. 180 units required for the B.S. degree and then completing the t

C OO O ar Clences quarters required forthe M.S. degree; or by completing atotal of 15q
ters during which the requirements for the two degrees are complg

concurrently. In either case, the student has the option of receiving

Dean: Franklin M. Orr, Jr. B.S. degree upon meeting all the B.S. requirements or of receiving I

degrees at the end of the coterminal program. Students earn degrdg

The SCh.OOI of Earth S(_:lences includes _the departments of Gec_)loqh-e same department (including Earth Systems), in two different dep
_cal and E_nwronmental Sciences, Geophysics, and Petroleum Engine ents, or even in different schools; for example, a B.S. in Physics
Ing. The |r_1tersphool Earth Systems Program offers study of the geologh M.S. in Geological and Environmental Sciences. Students are end
ical and biological processes that operate on global scales and how tr}f@’ed to discuss the coterminal program with their advisers during t
interact with international environmental issues and policies. An honor’ﬁnioryear Additional information is available in the individual depa
program in Environmental Science, Technology, and Policy is also avall ent officés
able through the Institute for International Studies. '

The aims of the school are (1) to prepare students for careers in t
fields of environmental studies, engineering, geology, geochemistry; RADUATE PROGRAMS
geomechanics, geophysics, geostatistics, hydrogeology, petroleum en- Admission to the Graduate Program—A student who wishes to en-
gineering, and petroleum geology; (2) to conduct research in the Eantbll for graduate work in the school must be qualified for graduate sta
sciences; and (3) to provide opportunities for Stanford undergraduatésy in the University and in addition must be accepted by one of
to learn about our planet’s history, to understand the natural energy aschool’s three departments. One requirement for admission is sub
resource base that underlies our economy, and to appreciate the geolsign of scores on the verbal and quantitative sections of the Grad
ical and geophysical hazards that affect human societies, as well as th&exord Exam. Admission to one department of the school does not g
factors that contribute to the quality of our environment. antee admission to other departments.

To accomplish these objectives, the school offers a variety of pro- Faculty Adviser—Upon entering a graduate program, the stude
grams adaptable to the needs of the individual student: a four-year Ughould report to the head of the department who will arrange with am
dergraduate program leading to the degree of Bachelor of Science (B.Sr of the faculty to act as the student’s adviser. The student, in co
a five-year program leading to the coterminal Bachelor of Science angtion with the adviser, then arranges a course of study for the first q
Master of Science (M.S.), combining degrees in Earth sciences, socig} and ultimately develops a complete plan of study for the degree so
sci_ences, physical sciences, or engineering;_ and a graduate program 9" Financial Aid—Detailed information on scholarships, fellowshipg
fering the degrees of Master of Science, Engineer, and Doctor of Philogy, e earch grants is available from the school’s individual departmé
ophy as described below. Details of individual departmental degree pr%’pplications should be filed by the various dates listed in the applica

gram;larfe found 'g the saectlon fcar ea::h dep_arc:_m%nt.l:n:dqmond It |8acket for awards that become effective in Autumn Quarter of the
possible for an undergraduate to develop an individually designed m Swing academic year.

jor in the Earth Sciences.

