EARTH SYSTEMS PROGRAM

Director: PamelaMatson

Associate Director: Julie Kennedy

Advisory Committee: DavidAckerly (Biological Sciences), KevinArrigo
(Geophysics), Carol Boggs(Biological Sciences), Brendan Bohannan
(Biological Sciences), Mark Denny (Biological Sciences, Hopkins
Marine Station), Robert Dunbar (Geological and Environmental
Sciences), William Durham (Anthropol ogical Sciences), Gary Ernst
(Geologica and Environmental Sciences), Walter Falcon (Institute
for International Studies), Scott Fendorf (Geol ogical and Environmental
Sciences), Deborah Gordon (Biological Sciences), Lawrence Goulder
(Economics, Institute for International Studies), Elizabeth Hadly
(Biological Sciences), Donald Kennedy (Biological Sciences,
Institute for International Studies; emeritus), Julie Kennedy (Earth
Systems), Rosemary K night (Geophysics), Jeffrey K oseff (Civil and
Environmental Engineering), Anthony Kovscek (Petroleum
Engineering), Gilbert Masters(Civil and Environmental Engineering),
Pamela Matson (Geological and Environmental Sciences, Institute
for International Studies), Michael McWilliams (Geological and
Environmental Sciences), StephenM onismith (Civil andEnvironmental
Engineering), Harold Mooney (Biological Sciences), Rosamond
Naylor (Institute for International Studies), Franklin Orr, Jr. (Dean,
School of Earth Sciences),AdinaPaytan (Geol ogical and Environmental
Sciences), Joan Roughgarden (Biological Sciences), Stephen
Schneider (Biological Sciences, Institutefor International Studies),
Jonathan Stebbins(Geol ogical and Environmental Sciences), James
Sweeney (Management Scienceand Engineering), Barton Thompson
(Law), Peter Vitousek (Biological Sciences), Virginia Walbot
(Biological Sciences), Mark Zoback (Geophysics)

Department Offices: Mitchell Building, Room 138
Mail Code: 94305-2210
Department Phone: (650) 725-3183
Email: deana@stanford.edu
Web site: http://pangea.stanford.edu/ESY S/
Courses given in Earth Systems Program have the subject code
EARTHSY S. For completelist of subject codes, see Appendix B.

The Earth Systems Program is an interdisciplinary environmental
studiesmajor. Studentslearn about and independently investigate com-
plex environmental problems caused by human activitiesininteraction
withnatural changesintheEarth System. Earth Systemsmajorsbecome
skilledinthoseareasof science, economics, and policy neededtotackle
the globe'smost pressing environmental problems, becoming part of a
generation of scientists, professionals, and citizens who approach and
solve problemsin anew way: asystematic, interdisciplinary way.

For our students to be effective contributors to the solutions of such
problems, their training and understanding must be both broad and deep.
Tothisend, Earth Systems studentstake coursesin the fundamental s of
biology, calculus, chemistry, geology, and physics, aswell asincomputer
science, economicsand policy, and statistics. After completing breadth
trainingintheseareas, studentsconcentrate on advanced coursework in
oneof sevenfocusareas: biology, energy, environmental economicsand
policy, geology, land management, education, or oceanography. Along
withformal courserequirements, all Earth Systemsstudentscompletea
9-unit (270-hour) internship. Theinternship providesahands-on, rigor-
ousacademic experienceworkingonasupervisedfield, |aboratory, gov-
ernment or private sector project of their choice.

Thefollowingisanoutlineof thesequential topicscovered and skills
developed inthismajor.

1. Thefundamental componentsof the Earth System help studentsun-
derstand current environmental problems against the backdrop of
natural change. Traininginthefundamental scomesthroughintroduc-
tory coursework in geology, biology, and economics. Depending on
the Earth Systemstrack chosen, training may also includeintroduc-
tionsto the study of energy systems, microbiology, oceans, or soils.
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As students begin to question the role that humans play in affecting
thesesystems, they find that many programsand departmentsat Stan-
ford offer courses that approach this question from different direc-
tions. Students are encouraged to come to the Earth Systems office
for courseselection adviceor to pick upacurrent list of environmen-
tal coursesat Stanford.

2. Focusisonthefundamental interactionsamongthephysical, biolog-
ical, and human componentsof the Earth System: thedynamicsof the
interplay between natural variation and human-imposed influences
must be understood to achieve effective solutions to environmental
problems.

