER 59: Topics in Sustainability in Germany
Students can choose one of the following topics: Environmental management of the Rhine, water supply, water quality and ecological function; The German energy
perspective, how the German energy grid functions and roles of consumption patterns and regulation; De-carbonizing German automobiles, environmental,
economic, and societal implications of eliminating fossil-fuel powered cars from German roadways; Fluid mechanics of beer, physics and fluid mechanics of beer,
including how this information is used in the design and operation of breweries.

Last offered: Spring 2018 | Units: 1-2 | Grading: Letter or Credit/No Credit

OSPBER 63: Urban Engineering from a Technological and Environmental Perspective
Science and engineering issues related to providing a city like Berlin with water and energy, removing its waste, and moving people into, out of, or around the city.
Simple analyses focused on mass balances for a city, i.e., how much energy, how much CO2 generated, how much water and for what purpose is it used. "Back-of-
the-envelope" calculations typical of much engineering to understand the scale of various issues, problems or the solutions to those problems. Particular challenges
faced by the city due to climate change, and to what extent Berlin (and Germany) is engaging in policies designed to adapt to or reverse climate change. What
makes a city "sustainable" and livable. Field trips to particular technological and environmental features of the city.

Last offered: Spring 2018 | Units: 3 | UG Reqs: WAY-AQR | Grading: Letter (ABCD/NP)

OSPCPTWN 63: Socio-Ecological Systems
The global dynamics of biodiversity and ecosystem resilience using the mountains, farmlands and informal settlements as a living classroom. Critical ecosystem
services that underpin the well-being of all societal groups and how these ecosystem services can be managed or restored to build resilience and support transitions
in complex, interconnected social-ecological systems. Scientific focus on humanity¿s dependence on biodiversity and ecosystems as the third leg of sustainability
science research, in addition to climate change and resource depletion. Deep ecology perspectives that value all life irrespective of its human utility as well as
consideration of the non-quantifiable benefits of humanity's connection to nature. Limited enrollment.

Last offered: Summer 2020 | Units: 3 | Grading: Letter (ABCD/NP)

OSPCPTWN 84: Topics in International Relations
Could climate change increase the risk of political instability, including violent conflicts within and between countries? Explore questions such as: How could the
expected effects of climate change make civil or international conflicts more likely? What evidence is there that environmental factors contribute to political
violence? What regions or countries are most at risk from these challenges, and why? Consider the human and social impacts of climate change but also what causes
political violence within and between countries and how we can assess the contribution of different risk factors. Methods and data that scholars use to explore the
link between climate and conflict.

Last offered: Spring 2020 | Units: 1-3 | Grading: Letter or Credit/No Credit



OSPGEN 12: "Uttermost Part of the Earth" The Intersection of Nature and the Human Enterprise in Patagonia
Field-based course introducing the environmental setting and the natural resources of southern Patagonia as well as current issues in fisheries, energy, ranching,
and development. The coupled human-natural systems of Patagonia provide a unique lens to explore broader resource management and conservation issues.
Curriculum includes field explorations, classroom lectures, and community engaged learning in which students will meet government officials, fishermen and fish
processing plant operators, ranchers, tour operators, and local conservationists. Students will complete team-based research projects using Stanford resources in
Patagonia. Location: Southern Patagonia (Argentina and Chile).

Last offered: Summer 2018 | Units: 2 | Grading: Letter (ABCD/NP)

OSPGEN 15: Volcanoes, Roman Concrete and Archaeology
The purpose of this multidisciplinary course is to expose students to the interactions between the natural hazards in Southern Italy and the engineering of more
durable and sustainable materials from the engineering of the Roman maritime concrete to Martian sulfur concrete. The seminar will be a journey inside volcanoes
and a walking tour through the archaeological sites of Greek and Roman age. Students will learn about natural disasters, properties of rocks and geomaterials used
for construction, and how these materials have been used to build many of the long-lasting, ancient monuments and cities and will be likely used for planetary
shelters and habitats of tomorrow.

Last offered: Summer 2018 | Units: 2 | Grading: Letter (ABCD/NP)

OSPGEN 51: Planet Earth Crossroads: Human Evolution, Animal Migration and Climate Change in Israel
Israel as a crossroad between Europe/Asia and Africa for animals and humans. Topics include: modern humans and their predecessors from 100,000 to 50,000 before
the present; ecological zones, conservation and environmental issues; water engineering, advances in solar technology, marine ecology of the Red Sea, and
advanced agriculture of Israel.

Last offered: Summer 2019 | Units: 2 | Grading: Satisfactory/No Credit

OSPGEN 53: Corals of Palau: Ecology, the Physical Environment, and Reefs at Risk
Coral reef ecology, biogeochemistry, physics with a view towards developing science-based solutions for coral reef protection and management.

Terms: Sum | Units: 2 | Grading: Letter (ABCD/NP)

Instructors: ; Dunbar, R. (PI); Monismith, S. (PI); Boles, E. (TA); Khrizman, A. (TA)

OSPGEN 60: Earth's 3rd Pole: Coupled Human-Natural Systems in the Khumbu Valley, Nepal
Through place-based exploration of the Khumbu Valley, Nepal, this field seminar focuses on the complex relationships between mountain and glacial
geomorphology, culture and religion, land use in extreme environments, climate change, and sustainable resource development and management. An analysis of the
coupled human-natural systems of the Khumbu Valley provides a unique lens for students to interpret broader resource management and conservation issues. The
curriculum balances field explorations, classroom lectures, and meetings with government officials, NGO staff, national park managers, Sherpa leaders, and several
Buddhist Lamas.

Last offered: Summer 2020 | Units: 2 | Grading: Letter (ABCD/NP)

OSPGEN 63: Bio-Cultural Diversity and Community-Based Conservation in Oaxaca
Interdisciplinary seminar emphasizing two major areas of study: biological sciences (ecology) and culture (the human dimensions of conservation and use of natural
resources based on indigenous traditional knowledge). Challenges and opportunities of interacting with researchers and students from other cultures; analysis of the
ways in which academic institutions and rural, indigenous institutions are, jointly, undertaking the challenge of sustainably managing biological resources. Location:
Mexico City and Oaxaca, Mexico.

Last offered: Summer 2019 | Units: 2 | Grading: Satisfactory/No Credit

OSPGEN 73: Desert Biogeography and Culture of Namibia
Desert Biogeography of Namibia focuses on the remarkable organisms of the Namibian arid zones and the unique adaptations make life possible in water limiting
environments. Sample topics will include the desert-adapted elephants and lions, Welwitschia ¿forests¿, fairy circles, desolate pans, ¿life at the waterhole¿, and
colonial sociable weaver birds. We will see how deserts resemble islands in terms of the impacts of isolation and how anthropogenic and nonanthropogenic effects
perturb this isolation and bring change to these ecosystems. We will also compare the various arid regions which make up an impressive 33% of the Earth¿s land
surface area. We will examine some of the tradition and modern human adaptations needed to inhabit one of the least densely populated countries in the world.
Embarking on a mobile field seminar, we will have the opportunity to observe these effects first hand creating an unforgettable learning environment. Students
should be prepared to complete a prefield seminar in winter quarter, to study under challenging conditions, sharing close living quarters. Free time is quite limited
and students are expected to fully participate in all seminar activities. Assignments include student presentations; daily observations, journaling, and discussion;
and a comprehensive dossier at the end of the course.

Last offered: Summer 2018 | Units: 2 | Grading: Satisfactory/No Credit

OSPGEN 74: St. Petersburg: Imagining a City, Building a City
St. Petersburg, the world's most beautiful city, was designed to display an 18th-century autocrat's power and to foster ties between Russia and the West on the tsar's
terms. It went through devastating floods and a deadly siege; it birthed the Petersburg myth, poems and prose that explore the force of the state and the
individual's ability to resist. This class addresses the struggle between the authorities and the inhabitants; the treacherous natural environment; the city as a node
in national and international networks of communication; the development of urban transportation networks; and the supply of goods

Last offered: Summer 2020 | Units: 2 | Grading: Satisfactory/No Credit

OSPGEN 79: Preserving Biodiversity: Conservation Photography in South Africa
Conservation photographers photograph the natural world, animals and plants, and people that threaten, protect or study wildlife and ecosystems, with the goal of
advocating for specific conservation outcomes. We will actively practice conservation photography to address biodiversity and environmental issues in national,
regional and private reserves in South Africa. Explore the fundamentals of creative cooperation in small teams, with the goal of producing effective photoessays.
Workshops and guest speakers will address issues of biodiversity, wildlife management, poaching, ecotourism, and community engagement with conservation. Daily
field trips culminate in group and individual projects. Location: Kruger National Park and surrounds, South Africa.

Last offered: Summer 2020 | Units: 2 | Grading: Satisfactory/No Credit

OSPKYOTO 5A: Independent Study in Japan's Energy Crisis
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Last offered: Spring 2017 | Units: 1 | Grading: Satisfactory/No Credit

OSPKYOTO 33: Ecology of Japanese Satoyama
Satoyama refers to the traditional rural landscapes of Japan, and it is a term that has become widely known internationally in the ecological sustainability
literature, highlighting the value of traditional land use for the sustainable management of natural resources. I would introduce to the students, and have them
discuss, the scientific basis of biodiversity and ecosystem services, the cultural influence on agriculturall and use,and how the scientific and cultural factors
interact to affect the way natural resources are managed.The course would emphasize student-led discussion based on reading of primary and popular literature on
the history, current status, societal perception of the value of satoyama for biodiversity and human well-beingin Japan. Student discussion will also compare the
satoyama concept to similar ones developed in othercountriesin Asia, Europe, and North America.

Last offered: Spring 2021 | Units: 3-4 | Grading: Letter (ABCD/NP)

OSPKYOTO 45: Japan's Energy-Environment Conundrum
Japan's energy-environment challenges and their consequences for Japan¿s wider society and economy. Question of how Japan's policy makers will balance energy
and environmental needs and how the answers will affect the country's future as a leading regional power. Students will gain a sound understanding of the structure
of Japan's energy-environment challenges and a practical analytical framework by which they can evaluate these challenges and develop their own balanced
assessments.

Last offered: Autumn 2017 | Units: 4 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

OSPMADRD 8A: Cities and Creativity: Cultural and Architectural Interpretations of Madrid
Architecture and the city, with a focus on recent currents in the progress of both, such as sustainability, environmentalism and the relationship with nature. Topics
underpinned by discussion of theory, and illustrated by a study of the city of Madrid: an example of a hybrid architectural/planning experiential environment that
looks to the future with an ambition for modernization.

Terms: Aut | Units: 4 | UG Reqs: WAY-A-II | Grading: Letter (ABCD/NP)

Instructors: ; Campos Calvo-Sotelo, P. (PI); Perez Leal, P. (GP)

OSPMADRD 79: Earth and Water Resources' Sustainability in Spain
Interdisciplinary focus on the relationship between earth systems and human activities. Nature and distribution of natural resources, their uses and exploitation,
environmental impacts associated with exploitation, and sustainable development initiatives, including the restoration and rehabilitation of the land affected by
extraction activities. Water management: understanding of the resource and its location; the development of efficient tools; an associated regulatory apparatus;
and economics.

Last offered: Autumn 2018 | Units: 3-4 | Grading: Letter (ABCD/NP)

OSPMADRD 89: Environmental Policy
This course examines policies in the U.S. and Spain, focusing on climate, energy, air and water pollution, toxics, fertility, and other policies. I would expect a
sizeable portion of the class to detail Spain's renewable energy efforts, as well as its role in Europe's cap and trade system. It would be conducted in a seminar
format, with guest lectures and field trips to appropriate government offices.

Terms: Spr | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Nation, J. (PI)

OSPMADRD 194: Madrid University: Earth Energy & Environmental Science
Earth, Energy & Environmental Science course at a local Spanish university. Students enrolled in the Madrid Program will receive an email from Madrid Program
Director with information about these course opportunities at local partner institutions, including the action to take for applying. Prerequisite: completion of
SPANLANG 13 or 23B or equivalent placement.

Terms: Aut | Units: 2-6 | Repeatable 2 times (up to 12 units total) | Grading: Letter or Credit/No Credit

Instructors: ; Perez Leal, P. (GP)

OSPOXFRD 19: Constructing Natures: Science and Technology in the British Landscape
How concepts of Nature develop through scientific practice and technological innovation. How science and technology, influenced human-nature relations through
three pivotal movements in British history: the British naturalist tradition; the industrial and agricultural revolution; and the scientific turn of the late C19th and
early C20th. Emphasis on how the legacy of scientific and technological practice during these historic periods continues to influence contemporary frameworks and
practices

Last offered: Autumn 2017 | Units: 5 | Grading: Letter (ABCD/NP)

OSPOXFRD 23: Topics in Climate Economics and Policy
Students may choose to study Comparative UK and European Climate Policy or Energy and Resource Economics with topics tailored to student interest. Regular
meetings to discuss progress.

Last offered: Autumn 2018 | Units: 1-3 | Grading: Letter or Credit/No Credit

OSPOXFRD 49: Environmental Economics and Policy
Economic dimensions of environmental policy with an emphasis on experience in the UK and EU, particularly in the context of climate change. Topics include:
positive and normative perspectives in environmental economics; market failure; regulation theory and practice; asymmetric information; and the valuation of
environmental goods and services. Both lecture and seminar formats with visits from local scholars and regulators and a field trip to Parliament and London
regulatory agencies. An introductory economics class is recommended prior to taking the class. Oxford University students are welcome.

Last offered: Autumn 2018 | Units: 3-5 | Grading: Letter or Credit/No Credit

OSPOXFRD 86: From the hills to the sea
This course would focus on the Thames River, at least since Roman times arguably the most important waterway in Britain. The basis of the class would be an
exploration of the Thames from different angles both scientific and historical. The science side of the course would consider the following topics: the
geology/geographic setting that gave rise to the Thames; its hydrology including a history of its floods and droughts as well as climate change trends; aspects of the
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hydrodynamics of tides and the estuarine environment of the Thames; the effects on the Thames of human modification such as loss of wetlands associated with
building of the Docklands in the 18th and 19th centuries; sea level rise and the Thames including the design basis of the Thames Tidal Barrier. The history side of
the course would consider how the Thames has played a role in the history of Britain, e.g., as an inland transportation corridor, as a barrier between states, as the
site of the signing of the Magna Carta, as the heart of the global trade enterprise that built the British Empire, as a challenge to important engineering feats in
Victorian London, as a subject for landscape painters like Turner, and as a spur of public policies of environmental protection and restoration.

Terms: Aut | Units: 4-5 | UG Reqs: WAY-AQR | Grading: Letter (ABCD/NP)

Instructors: ; Monismith, S. (PI)

OSPPARIS 17: Green Urban Planning Internship
Intern in a local public company that oversees the city of Issy-les-Moulineaux's communication and innovation services in the immediate vicinity of Paris. Projects
related to the Smart City Project (smart grid, smart mobility, smart government, etc.). Possible projects include: contributing to the city's editorial initiatives,
taking active part in organizing events or conferences, doing documentary research on innovation, helping with European Union's co-funded projects. Speaking
French a plus, but not a requirement.

Terms: Aut, Win | Units: 4 | Grading: Satisfactory/No Credit

Instructors: ; calefas-strebelle, a. (GP)

OSPPARIS 66: FOOD CONSUMPTION & PRODUCTION
How does Paris obtain its fresh food for the 8 millions meals that are served every day in the city? Where is this food produced and how is it brought to the city?
What recent initiatives promote a more sustainable food system in France? These questions offer an opportunity to explore broader issues related to food systems in
the urban era, rural-urban linkages, and sustainable food consumption, using Paris as a case study. The objective of this course is to better understand the food
system of a large citysuch as Paris, with a focus on the underlying human-environment interactions. Part I of the course will focus on food production in the peri-
urban areas of Paris and other regions in France. 70% of the food consumed in Paris comes from France. We will start with von Thunen's model of the central
state.We will also discuss the rise of urban agriculture, with a field visit of an urban agriculture site under the municipality's "Parisculteurs"program. Part II will
focus on food distribution and consumption in the city. We will discuss concepts such as agglomeration economies and supply chains. We will conduct interviews
atan open-air market in Paris where «maraîchers» bring in their own production to sell. Part III will focus on recent trends to increase the sustainability of food
production in France. We will discuss emerging social norms related to sustainable food and how they interact with agricultural and environmental policies in
France and the European Union. This will include the rise of organic agriculture, geographical indications, various public and private eco-labeling initiatives, and
attitudes toward genetically-modified crops in France.