UNDERGRADUATE PROGRAMS EARTH SYSTEMS PROGRAM

Any undergraduate student admitted to the University may declar
major in one of the Earth science departments or the interschool Eai#fy;ector: Pamela Matson
Systems Program by contacting the appropriate department or prografBsyciate Director: Julie Kennedy
office. SFu_dents intereste_d in creating an individually designed majo/-‘\dvisory Committee: David Ackerly (Biological Sciences), Kevin Ar-
should visit the dean’s office. i _ rigo (Geophysics), Carol Boggs (Biological Sciences), Brend
Specific requirements for the B.S. degree are listed in each depart- gonannan (Biological Sciences), Mark Denny (Biological Scienc
ment or program section. Departmental academic advisers work with Hopkins Marine Station), Robert Dunbar (Geological and Enviro
students to define a career or academic goal and assure that the student’s,anta) Sciences), Gary Emst (Geological and Environmental Scig
curricular choices are appropriate to the pursuit of that goal. Advisers can es), Walter Falcon (Institute for International Studies), Scott Fend
help devise a sensible (and enjoyable) course of study that meets degreQGeological and Environmental Sciences), Deborah Gord
requirements and provid.es the student with oppqrtunities to e>.<pe'rience (Biological Sciences), Lawrence Goulder (Economics, Institute f
advanced courses, seminars, and research projects. To maximize suchnernational Studies), Elizabeth Hadly (Biological Sciences), Dong
opportunities, students are encouraged to complete basic science andKennedy (Biological Sciences, Institute for International Studie
mathematics courses in high school or during their freshman year. emeritus), Julie Kennedy (Earth Systems), Rosemary Knig
Each department (as well as Earth Systems) offers an honors program(Geophysics), Jeffrey Koseff (Civil and Environmental Engineering
that involves research during the senior year. Each department also of- Anthony Kovscek (Petroleum Engineering), Gilbert Masters (Ci
fers an academic minor for those undergraduates majoring in compati- 5nq Environmental Engineering), Pamela Matson (Geological
ble fields. Environmental Sciences, Institute for International Studies), Michj
COTERMINAL BACHELOR’S McV\_/iIIigms (_G_eological_and Environm_ental_ Sciences), Steph
AND MASTER’S DEGREES Mc_)nlsrr_uth (Clyll and Environmental Englneerl_ng), Harold Moqne
(Biological Sciences), Rosamond Naylor (Institute for Internatio
The Stanford coterminal degree plan enables an undergraduate to Studies), Franklin Orr, Jr. (Dean, School of Earth Sciences), Ad
embark on an integrated program of study leading to the master’s degree paytan (Geological and Environmental Sciences), Joan Roughga
before requirements for the bachelor’s degree have been completed. This(Biological Sciences), Stephen Schneider (Biological Scienc
may result in more expeditious progress towards the advanced degree|nstitute for International Studies), Jonathan Stebbins (Geological
than would otherwise be possible, making the program especially impor- Environmental Sciences), James Sweeney (Management Scienc
tantto Earth scientists because the master’s degree provides an excellengngineering), Barton Thompson (Law), Peter Vitousek (Biologi
basis for entry into the profession. The coterminal plan permits students Sciences), Virginia Walbot (Biological Sciences), Mark Zobag
to be admitted to a graduate program as early as their eighth quarter at(Geophysics)
Stanford, or after earning 105 units, and no later than the eleventh quar-
ter. The Earth Systems Program is an interdisciplinary environme
Under the plan, the student may meet the degree requirements in #tedies major. Students learn about and independently investigate g
more advantageous of the following two ways: by first completing thglex environmental problems caused by human activities in interact

Earth Systems Program

1



with natural changes in the Earth System. Earth Systems majors becofheWork to design solutions to environmental problems that take into
skilled in those areas of science, economics, and policy needed to tackleconsideration natural processes as well as human needs: human needs
the globe’s most pressing environmental problems, becoming part of a must be met in sustainable ways that focus on ecosystem health, hu-
generation of scientists, professionals, and citizens who approach and man prosperity, and long-term effectiveness.
solve problems in a new way: a systematic, interdisciplinary way. Many courses at Stanford focus on solutions. A comprehensive
For our students to be effective contributors to the solutions of such  list of environmental courses, and advice on those that focus on prob-
problems, their training and understanding must be both broad and deep.|lem solving, is available in the program office. Students can also re-
To this end, Earth Systems students take courses in the fundamentals ofiew the quarterlifime Schedul efor solution-based courses. Among
biology, calculus, chemistry, geology, and physics, as wellasin computer others, the following departments may provide subject areas that are
science, economics and policy, and statistics. After completing breadth 5 yseful guide: Anthropological Sciences, Biological Sciences, Civ-
training in these areas, st_udents concentrate_on advanced course work iN and Environmental Engineering, Earth Systems, Economics, Geo-
one of six focus areas: biology, energy, environmental economics and logical and Environmental Sciences, Geophysics, Human Biology,
policy, geolqu, Ian(tj meﬁrggetrrr]]gnt,tor oce?né)grztaphy. Al?ntg W';h fo.rtmgéolnternational Policy Studies, International Relations, Latin America
course requirements, all Earth systems students compliete a 9 un ( Studies, Law, Petroleum Engineering, Political Science, Public Pol-
hour) internship. The internship provides a hands-on, rigorous academ- . : .
. ) . : . icy, and Urban Planning. The Earth Systems Program emphasizes the
ic experience working on a supervised field, laboratory, governmentor . ‘ f kabl luti : | includi )
private sector project of their choice. |mpoggnce.o. wor ?\. ekso u lloc?s n se\I:ere.t \.Na?]/s,slnclu gg are
The following is an outline of the sequential topics covered and skills quired -unltlntern_s 1Ip, knowle gesynt_ esisinthe Senior eminar,
an optional upper division course on environmental problem solving,

developed in this major. h h hthe Gold Envi walH b
_oran honors through the Goldman Environmental Honors Program.
1. The fundamental components of the Earth System help students un Please note: potential Honors stud complete the Geosphere,

derstand current environmental problems against the backdrop of _. !
natural change P g P Biosphere, Anthrosphere sequence by the end of the Junior year.