Several Earth Systemscoursesintroduce studentsto thedynamic
and multipleinteractionsthat characterize global change problems.
They includetheintroductory course, Introductionto Earth Systems,
andthreecorecourses, the Geosphere, the Biosphere, and theAnthro-
sphere.

Competence in understanding system-level interactionsiscriti-
cal todevel opment asan Earth Systemsthinker, so additional classes
that meet this objective are excellent choices as electives. Morein-
formation on such classesisavailablein the program office.

3. Development of skillstorecognize, quantify, andreport changeinthe
environment: key analytical and computational tools and measure-
ment systems are used for insight into global and regional environ-
mental change, and in the development of solutions.

Thetest of an Earth Systemsdegreeisthe student’sability torec-
ognize, describe, quantify, and hel p solve complex problemsthat face
our society. Through required cognates and specific track classes,
studentsbuild skillsin these areas. For example, training in satellite
remote sensing and geographi cinformation systemsiseither required
or highly recommendedfor all tracks. Quantification of environmen-
tal problemsrequiressolidtrainingincalculus, linear algebra, chem-
istry, physics, programming, and statistics. Thesecoursesarerequired
of all majors. Specializedtraining, suchasinlaboratory or field meth-
ods, may be necessary and is highly recommended.

Havingtheability to effectively communicateideasand resultsis
critical. Indeed, workable solutionsto our environmental problems
begin with common understanding of the issues. Writing intensive
courses (WIM) help students to communi cate complex concepts to
expert and non-expert audiences alike. Stanford requires that each
student complete one WIM coursein hisor her major. The WIM re-
quirement ismet through compl etion of the Senior Seminar. Several
Earth Systemscoursesfocuson effectivewritten and oral communi-
cation.

4. Work to design solutions to environmental problems that take into
considerationnatural processesaswell ashuman needs: human needs
must be met in sustai nable waysthat focus on ecosystem health, hu-
man prosperity, and long-term effectiveness.

Many courses at Stanford focus on solutions. A comprehensive list
of environmental courses, and advice on those that focus on problem
solving, isavailablein the program office. Students can also review the
quarterly Time Schedul e for solution-based courses. Among others, the
following departmentsmay providesubject areasthat areauseful guide:
Anthropol ogical Sciences, Biological Sciences, Civil and Environmen-
tal Engineering, Earth Systems, Economics, Geological and Environ-
mental Sciences, Geophysics, Human Biology, International Policy Stud-
ies, International Relations, Latin America Studies, Law, Petroleum
Engineering, Political Science, Public Policy, and Urban Planning. The
Earth SystemsProgram emphasi zestheimportanceof workablesolutions
inseveral ways, including arequired 9-unit internship, knowledge syn-
thesisin the Senior Seminar, an optional upper division courseon envi-
ronmental problem solving, or an honorsthroughthe Goldman Environ-
mental Honors Program. Please note: potential Honors students must
completethe Geosphere, Biosphere, Anthrosphere sequence by the end
of the Junior year.

Students interested in Earth Systems should come to the program
office for current information on our curriculum, alumni career paths,
environmental jobsand internships, and undergraduate honors options.
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The Earth Systems Program provides a strong advising network that
includesfaculty, staff, and student peer advisers.

UNDERGRADUATE PROGRAMS

BACHELOR OF SCIENCE

TheB.S.inEarth Systems(ESY S) requiresthecompletion of at |east
110unitsthat can bedividedintothreelevel sof courses. Thestudent must
completeaseriesof coursescomprisingabroad baseof specialized study
and must completefiverequired and three el ective coursesinthat track.
Finally, the student must carry out asenior-level research or internship
project and participate in the senior seminar (WIM). Note: studentsin-
terested in earning a California Teaching Credential for general high
school science through the STEP Program should contact the program
officefor specific guidelines.