Last offered: Winter 2021 | Units: 4 | Grading: Letter or Credit/No Credit

OSPPARIS 67: INDP STDY: LAND USE IN FRANCEn(Lambin)
The following topics areproposed for an independent study: (1)Land use history in France:After centuries of deforestation, French landscapes have been reforesting
for more than a century. What are the causes, and environmental and social implications of this "forest transition"?(2) Organic agriculture in France:In 2018, the
cultivated area under organic agriculture in France was 20% larger than in 2015, representing nearly 6% of the total cultivated area. What explains this trend? How
is the organic agriculture standard defined in Europe? What are the health and environmental benefits of organic agriculture?(3) Outsourcing ecological footprints to
other continents:The environmental impacts of France's consumption within its borders are decreasing. But does it reflect a decoupling between economic activity
and environmental degradation, or is it just the result of a displacement of the most polluting activities to other countries? (4) Sustainability sourcing commitments
by corporate actors: A growing number of multinational corporations are making sustainability sourcing commitments. Does the country (or continent) where these
companies are based or sell their products have an influence on the likelihood of making such commitments?(5) Geographical Indications (GIs) in Europe: GIs
identify a good as originating from a region where a given quality, reputation or other characteristic of the good is attributable to its geographical origin. More than
6,000 of the 10,300 products that benefit from GIs in the world are produced in the European Union. What are the benefits of GIs for producers and consumers?

Last offered: Winter 2021 | Units: 2 | Repeatable 55 times (up to 110 units total) | Grading: Letter or Credit/No Credit

OSPPARIS 86: Measuring Well-Being and Sustainability in Today's World
Explore well-being and sustainability through the lens of the new indicators that are being developed in all corners of social sciences and at the frontier with
natural and physical science. Lab to learn how to build an indicator of well-being or sustainability. Historical perspective on well-being and sustainability thinking
since Aristotle; overview of standard economic indicators and their limits. Well-being indicators focusing on health, education, happiness, trust, inequality and
governance. New research in sustainability indicators. How building new indicators changes policy at the global, national and local level. In French

Last offered: Winter 2018 | Units: 5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

OSPPARIS 91: The Future of Globalization: Economics, Politics and the Environment
Economic and political impact of globalization on France and the EU and influence of France and the EU on the process of globalization. Issues of sovereignty and
national identity for France; protection from versus integration into the network of globalization.

Terms: Aut | Units: 5 | UG Reqs: GER:DB-SocSci, GER:EC-GlobalCom, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Laurent, E. (PI); calefas-strebelle, a. (GP)

OSPSANTG 29: Sustainable Cities: Comparative Transportation Systems in Latin America
Energy and environmental challenges resulting from the growing size and complexity in Latin American cities. Key issues: way in which public authorities deal with
the dynamics of urban growth and complexity; related environmental and energy issues, particularly related to different public transportation models. Systemic
approach as seen in Curtiba, Bogota, Santiago, and Medellin. Analysis centering on different approaches used to tackle these related issues; different institutional
strategies.

Terms: Sum | Units: 5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Correa, G. (PI)

OSPSANTG 52: Energy and Climate Cooperation in the Americas: The Role of Chile
Overview of current political dynamics in each of the major fossil fuel producing countries in the Western Hemisphere and impact on local energy exploration and
production. Potential for development and integration of markets for renewable energy resources within the Americas, and how this might affect the environment,
food prices, and land use. Ways to facilitate hemispheric initiatives to reduce greenhouse gas emissions, focusing on efforts in Chile. Possibilities of reviving the
Energy and Climate Partnership of the Americas or ECPA, launched by the Obama administration at the Fifth Summit of the Americas in Trinidad in April 2009.

Last offered: Summer 2018 | Units: 5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)
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OSPSANTG 58: Global Change in Chile
Physical, ecological, and human geography of Chile. Perceptions of the Chilean territory and technologies of study. Flora, fauna, and human adaptations to regional
environments. Guest lectures; field trips; workshops.

Terms: Aut, Win, Spr | Units: 5 | UG Reqs: GER:DB-EngrAppSci, WAY-SMA | Grading: Letter (ABCD/NP)

Instructors: ; Dirzo, R. (PI); Reid, S. (PI); Salinas, M. (PI)

OSPSANTG 61A: Independent Study: Health and Environment
Life expectancy and healthy life years have increased dramatically over the past 100 years, at the same time as anthropogenic climate change and environmental
degradation. Where and how can we see the effects of environmental changes on health? What are the health implications of rising temperatures, of land-use
changes, of urbanization?

Last offered: Autumn 2017 | Units: 1 | Grading: Letter or Credit/No Credit

OSPSANTG 63: Entrepreneurship and Innovation in Latin America
Using the Chilean experience, study challenges and opportunities arising from the Latin American entrepreneurship and innovation eco-system. Sectors covered
include technology, services, marketplaces, retail, natural resources, energy, biotech, and social innovation. Also the public policy environment as well as the
funding one. Guest speakers include entrepreneurs, investors, academics, and policy makers.

Last offered: Autumn 2018 | Units: 3 | Grading: Letter (ABCD/NP)

OSPSANTG 71: Santiago: Urban Planning, Public Policy, and the Built Environment
Santiago's growth and development over time and in comparison to other mega cities in the world; impact of urban highways on the built environment; shopping
malls and the development of new urban sub-centers. Topics: brief history of the city, from 1541 to1940; urban development since 1940; the 1960 Inter-communal
Urban Plan; planning and the configuration of modern Santiago; housing policy as an instrument to combat poverty; social housing policy and Santiago's built
environment.

Terms: Aut | Units: 5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

OSPSANTG 75: Chilean Energy and Climate Policies
This course will examine the design and evaluation of energy and climate policies in the context of Chile, a developing country that faces various significant
environmental, economic and social challenges. The course will explore the dynamics of an effective strategy to reduce the impacts of climate change through
development of an energy system that meets both global and local pollution standards, and properly addresses social, political and cultural challenges. Topics
include the development of the Chilean energy industry, leading global energy trends, local and global environmental challenges associated with energy, socio-
economic challenges such as energy poverty and inequality, and the current challenges Chile faces with its energy and climate policies. A field trip to a local power
plant will complement the course's assigned readings and discussions.

Terms: Win, Sum | Units: 4-5 | Grading: Letter (ABCD/NP)

Instructors: ; Seebach, C. (PI); Jaksic, I. (GP)

OSPSANTG 76: Urban Water
Technical, economic, institutional, social, policy, and legal aspects of urban water using case studies (focus on South America when possible). Link between water
and human and ecosystem health, drinking water and wastewater treatment methods, as well as policies and guidelines on water and wastewater, and the role of
various stakeholders including institutions and the public, in the outcome of water conflicts. Details of nuanced conflicts over water through case studies using
discussion and debate. In laboratory module measure water contaminants. Field work includes sampling the Mapocho River (across the street from the Santiago
campus) and measuring concentrations of Escherichia coli and enterococci bacteria. Academic field trip to local wastewater treatment plant. Course themes:
scientific uncertainty; institutions, stakeholders, and human behavior matter; and complexity of the coupled human-ecosystem-urban water system. 

Last offered: Spring 2019 | Units: 4 | UG Reqs: WAY-AQR, WAY-SI | Grading: Letter or Credit/No Credit

OSPSANTG 77: Independent Study in Environmental Engineering
Potential independent study topics include: 1) Drinking water and surface water regulations and their implementation in Chile versus the US, 2) Stakeholders in
urban water in Santiago versus those in California in the US, 3) History of the world bank's role in Santiago's urban water, 4) Privatization of water in South America,
5) Trends in water quality in the Mapocho River. Other topics focused on urban water including coastal water quality are also possible subject to student interest.
Weekly to bi-weekly meetings to review progress. Final paper and presentation required to summarize activities and findings.

Last offered: Spring 2019 | Units: 1-3 | Grading: Satisfactory/No Credit

OSPSANTG 85: Marine Ecology of Chile and the South Pacific
Relationships among physical processes in the ocean, biological productivity, and the exploitation of resources by high-thropic-level predators including human
beings. Characterization of ecological patterns; identification of processes operating on marine systems. Open ocean ecosystems, intertidal and benthic regions of
the world's oceans, and ecological research developed along coastal regions, focusing on Chile's 4,000 km coastline.

Terms: Aut | Units: 5 | UG Reqs: GER: DB-NatSci, WAY-SMA | Grading: Letter (ABCD/NP)

OUTDOOR 15: Rock Climbing: Intermediate Anchors
Explore climbing safety systems as they apply to anchor building, self-rescue, impact forces, and belaying. Emphasis will be placed on constructing and evaluating
safe traditional anchor systems as well as learning techniques for self-rescue in the single pitch outdoor rock climbing environment.

Last offered: Spring 2020 | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

OUTDOOR 60: Introduction to Flyfishing
Introduces students to flyfishing and its constituent components as a sport and an art. Emphasizes basic skills needed to learn how to cast and tie knots. Students
will learn basic stream ecology in order to better understand complex aquatic ecosystems, and thus, "read" water and make appropriate fly selections.

Last offered: Spring 2020 | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

OUTDOOR 70: SCUBA Diving Open Water: Beginner
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Acquire knowledge and skills to safely enjoy and gain limited experience in the diving environment under normal open water diving conditions. This course prepares
students for Open Water SCUBA Diving PADI Certification. Topics include diving equipment, diving physics, medical aspects of diving, diving emergencies, the diving
environment, diving practices, diving activities, and SCUBA diving skills.

Last offered: Spring 2019 | Units: 1 | Grading: Satisfactory/No Credit

OUTDOOR 71: SCUBA Diving Open Water: Advanced
Develop a diver who is confident, safe, relaxed, aware, and more able to enjoy the underwater world. Skills include: confidence to dive to deeper depths; night
diving experience; boat diving techniques; river diving; ocean diving, currents, and marine environment; underwater navigation; and search and recovery
techniques. This class is an excellent choice for certified divers who have not been diving for a while, and need to regain confidence.

Last offered: Spring 2019 | Units: 1 | Grading: Satisfactory/No Credit

OUTDOOR 72: SCUBA Diving Open Water: Rescue
Acquire knowledge and skills for individuals to effectively perform diver rescues and assists, manage diving accident situations, and render proper first aid.
Prerequisites: Outdoor 70, Outdoor 71, EMED 110, EMED 224, or Instructor Permission.

Last offered: Spring 2018 | Units: 1 | Grading: Satisfactory/No Credit

OUTDOOR 101: Introduction to Outdoor Education
Examine outdoor adventure activties through the perspective of a trip leader. Discuss risk management, judgment and decision making, group facilitaiton, program
standard operating procedures, and legal liability.

Last offered: Spring 2019 | Units: 1 | Grading: Satisfactory/No Credit

OUTDOOR 103: Foundations of Outdoor Education (LEAD 123)
Explore topics about adventure activity risk assessment, leadership style and values, industry standards, and wilderness equity and inlcusion through class activites,
discussions, and reflections. Develop essential skills for individual and group sustainability in a backcountry setting including shelter in outdoor environments,
equipment selection and use, travel techniques, water and nutrition needs, planning and preparation, and risk management. Course includes the participation in a
weekend backcountry experience.

Terms: Aut, Win, Spr | Units: 2 | Grading: Satisfactory/No Credit

Instructors: ; Lowley, S. (PI); Zollweg, B. (PI); Lowley, S. (SI)

OUTDOOR 105: Outdoor Living Skills
Introduction to essential skills for individual and group sustainability in a backcountry setting including shelter in outdoor environments, equipment selection and
use, travel techniques, water and nutrition needs, planning and preparation, and risk management. Course includes the participation in a weekend backcountry
experience. Corequisite: Outdoor 101

Last offered: Winter 2020 | Units: 1-2 | Grading: Satisfactory/No Credit

OUTDOOR 106: Outdoor Leadership Practicum (LEAD 126)
Outdoor education and leadership theory integration through intensive field-based experiences. During these field-based experiences, students will engage with
critical self-assessment process to better understand their own levels of competence leading others. Prerequisite: OUTDOOR 103

Terms: Win, Spr | Units: 1-2 | Grading: Satisfactory/No Credit

Instructors: ; Lowley, S. (PI); Zollweg, B. (PI); Zollweg, B. (SI)

OUTDOOR 119: Outdoor Educator Apprenticeship (LEAD 129)
This course provides the student an opportunity to lead a multi-day outdoor experiences in an official capacity. Experience includes: outdoor living skills, planning
and logistics, leadership, risk management, environmental integration, and education. Students will plan and co-lead field outings. Prerequisites: OUTDOOR 103

Terms: Aut | Units: 1-2 | Grading: Satisfactory/No Credit

Instructors: ; Lowley, S. (PI)

PEDS 150: Social and Environmental Determinants of Health (PEDS 250)
Race, ethnicity, and socioeconomic status are just a few of the social determinants that contribute to health disparities. Apply a racial equity lens to drive a deeper
understanding of how vulnerable populations are uniquely at risk for poorer health outcomes. Explore how where we live, work, learn, and play influences health
status, and examine the processes through which social and environmental determinants adversely affect health and drive inequities across the lifespan. With
experts from multiple sectors, this course will discuss innovative clinical, public health, policy, advocacy, and community engaged solutions to advance health
equity. Explore the unique role of health professionals in addressing health inequities.

Terms: Win | Units: 3 | UG Reqs: WAY-EDP | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Bruce, J. (PI); Floyd, B. (PI); Gomez, O. (TA)

PEDS 250: Social and Environmental Determinants of Health (PEDS 150)
Race, ethnicity, and socioeconomic status are just a few of the social determinants that contribute to health disparities. Apply a racial equity lens to drive a deeper
understanding of how vulnerable populations are uniquely at risk for poorer health outcomes. Explore how where we live, work, learn, and play influences health
status, and examine the processes through which social and environmental determinants adversely affect health and drive inequities across the lifespan. With
experts from multiple sectors, this course will discuss innovative clinical, public health, policy, advocacy, and community engaged solutions to advance health
equity. Explore the unique role of health professionals in addressing health inequities.

Terms: Win | Units: 3 | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Bruce, J. (PI); Floyd, B. (PI); Gomez, O. (TA)

PHIL 72: Contemporary Moral Problems (ETHICSOC 185M, POLISCI 134P)
This course is an introduction to contemporary ethical thought with a focus on the morality of harming others and saving others from harm. It aims to develop
students' ability to think carefully and rationally about moral issues, to acquaint them with modern moral theory, and to encourage them to develop their own
considered positions about important real-world issues. In the first part of the course, we will explore fundamental topics in the ethics of harm. Among other
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questions, we will ask: How extensive are one's moral duties to improve the lives of the less fortunate? When is it permissible to inflict harm on others for the sake
of the greater good? Does the moral permissibility of a person's action depend on her intentions? Can a person be harmed by being brought into existence? In the
second part of the course, we will turn to practical questions. Some of these will be familiar; for example: Is abortion morally permissible? What obligations do we
have to protect the planet for the sake of future generations? Other questions we will ask are newer and less well-trodden. These will include: How does the
availability of new technology, in particular artificial intelligence, change the moral landscape of the ethics of war? What moral principles should govern the
programming and operation of autonomous vehicles?

Terms: Spr | Units: 4-5 | UG Reqs: GER:EC-EthicReas, WAY-ER | Grading: Letter (ABCD/NP)

Instructors: ; Karhu, T. (PI); Amaral, J. (TA); Brophy, S. (TA)

PHIL 76: Introduction to Global Justice (ETHICSOC 136R, INTNLREL 136R, POLISCI 136R, POLISCI 336)
Our world is divided into many different states, each of which has its own culture or set of cultures. Vast inequalities of wealth and power exist between citizens of
the rich world and the global poor. International commerce, immigration, and climate change entwine our lives in ways that transcend borders. It is in this context
that problems of global justice, which relate to the normative obligations that arise from our international order, emerge. What demands (if any) does justice
impose on institutions and individuals acting in a global context? Is it morally permissible to prioritize the welfare of our compatriots over the welfare of foreigners?
Do states have the right to control their borders? What are the responsibilities (if any) of wealthy states, consumers, and multinational corporations to the global
poor? This course explores longstanding problems of global justice via a discussion of contemporary issues: global poverty, global public health, immigration, human
rights and humanitarian intervention, self-determination, and climate change.n nThere are no easy answers to these questions, and the complexity of these issues
requires an interdisciplinary approach. While there are several possible theoretical approaches to problems of global justice, the approach taken in this course will
be rooted in political philosophy and political theory. We will combine readings from political philosophy and theory with empirical material from the social
sciences, newspaper articles, and popular media. By the end of this course, students will be familiar with contemporary problems of global justice, be able to
critically assess theoretical approaches to these problems, and be able to formulate and defend their own views on these complex issues.