Training in the fundamentals comes through introductory course  Students interested in Earth Systems should come to the program
work in geology, biology, and economics. Depending on the Eartgffice for current information on our curriculum, alumni career paths,
Systems track chosen, training may also include introductions to tHvironmental jobs and internships, and undergraduate honors options.
study of energy systems, microbiology, oceans, or soils. As studentdie Earth Systems Program provides a strong advising network that
begin to question the role that humans play in affecting these systenicludes faculty, staff, and student peer advisers.
they find that many programs and departments at Stanford offer cours-
es that approach this question from different directions. Studentsaltd NDERGRADUATE PROGRAMS
encouraged to come to the Earth Systems office for course selecti CHELOR OF SCIENCE
advice or to pick up a current list of environmental courses at Stanford. ] ) ]

2. Focusisonthe fundamental interactions among the physical, biolog- e B.S. in Earth Systems (ESysjjuires the completion of at least
ical, and human components of the Earth System: the dynamics OfthQ units that can be divided into thrgg levels of courses. The s.tutljent must
interplay between natural variation and human-imposed influenceg®mplete a series of courses comprising a broad base of specialized study
must be understood to achieve effective solutions to environmentdnd must complete five required and three elective courses in that track.
problems. Finally, the student must carry out a senior-level research or internship

Several Earth Systems courses introduce students to the dynarfioJeCt and participate in the senior seminar (WIM). Note: students in-
and multiple interactions that characterize global change problemt€rested in earing a California Teaching Credential for general high
They include the introductory course, Introduction to Earth System&chool science through the STEP Program should contact the program
and three core courses, the Geosphere, the Biosphere, and the Anti{ice for specific guidelines.
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sphere.
Competence in understanding system-level interactions is crit{3EQUIRED CORE )
cal to development as an Earth Systems thinker, so additional cla Quri’go'lﬁ?rdoaabéﬁcgn to Earth Svstems units 4
es that meet this objective are excellent choices as electives. nggzs 110. Geosphere y 3
information on such classes is available in the program office. =~ ESys 111. Biosphere 3
3. Development of skills to recognize, quantify, and report change in thHeSys 112. Anthrosphere 5
environment: key analytical and computational tools and measur&sSYS 210. Senior Seminar 4
L . . . Sys 260. Internship
ment systems are used for insight into global and regional environ- "o, Esys 250. Directed Research 9
mental change, and in the development of solutions.
The test of an Earth Systems degree is the student’s ability to reREQUIRED COGNATE COURSES
ognize, describe, quantify, and help solve complex problems that fa®iology (any one course below):
our society. Through required cognates and specific track classesiol. Sci. 41. Evolution, Genetics, Genomes, and Biochemistry 5
students build skills in these areas. For example, training in satellite ' _B'to'- Sci. 43. Physiology, Ecology, and Behavioral Biology >
remote sensing and geographic information systems s either requw%ﬁ‘émﬂsﬁ’: Chemical Principles 3
or highly recommended for all tracks. Quantification of environmenc . 33 Organic Chemistry* 4
tal problems requires solid training in calculus, linear algebra, chen}:Omputer Programming:
istry, physics, programming, and statistics. These courses are requir€8mp. Sci. 106. Programming Methodology 5
of allmajors. Specialized training, such as in laboratory or field meth- or Comp. Sci. 138. Matlab and Maple for Science and Engineering
ods, may be necessary and is highly recommended. Applications 5
Having the ability to effectively communicate ideas and resultggg’r‘]‘)T'cEﬁ;memary Economics s
is cr_ltlca_l. Indeed, workable solut!ons to our_envwonme_n_tal problem con. 50. Economic Analysis | 5
begin with common understanding of the issues. Writing |ntensw%eologic‘,jlI and Environmental Sciences:
courses (WIM) help students to communicate complex concepi§eol. & Envir. Sci. 1. Fundamentals of Geology 4
toexpertand non-expertaudiences alike. Stanford requires that eaglathematics:
student complete one WIM course in his or her major. The WIMMath. 19. Calculus and Analytic Geometry 3
requirement is met through completion of the Senior Seminar. Severijath. 20. Calculus and Analytic Geometry 3
Earth Systems courses focus on effective written and ord ag:. 21. Caleulus and Analytic Geometry 4
communication. Math. 41. Calculus and Analytic Geometry 5



Math. 42. Calculus and Analytic Geometry 5
and
Math. 51. Linear Equations and Differential Calculus 5

Probability and Statistics (any one course below):
Biol. Sci. 141. Biostatistics 4
Econ. 102A. Introduction to Statistical Methods
Geol. & Envir. Sci. 160. Introduction to Statistical Methods

for Earth and Environmental Sciences 4
Geol. & Envir. Sci. 161. Geostatistics
Stat. 190. Statistics for Social Scientists 5
Physics:
Physics 53. Mechanics 4
Physics 51. Light and Heat* 4
(Additional physics cognate for Energy Track only)

Physics 55. Electricity and Magnetism 3

* Students may take either Phys. 51 or Chem. 33; Biosphere students must take Chem. 33.or Urban Stud. 170 Introduction to Urban Design

More extensive work in mathematics and physics may be expected or Urban Stud. 183. Land Use Control 4
forthose planning graduate study. Graduate study in ecology and evo
tionary biology and in economics requires familiarity with differential
equations, linear algebra, and stochastic processes. Graduate studyiban Stud. 182. Urban Environmental Policy
geology, oceanography, and geophysics may require more physics andor Civ. & Envir. Engr. 171. Environmental Planning Methods 4
chemistry. Check with your adviser about recommendations beyond ﬂé?\lERGY SCIENCE AND TECHNOLOGY

requirements specified above.