REQUIRED CORE

Course No. and Subject Units
EARTHSY S 10. Introduction to Earth Systems 4
EARTHSY S 110. Geosphere 3
EARTHSY S111. Biosphere 3
EARTHSY S 112. Anthrosphere 5
EARTHSY S 210. Senior Seminar 4
EARTHSY S 260. Internship

or EARTHSY S 250. Directed Research 9

REQUIRED COGNATE COURSES

Biology (any one course below):

BIOSCI 41. Evolution, Genetics, Genomes, and Biochemistry 5
or BIOSCI 43. Physiology, Ecology, and Behavioral Biology 5
Chemistry:
CHEM 31. Chemical Principles 3
CHEM 33. Organic Chemistry* 4
Computer Programming:
CS 106. Programming M ethodol ogy 5
or CS138. Matlab and Maplefor Science and Engineering
Applications 5
Economics:
ECON 1. Elementary Economics 5
ECON 50. Economic Analysis| 5

Geological and Environmental Sciences:
GES 1. Fundamental s of Geology

Mathematics:

MATH 19. Calculus and Analytic Geometry

MATH 20. Calculusand Analytic Geometry

MATH 21. Calculusand Analytic Geometry
or MATH 41. Calculusand Analytic Geometry

MATH 42. Calculusand Analytic Geometry
and MATH 51. Linear Equationsand Differential Calculus
5

Probability and Statistics (any one course below):
BIOSCI 141. Biostatistics
ECON 102A. Introduction to Statistical Methods
GES 160. Statistical Methods

for Earth and Environmental Sciences
GES 161. Geostatistics
Physics:
PHY SICS53. Mechanics 4
PHY SICS51. Light and Heat* 4
(Additional physicscognatefor Energy Track only):

PHY SICS 55. Electricity and Magnetism 3

* Studentsmay takeeither PHY SICS51 or CHEM 33; Biospherestudentsmust take CHEM
33
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More extensive work in mathematics and physics may be expected
for those planning graduate study. Graduate study inecol ogy and evolu-
tionary biology and in economicsrequires familiarity with differential
equations, linear algebra, and stochastic processes. Graduate study in
geol ogy, oceanography, and geophysics may require more physics and
chemistry. Check withyour adviser about recommendationsbeyondthe
requirements specified above.
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TRACKS
GEOSPHERE
ADDITIONAL COGNATES:

GES80. Earth Materias
GES 90. Introduction to Geochemistry

Earth’sSurface & Fluid Envelopes:

Choose onefrom these three:

GES8. The Oceans: An Introduction to
the Marine Environment

GES 159. Marine Chemistry

GEOPHY S 130. Biological Oceanography

Plusone of thetwo following groups of cour ses:
GEOPHY S104. The Water Course
and GES 175. Science of Soils
or GES 130. Environmental Earth Sciencel:
Soil Physics& Hydrology
and GES 131. Environmental Earth Sciencell:
Fluvial Systems& Landscape Evolution

Human Society in the Geospher e
CEE 173A. Energy Resources
or PETENG 101. Energy & the Environment
and onefrom the following list:
EARTHSY S 113. Earthquakes & Volcanoes
EARTHSY S 169. Science and Politics of Radioactive
Waste M anagement
EARTHSY S 180. Fundamental s of Sustainable Agriculture
Measuring & Observing the Earth (choosetwo):
GEOPHY S40. The Earth From Space: Introduction to
Remote Sensing
GEOPHY S 135. Remote Sensing of the Ocean
GES 195. Integrating Remote Sensing and
Geographic Information Systems

or choose one course from the previouslist and one from thefollowing:

GES 112. Mapping the Geol ogic Environment
GES 197. Remote Sensing of Land Use

and Land Cover Change
EARTHSY S 189. Field Studiesin Earth Systems

BIOSPHERE

BIOSCI 41. Evolution, Genetics, Genomes, and Biochemistry
BIOSCI 42. Cell Biology, Developmental Biology, and Neurobiology
BIOSCI 43. Physiology, Ecology, and Behavioral Biology

Biogeochemistry (choose one):

BIOSCI 124. Ecosystem Physiology

BIOSCI 216. Biogeochemistry/Ecosystem Ecology
EARTHSY S 189. Field Studiesin Earth Systems
GES 175. Science of Soils

Conservation Biology (choose one):
BIOSCI 144. Conservation Biology
or BIOSCI 173H. Marine Conservation Biology

Ecology (choosetwo):

BIOSCI 101. Ecology

BIOSCI 136. Evolutionary Pal eobiology
BIOSCI 138. Ecology and Evolution of Plants
BIOSCI 145. Behavioral Ecology

ANTHROSPHERE

Economicsand Environmental Policy (choosethree):
ECON 51. Economic Analysisl||

ECON 102B. I ntroduction to Econometrics

ECON 106. The World Food Economy

ECON 118. Economics of Development

ECON 150. Economicsand Public Policy

ECON 160. Game Theory and Economic Application

L egal and Palitical I nstitutionsand the Environment (choose one):