Terms: Win | Units: 4 | UG Reqs: GER:DB-Hum, GER:EC-EthicReas, WAY-ER | Grading: Letter or Credit/No Credit

Instructors: ; Soon, V. (PI); Kim, R. (TA)

PHIL 175A: Ethics and Politics of Public Service (CSRE 178, ETHICSOC 133, PHIL 275A, POLISCI 133, PUBLPOL 103D,
URBANST 122)
Ethical and political questions in public service work, including volunteering, service learning, humanitarian assistance, and public service professions such as
medicine and teaching. Motives and outcomes in service work. Connections between service work and justice. Is mandatory service an oxymoron? History of public
service in the U.S. Issues in crosscultural service work. Integration with the Haas Center for Public Service to connect service activities and public service
aspirations with academic experiences at Stanford.

Last offered: Spring 2018 | Units: 3-5 | UG Reqs: GER:DB-SocSci, WAY-ER | Grading: Letter or Credit/No Credit

PHIL 178M: Introduction to Environmental Ethics (ETHICSOC 178M, ETHICSOC 278M, PHIL 278M, POLISCI 134L)
How should human beings relate to the natural world? Do we have moral obligations toward non-human animals and other parts of nature? And what do we owe to
other human beings, including future generations, with respect to the environment? The first part of this course will examine such questions in light of some of our
current ethical theories: considering what those theories suggest regarding the extent and nature of our environmental obligations; and also whether reflection on
such obligations can prove informative about the adequacy of our ethical theories. In the second part of the course, we will use the tools that we have acquired to
tackle various ethical questions that confront us in our dealings with the natural world, looking at subjects such as: animal rights; conservation; economic
approaches to the environment; access to and control over natural resources; environmental justice and pollution; climate change; technology and the
environment; and environmental activism.

Last offered: Spring 2020 | Units: 4-5 | UG Reqs: GER:EC-EthicReas, WAY-ER | Grading: Letter (ABCD/NP)

PHIL 275A: Ethics and Politics of Public Service (CSRE 178, ETHICSOC 133, PHIL 175A, POLISCI 133, PUBLPOL 103D,
URBANST 122)
Ethical and political questions in public service work, including volunteering, service learning, humanitarian assistance, and public service professions such as
medicine and teaching. Motives and outcomes in service work. Connections between service work and justice. Is mandatory service an oxymoron? History of public
service in the U.S. Issues in crosscultural service work. Integration with the Haas Center for Public Service to connect service activities and public service
aspirations with academic experiences at Stanford.

Last offered: Spring 2018 | Units: 3-5 | Grading: Letter or Credit/No Credit

PHIL 278M: Introduction to Environmental Ethics (ETHICSOC 178M, ETHICSOC 278M, PHIL 178M, POLISCI 134L)
How should human beings relate to the natural world? Do we have moral obligations toward non-human animals and other parts of nature? And what do we owe to
other human beings, including future generations, with respect to the environment? The first part of this course will examine such questions in light of some of our
current ethical theories: considering what those theories suggest regarding the extent and nature of our environmental obligations; and also whether reflection on
such obligations can prove informative about the adequacy of our ethical theories. In the second part of the course, we will use the tools that we have acquired to
tackle various ethical questions that confront us in our dealings with the natural world, looking at subjects such as: animal rights; conservation; economic
approaches to the environment; access to and control over natural resources; environmental justice and pollution; climate change; technology and the
environment; and environmental activism.

Last offered: Spring 2020 | Units: 4-5 | Grading: Letter (ABCD/NP)

PHYSICS 199: The Physics of Energy and Climate Change (PHYSICS 201)
Topics include measurements of temperature and sea level changes in the climate record of the Earth, satellite atmospheric spectroscopy, satellite gravity geodesy
measurements of changes in water aquifers and glaciers, and ocean changes. The difference between weather fluctuations changes and climate change, climate
models and their uncertainties in the context of physical, chemical and biological feedback mechanisms to changes in greenhouse gases and solar insolation will be
discussed. Energy efficiency, transmission and distribution of electricity, energy storage, and the physics of harnessing fossil, wind, solar, geothermal, fission and
fusion will be covered, along with prospects of future technological developments in energy use and production. Prerequisite: Physics 40 or Physics 60 series.

Last offered: Spring 2021 | Units: 3 | Grading: Letter or Credit/No Credit

PHYSICS 201: The Physics of Energy and Climate Change (PHYSICS 199)
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Topics include measurements of temperature and sea level changes in the climate record of the Earth, satellite atmospheric spectroscopy, satellite gravity geodesy
measurements of changes in water aquifers and glaciers, and ocean changes. The difference between weather fluctuations changes and climate change, climate
models and their uncertainties in the context of physical, chemical and biological feedback mechanisms to changes in greenhouse gases and solar insolation will be
discussed. Energy efficiency, transmission and distribution of electricity, energy storage, and the physics of harnessing fossil, wind, solar, geothermal, fission and
fusion will be covered, along with prospects of future technological developments in energy use and production. Prerequisite: Physics 40 or Physics 60 series.

Last offered: Spring 2021 | Units: 3 | Grading: Letter or Credit/No Credit

PHYSICS 240: Introduction to the Physics of Energy
Energy as a consumable. Forms and interconvertability. World Joule budget. Equivalents in rivers, oil pipelines and nuclear weapons. Quantum mechanics of fire,
batteries and fuel cells. Hydrocarbon and hydrogen synthesis. Fundamental limits to mechanical, electrical and magnetic strengths of materials. Flywheels,
capacitors and high pressure tanks. Principles of AC and DC power transmission. Impossibility of pure electricity storage. Surge and peaking. Solar constant.
Photovoltaic and thermal solar conversion. Physical limits on agriculture.

Terms: Aut | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Laughlin, R. (PI)

PHYSICS 241: Introduction to Nuclear Energy
Radioactivity. Elementary nuclear processes. Energetics of fission and fusion. Cross-sections and resonances. Fissionable and fertile isotopes. Neutron budgets. Light
water, heavy water and graphite reactors. World nuclear energy production. World reserves of uranium and thorium. Plutonium, reprocessing and proliferation. Half
lives of fission decay products and actinides made by neutron capture. Nuclear waste. Three Mile Island and Chernobyl. Molten sodium breeders. Generation-IV
reactors. Inertial confinement and magnetic fusion. Laser compression. Fast neutron production and fission-fusion hybrids. Prerequisities: Strong undergraduate
background in elementary chemistry and physics. PHYSICS 240 and PHYSICS 252 recommended but not required. Interested undergraduates encouraged to enroll,
with permission of instructor.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

Instructors: ; Laughlin, R. (PI)

POLECON 230: Strategy Beyond Markets
Politicians, regulators, and voters place limits on - and present opportunities for - nearly every business. Firms like Uber, Airbnb, and Google do not only remain
cognizant of existing laws, they also look for opportunities to change the law in ways that help their business. In this class, we will learn how businesses can
influence political decision-making and develop frameworks for political strategy. We will examine firms' interactions with competitive firms, market incumbents,
customers, and institutions, including interest groups, legislatures, regulatory agencies, courts, international organizations, and the public. Case studies include
intellectual property, health care reform, carried interest in private equity, ride-sharing, and peer-to-peer lending. Students will complete the course with a better
appreciation of how politics works, of the opportunities and perils associated with alternative political goals, and of tactics likely to achieve those goals. Special
emphasis is given to beyond market strategy for start-ups and how to integrate market and beyond-market strategies.

Last offered: Spring 2021 | Units: 2 | Grading: GSB Letter Graded

POLECON 231: Strategy Beyond Markets
Business performance is determined not only by a firm¿s commercial strategy with respect to consumers and competitors, but also by its strategic interactions with
nonmarket players like politicians, regulators and bureaucrats. The success of private investments is arguably more closely tied to firm strategy in this realm
beyond markets in lower income countries, where the ¿rules of the game¿ that shape market competition are typically less formalized, more unpredictable, and
subject to fewer institutional checks and balances. At the same time, some of the greatest opportunities for firms arise in environments where markets are weak or
in the presence of market failures. The purpose of the course is to gain a better understanding of what goes on beyond the market and develop a set of tools to
analyze it, drawing on cases from a variety of countries around the world, including the U.S., India, Argentina, Brazil and Zambia.

Terms: Win | Units: 3 | Grading: GSB Letter Graded

Instructors: ; Casey, K. (PI); Rivera, S. (GP)

POLECON 515: Energy: Innovation, Policy & Business Strategy
The future of the energy industry is deeply intertwined with politics and the formation of policy. In this class we'll take a deeper dive into the market and beyond-
market (policy) strategies in the energy industry. Our focus will be on new clean energy technologies as they attempt to break into the industry. Each session will
address a business problem and analyze the interaction of market structure and the beyond-market environment. The business problem will either come from a
written case or a guest speaker. Topics covered: 1) Mapping the regulated energy landscape: the politics and innovation of the renewable energy industry. 2)
Working with State Regulators and Using the beyond-market to dislodge entrenched incumbents. 3) Beyond State Politics: The US & Australian Federal Government.
4) The Utilities from inside and outside. 5) Investing in a highly regulated industry. This course is led by Steve Callander, GSB professor of public and private
management & political economy and Josh Richman, VP of global business development and policy at Bloom Energy.

Terms: Spr | Units: 2 | Grading: GSB Letter Graded

Instructors: ; Callander, S. (PI); Richman, J. (SI); Pola, M. (GP)

POLISCI 73: Energy Policy in California and the West (CEE 263G, ENERGY 73, PUBLPOL 73)
This seminar provides an in-depth analysis of the role of California state agencies and Western energy organizations in driving energy policy development,
technology innovation, and market structures, in California, the West and internationally. The course covers three areas: 1) roles and responsibilities of key state
agencies and Western energy organizations; 2) current and evolving energy and climate policies; and 3) development of the 21st century electricity system in
California and the West. The seminar will also provide students a guideline of what to expect in professional working environment.

Terms: Spr | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Cain, B. (PI); Marcus, F. (PI)

POLISCI 74B: Public Service and Social Impact: Pathways to Purposeful Careers (CSRE 190A, ENGLISH 180, PUBLPOL 75B,
SOC 190A, SYMSYS 193, URBANST 190A)
How do I translate my interests and capacities into a career in public service and social impact? This course will introduce you to a wide range of roles that help
shape public policy and civic life, including government, nonprofits, social enterprise and the arts. It can be taken for one or two units. For one unit, you
participate in a weekly, interactive speaker series designed to give you a sense for what different public service careers are like. Each week, guests describe their
organizations and roles, highlight key intellectual issues and policy challenges, discuss their career paths, and describe skills crucial for the job. For a second unit,
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you participate additionally in a more intimate weekly session designed to help you translate this knowledge into action. You will identify roles and organizations
that might be a good match for you, build your network through informational interviewing, receive career coaching, and acquire the tools you need to launch your
job or internship search. This course is open to all students, not only those studying political science, public policy and other social sciences, but also those in the
arts, humanities, sciences, or engineering. Course content will be relevant to both students soon entering the job market and those facing choices about courses of
study and internships. It is co-sponsored by the Haas Center for Public Service, the School of Humanities and Sciences, and Stanford in Government.nnStudents
taking the course for one unit must enroll in the Tuesday lecture, and students taking the course for two units must enroll in both the Tuesday lecture and the
Thursday section.

Terms: Win | Units: 1-2 | Grading: Satisfactory/No Credit

Instructors: ; Diamond, L. (PI); Garvin, L. (PI); Litvak, L. (PI); Sims, J. (PI)

POLISCI 124A: The American West (AMSTUD 124A, ARTHIST 152, ENGLISH 124, HISTORY 151)
The American West is characterized by frontier mythology, vast distances, marked aridity, and unique political and economic characteristics. This course integrates
several disciplinary perspectives into a comprehensive examination of Western North America: its history, physical geography, climate, literature, art, film,
institutions, politics, demography, economy, and continuing policy challenges. Students examine themes fundamental to understanding the region: time, space,
water, peoples, and boom and bust cycles.

Terms: Spr | Units: 5 | UG Reqs: GER:DB-Hum, GER:EC-AmerCul, WAY-A-II, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Cain, B. (PI); Fishkin, S. (PI); Freyberg, D. (PI); Kennedy, D. (PI); Hammann, A. (TA); Messarra, L. (TA); Vargas Nunez, C. (TA)

POLISCI 133: Ethics and Politics of Public Service (CSRE 178, ETHICSOC 133, PHIL 175A, PHIL 275A, PUBLPOL 103D,
URBANST 122)
Ethical and political questions in public service work, including volunteering, service learning, humanitarian assistance, and public service professions such as
medicine and teaching. Motives and outcomes in service work. Connections between service work and justice. Is mandatory service an oxymoron? History of public
service in the U.S. Issues in crosscultural service work. Integration with the Haas Center for Public Service to connect service activities and public service
aspirations with academic experiences at Stanford.

Last offered: Spring 2018 | Units: 3-5 | UG Reqs: GER:DB-SocSci, WAY-ER | Grading: Letter or Credit/No Credit

POLISCI 133Z: Ethics and Politics in Public Service (CSRE 133P, PUBLPOL 103Z, URBANST 122Z)
This course examines ethical and political questions that arise in doing public service work, whether volunteering, service learning, humanitarian endeavors
overseas, or public service professions such as medicine and teaching. What motives do people have to engage in public service work? Are self-interested motives
troublesome? What is the connection between service work and justice? Should the government or schools require citizens or students to perform service work? Is
mandatory service an oxymoron?

Terms: Sum | Units: 4 | UG Reqs: WAY-ER | Grading: Letter or Credit/No Credit

Instructors: ; Coyne, B. (PI); Cloward, J. (TA)

POLISCI 134: Ethics for Activists (ETHICSOC 134)
Activists devote sustained effort and attention toward achieving particular goals of social and political change. Do we have an ethical obligation to be activists? And
how should those who do choose to be activists (for whatever reason) understand the ethics of that role? Questions discussed in this course may include: When is
civil disobedience appropriate, and what does it entail? Should activists feel constrained by obligations of fairness, honesty, or civility toward those with whom we
disagree? Are there special ethical considerations in activism on behalf of those who cannot advocate for themselves? What is solidarity and what does it require of
us? Students in this course will develop skills in analyzing, evaluating, and constructing logical arguments about ethical concerns related to activism, but class
discussions will also address the potential limitations of logical argument in ethical and political reasoning.

Terms: Win | Units: 5 | UG Reqs: WAY-ER | Grading: Letter or Credit/No Credit

Instructors: ; Chapman, E. (PI); O'Bryan, J. (TA)

POLISCI 134L: Introduction to Environmental Ethics (ETHICSOC 178M, ETHICSOC 278M, PHIL 178M, PHIL 278M)
How should human beings relate to the natural world? Do we have moral obligations toward non-human animals and other parts of nature? And what do we owe to
other human beings, including future generations, with respect to the environment? The first part of this course will examine such questions in light of some of our
current ethical theories: considering what those theories suggest regarding the extent and nature of our environmental obligations; and also whether reflection on
such obligations can prove informative about the adequacy of our ethical theories. In the second part of the course, we will use the tools that we have acquired to
tackle various ethical questions that confront us in our dealings with the natural world, looking at subjects such as: animal rights; conservation; economic
approaches to the environment; access to and control over natural resources; environmental justice and pollution; climate change; technology and the
environment; and environmental activism.

Last offered: Spring 2020 | Units: 4-5 | UG Reqs: GER:EC-EthicReas, WAY-ER | Grading: Letter (ABCD/NP)

POLISCI 136R: Introduction to Global Justice (ETHICSOC 136R, INTNLREL 136R, PHIL 76, POLISCI 336)
Our world is divided into many different states, each of which has its own culture or set of cultures. Vast inequalities of wealth and power exist between citizens of
the rich world and the global poor. International commerce, immigration, and climate change entwine our lives in ways that transcend borders. It is in this context
that problems of global justice, which relate to the normative obligations that arise from our international order, emerge. What demands (if any) does justice
impose on institutions and individuals acting in a global context? Is it morally permissible to prioritize the welfare of our compatriots over the welfare of foreigners?
Do states have the right to control their borders? What are the responsibilities (if any) of wealthy states, consumers, and multinational corporations to the global
poor? This course explores longstanding problems of global justice via a discussion of contemporary issues: global poverty, global public health, immigration, human
rights and humanitarian intervention, self-determination, and climate change.n nThere are no easy answers to these questions, and the complexity of these issues
requires an interdisciplinary approach. While there are several possible theoretical approaches to problems of global justice, the approach taken in this course will
be rooted in political philosophy and political theory. We will combine readings from political philosophy and theory with empirical material from the social
sciences, newspaper articles, and popular media. By the end of this course, students will be familiar with contemporary problems of global justice, be able to
critically assess theoretical approaches to these problems, and be able to formulate and defend their own views on these complex issues.