TRACKS
GEOSPHERE

Geochemistry(choose one):

Geol. & Envir. Sci. 90. Introduction to Geochemistry
Geol. & Envir. Sci. 163. Introduction to Isotope Geology
Geol. & Envir. Sci. 170. Environmental Geochemistry
Geol. & Envir. Sci. 171. Geochemical Thermodynamics

Oceans/Atmospherdchoose one):

Geol. & Envir. Sci. 8. The Oceans: Introduction to the Marine
Environment 3

Civ. & Envir. Engr. 63. Weather and Storms 3

Remote Sensing/Glgchoose one):

Geol. & Envir. Sci. 195. Integrating Remote Sensing and
Geographic Information Systems

Geol. & Envir. Sci. 196. Introduction to GIS

Rocks/Minerals

Geol. & Envir. Sci. 80. Earth Materials 5

Surface Processe&hoose one):

Geol. & Envir. Sci. 140. Geomorphology

Geol. & Envir. Sci. 151. Sedimentary Geology and Petrography

whww

N w

BIOSPHERE

Biol. Sci. 41. Evolution, Genetics, Genomes, and Biochemistry
Biol. Sci. 42. Cell Biology, Developmental Biology, and Neurobiology 5

Biol. Sci. 43. Physiology, Ecology, and Behavioral Biology 5
Biogeochemistry(choose one)
Biol. Sci. 124. Ecosystem Physiology 4

Biol. Sci. 216. Biogeochemistry/Ecosystem Ecology (same as Geol. &
Envir. Sci. 220)
Esys 189. Field Studies in Earth Systems 4
Geol. & Envir. Sci. 175. Science of Soils
Conservation Biology(choose one):
Biol. Sci. 144. Conservation Biology
or Biol. Sci. 173H. Marine Conservation Biology
Ecology(choose two):
Biol. Sci. 136. Evolutionary Paleobiology 4
Biol. Sci. 138. Ecology and Evolution of Plants 4
Biol. Sci. 142. Principles of Ecology 4
Biol. Sci. 145. Behavioral Ecology 4

w D

ANTHROSPHERE

Economics and Environmental Policychoose three):

Econ. 51. Economic Analysis I 5
Econ. 102. Introduction to Econometrics

Econ. 106. The World Food Economy

Econ. 118. Economics of Development

Econ. 150. Economics and Public Policy

Econ. 160. Game Theory and Economic Application

Legal and Political Institutions and the Environment(choose one):
Econ. 154. Economics of Legal Rules and Policy 5
Pub. Pol. 101. Politics and Public Policy 5

3
4-5

LAND MANAGEMENT
Geol. & Envir. Sci. 80. Earth Material

The Natural Environment (choose one from each grouping):
Geol. & Envir. Sci.102. Introduction to Field Geology

or Geol. & Envir. Sci. 175. Science of Soils 3
Geol. & Envir. Sci. 112. Mapping the Geologic Environment

or Geol. & Envir. Sci.195. Remote Sensing and GIS 4
Hum. Bio. 119. Conservation Biology

or Bio. Sci. 125. Ecosystems of California 4
The Managed Environment(chose one):
ESys. 150. Sustainable Agriculture
Econ. 106. The World Food Economy 5

The Built Environment (choose one from each grouping): E

Art Hist. 150. American Architecture and Urbanism CU

or Urban Stud. 110. Introduction to Urban Studies N
(@)

Iv. & Envir. Engr. 176A. Energy Efficient Building Design @)

or Civ. & Envir. Engr. 148. Design and Construction of o

Affordable Housing 4 o

(7p]

(D)

Civ. & Envir. Engr. 173B. The Coming Energy Revolution 3 "(7;
Civ. & Envir. Engr. 176A. Energy Efficient Buildings 4 >

Civ. & Envir. Engr. 176B. Electric Power: Generation and @)

Conservation 4

Esys 103. Energy Resources Kl

or Esys 101. Energy and the Environment =

Engr. 30. Engineering Thermodynamics 3 E

OCEANS LLl

Physics of the Sea
Civ. & Envir. Engr. 164. Introduction to Physical Oceanography

Biological Oceanography(choose one):

Biol. Sci. 163H. Principles of Oceanic Biology 4
Geophys. 130. Biological Oceanography 4
Marine Chemistry

Geol. & Envir. Sci. 159. Marine Chemistry 3

Remote Sensing of the Oceathoose one):
Geol. & Envir. Sci. 196. Introduction to GIS: Arc/Info and ARC-View 2
Geophys. 135. Remote Sensing of the Ocean

UPPER-DIVISION ELECTIVES

Three intermediate to advanced courses, 100-level or above, co
tentwith the primary track are required of all majors and are to be sel
ed with the advice and consent of the adviser. Eligible upper-divis
electives are listed below. Additional courses may be selected; seq
program office for the most current list.