ECON 154. Economics of Legal Rulesand Policy
PUBLPOL 101. Paoliticsand Public Policy

LAND MANAGEMENT
GES80. Earth Material
TheNatural Environment (choose one from each grouping):
GES 102. Introduction to Field Geology
or GES175. Science of Soils
GES 112. Mapping the Geol ogic Environment
or GES 195. Remote Sensing and GIS
HUMBIO 119. Conservation Biology
or BIOSCI 125. Ecosystemsof California
TheManaged Environment (choose one):
EARTHSY S 150. Sustainable Agriculture
ECON 106. The World Food Economy
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TheBuilt Environment (choose one from each grouping):
ARTHIST 150. American Architecture and Urbanism

or URBANST 110. Introduction to Urban Studies

or URBANST 170. Introduction to Urban Design

or URBANST 183. Land Use Control 4
CEE 176A. Energy Efficient Building Design

or CEE 148. Design and Construction of

Affordable Housing 4

URBANST 182. Urban Environmental Policy

or CEE 171. Environmental Planning M ethods 4

ENERGY SCIENCE AND TECHNOLOGY

CEE 173B. The Coming Energy Revolution
CEE 176A. Energy Efficient Buildings
CEE 176B. Electric Power: Generation and
Conservation
EARTHSY S103. Energy Resources
or EARTHSY S 101. Energy and the Environment
ENGR 30. Engineering Thermodynamics

WWwwhH AW

OCEANS

GES 8. The Oceans: An Introduction to the Marine Environment

Physicsof the Sea

CEE 164. Introduction to Physical Oceanography 4
Biological Oceanography (choose one):

BIOSCI 163H. Principles of Oceanic Biology 4
GEOPHY S130. Biologica Oceanography 4
Marine Chemistry

GES 159. Marine Chemistry 3
Remote Sensing of the Ocean (choose one):

GEOPHY S 135. Remote Sensing of the Ocean 4
GES196. Introduction to GIS: Arc/Info and ARC-View 2

EDUCATION

New track designedinconcert with Stanford’ sSTEPProgramto meet
the Stateof California’sCommissionon Teaching Credentialingrequire-
ment for general science. | nterested studentsshould comeby theProgram
office for moreinformation.

UPPER-DIVISION ELECTIVES

Three intermediate to advanced courses, 100-level or above, mini-
mum of 3units, consistent withtheprimary track arerequired of all majors
and must beapproved. Eligibleupper-division el ectivesarelisted bel ow.
Additional coursesmay be sel ected; seethe program officefor the most
current list.

GEOSPHERE TRACK

Note: Only two electives are required for the Geosphere track.

BIOSCI 121. Biogeography

EARTHSY S103. Energy Resources

GES 110. Structural Geology

GES 111. Structural Geology and Rock Mechanics

GES 112. Structural and Engineering Geology |1

GES 164. Stable | sotopes

GES 185. Volcanology

GES 220. Terrestrial Biogeochemistry

GES221. TheOriginsof Lifeinthe Solar System

GES 254. Pal eoceanography

GES 255. Introduction to Micropal eontol ogy

GES 257. Climate Variability

PETENG 260. Groundwater Pollution and Oil Spills: Environmental
Problemsin the Petroleum Industry
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BIOSPHERE TRACK

BIOSCI 125. Ecosystems of California 3-

BIOSCI 139. Biology of Birds

BIOSCI 184. Principles of Biosystematics

BIOSCI 161H. Invertebrate Zoology

BIOSCI 163H. Principles of Oceanic Biology

BIOSCI 164H. Marine Botany

BIOSCI 215. Biochemical Evolution

BIOSCI 216. Ecosystem Ecology and Global Biogeochemistry

BIOSCI 217. Climate Theory, Modeling, Applications, and
Implications

BIOSCI 283. Theoretical Population Genetics

GES 255. Introduction to Micropal eontol ogy
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ANTHROSPHERE TRACK