Terms: Win | Units: 4 | UG Reqs: GER:DB-Hum, GER:EC-EthicReas, WAY-ER | Grading: Letter or Credit/No Credit

Instructors: ; Soon, V. (PI); Kim, R. (TA)
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POLISCI 218X: Shaping the Future of the Bay Area (AMSTUD 118X, CEE 118X, CEE 218X, ESS 118X, ESS 218X, GEOLSCI
118X, GEOLSCI 218X, GEOPHYS 118X, GEOPHYS 218X, PUBLPOL 118X, PUBLPOL 218X)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Aut | Units: 1-5 | UG Reqs: WAY-AQR, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Wong-Parodi, G. (PI); Duan, J. (TA); Srinivas, S. (TA)

POLISCI 227B: Environmental Governance and Climate Resilience (CEE 265F, PUBLPOL 265F)
Adaptation to climate change will not only require new infrastructure and policies, but it will also challenge our local, state and national governments to
collaborate across jurisdictional lines in ways that include many different types of private and nonprofit organizations and individual actors. The course explores
what it means for communities to be resilient and how they can reach that goal in an equitable and effective way. Using wildfires in California as a case study, the
course assesses specific strategies, such as controlled burns and building codes, and a range of planning and policy measures that can be used to enhance climate
resilience. In addition, it considers how climate change and development of forested exurban areas (among other factors) have influenced the size and severity of
wildfires. The course also examines the obstacles communities face in selecting and implementing adaptation measures (e.g., resource constraints, incentives to
develop in forested areas, inadequate policy enforcement, and weak inter-agency coordination). Officials from various Bay Area organizations contribute to aspects
of the course; and students will present final papers to local government offcials. Limited enrollment. Students will be asked to prepare application essays on the
first day of class. Course is intended for seniors and graduate students.

Last offered: Winter 2020 | Units: 3 | Grading: Letter or Credit/No Credit

POLISCI 241S: Spatial Approaches to Social Science (ANTHRO 130D, ANTHRO 230D, URBANST 124)
This multidisciplinary course combines different approaches to how GIS and spatial tools can be applied in social science research. We take a collaborative, project
oriented approach to bring together technical expertise and substantive applications from several social science disciplines. The course aims to integrate tools,
methods, and current debates in social science research and will enable students to engage in critical spatial research and a multidisciplinary dialogue around
geographic space.

Last offered: Winter 2020 | Units: 5 | UG Reqs: WAY-AQR, WAY-SI | Grading: Letter or Credit/No Credit

PSYC 136A: Valuescience: Shedding Illusion to Live and Die Well (PSYC 236A)
Apply scientific methods and principles to discern and realize value. Read history, philosophy, ecology, economics, sociology, linguistics and psychology pertinent to
emergence of valuescience as foundation for an increasing range of human action. Explore perceptual, cognitive, and cultural impediments to valuescience;
strategies for overcoming these; and personal and social benefits of doing so. 4 units includes weekly practice (e.g., meditation, aerobic exercise). Students may
enroll in PSYC 136A or PSYC 136B or both. Either may be taken first.

Last offered: Autumn 2018 | Units: 3-4 | Grading: Medical Option (Med-Ltr-CR/NC)

PSYC 136B: Valuescience: Shedding Illusion to Live and Die Well (PSYC 236B)
Apply scientific methods and principles to discern and realize value. Read history, philosophy, ecology, economics, sociology, linguistics and psychology pertinent to
emergence of valuescience as foundation for an increasing range of human action. Explore perceptual, cognitive, and cultural impediments to valuescience,
strategies for overcoming these, and personal and social benefits of doing so. 4 units includes weekly practice (e.g., meditation, aerobic exercise). Students may
enroll in PSYC 136A or PSYC 136B or both. Either may be taken first.

Last offered: Spring 2019 | Units: 3-4 | Grading: Medical Option (Med-Ltr-CR/NC)

PSYC 150N: Climate Change and Mental Health (GLOBAL 150N)
The impact of climate change is far-reaching, extending beyond immediate and imminent ecological effects and into a range of human experiences, including
physical and mental disease. This course uses an interdisciplinary approach to consider the interaction of climate change and mental health. Beginning with
historical associations of nature and human well-being, we will use a variety of texts¿some historic, some literary, some scientific¿to explore the effects of nature
on the human mind. Similarly, we will look at how human psychology influences our reactions to climate change, from grief, to climate change denialism, to action.
The seminar has a significant out-of-doors component, including local ecosystem exploration, an applied study of ¿nature therapy,¿ and field trips to sites where
clinical work on the interaction of nature and mental health can be observed first-hand. This year we are fortunate to have received a Global Studies Course
Innovation Award to support our field-trips, as well as the visit of several guests nationally known for their work in the areas of climate change and mental health.

| Units: 3 | Grading: Letter or Credit/No Credit

PSYCH 298: Advanced Studies in Health Psychology
This course provides an overview of the major concepts and questions in the field of health psychology. Through reading, lecture and interactive discussion,
students have the opportunity to explore and think critically about a number of psychological and social influences in determining health including: emotions,
beliefs, relationships, stress, motivation, behavior change, spirituality, culture, and social influence. Students will also discuss the role of important and current
topics in the field of health psychology and medicine such as the changing role of the patient and provider relationship, health-care policy and the environment,
placebo effects, wearable health devices, and the use of technology in medicine. Course is offered to graduate students and advanced undergraduates with
permission from the instructor.

Terms: Spr | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Crum, A. (PI)

PSYCH 459: Frontiers in Interdisciplinary Biosciences (BIO 459, BIOC 459, BIOE 459, CHEM 459, CHEMENG 459)
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Students register through their affiliated department; otherwise register for CHEMENG 459. For specialists and non-specialists. Sponsored by the Stanford BioX
Program. Three seminars per quarter address scientific and technical themes related to interdisciplinary approaches in bioengineering, medicine, and the chemical,
physical, and biological sciences. Leading investigators from Stanford and the world present breakthroughs and endeavors that cut across core disciplines. Pre-
seminars introduce basic concepts and background for non-experts. Registered students attend all pre-seminars; others welcome. See
http://biox.stanford.edu/courses/459.html. Recommended: basic mathematics, biology, chemistry, and physics.

Last offered: Spring 2020 | Units: 1 | Repeatable for credit | Grading: Medical Satisfactory/No Credit

PUBLPOL 73: Energy Policy in California and the West (CEE 263G, ENERGY 73, POLISCI 73)
This seminar provides an in-depth analysis of the role of California state agencies and Western energy organizations in driving energy policy development,
technology innovation, and market structures, in California, the West and internationally. The course covers three areas: 1) roles and responsibilities of key state
agencies and Western energy organizations; 2) current and evolving energy and climate policies; and 3) development of the 21st century electricity system in
California and the West. The seminar will also provide students a guideline of what to expect in professional working environment.

Terms: Spr | Units: 1 | Repeatable 2 times (up to 2 units total) | Grading: Satisfactory/No Credit

Instructors: ; Cain, B. (PI); Marcus, F. (PI)

PUBLPOL 101: Introduction to American Politics and Policy: Democracy Under Siege? (AMSTUD 123X, POLISCI 102,
PUBLPOL 201)
This course both looks at the ways American political institutions shape policy outcomes and how Federal, state and local government have handled challenges
related to increasing party polarization, climate change, heightened racial tensions and rising economic inequality. Instruction will include lectures, guest speakers,
and moderated discussions.

Terms: Aut | Units: 5 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Cain, B. (PI); Clayton, K. (TA); Park, A. (TA); Parker, B. (TA); Peters, A. (TA); Tanigawa-Lau, C. (TA); Yorgason, C. (TA)

PUBLPOL 103C: Justice (ETHICSOC 171, PHIL 171, POLISCI 103, POLISCI 336S)
Justice, as we use the term in this class, is a question about social cooperation. People can produce much more cooperatively than the sum of what they could
produce as individuals, and these gains from cooperation are what makes civilization possible. But on what terms should we cooperate? How should we divide, as
the philosopher John Rawls puts it, "the benefits and burdens of social cooperation"? Working primarily within the Anglo-American philosophical tradition, we'll
discuss different answers to this big question as a way to bring together some of the most prominent debates in modern political philosophy. We'll study theories
including utilitarianism, libertarianism, classical liberalism, and egalitarian liberalism, and we'll take on complex current issues like reparations for racial injustice,
the gender pay gap, and responses to climate change. This class is meant to be an accessible entry point to political philosophy. No experience with political
science or philosophy is required or assumed, and we will spend time on the strategy of philosophy as well: understanding how our authors make their arguments to
better respond to them and make our own.

Terms: Aut | Units: 4-5 | UG Reqs: GER:DB-Hum, GER:EC-EthicReas, WAY-ER | Grading: Letter or Credit/No Credit

Instructors: ; Coyne, B. (PI); Ikpeazu, C. (TA); Jiang, D. (TA); Mendez, V. (TA); Minsk, A. (TA); O'Bryan, J. (TA)

PUBLPOL 103D: Ethics and Politics of Public Service (CSRE 178, ETHICSOC 133, PHIL 175A, PHIL 275A, POLISCI 133,
URBANST 122)
Ethical and political questions in public service work, including volunteering, service learning, humanitarian assistance, and public service professions such as
medicine and teaching. Motives and outcomes in service work. Connections between service work and justice. Is mandatory service an oxymoron? History of public
service in the U.S. Issues in crosscultural service work. Integration with the Haas Center for Public Service to connect service activities and public service
aspirations with academic experiences at Stanford.

Last offered: Spring 2018 | Units: 3-5 | UG Reqs: GER:DB-SocSci, WAY-ER | Grading: Letter or Credit/No Credit

PUBLPOL 104: Economic Policy Analysis (ECON 150, PUBLPOL 204)
The relationship between microeconomic analysis and public policy making. How economic policy analysis is done and why political leaders regard it as useful but
not definitive in making policy decisions. Economic rationales for policy interventions, methods of policy evaluation and the role of benefit-cost analysis, economic
models of politics and their application to policy making, and the relationship of income distribution to policy choice. Theoretical foundations of policy making and
analysis, and applications to program adoption and implementation. Prerequisites: ECON 50 and ECON 102B. Undergraduate Public Policy students are required to
take this class for a letter grade and enroll in this class for five units.

Terms: Win | Units: 4-5 | UG Reqs: WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Rosston, G. (PI)

PUBLPOL 108H: Housing Affordability Crisis in California: Causes, Impacts, and Solutions (URBANST 108H)
This course will divided into three sections that when combined provide 1) the overall narrative of the precedents and adverse impacts of the worldwide, US west
coast and California housing crises and the frameworks for California to create a balanced housing market without causing extreme displacement; 2) an overview of
the planning, regulatory and development environments in California along with an opportunities/threats analysis to illuminate current opportunities to achieve a
balanced housing market; and 3) an overview of the federal, state, regional and local housing policy environments and areas of policy work addressing and
responding to the California housing crisis.

Terms: Win | Units: 4 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; LeSar, J. (PI)

PUBLPOL 116: Climate Perspectives: Climate Science, Impacts, Policy, Negotiations, and Advocacy (HUMBIO 116)
The course contains four main parts:Climate Science, Climate Impacts, Climate Policy, Climate Advocacy. Part I begins with a detailed introduction to climate
science, including an assessment of arguments by climate science skeptics, and an examination of climate change models. Part II describes the impacts of climate
change on the planet, human health, species and biodiversity, and it adds an economic perspective on the costs and benefits of responding now¿or later¿to climate
change. Part II also include a discussion on climate change ethics, i.e., fairness and responsibility among individuals, nations, and generations. Part III focuses on
climate policy, from the Kyoto Protocol to the Paris Accord. Part III also includes an introduction to how the public and officials have viewed climate change over
time, and it explores factors that make widespread formal agreement difficult. Part IV looks forward to climate advocacy and what to expect from future of
climate negotiations. Enrollment limited to students with sophomore academic standing or above. Prerequisite: Human Biology Core or Biology Foundations or
consent of instructor (i.e. background in earth systems, economics, policy).
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Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Nation, J. (PI)

PUBLPOL 118X: Shaping the Future of the Bay Area (AMSTUD 118X, CEE 118X, CEE 218X, ESS 118X, ESS 218X, GEOLSCI
118X, GEOLSCI 218X, GEOPHYS 118X, GEOPHYS 218X, POLISCI 218X, PUBLPOL 218X)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Aut | Units: 1-5 | UG Reqs: WAY-AQR, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Wong-Parodi, G. (PI); Duan, J. (TA); Srinivas, S. (TA)

PUBLPOL 130: Planning Calif: the Intersection of Climate, Land Use, Transportation & the Economy (CEE 136, CEE 236,
PUBLPOL 230, URBANST 130)
Cities and urban areas have always been transformed by major external changes like pandemics and public health crises. California is both in the midst of its
greatest economic recession since the Great Depression and experiencing a pandemic that has the potential to reshape many aspects of life. Planning for cities and
regions, however, is a long game that requires follow-through on decisions made sometimes over many decades. How do we balance the shocks to our assumptions
from the current Covid world with the need to plan long-term for issues like affordable housing and equitable cities, and perhaps most fundamentally, prepare our
cities and communities for the inevitability of climate change and climate impact? nnnnThis course takes an interdisciplinary view of the key contemporary planning
topics in California. It does so from looking at the intersection of climate laws, land use changes, the need for housing, travel patterns and the availability of high
quality jobs and employment. This course will give you an understanding of the roles of key levels of government, from the state to the region/metropolitan scale,
to the city and county, down to the neighborhood and parcel level. it will give students insight into leading themes and issues of the day in California such as the
future of downtowns, the role of high speed rail, the impact of telework, automation in the construction of housing, drawing from examples in San Jose and San
Francisco, the Central Valley, the state legislature, Southern California. Within each of these topics we will look at the impact of decisions on equity as well as
climate and the economy. nnnnThe instructors are Kristy Wang, formerly SPUR¿s Community Planning Policy Director, and Egon Terplan, Senior Advisor for Economic
Development and Transportation in the California Governor¿s Office, formerly SPUR¿s Regional Planning Director. (Affiliations for identification purposes only)

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit

PUBLPOL 135: Regional Politics and Decision Making in Silicon Valley and the Greater Bay Area
Dynamics of regional leadership and decision making in Silicon Valley, a complex region composed of 40 cities and four counties without any overarching framework
for governance. Formal and informal institutions shaping outcomes in the region. Case studies include transportation, workforce development, housing and land
use, and climate change.

Terms: Spr | Units: 4 | Grading: Letter or Credit/No Credit

Instructors: ; Benest, F. (PI); Hancock, R. (PI)

PUBLPOL 159: Economic, Legal, and Political Analysis of Climate-Change Policy (EARTHSYS 159, ECON 159, ECON 209)
This course will advance students understanding of economic, legal, and political approaches to avoiding or managing the problem of global climate change.
Theoretical contributions as well as empirical analyses will be considered. It will address economic issues, legal constraints, and political challenges associated with
various emissions-reduction and adaptation strategies, and it will consider policy efforts at the local, national, and international levels. Specific topics include:
interactions among overlapping climate policies, the strengths and weaknesses of alternative policy instruments, trade-offs among alternative policy objectives,
and decision making under uncertainty. Prerequisites: Econ 50 or its equivalent.

Last offered: Spring 2019 | Units: 5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

PUBLPOL 163: Land Use: Planning for Sustainable Cities (AMSTUD 163, EARTHSYS 168, URBANST 163)
Through case studies with a focus on the San Francisco Bay Area, guest speakers, selective readings and interactive assignments, this survey course seeks to
demystify the concept of land use for the non-city planner. This introductory course will review the history and trends of land use policies, as well as address a
number of current themes to demonstrate the power and importance of land use. Students will explore how urban areas function, how stakeholders influence land
use choices, and how land use decisions contribute to positive and negative outcomes. By exploring the contemporary history of land use in the United States,
students will learn how land use has been used as a tool for discriminatory practices and NIMBYism. Students will also learn about current land use planning efforts
that seek to make cities more sustainable, resilient and equitable to address issues like gentrification, affordable housing, and sea level rise.