GEOSPHERE TRACK

Biol. Sci. 121. Biogeography 3

Esys 103. Energy Resources 3

Geol. & Envir. Sci. 110. Structural Geology

Geol. & Envir. Sci. 111. Structural Geology and Rock Mechanics

Geol. & Envir. Sci. 112. Structural and Engineering Geology Il

Geol. & Envir. Sci. 164. Stable Isotopes

Geol. & Envir. Sci. 185. Volcanology 4

Geol. & Envir. Sci. 220. Terrestrial Biogeochemistry 3

Geol. & Envir. Sci. 221. The Origins of Life in the Solar System

Geol. & Envir. Sci. 254. Paleoceanography

Geol. & Envir. Sci. 255. Introduction to Micropaleontology 5

Geol. & Envir. Sci. 257. Climate Variability 3

Pet. Engr. 260. Groundwater Pollution and Oil Spills: Environmental
Problems in the Petroleum Industry 3

BIOSPHERE TRACK

Biol. Sci. 125. Ecosystems of California 3-4
Biol. Sci. 139. Biology of Birds 3
Biol. Sci. 184. Principles of Biosystematics 4
Biol. Sci. 161H. Invertebrate Zoology 5
Biol. Sci. 163H. Principles of Oceanic Biology 4
Biol. Sci. 164H. Marine Botany 4
Biol. Sci. 215. Biochemical Evolution 3
Biol. Sci. 216. Ecosystem Ecology and Global Biogeochemistry
Biol. Sci. 217. Climate Theory, Modeling, Applications, and
Implications 3
Biol. Sci. 283. Theoretical Populations Genetics
Geol. & Envir. Sci. 255. Introduction to Micropaleontology 5
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ANTHROSPHERE TRACK To apply, complete and return to the Earth Systems office an appli-
Anthro. Sci. 161. Conservation and Community Development cation that includes a statement of purpose; a Stanford transcript; two

inthe Amazon 3-5  |etters of recommendation, one of which must be from a faculty member
Anthro. Sci. 172. Indigenous Forest Management

Civ. & Envir. Engr. 171. Environmental Planning Methods ofthe prograrr); and_allst ofcoursesthatfulflllde_gree requnrements_5|g_ned
Civ. & Envir. Engr. 266. Environmental Policy Design and by the master's adviser. Students may be admitted as early as their eighth
Implementation 4 quarter at Stanford, or after earning 105 units, but no later than their elev-
Econ. 158. Antitrust and Regulation 5 enth quarter. Students may either (1) complete 180 units required for the
Econ. 165. International Economics B.S. degree and then complete the three quarters required for the M.S.
Econ. 243. Economics of the Environment d 2 | lof 15 duri hich th .
Internat. Pol. Stud. 205. The Political Economy of Environmental egree, or (2) complete a tOt‘f" 0 quarters during which the require-
and Resource Policy 5 ments of the degrees are fulfilled concurrently. The student has the op-
Internat. Pol. Stud. 209. Economic Development Policy Analysis 5tion of receiving the B.S. degree after completing that degree’s require-
Mggﬁvﬁgkrﬁ‘eﬁ?ﬁrﬁﬁ?ﬁy ggceiggrﬁ of Analysis in ments or receiving two degrees concurrently at the end of the master’s
Pol. Sci. 216M. Environmental Politics in the Asia/Pacific Region 5 program. the: students |nt.er-ested |n.enro.II|ng n the STEP Pr.ogram
Pub. Pol. 103. Introduction to Political Philosophy 3 during their fifth year and gaining a California Teaching Credential for
Urban Studies 133. The Politics of Development 4 high school general science should come by the program office.
Urban Studies 182. Urban Environmental Policy 4 Three levels of requirements must be fulfilled to receive an M.S.
Urban Studies 183. Land Use Control d .
egree:
LAND MANAGEMENT TRACK 1. Allrequirements for the B.S. degree.
Anthro. Sci. 160. Development and Environment 5 2. Further course work (and/or thesis research), all of which should be

Anthro. Sci. 162. Indigenous Peoples and Environmental Problems ~ 3-5  atthe 100-level or above, including 22 units at the 200-level or above,

Hist. 152. American Spaces ; . )
Hist. 254  Nature leading to further focus within the student’s track.

Lat. Amer. Stud. 161. Conservation and 3. Participation in the master’s seminar.