ANTHSCI 161. Conservation and Community Devel opment
inthe Amazon 3-
ANTHSCI 172. Indigenous Forest Management
CEE 171. Environmental Planning Methods
CEE 266. Environmental Policy Design and
Implementation
ECON 158. Antitrust and Regulation
ECON 165. International Economics
ECON 243. Economics of the Environment
MS&E 194. The Role of Analysisin
Environmental Policy Decisions
POLISCI 216M. Environmental Politicsin the Asia/Pacific Region
PUBLPOL 103. Introduction to Political Philosophy
URBANST 183. Land Use Control
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LAND MANAGEMENT TRACK

ANTHSCI 160. Development and Environment 5
ANTHSCI 162. Indigenous Peoples and Environmental Problems 35
HISTORY 152. American Spaces 5
HISTORY 254. Nature 5
LATINAM 161. Conservation and

Community Development I ssues 5

ENERGY SCIENCE AND TECHNOLOGY TRACK

ECON 158. Antitrust and Regulation

EE 293A. Fundamentals of Energy Processes

EE 293B. Fundamental s of Energy Processes

ME 130. Internal Combustion Engines

ME 131A. Heat Transfer

PETENG 120. Fundamental's of Petroleum Engineering

PETENG 260. Groundwater Pollution and Oil Spills

PETENG 269. Geothermal Reservoir Engineering

POLISCI 114. The Political Economy of Development

EARTHSY S 169. Science and Politics of Radioactive
Waste Management

w WWWWwWwwwwaul

OCEANS TRACK

BIOSCI 161H. Invertebrate Zoology
BIOSCI 163H. Principles of Oceanic Biology
BIOSCI 164H. Marine Botany
EARTHSY S 167. Ocean Policy: Marine Stewardship and the Law
GES 119. Introduction to Pal eoceanography
GES 163. Introduction to | sotope Geology
GES 205. Advanced Oceanography
GES 225. | sotopesin Geol ogical and Environmental
Research
GES 254. Paleoceanography
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SUMMARY OF COURSE REQUIREMENTS AND UNITS

Earth Systems Introduction and Core
Required allied courses

Tracks:

Anthrosphere

Biosphere

Geosphere

Energy Science and Technology
Land Management

Oceans

Education

Upper-division electives 9-15
Senior project or internship 9
Senior seminar 4
Total units (depending on track, €lectives) .........ccccoveveeiiincenniecens 110-130

COTERMINALB.S. AND M.S. DEGREES

The Stanford coterminal degreeenabl esan undergraduateto embark
onanintegrated program of study |eading to the master’sdegree before
requirementsfor thebachel or’ sdegree have been completed. Anunder-
graduate majoring in Earth Systemsmay apply to work simultaneously
toward B.S. and M.S. degrees. The M.S. degree in Earth Systems pro-
videsthe student with enhanced tool sto evaluate the primary literature
of thedisciplinemost closely associated with the student’ strack and al -
lowsanincreased specializationthrough additional coursework that may
include 9 unitsof thesisresearch. Integration of earth systems concepts
isfurthered by participation in the master’s seminar.

Toapply, completeandreturntothe Earth Systemsofficean applica-
tion that includes a statement of purpose; a Stanford transcript; two let-
tersof recommendation, one of which must befromafaculty member of

Excerpt from Stanford Bulletin, 2002-03
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theprogram; and alist of coursesthat fulfill degreerequirementssigned
by themaster’ sadviser. Studentsmay beadmitted asearly astheir eighth
quarter at Stanford, or after earning 105 units, but nolater thantheir elev-
enth quarter. Studentsmay either (1) complete 180 unitsrequiredfor the
B.S. degree and then complete the three quarters required for the M. S.
degree, or (2) completeatotal of 15 quarters during which the require-
ments of the degrees are fulfilled concurrently. The student has the op-
tion of receiving the B.S. degree after completing that degree’srequire-
ments or receiving two degrees concurrently at the end of the master’s
program. Note: studentsinterested in enrolling in the STEP Program
during their fifth year and gaining aCalifornia Teaching Credential for
high school general science should come by the program office.

Three levels of requirements must be fulfilled to receive an M.S.
degree:

1. All requirementsfor the B.S. degree.

2. Further coursework (and/or thesisresearch), al of which should be
at the100-level or above, including 22 unitsat the 200-level or above,
leading to further focus within the student’ strack.

3. Participation inthe master’s seminar.

The program consists of aminimum of 45 units of coursework and/
or thesisresearch, at |east 22 of which must be at the 200-level or above.