Terms: Spr | Units: 3 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Rich, D. (PI); von Borck, J. (PI); Quinn, H. (TA)

PUBLPOL 174: The Urban Economy (URBANST 173)
Applies the principles of economic analysis to historical and contemporary urban and regional development issues and policies. Explores themes of urban economic
geography, location decision-making by firms and individuals, urban land and housing markets, and local government finance. Critically evaluates historical and
contemporary government policies regulating urban land use, housing, employment development, and transportation.

Terms: Aut | Units: 4 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Wolfe, M. (PI)

PUBLPOL 209: What is Public about Public Lands - Who and How to Manage.
The seminar will exam the origin and evolution of public lands from 1789 forward. Specifically, how the United States' concept of property has evolved and thus the
management or caretaking of these lands has also changed. There are nearly 500 million acres of surface public lands (nearly ten times the size of New York) and
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over 750 million acres of subsurface public lands. The seminar will explore the writing of a "field book" for a unified management approach to the managing these
lands.

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

PUBLPOL 218X: Shaping the Future of the Bay Area (AMSTUD 118X, CEE 118X, CEE 218X, ESS 118X, ESS 218X, GEOLSCI
118X, GEOLSCI 218X, GEOPHYS 118X, GEOPHYS 218X, POLISCI 218X, PUBLPOL 118X)
The complex urban problems affecting quality of life in the Bay Area, from housing affordability and transportation congestion to economic vitality and social
justice, are already perceived by many to be intractable, and will likely be exacerbated by climate change and other emerging environmental and technological
forces. Reforming urban systems to improve the equity, resilience and sustainability of communities will require new collaborative methods of assessment, goal
setting, and problem solving across governments, markets, and communities. It will also require academic institutions to develop new models of co-production of
knowledge across research, education, and practice. This XYZ course series is designed to immerse students in co-production for social change. The course
sequence covers scientific research and ethical reasoning, skillsets in data-driven and qualitative analysis, and practical experience working with local partners on
urban challenges that can empower students to drive responsible systems change in their future careers. The Autumn (X) and Winter (Y) courses are focused on
basic and advanced skills, respectively, and completion is a prerequisite for participation in the Spring (Z) practicum quarter, which engages teams in real-world
projects with Bay Area local governments or community groups. X and Y are composed of four weekly pedagogical components: (A) lectures; (B) writing prompts
linked with small group discussion; (C) lab and self-guided tutorials on the R programming language; and (D) R data analysis assignments. Open to undergraduate
and graduate students in any major. For more information, visit http://bay.stanford.edu/education. Cardinal Course certified by the Haas Center.

Terms: Aut | Units: 1-5 | Grading: Letter (ABCD/NP)

Instructors: ; Ouyang, D. (PI); Suckale, J. (PI); Wong-Parodi, G. (PI); Duan, J. (TA); Srinivas, S. (TA)

PUBLPOL 224: Social Entrepreneurship and Innovation Lab (SE Lab) - Human & Planetary Health (HRP 224, MED 224)
Social Entrepreneurship and Innovation Lab (SE Lab) - Global & Planetary Health is a Collaboratory workshop for students/fellows to design and develop innovative
social ventures addressing key challenges in health and the environment, especially in support of the UN Sustainable Development Goals (SDGs 2030). Your mandate
in identifying problems and designing solutions is broad and flexible! SE Lab is open to students and fellows across Stanford and combines design thinking exercises,
short lectures & case studies, workshops, small group teamwork, presentations, guest speakers, and faculty, practitioner and peer feedback to support you and your
team in generating and developing ideas and projects that will change the world! Join SE Lab with an idea or simply the desire to join a team. Enrollment limited to
30.

Terms: Aut, Win, Spr | Units: 1-5 | Repeatable 3 times (up to 15 units total) | Grading: Medical Option (Med-Ltr-CR/NC)

Instructors: ; Bloom, G. (PI)

PUBLPOL 230: Planning Calif: the Intersection of Climate, Land Use, Transportation & the Economy (CEE 136, CEE 236,
PUBLPOL 130, URBANST 130)
Cities and urban areas have always been transformed by major external changes like pandemics and public health crises. California is both in the midst of its
greatest economic recession since the Great Depression and experiencing a pandemic that has the potential to reshape many aspects of life. Planning for cities and
regions, however, is a long game that requires follow-through on decisions made sometimes over many decades. How do we balance the shocks to our assumptions
from the current Covid world with the need to plan long-term for issues like affordable housing and equitable cities, and perhaps most fundamentally, prepare our
cities and communities for the inevitability of climate change and climate impact? nnnnThis course takes an interdisciplinary view of the key contemporary planning
topics in California. It does so from looking at the intersection of climate laws, land use changes, the need for housing, travel patterns and the availability of high
quality jobs and employment. This course will give you an understanding of the roles of key levels of government, from the state to the region/metropolitan scale,
to the city and county, down to the neighborhood and parcel level. it will give students insight into leading themes and issues of the day in California such as the
future of downtowns, the role of high speed rail, the impact of telework, automation in the construction of housing, drawing from examples in San Jose and San
Francisco, the Central Valley, the state legislature, Southern California. Within each of these topics we will look at the impact of decisions on equity as well as
climate and the economy. nnnnThe instructors are Kristy Wang, formerly SPUR¿s Community Planning Policy Director, and Egon Terplan, Senior Advisor for Economic
Development and Transportation in the California Governor¿s Office, formerly SPUR¿s Regional Planning Director. (Affiliations for identification purposes only)

Terms: Win | Units: 3 | Grading: Letter or Credit/No Credit

PUBLPOL 265F: Environmental Governance and Climate Resilience (CEE 265F, POLISCI 227B)
Adaptation to climate change will not only require new infrastructure and policies, but it will also challenge our local, state and national governments to
collaborate across jurisdictional lines in ways that include many different types of private and nonprofit organizations and individual actors. The course explores
what it means for communities to be resilient and how they can reach that goal in an equitable and effective way. Using wildfires in California as a case study, the
course assesses specific strategies, such as controlled burns and building codes, and a range of planning and policy measures that can be used to enhance climate
resilience. In addition, it considers how climate change and development of forested exurban areas (among other factors) have influenced the size and severity of
wildfires. The course also examines the obstacles communities face in selecting and implementing adaptation measures (e.g., resource constraints, incentives to
develop in forested areas, inadequate policy enforcement, and weak inter-agency coordination). Officials from various Bay Area organizations contribute to aspects
of the course; and students will present final papers to local government offcials. Limited enrollment. Students will be asked to prepare application essays on the
first day of class. Course is intended for seniors and graduate students.

Last offered: Winter 2020 | Units: 3 | Grading: Letter or Credit/No Credit

PWR 1JSA: Writing & Rhetoric 1: The Rhetoric of Plants
PWR 1 courses focus on developing writing and revision strategies for rhetorical analysis and research-based arguments that draw on multiple sources. In this class
we will refocus our attention on plants, using them as a lens to explore, research, and write about different aspects of our world. For example, we will study how
new scientific ideas are communicated and accepted by studying the work of maize geneticist and Nobel laureate Barbara McClintock. We will explore Lysenkoism,
the politicization of agricultural science in the Soviet Union, drawing parallels to modern day climate change science, and we will dive into the research on urban
tree coverage to see how plants can be a marker for social inequality For course videos and full descriptions, see https://vcapwr-catalog.stanford.edu. Enrollment
is handled by the PWR office..

Terms: Spr | Units: 4 | UG Reqs: Writing 1 | Grading: Letter (ABCD/NP)

Instructors: ; Stonaker, J. (PI)

PWR 1KMC: Writing & Rhetoric 1: Staying Cool on a Hot Planet: Environmental Rhetoric for a Changing World
Rhetorical and contextual analysis of readings; research; and argument. Focus is on development of a substantive research-based argument using multiple sources.
Individual conferences with instructor. See https://undergrad.stanford.edu/programs/pwr/courses/pwr-1.
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Last offered: Autumn 2015 | Units: 4 | UG Reqs: Writing 1 | Grading: Letter (ABCD/NP)

PWR 1LO: Writing & Rhetoric 1: What Are We Trying to Sustain? Rhetoric of Nature's Values and Services
With increasing rates of environmental impacts from human activity, communities across the planet face challenges for sustainability. Given the many benefits we
derive from nature - from cultural and spiritual benefits, to basic goods like food and water, to economic benefits from the use of natural resources - defining what
we value and what we wish to sustain is a top priority. This class will examine diverse perspectives on the value and services we derive from nature and consider
challenges for balancing multiple uses of nature in the context of sustainable resource management and conservation. For full course descriptions, see
https://vcapwr-catalog.stanford.edu. For more information about PWR 1, see https://undergrad.stanford.edu/programs/pwr/courses/pwr-1. Enrollment is handled
by the PWR office.

Last offered: Spring 2018 | Units: 4 | UG Reqs: Writing 1 | Grading: Letter (ABCD/NP)

PWR 1MGD: Writing & Rhetoric 1: Who Speaks for Nature? Rhetorics of Environmentalism and Justice
The last hundred years have seen organized environmentalism become a major force on the world stage. But the environment is still essentially contested. Who is
at risk from environmental problems? What environmental problems should be prioritized? And who should be able to speak out as authentic protectors of the
earth? In this course, we examine the ways that environmental and conservation writers from classic environmental writers to contemporary activists talk about
nature to see how close readings of their work highlight fundamental disagreements about justice and politics in societies across the globe. For full course
descriptions, see https://vcapwr-catalog.stanford.edu. For more information about PWR 1, see https://undergrad.stanford.edu/programs/pwr/courses/pwr-1.
Enrollment is handled by the PWR office.

Last offered: Spring 2019 | Units: 4 | UG Reqs: Writing 1 | Grading: Letter (ABCD/NP)

PWR 1MS: Writing & Rhetoric 1: Seeing Nature: The Power of Environmental Visual Rhetoric
Rhetorical analysis of readings, research, and argument. Focus is on development of a substantive research-based argument using multiple sources. Individual
conferences with instructor. For more information about PWR 1, see https://undergrad.stanford.edu/programs/pwr/courses/pwr-1. For full course descriptions,
see https://vcapwr-catalog.stanford.edu. Enrollment is handled by the PWR office.

Last offered: Spring 2018 | Units: 4 | UG Reqs: Writing 1 | Grading: Letter (ABCD/NP)

PWR 2CR: Writing & Rhetoric 2: Communicating Science to the Public
As scientific knowledge and technology grow increasingly complex, the ability to explain science clearly and articulate science-based arguments to public audiences
becomes more crucial, and more in demand. In this class, we will explore what makes written, spoken, and visual communication of science effective, compare the
conventions of scholarly writing in the sciences to rhetorical strategies employed by popular science writers, and analyze problems with coverage of scientifically
based issues in popular media and the promise and pitfalls of data visualization in conveying scientific information. For more information about PWR 2, see
https://undergrad.stanford.edu/programs/pwr/courses/pwr-2. For full course descriptions, see https://vcapwr-catalog.stanford.edu. Enrollment is handled by the
PWR office.

Last offered: Spring 2018 | Units: 4 | UG Reqs: Writing 2 | Grading: Letter (ABCD/NP)

PWR 2JS: Writing & Rhetoric 2: In Science We Trust
Prerequisite: PWR 1. Further work in developing skills in argument and research-based writing, with emphasis on both written and oral/multimedia presentation of
research. For more information about PWR 2, see https://undergrad.stanford.edu/programs/pwr/courses/pwr-2. For full course descriptions, see https://vcapwr-
catalog.stanford.edu. Enrollment is handled by the PWR office.

Last offered: Spring 2019 | Units: 4 | UG Reqs: Writing 2 | Grading: Letter (ABCD/NP)

PWR 2KM: Writing & Rhetoric 2: A Planet on the Edge: The Rhetoric of Sustainable Energy
Prerequisite: PWR 1. Sea-level rise, the halting of major ocean circulatory currents, outbreaks of superstorms leading to floods and droughts - can an energy
revolution still save a planet on the edge? This class explores the intricacies of sustainable energy, focusing on the myths, slogans, and rhetorical narratives that
surround these debates. For example, is environmentalism inherently at odds with economic prosperity? Does living an environmentally conscious lifestyle require
personal sacrifice and suffering? How does rhetorical framing affect the research, implementation, and public perception of new technologies in the field of
sustainable energy? For more information about PWR 2, see https://undergrad.stanford.edu/programs/pwr/courses/pwr-2. For full course descriptions, see
https://vcapwr-catalog.stanford.edu. Enrollment is handled by the PWR office.

Last offered: Spring 2018 | Units: 4 | UG Reqs: Writing 2 | Grading: Letter (ABCD/NP)

PWR 2LO: Writing & Rhetoric 2: Facing the Future: Climate Change Science, Impacts, and Solutions
Prerequisite: PWR 1. Further work in developing skills in argument and research-based writing, with emphasis on both written and oral/multimedia presentation of
research. For more information about PWR 2, see https://undergrad.stanford.edu/programs/pwr/courses/pwr-2. For full course descriptions, see https://vcapwr-
catalog.stanford.edu. Enrollment is handled by the PWR office.

Last offered: Spring 2018 | Units: 4 | Grading: Letter (ABCD/NP)

PWR 2RL: Writing & Rhetoric 2: The Rhetoric of the Natural and Beyond
PWR 2 courses focus on developing strategies for presenting research-based arguments in both written and oral/multimedia genres. This course will consider,
through a rhetorical lens, how "natural" is understood and/or modified: how it interfaces with social norms and other notions like safety and authenticity, and how
the varying rhetorical strategies and situations at hand animate different negotiations of power. A full course description and video can be found here:
pwrcourses.stanford.edu/pwr2/pwr2rl For the PWR course catalog please visit https://pwrcourses.stanford.edu/ Enrollment is handled by the PWR office.
Prerequisite: PWR 1

Terms: Aut | Units: 4 | UG Reqs: Writing 2 | Grading: Letter (ABCD/NP)

Instructors: ; Lee, R. (PI)

PWR 2SB: Writing & Rhetoric 2: Writing 'Science': Fact, Fiction, and Everything Between
Prerequisite: PWR 1. Further work in developing skills in argument and research-based writing, with emphasis on both written and oral/multimedia presentation of
research. Analysis of science fiction and popular writing about science and technology as arguments about where we are headed, where we are, who we are, and
what we value. See http://www.stanford.edu/dept/undergrad/cgi-bin/drupal_ual/AP_univ_req_PWR_Courses.html

Last offered: Winter 2014 | Units: 4 | UG Reqs: Writing 2 | Grading: Letter (ABCD/NP)

https://explorecourses.stanford.edu/instructor/raechell


PWR 91CL: Self & Science (LIFE 91CL)
"Self & Science" mines the intersection of memoir and science writing. In this advanced experimental writing course, students will read a selection of essays by
writers including Lewis Thomas, Oliver Sacks, Annie Dillard, and Mark Doty, which illustrate the shared intellectual foundation in observation of scientific and poetic
inquiry. Building on these readings, students will be challenged to produce an experimental essay that transgresses genre boundaries in the service of considering
how personal reflection can narrate researched discoveries. Over the course of the quarter, students are invited to bolster their overall communication acumen,
enhance their ability to share valuable discoveries beyond the confines of their major discipline, and practice the difficult bliss of engaging a discerning public
audience. Click here for course video and full description: https://undergrad.stanford.edu/programs/pwr/courses/advanced-courses/self-science

Last offered: Winter 2021 | Units: 3 | UG Reqs: WAY-CE | Grading: Letter or Credit/No Credit

PWR 91JS: Stanford Science Podcast (EARTHSYS 157)
In this course, students will explore how podcasts can be used as a tool for effective science communication. Through a series of workshops and guest speakers,
students in this course will learn the necessary journalistic and technical skills to produce high quality podcast episodes, from interviewing and storytelling to audio
editing and digital publishing. Podcast episodes will highlight the cutting edge research being done at Stanford, and students will choose specific stories based on
their own interests, from earth sciences to public health to big data. Final podcast episodes will be published on iTunes.

Last offered: Spring 2021 | Units: 3 | UG Reqs: WAY-CE | Grading: Letter (ABCD/NP)

PWR 91KS: Intermediate Writing: Design Thinking and Science Communication
Effective communication of expert knowledge in the sciences to non-specialist audiences. Project-based work on a range and variety of communication challenges,
contexts, and media. For students who have completed the first two levels of the writing requirement and want further work in developing writing abilities,
especially within discipline-specific contexts and nonfiction genres. Individual conferences with instructor and peer workshops. Prerequisite: first two levels of the
writing requirement or equivalent transfer credit. For more information, see https://undergrad.stanford.edu/programs/pwr/explore/notation-science-writing.