Community Development Issues ) 5 The program consists of a minimum of 45 units of course work and/
Urban Studies 187. Community-Based Planning 4 orthesis research, at least 22 of which must be at the 200-level or above.
ENERGY SCIENCE AND TECHNOLOGY TRACK ~ The student must devise a program of study that shows a level of spe-
Econ. 158. Antitrust and Regulation 5 c_lallza_ltlon appro_prlate tothe mastt_er’s level, as determined in consulta-
Elect. Engr. 293A. Fundamentals of Energy Processes stion with the adviser. Atleast 22 units must be at the 200-level or above.
Elect. Engr. 293B. Fundamentals of Energy Processes 3The program should demonstrate further specialization and focus with-
Mech. Engr. 130. Internal Combustion Engines 3 inthe student’s undergraduate track
Mech. Engr. 131A. Heat Transfer . L . .

Pet. Engr. 120. Fundamentals of Petroleum Engineering _Wlth the ad\.”ser S approval, 9 ur."ts may be in tf’le form of research.
Pet. Engr. 260. Groundwater Pollution and Oil Spills 3 This may culminate in the preparation of a master’s thesis; however, a
Pet. Engr. 269. Geothermal Reservoir Engineering 3 thesis is not required for the degree. Master’s students must take part in
Pol. Sci. 114. The Political Economy of Development 3 the Winter Quarter master’s seminar (ESys 290) and have additional
OCEANS TRACK rESSOPSIbI|ItIiT appropélate to th2e m_aster’s level (thesis presentation,
Biol. Sci. 161H. Invertebrate Zoology 5 Mmodeling pro (_ams, an ?0 pn), units. . ,

Biol. Sci. 163H. Principles of Oceanic Biology 4 A more detalleq description of the cotermlnal master’s degree pro-
Biol. Sci. 164H. Marine Botany 4 gram may be obtained from the program office.

ESys 166B. Fishing for Solutions: Issues in Marine Conservation 3-5

ESys 167. Ocean Policy: Marine Stewardship and the Law 4

Geol. & Envir. Sci. 119. Introduction to Paleoceanography 3 COURSES

Geol. & Envir. Sci. 163. Introduction to Isotope Geology 3 indi S ; _
Geol & Envir. Sci. 205, Advanced Oceanography 3 _(WIM)tlndlcates that the course meets the Writing in the Major re
Geol. & Envir. Sci. 225. Isotopes in Geological and Environmental quirements.

Research 3
Geol. & Envir. Sci. 254. Paleoceanography 3 UNDERGRADUATE

10. Introduction to Earth Systems—For non-majors and prospective

SUMMARY OF COURSE REQUIREMENTS AND UNITS Earth Systems majors. Multidisciplinary approach to how the Earth works

Earth Systems Introduction and Core 17 e . .

Required allied courses 47-50 asasystem, utilizing the tools of_geology, blolog_y, and_ economics to

Tracks: understand global change on all time scales. Topics: origin of the solar

Anthrosphere 20 Systemand earth, paleoclimate and climate modeling, ocean-atmosphere

Biosphere 20  circulation, extinction and speciation, energy and mineral resources,

SeOSPhgf‘? d Technol 2%3 economic attitudes and the environment. Case studies: acid rain, hunger
nergy Science and technology and food, policy and the environment. GER:2a

Land Management 23 !

Oceans 18 4-5 units, Win (Ernst)

Upp_er-division electives ) 9-15

gen]or project or internship f 101. Energy and the Environment—(Same as Petroleum Engineering
enior seminar H H H _

Total Units (depending oretck, elecles)..........oooooroo 109-195 101.) Examines energy use by modern society and considers the conse

quences of current and future energy use patterns. Case studies illustrate
COTERMINAL B.S. AND M.S. DEGREES resource estimation, engineering analysis of energy systems, and options

The Stanford coterminal degree enables an undergraduate to embquttmanaglng carbont_emlssmns. l::ct)_cus IF? on energg gfafanlttlrc]ms, l:.se
on an integrated program of study leading to the master’s degree bef erz;, IrEeso_urce_es gga lon, poliution. Recommended. Mathematics
requirements for the bachelor’s degree have been completed. An und _gr 't, nglr:((eerlngk )
graduate majoring in Earth Systems may apply to work simultaneously units, Spr (Kovscek)
toward B.S. and M.S. degrees. The M.S. degree in Earth Systems pro- .
vides the student with enhanced tools to evaluate the primary Iiteratulcbz' Earth, Oceans, and Atmospheres(Same as Geophysics 102.)

of the discipline most closely associated with the student’s track ang"’ hon-majors and potential earth scientists. The changing planet

allows an increased specialization through additional course work thg{esents society with a myriad of problems. How do global climate

may include 9 units of thesis research. Integration of earth systems co /stems work and how do natural and anthropogenic sources of climate