Thestudent must deviseaprogram of study that showsalevel of spe-
cialization appropriateto the master’slevel, asdetermined in consulta-
tionwiththeadviser. At least 22 unitsmust be at the 200-level or above.
The program should demonstrate further specialization and focuswith-
in the student’s undergraduate track.

With the adviser’s approval, 9 unitsmay bein theform of research.
This may culminate in the preparation of amaster’sthesis; however, a
thesisisnot required for the degree. Master’s students must take partin
theWinter Quarter master’s seminar (EARTHSY S290) and have addi-
tional responsibilitiesappropriatetothemaster’slevel (thesispresenta-
tion, modeling problems, and so on), 2 units.

A more detailed description of the coterminal master’s degree pro-
gram may be obtained from the program office.

COURSES

(WIM) indicates that the course satisfies the Writing in the Major
requirements.

UNDERGRADUATE

EARTHSY S10.IntroductiontoEar th Systems—For non-majorsand
prospective Earth Systems majors. Multidisciplinary approach to how
the Earth works asasystem, utilizing thetools of geology, biology, and
economics to understand global change on all time scales. Topics: ori-
gin of the solar system and earth, paleoclimate and climate modeling,
ocean-atmosphere circulation, extinction and speciation, energy and
mineral resources, economic attitudes and the environment. Case stud-
ies: acid rain, hunger and food, policy and the environment. GER:2a
4-5 units, Win (Ernst)

EARTHSY S101. Ener gy and the Environment—(SameasPETENG
101.) Energy usein 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. Focusison energy definitions, use patterns, resource
estimation, pollution. Recommended: MATH 21 or 42, ENGR 30.
GER:2b
3 units, Spr (Gerritsen, Durlofsky)

EARTHSYS 103. Energy Resources—(Same as CEE 173A/207A.)
Overview of oil, natural gas, coal, nuclear, hydro, solar, geothermal,
biomass, wind, and ocean energy resourcesin terms of supply, distribu-
tion, recovery and conversion, environmental impacts, economies, pol-
icy, and technology. The opportunities for energy efficiency, electric
power basics, thechangingroleof electric utilities, transportation basics,
and energy usein devel oping countries. Field trips. Recommended: CEE
70. GER:2b
4-5 units (Woodward) not given 2002-03

Excerpt from Stanford Bulletin, 2002-03
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EARTHSYS 104. The Water Course—(Same as GEOPHY S 104.)
Current issues associated with the use and abuse of surface and ground
water supplies. The ways the geological environment controls the
quantity and quality of water; illustrated with ataste test of water from
around theworld. An understanding of current concernsregarding water
suppliesisused as a basisfor considering the past and future impact of
the availability of water on natural ecosystems and human settlement.
Lab. GER:2a
3 units, Win (Knight)

EARTHSY S 110. Geosphere—(Sameas GEOPHY S 102.) The chang-
ing planet presentssoci ety with myriad problems. How do global climate
systemswork and how do natural and anthropogenic sources of climate
change affect people? Is society running out of energy? What are the
consequencesof energy use? How do platetectonicsaffect daily life, and
what isthe nature of earthquake hazardsin Californiaand the Bay Area?
Large-scalesystemapproachtotheearth, oceans, and atmosphere. GER: 2a
3 units, Aut (Zoback, Arrigo)

EARTHSYS 111. Biology and Global Change—(Same as BIOSCI
117.) The biological causes and consequences of anthropogenic and
natural changesinthe atmosphere, oceans, andterrestrial and freshwater
ecosystems. Topics: glacial cycles and marine circulation, greenhouse
gasesand climate change, tropical deforestation and speciesextinctions,
and human population growth and resource use. Prerequisites: Biologi-
cal Sciences or Human Biology core or graduate standing in any
department. (WIM)
3 units, Win (Matson, Vitousek, Mooney)

EARTHSY S 112. Environmental Economics and Policy—(Same as
ECON 155.) Economic sources of environmental problemsand alterna-
tive policies for dealing with them (technology standards, emissions
taxes, and marketabl e pollution permits). Eval uation of policiesaddress-
ing regiona air pollution, global climate change, water alocationin the
western U.S., and the use of renewabl e resources. Connections between
popul ation growth, economic output, environmental quality, and human
welfare. Prerequisite: ECON 50.
5 units, Aut (Goulder)