Last offered: Autumn 2015 | Units: 4 | UG Reqs: WAY-CE | Grading: Letter (ABCD/NP)

PWR 91NSC: Intermediate Writing: Introduction to Science Communication
With the growing impact of science and technology on our society, the need for communicating that science well has never been greater. But what is effective
science communication? Is it ever ok to use jargon? Is it ok to say "I" in my research report? How do I communicate complex topics in simple, but accurate, ways? In
this course, we will explore the variety of formats that science communication can take--from technical research papers on particle physics to children's books
about genetics. We will explore how different audiences shape the way science is communicated, and we will develop a set of best practices for effective science
communication. Students will then apply these strategies in their own science communication projects. Prerequisite: PWR 2 or its equivalent. For more information,
see https://undergrad.stanford.edu/programs/pwr/explore/nsc.

Terms: Aut, Win | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Brawn, S. (PI); Stonaker, J. (PI)

PWR 91RS: Intermediate Writing: Communicating Bioinformation
Effective communication of expert knowledge in the sciences to non-specialist audiences. Project-based work on a range and variety of communication challenges,
contexts, and media. For students who have completed the first two levels of the writing requirement and want further work in developing writing abilities,
especially within discipline-specific contexts and nonfiction genres. Individual conferences with instructor and peer workshops. Prerequisite: first two levels of the
writing requirement or equivalent transfer credit. For more information, see https://undergrad.stanford.edu/programs/pwr/explore/notation-science-writing.

Last offered: Spring 2014 | Units: 3 | Grading: Letter (ABCD/NP)

PWR 194EP: Topics in Writing & Rhetoric: Introduction to Environmental Justice: Race, Class, Gender and Place
(EARTHSYS 194, ENVRES 223)
This course examines the rhetoric, history and key case studies of environmental justice while encouraging critical and collaborative thinking, reading and
researching about diversity in environmental movements within the global community and at Stanford, including the ways race, class and gender have shaped
environmental battles still being fought today. We center diverse voices by bringing leaders, particularly from marginalized communities on the frontlines to our
classroom to communicate experiences, insights and best practices. Together we will develop and present original research projects which may serve a particular
organizational or community need, such as racialized dispossession, toxic pollution and human health, or indigenous land and water rights, among many others.
Prerequisite: PWR 2 Cardinal Course certified by the Haas Center

Terms: Aut | Units: 4 | UG Reqs: WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Diver, S. (PI); Polk, E. (PI); Rodriguez, J. (TA)

RELIGST 7N: Religion, Ecology, and Environmental Ethics
The world today is in the midst of a major ecological crisis that is manifested in extreme weather events, loss of biodiversity, depletion of fisheries, pollution of air,
water, and soil, prolonged draughts, and mass extinction of species. Since the 1970s world religions grappled with the religious significance of the environmental
crisis, examining their own scriptures, rituals and ethics in order to articulate religious responses to the ecological crisis. This course explores how certain religions-
-Judaism, Christianity, Islam, Buddhism and Hinduism--have addressed the ecological crisis for the past fifty years. Preserving the distinctiveness of each religious
tradition, this seminar examines: the issue of religion as the cause of the environmental crisis; the resources for ecological responses within each tradition; the
emergence of new religious ecologies and ecological theologies; the contribution of world religions to environmental ethics; and the degree to which the
environmental crisis has functioned--and will function--as the basis of inter-faith collaboration. We will work to develop a shared vocabulary in environmental
humanities, and special attention will be given to the contribution of religion to animal studies, ecofeminism, religion and the science of ecology, and the interplay
between faith, scholarship and activism.

Last offered: Autumn 2020 | Units: 3 | UG Reqs: WAY-ER | Grading: Letter (ABCD/NP)

SINY 122: The Agile City
Examine the economic, cultural and environmental forces transforming the urban experience globally and understand how cities become agile to adapt to rapidly
evolving urban challenges. This course would draw from case studies in New York and elsewhere, using guest experts and site visits or walking tours.

Terms: Aut | Units: 4 | UG Reqs: WAY-A-II, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Russell, J. (PI)

https://explorecourses.stanford.edu/instructor/brawn
https://explorecourses.stanford.edu/instructor/stonaker
https://explorecourses.stanford.edu/instructor/sibs
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https://explorecourses.stanford.edu/instructor/jamessr


SINY 148: Grappling with the Global: Gentrification, Immigration, and Sustainability in New York City
This course will examine the impacts of gentrification, immigration, and global environmental concerns on place-making in New York City, deploying ethnographic
fieldwork and first-hand accounts of everyday urban life as tools to document and understand urban change.

Last offered: Spring 2018 | Units: 4 | UG Reqs: WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

SINY 150: Biology, Technology, and Society: The City as a Human Life Support System
While environmental issues related to cities are often considered in the context of climate change, this course will use New York City as a lab to explore how dense
global cities deal with their intense biological needs clean drinking water, sanitation and sewage, public health, food supply the ongoing management and
maintenance of which occupy a surprising portion of the infrastructure, management, and tax expenditure of most city governments.

Last offered: Spring 2018 | Units: 4 | UG Reqs: WAY-AQR | Grading: Letter or Credit/No Credit

SINY 162: Sustainable and Resilient Urban Systems in NYC
The objective of the course is to develop a qualitative and quantitative understanding of sustainability and resilience for major urban areas. The first part of the
quarter will focus on sustainability and the second on resilience. n nThe course will commence with an overview of the 17 Sustainable Development Goals (SDG) as
defined by the United Nations and how New York City is working towards these goals. The components and pillars that lead to a sustainable urban environment will
be defined and corresponding metrics will be used to quantify sustainability utilizing simple data analytics tools. Challenges to meeting these goals will be an
important part of reading and project assignments. Examples of sustainability efforts within New York City (NYC) include the development of new parks or renewal
of industrial areas for recreational use, design of green buildings, rooftop farms and gardens, and the renovation of transportation facilities as focal points. Field
trips will include visits to the Highline, the Hudson Yard and the Bank of America building. n nResilience of urban systems will be the focus of the second half of the
class. Issues of resilience will be discussed in relation to major disasters including floods, extreme storms and climate change. The 7 global resilience targets will be
identified according to the Sendai Framework for Disaster Risk Reduction. The major components of resilience will be reviewed in class followed by a visit to or by a
representative from the 100 Resilient City Initiative supported by the Rockefeller Foundation. The Superstorm Sandy in 2012 will be used as a case study to identify
the disaster impact to the urban environment in NYC. We will discuss the emergency response of the City after Sandy and assess the performance of the NYC
resilience plan. We will explore how New York City is preparing to respond and recover from future major disasters as part of the 100 Resilient Cities Initiative
supported by the Rockefeller Foundation. n nNovel technologies will be discussed in terms of their implications for disaster resilience and sustainability. We will
delve into a case study showing how modern and decentralized power systems with rooftop solar panels and microgrids can make NYC more resilient and
sustainable.

Last offered: Spring 2021 | Units: 3-4 | UG Reqs: WAY-AQR | Grading: Letter or Credit/No Credit

SIW 116: International Environmental Policy
Last offered: Winter 2018 | Units: 5 | Grading: Letter or Credit/No Credit

SLAVIC 116: Literature and the Dream of Agriculture in Russia and Beyond
Why do city people think if they started farming, they could heal themselves and their society? How do writers make agriculture seem exciting, or farms seem
beautiful? While agriculture is ancient and world-wide, literature and political movements that posited it as a way for urbanites to be happier and more virtuous
and societies to reach utopia thrived especially in the 19th-century Russian Empire. These movements influenced Soviet Communism, nationalisms (including
Zionism), and American communes in the 1970s. In this class, we read fiction, poetry, memoirs, and essays about city people's embrace of farming. We compare the
Eastern European case to the United States in the 20th century and we look at 21st-century back-to-the-land writing and films. This class is offered in partnership
with the Stanford Farm, where we will spend a few days working (assuming pandemic restrictions permit).

Terms: Sum | Units: 3-5 | Grading: Letter or Credit/No Credit

SLAVIC 155: St. Petersburg: Imagining a City, Building a City (URBANST 156)
St. Petersburg, the world's most beautiful city, was designed to display an 18th-century autocrat's power and to foster ties between Russia and the West - on the
tsar's terms. It went through devastating floods and a deadly siege; it birthed the "Petersburg myth," poems and prose that explore the force of the state and the
individual's ability to resist. This class addresses the struggle between the authorities and the inhabitants; the treacherous natural environment; the city as a node
in national and international networks of communication; the development of urban transportation networks; and the supply of goods. NOTE: This course is
required of students attending the overseas seminar to St. Petersburg in September 2018.Class times to be determined upon the availability of all enrolled
students. Please contact instructor(s) via email if you have any questions.

Last offered: Spring 2020 | Units: 1-2 | Grading: Letter or Credit/No Credit

SOC 105VP: Contested markets in the Brazilian Amazon Rainforest (EARTHSYS 205VP, SOC 205VP)
Strategies of environmental movements to contain domestic and foreign corporations that are viewed as major perpetrators of rainforest devastation and the socio-
economic degradation of this vast region. Topics: Origins, roles and inter-relations among corporations (zero deforestation agreements in soybean agriculture and
cattle ranching), the development of environmental law and the efficacy of government and NGO movements¿ strategies, and whether this emerging economy
shapes social classes, groups, tribes, family life to further embed inequality and immobility. This course must be taken for a minimum of 3 units and a letter grade
to be eligible for Ways credit.

Last offered: Winter 2019 | Units: 2-3 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

SOC 118: Social Movements and Collective Action (SOC 218)
Why social movements arise, who participates in them, the obstacles they face, the tactics they choose, and how to gauge movement success or failure. Theory and
empirical research. Application of concepts and methods to social movements such as civil rights, environmental justice, antiglobalization, and anti-war.

Last offered: Spring 2021 | Units: 4 | UG Reqs: GER:DB-SocSci | Grading: Letter or Credit/No Credit

SOC 152: The Social Determinants of Health (SOC 252)
When we consider a person's health, we often look first to the body. But our bodies don't exist in a vacuum: how we feel, whether we get sick, even how long we
live depends on many factors beyond our biology. In this course, we will shift our focus to the world our bodies inhabit, considering how our circumstances affect
our health, healthcare, and well-being. We will explore the 'social determinants' of health outcomes, including neighborhoods, social networks, healthcare systems,
inequalities, and power structures. We will also reflect on what it means to live a healthy life and the extent to which individuals may or may not be able to
determine their own health outcomes.n nBeyond the substantive topic of health, a core component of applying the sociological lens is being able to use research to
explain and analyze the social world. To build your critical analysis skills, you will read and engage with social science research and apply theoretical concepts to



empirical observations. Throughout the course, we will engage with case studies, both in class and in assignments that ask you to turn your sociological lens to
health disparities in the world around you. We will also brainstorm ways to build a world without health inequality.

Terms: Win | Units: 4 | UG Reqs: GER:DB-SocSci, GER:EC-AmerCul, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Johnson, A. (PI)

SOC 160: Formal Organizations (SOC 260)
(Graduate students register for 260.) Organizations are ubiquitous: they educate us, manage our finances, and structure our daily routines. They also distribute
resources, status, and opportunities. This course will explore the role of formal organizations in contemporary social life, and their consequences for individuals.
Drawing on a range of research in the social sciences and examples from the real world, we will examine several topics, including: the origins of organizations, how
decisions are made in organizations, why some organizations survive while others die, incentives and employment relationships, how social networks shape social
stratification, and what kinds of organizational policies promote diversity.

Terms: Spr | Units: 4 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Zhou, X. (PI)

SOC 218: Social Movements and Collective Action (SOC 118)
Why social movements arise, who participates in them, the obstacles they face, the tactics they choose, and how to gauge movement success or failure. Theory and
empirical research. Application of concepts and methods to social movements such as civil rights, environmental justice, antiglobalization, and anti-war.

Last offered: Spring 2021 | Units: 4 | Grading: Letter or Credit/No Credit

SOC 260: Formal Organizations (SOC 160)
(Graduate students register for 260.) Organizations are ubiquitous: they educate us, manage our finances, and structure our daily routines. They also distribute
resources, status, and opportunities. This course will explore the role of formal organizations in contemporary social life, and their consequences for individuals.
Drawing on a range of research in the social sciences and examples from the real world, we will examine several topics, including: the origins of organizations, how
decisions are made in organizations, why some organizations survive while others die, incentives and employment relationships, how social networks shape social
stratification, and what kinds of organizational policies promote diversity.

Terms: Spr | Units: 4 | Grading: Letter (ABCD/NP)

Instructors: ; Zhou, X. (PI)

SOC 349: Race, Space, and Stratification
Racial and ethnic stratification has been a defining yet shifting feature of U.S. society, and such inequalities shape and are shaped by the ecological structure of
places. This course is a survey course for doctoral students covering sociological scholarship at the intersection of racial stratification and urban sociology. The class
will include foundational readings and discussions on urban sociological theories, urban decline and suburbanization, segregation, poverty, neighborhood effects,
crime and disorder, gentrification, and immigration. The course will also include discussion of new and innovative data sources and methods for research in this
area throughout the quarter. Students will develop or continue a research project designed to contribute to scholarship on racial stratification and urban sociology.

Terms: Win | Units: 3-5 | Grading: Letter or Credit/No Credit

Instructors: ; Hwang, J. (PI)

SOC 362: Organization and Environment
This seminar considers the leading sociological approaches to analyzing relations of organizations and environments, with a special emphasis on dynamics. Attention
is given to theoretical formulations, research designs, and results of empirical studies. Prerequisite: Enrollment in a PhD program.

Last offered: Autumn 2018 | Units: 3 | Grading: Letter (ABCD/NP)

SOMGEN 260: Preparing for Community, Health and Learning through Service in Sri Lanka
Preparation course for students attending the Bing Overseas Study Program in Sri Lanka. Focuses on specific topics relevant to Sri Lanka, including: water issues,
effects of war and natural disaster on population health, maternal and child health, and etiquette and basic language skills for visitors. Explores the Sarvodaya
model of development together with the World Health Organization's Sustainable Development Goals. Required for BOSP students; open to all students interested in
Sri Lanka and global health.

Last offered: Autumn 2018 | Units: 1 | Repeatable for credit (up to 99 units total) | Grading: Medical Option (Med-Ltr-CR/NC)

STATS 60: Introduction to Statistical Methods: Precalculus (PSYCH 10, STATS 160)
Techniques for organizing data, computing, and interpreting measures of central tendency, variability, and association. Estimation, confidence intervals, tests of
hypotheses, t-tests, correlation, and regression. Possible topics: analysis of variance and chi-square tests, computer statistical packages.

Terms: Aut, Win, Spr, Sum | Units: 5 | UG Reqs: GER:DB-Math, WAY-AQR, WAY-FR | Grading: Letter or Credit/No Credit

Instructors: ; Erdmann-Pham, D. (PI); Ghandwani, D. (PI); Jain, V. (PI); Poldrack, R. (PI); Ghosh, S. (TA); Howes, M. (TA); Jin, Y. (TA); Kanekar, R. (TA); Liu, S. (TA);
Pan, Z. (TA); Paul, D. (TA); Rajanala, S. (TA); Tanoh, I. (TA)

STATS 110: Statistical Methods in Engineering and the Physical Sciences
Introduction to statistics for engineers and physical scientists. Topics: descriptive statistics, probability, interval estimation, tests of hypotheses, nonparametric
methods, linear regression, analysis of variance, elementary experimental design. Prerequisite: one year of calculus. Please note that students must enroll in one
section in addition to the main lecture.

Terms: Aut, Spr | Units: 4 | UG Reqs: GER:DB-Math, WAY-AQR, WAY-FR | Grading: Letter or Credit/No Credit

Instructors: ; Romano, J. (PI); Sood, A. (PI); Fry, K. (TA); Spector, A. (TA); Tirlea, M. (TA); Xie, R. (TA)

STATS 141: Biostatistics (BIO 141)
Introductory statistical methods for biological data: describing data (numerical and graphical summaries); introduction to probability; and statistical inference
(hypothesis tests and confidence intervals). Intermediate statistical methods: comparing groups (analysis of variance); analyzing associations (linear and logistic
regression); and methods for categorical data (contingency tables and odds ratio). Course content integrated with statistical computing in R.