? i ? -
cepts is furthered by participation in the master's seminar. change affect us? Are we running out of energy? What are the conse



guences of energy use? What are our options? How does plate tectoriigss on weekends. Prerequisites: Biology 43. and Geological and E
affect our daily lives and what is the nature of earthquake hazards innmental Sciences 8 or equivalent.
California and the Bay Area? A large-scale “system” approach to the 3-4units, Spr (Arrigo)
solid earth, oceans, and atmospheres is taken to address the questions of
current and future generations of Stanford students. GER:2a 135/235. Remote Sensing of the Oceat{Same as Geophysics 135.
3 units, Aut (Zoback, Arrigo) How to observe and interpret physical and biological changes in
oceans using satellite technologies. Topics: principals of satellite re
103. Energy Resources-(Same as Civil and Environmental Engineer- sensing, classes of satellite remote sensors, converting radiometric
ing 173A/207A. Graduate students register for 207A.) Overview of oilinto biological and physical quantities, sensor calibration and validati
natural gas, coal, nuclear, hydro, solar, geothermal, biomass, wind, aimierpreting large-scale oceanographic features.
ocean energy resources in terms of supply, distribution, recovery and 3units, Win (Arrigo) alternate years, not given 2002-03
conversion, environmental impacts, economies, policy, and technology.
The opportunities for energy efficiency, electric power basics, thd47/247. Controlling Climate Change inthe 21st Century-(Enrollin
changing role of electric utilities, transportation basics, and energy uséuman Biology 147; graduate students register for 247.) The scie
in developing countries. Field trips. Recommended: Civil and Environeconomics, and environmental diplomacy of global climate chan
mental Engineering 70. GER:2b Topics: the science of climate change, climate change and glq
4-5 units, Aut (Woodward) environmental law; economic approaches to global carbon abate
including taxes and tradable permits; jointimplementation and the cl
104. The Water Course—Current issues associated with the use andlevelopment mechanism; the role of the European Union; gaining
abuse of surface and ground water supplies. The ways the geologisalpport of China, India and other developing countries; prospects
environment controls the quantity and quality of water; illustrated withsupport from the U.S. Congress and U.S. corporations; new eng
a “taste test” of water from around the world. An understanding of currertechnologies for less carbon-intensive electric power and transp
concerns regarding water supplies is used as a basis for considering Breollment limited to seniors and coterms.
past and future impact of the availability of water on natural ecosystems 3 units, Win (Schneider, Rosencranz)
and human settlement. Lab. Prerequisite: Mathematics 51.
3units, Win (Knight) 150/240. Seminar in Sustainable Agriculture-The interactions of
agriculture and environment and the range of meanings and approa
110. Geosphere-(Same as Geological and Environmental Sciencego sustainable agriculture. Topics: the ecological, economic, instituti
120.) Geological processes, from local to global, affect people anal, and political aspects of sustainability as they pertain to a rangg
civilization. The reverse is also true; civilization is beginning to influencecropping systems. For 2 units: participation in team research evalua
the geosphere. The processes experienced at the earth’s surface (catarent and potential sustainable agriculture approaches in spe
strophic earthquakes, volcanic eruptions, and longer term atmosphegtobal cropping systems. Group presentation on research findings.
and climate changes) are linked to what goes on in the earth’s deep 1-2 units, Sor (Matson, Naylor, Kennedy)
interior. How geochemical, geophysical, and biological processes inter-
act over time scales ranging from 4.5 billion years to the nearly instard-569/259. Marine Chemistry—(Same as Geological and Environments
taneous. Topics: the origin and evolution of the atmosphere and oceafisjences 159.) For upper-division undergraduates and graduate stu
heat flow and global tectonics and how they have changed over timig, the earth, biology, and environmental sciences. The oceans a
geochemical cycles, climate change, catastrophic impacts, and the roleteractive contact with the atmosphere, biosphere, and lithosphere,
played by organisms. Prerequisite: Geological and Environmental Sciirtually all elements pass through the ocean at some pointin their cyq
ences 1 or 2. The first-order processes take place within the sea, which affects
3units, Aut (Paytan, Stebbins, McWilliams) chemistry. What controls the distribution of chemical species in wa
and sediments? How long do different elements spend, on average, i
111. Biosphere—(Same as Biological Sciences 117.) The biologicalocean? How do marine chemical processes interact with the biolog
causes and consequences of anthropogenic and natural changes ingéhaogical, and physical processes in the oceans? Prerequisite: 8 g
atmosphere, oceans, and terrestrial and freshwater ecosystems. Topacsisent of the instructor.
glacial cycles and marine circulation, greenhouse gases and climate 3-4 units, Spr (Paytan)
change, tropical deforestation and species extinctions, and human pop-
ulation growth and resource use. Prerequisites: Biological Sciences d84. Introduction to Physical Oceanography—(Same as Civil and
Human Biology core or graduate standing in any department. Environmental Engineering 164.) Introduction to the dynamic basi
3 units, Win (Matson, Vitousek, Mooney) physical oceanography. Topics: a general description of the phyg
environment of the ocean; conservation equations for salt, heat,
112. Anthrosphere: Human Interactions with the Earth and Envi- momentum; geostrophic flows; wind-driven flows; the Gulf Strea
ronment—(Same as Economics 155.) The economic sources of envequatorial dynamics and ENSO; the thermohaline circulation of the d
ronmental problems and the alternative policies for dealing with theraceans; and tides. Prerequisite: Physics 41.
(technology standards, emissions taxes, and marketable pollution per- 4 units, Aut (Monismith)
mits). An evaluation of the policies addressing regional air pollution,
global climate change, water allocation in the western U.S., and the u$66B/266B. Fishing for Solutions: Issues in Marine Conservatier
of renewable resources. The connections between population growfraduate students register for 266B, enroll in Anthropological Scien
economic output, environmental quality, and human welfare. Prerequi-66B.)
site: Economics 50. 3-5units, Spr (Novy)
5 units, Spr (Goulder)