EARTHSY S113. Earthquakesand Vol canoes—(SameasGEOPHY S
3.) Earthquake |ocation, magnitude and intensity scales, seismic waves,
stylesof eruptionsand vol canic hazards, tsunami waves, typesand global
distribution of volcanoes, volcano forecasting. Plate tectonics as a
framework for understanding earthquake and vol canic processes. Fore-
casting; earthquake resistant design; building codes; and probabilistic
hazard assessment. For non-majors and potential earth scientists.
3units, Aut (Beroza, Segall)

EARTHSYS 130/230. Biological Oceanography—(Same as GEO-
PHY S 130/231; graduate students register for 230.) Required for Earth
Systems students in the Oceans track. Interdisciplinary look at how
oceanic environments control the form and function of marine life.
Topics: distributions of planktonic production and abundance, nutrient
cycling, theroleof ocean biology inthe climate system, expected effects
of climate changes on ocean biology. Possible local field trips on
weekends. Prerequisites; BIOSCI 43 and GES 8 or equivalent.
4 units, Spr (Arrigo)

EARTHSYS 135/235. Remote Sensing of the Oceans—(Same as
GEOPHY S135/235; graduate studentsregister for 235.) How to observe
andinterpret physical and biological changesintheoceansusing satellite
technologies. Topics: principles of satellite remote sensing, classes of
satellite remote sensors, converting radiometric datainto biological and
physical quantities, sensor calibration and validation, interpreting large-
scale oceanographic features.
3units(Arrigo) alternate years, given 2003-04

EARTHSY S 147/247. Controlling Climate Changein the 21st Cen-
tury—(Same as BIOSCI 147/247; graduate students register for 247.)
The science, economics, and environmental diplomacy of global climate



change. Topics: the scienceof climate change, climate changeand global
environmental law; global economic approaches to carbon abatement,
taxes, and tradable permits; joint implementation, consensus, and divi-
sioninthe EU; gaining the support of China, other devel oping countries,
and U.S. corporations; aternativeenergy and energy efficienciesfor less
carbon-intensive electric power and transport. Enrollment limited to 12
seniors.
3 units, Spr (Schneider, Rosencranz)

EARTHSY S 159/259. Marine Chemistry—(Same as GES 159/259;
graduate students register for 259.) For upper-division undergraduates
and graduate studentsin the earth, biology, and environmental sciences.
Theoceansareininteractivecontact withtheatmosphere, biosphere, and
lithosphere, and virtually all elements pass through the ocean at some
point intheir cycles. The first-order processes take place within the sea,
which affects its chemistry. What controls the distribution of chemical
speciesin water and sediments? How long do different elements spend,
on average, in the ocean? How do marine chemical processes interact
with the biological, geological, and physical processes in the oceans?
Prerequisite: GES 8 or consent of the instructor.
2-4 units, Spr (Paytan)

EARTHSYS 164. Introduction to Physical Oceanography—(Same
as CEE 164.) Introduction to the dynamic basis of physical oceanogra-
phy. Topics: a general description of the physical environment of the
ocean; conservation equationsfor salt, heat, and momentum; geostrophic
flows; wind-driven flows; the Gulf Stream; equatorial dynamics and
ENSO; the thermohaline circulation of the deep oceans; and tides.
Prerequisite: PHY SICS 53.

4 units, Win (Monismith)

EARTHSY S 167/267. Ocean Policy: Marine Stewardship and the
L aw—(Graduate students register for 267; same as ANTHSCI 166C.)
Introduction to theformul ation and i mplementati on of ocean policy with
regardtoavariety of issuesacrossarangeof spatial scales: U.S., foreign,
and international effortsto regulate ocean uses such asfishing, mineral
extraction, and pollution. Emphasis is on problem solving, using case
studiesto encourage creative thinking about new toolsto improve ocean
use management, including economic and regulatory options. Multidis-
ciplinary approach to ocean policy, with readingsin science, economics,
anthropology, and law.