Terms: Aut | Units: 5 | UG Reqs: GER:DB-Math, WAY-AQR | Grading: Letter or Credit/No Credit

Instructors: ; Sklar, M. (PI); Lu, S. (TA); Morrison, T. (TA); Rajanala, S. (TA)
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STATS 160: Introduction to Statistical Methods: Precalculus (PSYCH 10, STATS 60)
Techniques for organizing data, computing, and interpreting measures of central tendency, variability, and association. Estimation, confidence intervals, tests of
hypotheses, t-tests, correlation, and regression. Possible topics: analysis of variance and chi-square tests, computer statistical packages.

Terms: Aut, Win, Spr, Sum | Units: 5 | Grading: Letter or Credit/No Credit

Instructors: ; Erdmann-Pham, D. (PI); Ghandwani, D. (PI); Jain, V. (PI); Poldrack, R. (PI); Ghosh, S. (TA); Howes, M. (TA); Jin, Y. (TA); Kanekar, R. (TA); Liu, S. (TA);
Pan, Z. (TA); Paul, D. (TA); Rajanala, S. (TA); Tanoh, I. (TA)

STATS 245: Data, Models and Applications to Healthcare Analytics
Topics on fundamentals of data science, biological and statistical models, application to medical product safety evaluation, health risk models and their evaluation,
benefit-risk assessment and multi-criteria decision analytics. Applications to environmental health, nutritional epidemiology, wellness and prevention will also be
discussed. Prerequisite: Graduate students - STATS 202 or 216, or CS 229; Undergraduate students - consent of instructor.

Last offered: Summer 2019 | Units: 3 | Grading: Letter or Credit/No Credit

STRAMGT 574: Strategic Thinking in Action - In Business and Beyond II (Automotive Industry Disruption)
This six-session Bass seminar is about strategic leadership driving the transformation of the advanced automotive industry. It will build on what students have
learned in their MBA core strategic leadership course but will also provide additional conceptual frameworks developed by the instructors to help examine the
major seminar topics.The seminar¿s pedagogy involves informed debate to evaluate and hone well-researched views by the participants. Consequently, there will be
an expectation of extensive contributions from all students to the discussion in all of the sessions. Small groups of seminar participants will also be expected to
write and present position papers concerning the seminar¿s analytical topics.The industry scope of the seminar is twofold: First, it is about autonomous, electric,
and shared vehicles. And second, it is about the manufacturer and supplier incumbents as well as the tech industry and startup new-entrants. In the course of the
seminar discussions, we aim to deepen our understanding of strategic dynamics and transformational change at the societal, industry and organizational levels of
our analysis.

Terms: Aut | Units: 2 | Grading: GSB Letter Graded

Instructors: ; Burgelman, R. (PI); Beiker, S. (SI); Tapia, M. (GP)

STS 123: Making of a Nuclear World: History, Politics, and Culture
Nuclear technology has shaped our world through its various applications (e.g., weapons, energy production, medicine) and accidents and disasters (e.g.,
Chernobyl, Three Mile Island, Fukushima). This course will examine the development of nuclear technology and its consequences to politics and culture at the
global, national, regional and local levels from interdisciplinary perspectives. Some of the key questions addressed are: How did different countries and
communities experience and respond to the 1945 bombings of Hiroshima and Nagasaki? How did such experiences affect the later development of the technology in
different national contexts? How have nuclear tests and disasters change the ways in which risks are understood and managed globally and locally? What kinds of
political activism, international arrangements, and cultural tropes and imageries emerged in response to nuclear technology? We explore these questions through
key works and recent studies in history, anthropology, sociology, and science and technology studies, as well as through films and literature.

Last offered: Summer 2019 | Units: 4 | UG Reqs: WAY-ER, WAY-SI | Grading: Letter or Credit/No Credit

STS 177: The Cultural Politics of Food and Eating: Technology, History, and Justice
This course will examine our everyday food practices as a site of politics where culture, technology, history, and issues of ethics and justice intersect. Through a
survey of academic, journalistic, and artistic works on food and eating, the course will explore a set of key analytical frameworks and conceptual tools in STS, such
as the politics of technology, classification and identity, the reproduction of inequality, and nature/culture boundaries. The topics covered include: the
industrialization of agriculture; globalization and local foodways; food justice and ethics; new technologies in food practices (e.g., biotechnology, delivery apps);
health and diet trends; and food and global challenges (e.g., climate change, COVID-19). Through food as a window, the course intends to achieve two broad
intellectual goals. First, students will explore various theoretical and methodological approaches in STS and related fields (e.g., anthropology, history, sociology).
Second, student will develop a set of basic skills and tools for their own critical thinking and empirical research, and design and conduct independent research on a
topic related to food.

Terms: Aut | Units: 4-5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Sato, K. (PI)

STS 190: Environment and Society
Humans have long shaped and reshaped the natural world with science and technology. Once a menacing presence to conquer or an infinite reserve for resources,
nature is now understood to require constant protection from damage and loss. Global challenges such as climate change have been further forcing us to reconsider
our fundamental ideas not only about nature, but also about ethics and justice. This course will examine humanity's varied relationships with the environment, with
a focus on the role of science and technology. Topics include: industrialization and modernism, diversity in environmentalism, environmental justice and
inequalities, climate politics, global-local tensions, nuclear technology, the Anthropocene debate, and COVID-19 and the environment. Students will explore
theoretical and methodological approaches in STS and related fields in social sciences, and conduct original research that engages with environmental issues of
their choice. Enrollment limited to juniors and seniors, or with consent of instructor.

Terms: Spr | Units: 4-5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Sato, K. (PI); Shea, M. (TA)

STS 200A: Food and Society: Politics, Culture and Technology
This course will examine how politics, culture, and technology intersect in our food practices. Through a survey of academic, journalistic, and artistic works on food
and eating, the course will explore a set of key analytical frameworks and conceptual tools in STS, such as the politics of technology, classification and identity, and
nature/culture boundaries. The topics covered include: the industrialization of agriculture; technology and the modes of eating (e.g., the rise of restaurants); food
taboos; globalization and local foodways; food and environmentalism; and new technologies in production (e.g., genetically modified food). Through food as a
window, the course intends to achieve two broad intellectual goals. First, students will explore various theoretical and methodological approaches in STS. In
particular, they will pay particular attention to the ways in which politics, culture, and technology intersect in food practices. Second, student will develop a set of
basic skills and tools for their own critical thinking and empirical research, and design and conduct independent research on a topic related to food. First class
attendance mandatory. STS majors must have Senior status to enroll in this Senior Capstone course.

Last offered: Winter 2019 | Units: 5 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

SUST 210: Pursuing Sustainability: Managing Complex Social Environmental Systems (ESS 230)
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This course provides a systems framework for understanding and managing social-environmental systems, with the ultimate goal of inclusive, equitable, intra- and
intergenerational human well-being. It explores the roles of natural, human, social, technological and knowledge resources in supporting efforts toward
sustainability, and examines the trade-offs, feedbacks, non-linearities and other interactions among different parts of complex systems that must be addressed to
avoid unintended negative consequences for people and environment. Finally, it provides an overview of the tools, approaches, and strategies that assist with
management of assets for sustainability goals. The course draws on readings from a variety of on-line sources as well as chapters and case studies provided in the
required text. Priority given to SUST students. Enrollment open to seniors and graduate students only. Please contact Elizabeth Balde (ebalde@stanford.edu) for
permission code.

Terms: Aut | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Matson, P. (PI); King Abramson, S. (TA)

SUST 220: Case Studies in Leading Change for Sustainability
This course teaches essential leadership orientations and effective approaches for advancing sustainability globally. It examines case studies and examples of
leading change in the private sector, and in cross-sector collaborations involving government, business and non-profit organizations. The course teaches students
the Connect, Adapt and Innovate (CAN) orientations and other skills which enhance students' ability to cultivate resilience and well-being in their lives and to lead
change in complex systems. Strategies and approaches studied include B Corporations, social entrepreneurship, indigenous community-business collaborations,
biomimicry, circular economy, sharing economy, corporate sustainability strategy, the UN sustainable development goals, metrics of progress beyond GDP, and
transformative multi-stakeholder partnerships. Through conceptual frameworks, hands-on exercises, class discussion, reflection and interactions with sustainability
leaders, students practice decision-making under uncertainty, systems thinking, resilience thinking and transformative leadership. Working in teams, students will
apply their learnings in collaborative class projects. To help cultivate a highly engaged course community, please send responses to the following questions to Julia
Novy (julia3@stanford.edu); admitted students will receive a permission code to be used for course enrollment. 1. What is one of the most significant challenges
you've faced and how did you approach it? 2. What would you like to get out of this course? 3. What will you contribute?

Terms: Win | Units: 3 | Grading: Letter (ABCD/NP)

Instructors: ; Novy-Hildesley, J. (PI); Jung, E. (TA)

SUST 232: Design for Sustainable Impact
Addressing sustainability challenges involves purposefully designing system level transformations amidst complexity, uncertainty, severe constraints, and entrenched
behaviors. This class will introduce students to techniques, tools, and mental models from the design world to address scaled sustainability challenges. The class
will combine elements from Design Thinking, Systems Acupuncture, Behaviorally Informed Design, User Experience Design, and Game Design. The class will use the
UN 2030 Sustainable Development Goals as an underlying framework to design interventions towards integrated sustainable outcomes. Students will form small
teams and will participate in a structured design process, where they will co-create a system transformation with an emphasis on Behavior Change directed at
Sustainable Impact. The class is aimed at giving students an exposure to the type of creative team processes that they would have to lead in their careers as
sustainability minded leaders.

Last offered: Spring 2020 | Units: 3-4 | Grading: Letter or Credit/No Credit

SUST 240: Sustainability Leadership Practicum
The Sustainability Leadership Practicum provides an opportunity for students in the SUST master's program to practice, integrate and internalize core lessons from
the program curriculum. Students will independently complete a 120-hour Practicum project of their own design, collaborating on a complex sustainability
challenge with an outside partner and working through the types of constraints often faced by decision makers and leaders. Through the Practicum experience,
students reflect on and exercise the knowledge, mindsets and practical skills developed through their SUST coursework, including the foundational program
concepts of complex social-environmental systems, change leadership, and systems innovation and transformation. Ultimately, the Practicum is designed to develop
each student's identity and capacity as a transformative leader through practice. While the Practicum can be carried out and the units earned at any time during
the master's program, students are encouraged to start the planning process early, allowing plenty of time to forge a relationship with a partner organization and
develop a thoughtful and feasible proposal (to be approved by program leadership and the student's advisor) prior to carrying out their Practicum fieldwork.
Deliverables include an analytical paper and a 15-minute final presentation. This course does not convene in a classroom setting. Instead, students are expected to
attend Practicum presentation events hosted throughout the year. Enrollment is limited to students in the SUST coterm master's program. (Cardinal Course certified
by the Haas Center)

Terms: Aut, Win, Spr, Sum | Units: 1-4 | Repeatable 4 times (up to 4 units total) | Grading: Letter (ABCD/NP)

Instructors: ; Matson, P. (PI); Novy-Hildesley, J. (PI); Sotnik, G. (PI)

SUST 261: Art and Science of Decision Making
Common-sense rules and decision-making tools to achieve clarity of action for important decisions, from personal choices to organizational decisions about business
strategies and public policies. The art of qualitative framing and structuring as well as the science of quantitative modeling and analysis. The essential focus,
discipline, and passion needed to make high-quality decisions, and thereby increase the probability of desired outcomes. Effective normative techniques and
efficient management processes for both analyzing complex decisions and implementing them in the face of an uncertain future world. Lecture topics include
practical ways to: interact collaboratively with stakeholders, craft an inspirational vision, create viable alternatives, assess unbiased probabilistic information,
clarify tangible and intangible preferences, develop appropriate risk/reward and portfolio models, evaluate strategies and policies across a realistic range of
uncertain scenarios, analyze key sensitivities, appraise the value of gathering additional information, and build widespread commitment to implementation plans.
Student teams present insights from their analyses of real decisions currently being made by business, nonprofit, and government organizations. Case studies about:
energy economics, mine remediation, ocean resource preservation, bison brucellosis, nuclear waste storage, hurricane seeding, electric power production,
environmental risk management, venture capital investments, and oil & gas options trading.

Terms: Spr | Units: 3-4 | Grading: Letter (ABCD/NP)

Instructors: ; Robinson, B. (PI); Huang, R. (TA)

SUST 297: Introduction to Systems Transformation
This immersive course exposes students in the Sustainability Science and Practice coterminal master's program to systems thinking and innovation approaches that
are needed in order to bring about large-scale system transformation. Scaled and complex challenges embodied in the U.N. Sustainable Development Goals are
multi-stakeholder, multifactorial, inter-related, and systemic, and can only be addressed through innovations at the systems level. This hands-on session provides
an introduction to innovation approaches and the mindsets that are needed to transform system behavior at scale in the real world. Students will identify skills that
they will need to acquire in order to lead change toward a resilient and sustainable future. Enrollment limited to Sustainability Science and Practice master's
students. Contact Bhe Balde (ebalde@stanford.edu) for permission code. Instructors: Banny Banerjee and Annette Zou.

Terms: Win, Spr | Units: 1 | Grading: Satisfactory/No Credit
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Instructors: ; Banerjee, B. (PI); Zou, A. (PI)

UAR 43: Leland Scholars Program
This course is offered in August prior to start of fall quarter for participants of the Leland Scholars Program. This course focuses on supporting participants
transition to Stanford by providing workshops and opportunities to help students enhance academic skills, develop insight into self, connect to Stanford's resources,
and build relationship with their peers.

Terms: Aut | Units: 1 | Grading: Satisfactory/No Credit

URBANST 83N: City, Space, Literature (ENGLISH 83N)
This course presents a literary tour of various cities as a way of thinking about space, representation, and the urban. Using literature and film, the course will
explore these from a variety of perspectives. The focus will be thematic rather than chronological, but an attempt will also be made to trace the different ways in
which cities have been represented from the late nineteenth century to recent times. Ideas of space, cosmopolitanism, and the urban will be explored through
films such as The Bourne Identity and The Lunchbox, as well as in the writings of Arthur Conan Doyle, Walter Mosley, Virginia Woolf, James Joyce, Fiston Mwanza
Mujila, Karen Tei Yamashita, and Mohsin Hamid, among others.

Terms: Win | Units: 3 | UG Reqs: WAY-A-II | Grading: Letter or Credit/No Credit

Instructors: ; Quayson, A. (PI)

URBANST 108H: Housing Affordability Crisis in California: Causes, Impacts, and Solutions (PUBLPOL 108H)
This course will divided into three sections that when combined provide 1) the overall narrative of the precedents and adverse impacts of the worldwide, US west
coast and California housing crises and the frameworks for California to create a balanced housing market without causing extreme displacement; 2) an overview of
the planning, regulatory and development environments in California along with an opportunities/threats analysis to illuminate current opportunities to achieve a
balanced housing market; and 3) an overview of the federal, state, regional and local housing policy environments and areas of policy work addressing and
responding to the California housing crisis.

Terms: Win | Units: 4 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; LeSar, J. (PI)

URBANST 110: Introduction to Urban Studies (HISTORY 107)
Today, for the first time in history, a majority of people live in cities. By 2050, cities will hold two-thirds of the world¿s population. This transformation touches
everyone, and raises critical questions. What draws people to live in cities? How will urban growth affect the world¿s environment? Why are cities so divided by race
and by class, and what can be done about it? How do cities change who we are, and how can we change cities? In this class, you will learn to see cities in new ways,
from the smallest everyday interactions on a city sidewalk to the largest patterns of global migration and trade. We will use specific examples from cities around
the world to illustrate the concepts that we learn in class. The course is intended primarily for freshmen and sophomores.

Terms: Win | Units: 4 | UG Reqs: GER:DB-SocSci, GER:EC-AmerCul, WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Chan, D. (PI); Kahan, M. (PI); Salovaara, I. (TA)

URBANST 113: Introduction to Urban Design: Contemporary Urban Design in Theory and Practice
Comparative studies in neighborhood conservation, inner city regeneration, and growth policies for metropolitan regions. Lect-disc and research focusing on case
studies from North America and abroad, team urban design projects. Two Saturday class workshops in San Francisco: 2nd and 4th Saturdays of the quarter. Terms:
Win | Units: 5 | UG Reqs: GER:DBSocSci | Grading: Letter (ABCD/NP)

Terms: Win | Units: 5 | UG Reqs: GER:DB-SocSci, WAY-CE, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Glanz, D. (PI)

URBANST 114: Urban Culture in Global Perspective (ANTHRO 126)
Core course for Urban Studies majors. A majority of the world's population now live in urban areas and most of the rapid urbanization has taken place in mega-cities
outside the Western world. This course explores urban cultures, identities, spatial practices and forms of urban power and imagination in Asia, Africa and Latin
America.nParticipants will be introduced to a global history of urban development that demonstrates how the legacies of colonialism, modernization theory and
global race thinking have shaped urban designs and urban life in most of the world. Students will also be introduced to interpretative and qualitative approaches to
urban life that affords an understanding of important, if unquantifiable, vectors of urban life: stereotypes, fear, identity formations, utopia, social segregation and
aspirations.