Earth Systems Program

167/267. Ocean Policy: Marine Stewardship and the Law-(Same as
130/230. Biological Oceanography-(Same as Geophysics 130.) Re- Anthropological Sciences 166C.) Introduction to the formulation a
quired for Earth Systems students in the Oceans track. Interdisciplinaiyplementation of ocean policy with regard to a variety of issues ac
look at how oceanic environments control the form and function o& range of spatial scales: U.S., foreign, and international effortd
marine life. Topics: distributions of planktonic production and abun+egulate ocean uses such as fishing, mineral extraction, and pollu
dance, nutrient cycling, the role of ocean biology in the climate systeni;mphasis is on problem solving, using case studies to encourage cre
expected effects of climate changes on ocean biology. Possible local fighinking about new tools tonprove oceamse management, including
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economic and regulatory options. A multidisciplinary approach to think298. Advanced Topics in Earth Systems-Open to Earth Systems
ing about ocean policy, with readings in science, economics, anthropohaster’s students only. Continuation of Winter Quarter master’'s
ogy, and law. seminar.

4 units, Aut (Novy-Hildesley, Eagle) 2 units, Spr (J. Kennedy)

170/270. Multidisciplinary Perspectives on Environmental Justice- 299. M.S. Thesis—Research in connection with the master’s paper.

Introduction to environmental justice concerns and the role varied 1-9units, any quarter (Staff)

disciplines play in addressing those concerns. Topics: environmental

justice in the U.S., “Brownfields,” keys to successful multidisciplinary

problem solving, and unique problems involved in addressing enviroriFhis file has been excerpted from th&tanford Bulletin, 2001-02,

mental justice issues. pages 50-55. Every effort has been made to ensure accuracy; late
2-3 units (Thompson) not given 2001-02 changes (after print publication of the bulletin) may have been made

here. Contact the editor of theStanford Bulletin via email at

189. Field Studies in Earth Systems-(Same as Biological Sciences arod@stanford.edu with changes, corrections, updates, etc.

206, Geological and Environmental Sciences 189.) For advanced upper-

division undergraduates and graduate students in Earth Systems, Biolog-

ical Sciences, or Geological and Environmental Sciences. Field-based,

focusing on the components and processes by which terrestrial ecosys-

tems function. Topics from biology, chemistry, ecology, geology, and

soil science. Lecture, field, and lab studies emphasize standard field

techniques, experimental design, analysis of data, and written and oral

presentation. Small team projects test the original questions in the

functioning of natural ecosystems. Admission by applicationTsee

Schedule. Prerequisites: Biological Sciences 141 or Geological and

Environmental Sciences 160, or equivalent.
5 units, Spr (Fendorf, Ackerly, Chiariello, Matson, E. Miller)

197/297. Remote Sensing of Land Use and Land Cover Charge
(Graduate students enrollin 297; same as Geological and Environmental
Sciences 197/297.) Explores the use of satellite remote 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 a local land use issue. Prerequisite: Geological and
Environmental Sciences 195, Geophysics 40, or consent of instructor.

5 units, Spr (Seto)

210. Senior Seminar in Earth Systems-Focus is on 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)

250. Directed Research-Independent research into an aspect of earth
systems related to the student’s primary track, carried out after the junior
year, during the summer, and/or during the senior year. Student develops
own project with faculty supervision, or can see adviser for research
ideas. 10-15 page thesis required.

9 units, quarter by arrangement (Staff)

260. Internship—Supervised field, lab, private sector, or advocacy
project, normally through an internship sponsored by government agen-
cies, research institutions or other organizations, or independently devel-
oped by the student with the prior written approval of the Associate
Director of Academics. Provides hands-on experience within the stu-
dent’s primary track. 10-15 page report required.

9 units, quarter by arrangement (J. Kennedy)

290. Master’'s Seminar—Open to Earth Systems master's students
only. Focus is on critical examination and discussion of topics in Earth
Systems. Requires independentresearch, oral presentation of results, and
preparation of an original proposal for innovative Earth Systems science/
policy research.

2 units, Win (J. Kennedy)