4 units, Aut (Eagle)

EARTHSYS 169/269. Science and Palitics of Radioactive Waste
M anagement—(Graduate students register for 269.) The safe storage
and disposal of radioactive waste, an environmental legacy of nuclear
weapons production and nuclear power generation, isascientific, engi-
neering, political, and societal issue. Focusison scientific, engineering,
and economic issues, leading to formulation of answers to political
questions, particularly the balance between risk and reward to society.
Field trips to waste sites. Recommended: working knowledge of first-
year physics, chemistry, and geology/hydrology.
3 units, Sor (McWilliams)

EARTHSY S 180/280. Fundamentals of Sustainable Agriculture—
(Graduate students register for 280.) Ecological, economic, and social
dimensions of sustainable agriculture in the context of agrowing world
population. Focusison both management and technol ogical approaches
and on historical content of agricultural growth and change, organic
agriculture, soil and water resource management, nutrient and pest
management, biotechnology, ecosystem services, and climate change.
3 units, Spr (Falcon, Naylor, Matson, Kennedy)

EARTHSY S189. Field Studiesin Earth Systems—(Same asBIOSCI
206, GES 189.) For advanced upper-division undergraduates and grad-
uate students in Earth Systems, Biological Sciences, or Geologica and
Environmental Sciences. Field-based, focusing on the components and
processesby whichterrestrial ecosystemsfunction. Topicsfrombiology,
chemistry, ecology, geology, and soil science. Lecture, field, and lab
studies emphasize standard fiel d techniques, experimental design, anal-
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ysis of data, and written and ora presentation. Small team projects test
the original questionsin the functioning of natural ecosystems. Admis-
sion by application; see Time Schedule. Prerequisites: BIOSCI 141 or
GES 160, or equivalent.

5units, Spr (Chiariello, Fendorf, Ackerly, Matson, E. Miller)

EARTHSY S197/297. Remote Sensing of Land Useand L and Cover
Change—(Same as GES 197/297; graduate students register for 297.)
Exploresthe use of satelliteremote sensing and digital image processing
techniques to monitor terrestrial land cover and land use change. Data
from a range of sensors is used to explore a variety of applications:
deforestation, urbanization, and wildfires. Labs include a case study of
alocal land use issue. Prerequisite: 195, GEOPHY S 40, or consent of
instructor.
5 units, Spr (Seto)

EARTHSY S210. Senior Seminar—Focusison communication skills,
oral and written. Each student presents results of the Earth Systems
internship in an oral presentation and leads a follow-up round table
discussion subsequent to talk. Group project analyzing local environ-
mental problems requires an Earth Systems approach. Peer reviews of
internship papers as required. (WIM)

4 units, Aut, Spr (J. Kennedy)

EARTHSY S 250. Directed Resear ch—Independent research into an
aspect of Earth Systemsrel ated to the student’ sprimary track, carried out
after the junior year, during the summer, and/or during the senior year.
Student devel opsown project with faculty supervision, or can seeadviser
for research ideas. 10-15 page thesis required.

1-9 units, quarter by arrangement (Saff)

EARTHSY S 260. I nter nship—Supervised field, |ab, private sector, or
advocacy project, normally through an internship sponsored by govern-
ment agencies, research institutions or other organizations, or indepen-
dently developed by the student with the prior written approval of the
Associate Director of Academics. Provides hands-on experience within
the student’s primary track. 10-15 page report required.

1-9 units, quarter by arrangement (J. Kennedy)

EARTHSY S290. M aster’sSeminar—Opento Earth Systemsmaster’s
students only. Focusis on critical examination and discussion of topics
in Earth Systems. Requires independent research, oral presentation of
results, and preparation of an origina proposa for innovative Earth
Systems science policy research.

2 units, Win (J. Kennedy)

EARTHSY S298. Advanced Topicsin Earth Systems—Opento Earth
Systems master’s students only. Continuation of 290.
2 units (J. Kennedy) not given 2002-03

EARTHSY S 299. M..S. Thesis—Research for the master’s paper.
1-9 units, any quarter (Staff)

EARTHSY S 323. Stanford at SEA—(Same as GES 323, BIOHOPK
323H.) Five weeks of marine science including oceanography, marine
physiology, policy, conservation, and nautical scienceat HopkinsMarine
Station, followed by fiveweeks at seaaboard asailing research vessel in
the Pacific Ocean. The shore component is comprised of three multidis-
ciplinary courses, each of which meets daily and continues through the
shipboard experience. Students devel op anindependent research project
planwhileashore, and carry out theresearch at sea. Theclassat Stanford
isoffered in collaboration with the Sea Education A ssociation of Woods
Hole, MA. The Hopkins and shipboard experience and its emphasis on
student research projects create afocused and uniquelearning experience.

18 units, Sor (Dunbar, Block, Gilly) alternateyears, not given 2003-04

Excerpt from Stanford Bulletin, 2002-03
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