Terms: Aut | Units: 5 | UG Reqs: GER:DB-SocSci, WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Hansen, T. (PI); Demir, D. (TA); Huzaafa, H. (TA)

URBANST 122: Ethics and Politics of Public Service (CSRE 178, ETHICSOC 133, PHIL 175A, PHIL 275A, POLISCI 133,
PUBLPOL 103D)
Ethical and political questions in public service work, including volunteering, service learning, humanitarian assistance, and public service professions such as
medicine and teaching. Motives and outcomes in service work. Connections between service work and justice. Is mandatory service an oxymoron? History of public
service in the U.S. Issues in crosscultural service work. Integration with the Haas Center for Public Service to connect service activities and public service
aspirations with academic experiences at Stanford.

Last offered: Spring 2018 | Units: 3-5 | UG Reqs: GER:DB-SocSci, WAY-ER | Grading: Letter or Credit/No Credit

URBANST 124: Spatial Approaches to Social Science (ANTHRO 130D, ANTHRO 230D, POLISCI 241S)
This multidisciplinary course combines different approaches to how GIS and spatial tools can be applied in social science research. We take a collaborative, project
oriented approach to bring together technical expertise and substantive applications from several social science disciplines. The course aims to integrate tools,
methods, and current debates in social science research and will enable students to engage in critical spatial research and a multidisciplinary dialogue around
geographic space.

Last offered: Winter 2020 | Units: 5 | UG Reqs: WAY-AQR, WAY-SI | Grading: Letter or Credit/No Credit

URBANST 125: Shades of Green: Exploring and Expanding Environmental Justice in Practice (CSRE 125E, EARTHSYS 125,
EARTHSYS 225)
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Historically, discussions of race, ethnicity, culture, and equity in the environment have been shaped by a limited view of the environmental justice movement,
often centered on urban environmental threats and separated from other types of environmental and climate advocacy. This course will seek to expand on these
discussions by exploring topics such as access to outdoor spaces, definitions of wilderness, inclusion in environmental organizations, gender and the outdoors, the
influence of colonialism on ways of knowing, food justice and ethics, and the future of climate change policy. The course will also involve a community partnership
project. In small groups students will work with an environmental organization to problem-solve around issues of equity, representation, and access. We value a
diversity of experiences and epistemologies and welcome undergraduates from all disciplines. Since this is a practical course, there will be a strong emphasis on
participation and commitment to community partnerships. This course requires instructor approval, please submit an application by March 16th at midnight.
Application available at https://forms.gle/owqmLqLjLP1rDYEZA

Terms: Spr | Units: 3-4 | UG Reqs: WAY-EDP | Grading: Satisfactory/No Credit

Instructors: ; vangelder, z. (PI); Diver, S. (SI); Jung, E. (SI)

URBANST 130: Planning Calif: the Intersection of Climate, Land Use, Transportation & the Economy (CEE 136, CEE 236,
PUBLPOL 130, PUBLPOL 230)
Cities and urban areas have always been transformed by major external changes like pandemics and public health crises. California is both in the midst of its
greatest economic recession since the Great Depression and experiencing a pandemic that has the potential to reshape many aspects of life. Planning for cities and
regions, however, is a long game that requires follow-through on decisions made sometimes over many decades. How do we balance the shocks to our assumptions
from the current Covid world with the need to plan long-term for issues like affordable housing and equitable cities, and perhaps most fundamentally, prepare our
cities and communities for the inevitability of climate change and climate impact? nnnnThis course takes an interdisciplinary view of the key contemporary planning
topics in California. It does so from looking at the intersection of climate laws, land use changes, the need for housing, travel patterns and the availability of high
quality jobs and employment. This course will give you an understanding of the roles of key levels of government, from the state to the region/metropolitan scale,
to the city and county, down to the neighborhood and parcel level. it will give students insight into leading themes and issues of the day in California such as the
future of downtowns, the role of high speed rail, the impact of telework, automation in the construction of housing, drawing from examples in San Jose and San
Francisco, the Central Valley, the state legislature, Southern California. Within each of these topics we will look at the impact of decisions on equity as well as
climate and the economy. nnnnThe instructors are Kristy Wang, formerly SPUR¿s Community Planning Policy Director, and Egon Terplan, Senior Advisor for Economic
Development and Transportation in the California Governor¿s Office, formerly SPUR¿s Regional Planning Director. (Affiliations for identification purposes only)

Last offered: Winter 2021 | Units: 3 | Grading: Letter or Credit/No Credit

URBANST 132: Concepts and Analytic Skills for the Social Sector (EARTHSYS 137)
How to develop and grow innovative not-for-profit organizations and for-profit enterprises which have the primary goal of solving social and environmental
problems. Topics include organizational mission, strategy, market/user analysis, communications, funding, recruitment and impact evaluation. Perspectives from
the field of social entrepreneurship, design thinking and social change organizing. Opportunities and limits of using methods from the for-profit sector to meet
social goals. Focus is on integrating theory with practical applications, including several case exercises and simulations.One-day practicum where students advise an
actual social impact organization. Enrollment limited to 20. Prerequisite:consent of instructor. Email lalitvak@stanford.edu

Terms: Win | Units: 4 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Litvak, L. (PI)

URBANST 138: Smart Cities & Communities
A city is essentially an organism, a complex system of systems and it inhabitants. A nexus of forces - IoT, data, systems of insight, and systems of engagement -
present an unprecedented opportunity to increase the efficiency of urban systems, improve the efficacy of public services, and to assure the resiliency of the
community against both chronic stresses and acute shocks.nnThe course will provide you with an understanding of the foundational elements of a smart city and
address the breadth of systems that comprise it: built infrastructure, energy, water, transportation, food production/distribution, and public/social services. Case
studies will be used to illustrate the approaches, benefits, and risks involved. It will discuss what IT can and cannot do, and most importantly given the control and
privacy implications of many ¿smart¿ IT systems, what the smart city should and should not do. nnPanel discussions and guest speakers from the public sector and
industry leading technology providers will give students an opportunity to engage with the architects and operators of Smart Cities.

Last offered: Winter 2018 | Units: 4 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

URBANST 141: Gentrification (AFRICAAM 241A, CSRE 141)
Neighborhoods in the Bay Area and around the world are undergoing a transformation known as gentrification. Middle- and upper-income people are moving into
what were once low-income areas, and housing costs are on the rise. Tensions between newcomers and old timers, who are often separated by race, ethnicity, or
sexual orientation, can erupt; high rents may force long-time residents to leave. In this class we will move beyond simplistic media depictions to explore the
complex history, nature, causes and consequences of this process. Students will learn through readings, films, class discussions, and engagement with a local
community organization. (Cardinal Course certified by the Haas Center)

Terms: Spr | Units: 5 | UG Reqs: WAY-EDP, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Kahan, M. (PI)

URBANST 146: Retaking the Commons: Public Space and Heritage for Sustainable Cities
As cities develop and grow, green spaces, heritage sites, parks, and historic neighborhoods have come under increasing pressure. While common pool resources are
held in the public trust, who governs them? Who advocates for them, and who enjoys them? Using economic, social, environmental and cultural lenses, this course
explores how maintaining civic spaces, protecting heritage resources, and re-imagining the role of ¿public goods¿ in the life of a city can yield more sustainable and
beneficial outcomes. We also consider best practices from UNESCO and UN HABITAT, and the crucial role of citizenship and democracy. Recommended field work in
Hong Kong in September 2017

Last offered: Autumn 2017 | Units: 3-4 | UG Reqs: WAY-SI | Grading: Satisfactory/No Credit

URBANST 147: Archaeology of Human Rights (ANTHRO 112A)
This introductory seminar provides a critical vantage point about human rights discourse from an archaeological perspective. The seminar is organized around four
main questions: (1) Is cultural heritage a human right? (2) What are archaeologists learning about how the material and temporal dimensions of power and
resistance? (3) How is archaeological evidence being used in investigations of human rights violations? (4) Can research about the past shape the politics of the
present? Topics to be discussed include archaeological research on mass internment, colonialism, enslavement and coerced labor, ethnic cleansing, homelessness,
gender discrimination, indigenous rights, and environmental justice.

Last offered: Spring 2018 | Units: 5 | Repeatable 2 times (up to 5 units total) | Grading: Letter (ABCD/NP)
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URBANST 155A: Environmental Justice Colloquium (EARTHSYS 194A, HUMRTS 194A)
This colloquium brings the voices and vision of leading Environmental Justice (EJ) advocates to the Stanford community, in order to educate, inspire, and transform
our understanding of environmental science. Environmental Justice advances a positive vision for policies and actions that fight environmental racism. EJ
approaches involve centering the voices and leadership of marginalized communities in 1) ensuring equitable access to environmental benefits, and 2) preventing or
mitigating the disproportionate impacts of environmental harms for all communities, regardless of gender, class, race, ethnicity, or other social positions. This
colloquium highlights the work of leading EJ thinkers and practitioners, speaking from frontline organizations on a wide range of topics. These topics include acting
on toxic exposures and health disparities for community resilience, climate justice and youth action, Indigenous land and water rights, green cities and
Afrofuturism, food justice and intersecting social movements, queer ecologies, and more. The colloquium will host a weekly speaker, and final symposium at the
end of the quarter. nnStudents registering for the colloquium will join us virtually by ZOOM.nnCourse meetings will be held every Wednesday, beginning on October
6 and ending on November 17, 11:00-12:50pm. The final November 17 meeting is the Annual Environmental Justice Symposium, 11:00am-2:00pm (for those who can
stay the extended hour).

Terms: Aut | Units: 1 | Repeatable 3 times (up to 3 units total) | Grading: Satisfactory/No Credit

Instructors: ; Diver, S. (PI); Polk, E. (PI); Mi, J. (TA)

URBANST 163: Land Use: Planning for Sustainable Cities (AMSTUD 163, EARTHSYS 168, PUBLPOL 163)
Through case studies with a focus on the San Francisco Bay Area, guest speakers, selective readings and interactive assignments, this survey course seeks to
demystify the concept of land use for the non-city planner. This introductory course will review the history and trends of land use policies, as well as address a
number of current themes to demonstrate the power and importance of land use. Students will explore how urban areas function, how stakeholders influence land
use choices, and how land use decisions contribute to positive and negative outcomes. By exploring the contemporary history of land use in the United States,
students will learn how land use has been used as a tool for discriminatory practices and NIMBYism. Students will also learn about current land use planning efforts
that seek to make cities more sustainable, resilient and equitable to address issues like gentrification, affordable housing, and sea level rise.

Terms: Spr | Units: 3 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Rich, D. (PI); von Borck, J. (PI); Quinn, H. (TA)

URBANST 164: Sustainable Cities (EARTHSYS 160)
Community-engaged learning course that exposes students to sustainability concepts and urban planning as a tool for determining sustainable outcomes in the Bay
Area. The focus will be on land use and transportation planning to housing and employment patterns, mobility, public health, and social equity. Topics will include
government initiatives to counteract urban sprawl and promote smart growth and livability, political realities of organizing and building coalitions around
sustainability goals, and increasing opportunities for low-income and communities of color to achieve sustainability outcomes. Students will participate in remote
team-based projects in collaboration with Bay Area community partners. Prerequisites: Consent of the instructor. (Cardinal Course certified by the Haas Center.)
Apply here: https://docs.google.com/forms/d/e/1FAIpQLSeV9L56uZC65mydDJ5ULgdIw63nRLUp8B_BQY-_mbcblWxP_Q/viewform

Terms: Spr | Units: 4-5 | UG Reqs: WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Kos, R. (PI)

URBANST 165: Sustainable Urban and Regional Transportation Planning
Environmental, economic, and equity aspects of urban transportation in 21st-century U.S. Expanded choices in urban and regional mobility that do not diminish
resources for future generations. Implications for the global environment and the livability of communities.

Terms: Spr | Units: 4 | UG Reqs: GER:DB-SocSci, WAY-SI | Grading: Letter (ABCD/NP)

Instructors: ; Rivasplata, C. (PI)

URBANST 168: RACE, NATURE, AND THE CITY (AFRICAAM 168, CSRE 168, EARTHSYS 169, SOC 168A)
This course provides an introduction to the study of race and place within urban political ecology (UPE). Geographer Natasha Cornea defines UPE as a 'conceptual
approach that understands urbanization to be a political, economic, social, and ecological process, one that often results in highly uneven and inequitable
landscapes' in and beyond cities. The primary focus will be cities in the Americas, but we will draw on insights from scholars studying the mutually constitutive
nature of race and place in other regions. In line with critical theories that frame intersectional experiences of race, the course readings also take into account
class, gender, sexuality, and nation.

Terms: Spr | Units: 4 | UG Reqs: WAY-EDP, WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Montgomery, A. (PI)

URBANST 172A: Introduction to Urban and Regional Planning
An investigation into urban planning as a democratic practice for facilitating or mitigating change in society and the built environment. We will engage in
professional planning practices in focused sessions on transportation, design, housing, environmental policy, demographic research, community organizing and real
estate development. Strong emphasis on developing an understanding of the forces that shape urban and regional development, including cultural trends, real
estate and labor economics, climate change and the environment, and political organizing and power dynamics.

Last offered: Summer 2021 | Units: 3 | UG Reqs: WAY-SI | Grading: Letter (ABCD/NP)

URBANST 173: The Urban Economy (PUBLPOL 174)
Applies the principles of economic analysis to historical and contemporary urban and regional development issues and policies. Explores themes of urban economic
geography, location decision-making by firms and individuals, urban land and housing markets, and local government finance. Critically evaluates historical and
contemporary government policies regulating urban land use, housing, employment development, and transportation.

Terms: Aut | Units: 4 | UG Reqs: WAY-SI | Grading: Letter or Credit/No Credit

Instructors: ; Wolfe, M. (PI)

URBANST 174: Defining Smart Cities: Visions of Urbanism for the 21st Century (CEE 125, CEE 225)
Technological innovations have and will disrupt all domains of urban life, from housing to healthcare to city management to transportation. This seminar is aimed at
future technologists, entrepreneurs, policymakers, and urban planners to define and evaluate the smartness of a city through three lenses: technology, equity, and
policy. Through readings, seminar discussions, guest speakers, and a final project, we will explore how a smart city can leverage technology for a higher quality of
life, less inequality in access to services, and tighter human communities. You will come away with a framework for understanding how to maximize the social good
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of emerging technologies. Course material is appropriate for students from all disciplines. Students who enroll in the course for 4 units will participate in an off-
campus field component during Spring Break.

Last offered: Autumn 2017 | Units: 3-4 | Grading: Letter (ABCD/NP)

URBANST 181: Urban Agroecology (EARTHSYS 181, EARTHSYS 281, ESS 181, ESS 281)
Urban agriculture takes many forms in cities around the world and provides significant amounts of food and other resources and benefits for urban communities.
This Earth Systems practicum explores the application of agroecological principles to the design and stewardship of urban farms and gardens. Students will explore
social and ecological dimensions of urban agriculture including issues of environmental justice while gaining land stewardship and small-scale food production skills
at the Stanford Educational Farm and in the community.nnCourse full for spring 2022, will be offered again Winter 2023.

Terms: Spr | Units: 3 | Grading: Letter or Credit/No Credit

URBANST 183: Team Urban Design Studio (CEE 131E)
This new class offers an exciting variation on the 'individual project' studio format. Students work as a team to propose a single consensus solution to a real-world
design challenge. This collaborative studio experience more closely reflects the creative process in the design and planning professions where a group of individuals
works together to brainstorm, shape, develop, and illustrate a community design solution. There are a number of benefits to this team-oriented approach: it is a
more nurturing environment for students that do not have design backgrounds, it allows for more peer-to-peer learning, and it takes best advantage of varied
student skill sets. But perhaps the greatest benefit is that a team of students working together on a common project will be able to develop a more comprehensive
solution than any one student working alone. This means that the class "deliverable" at the end of quarter could be detailed enough to be of significant value to a
stakeholder or client group from the larger community. This studio class, working under the guidance of an experienced instructor, functions like a design firm in
providing professional-grade deliverables to real-world community design "clients'.

Last offered: Spring 2021 | Units: 5 | UG Reqs: WAY-CE | Grading: Letter or Credit/No Credit

<--- END OF REPORT --->


