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The Water Resources Center (WRC) was
administratively combined with the Wildland
Resources Center, the U.C. Salinity/Drainage
Program, and the Cooperative Extension Water
Quality Program into a unit known as the Centers
for Water and Wildland Resources on July 1, 1993.
The Wildland Resources Center was reassigned to
another administrative unit during 1999-2000 and the
three remaining programs are presently in the U.C.
Center for Water Resources. Transition of the main
administrative office from Davis to Riverside
occurred during the year, and as of July 1, 2000 the
complete program is now operational at Riverside.
Rex J. Woods, Interim Associate Director of the
Centers, was a major contributor to the transition
activities.

A revision of the Water Resources Center by-laws
approved at the April 6, 2000 Coordinating Board/
Advisory Council meeting expanded the role of the
Advisory Council. The Advisory Council consists of
representatives of the Department of Water
Resources, State Water Resources Control Board,
California Department of Fish and Game, the U.S.
Geological Survey, as well as at-large membership
from the water community.

The Coordinating Board is comprised of academic
senate members from the U.C. Campuses and serves
as the governing body of the Center. The Advisory
Council participates with the Coordinating Board
members in reviewing research proposals, serving
on committees, and discussing business matters at
the semi-annual meetings.

The largest proportion of the WRC budget goes to
supporting research projects on a broad range of
water-related issues. The projects serve the dual role
of developing knowledge and training students.

The WRC provides the major support budget for the
Water Resources Center Archives located on the
Berkeley campus. However, the financial and other
support services by various donors and the Advisory
Board to the Water Resources Center Archives are
acknowledged and greatly appreciated. A more

detailed report on the Archives is presented on page
13 in this annual report.

The WRC Archives has also been awarded grants in
the amounts of $8,860 and $15,000. Survey of
California and Irrigation Districts will create a
comprehensive list of water districts and irrigation
districts in California through surveying these
agencies’ significant historical documents. The
information will be compiled and organized in a
searchable database that will be available at the Water
Resources Center Archives. San Francisco Bay Fund
Inventory of Projects will develop an inventory and
interactive information system for all San Francisco
Bay Fund projects, with links to other systems. The
inventory will be hosted by the Information Center
for the Environment (ICE) and will reside as one of
the Water Projects Inventory files.

I take this opportunity to express appreciation and
thanks to members of the Coordinating Board and
Advisory Council for their contribution to the success
of the WRC. They will be called upon for even greater
service as we work together to increase the
effectiveness and contributions of the WRC to
addressing water issues in California.

Dr. John Letey
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The Water Resources Center is the multicampus
research unit in the University’s Division of Agriculture
and Natural Resources and is charged with stimulating
and coordinating research and information
dissemination on water. The Center was first funded
in 1957 by the California legislature as a University-
wide organized research unit. Over the years, its
mission has expanded from an early focus on the State
Water Project to one that encompasses virtually all
water and water-related issues.

In 1964, the Center became part of a national network
of university water research institutes when it was
designated the California Water Resources Research
Institute by the Governor and the President of the
University under the terms of the federal Water
Resources Research Act of 1964. As the state’s
designated federal research institute, the Center is
responsible for water research coordination and
administration activities that extend beyond the
University of California to all state and private
universities in California. Since 1964, the Center has
received federal funds and is subject to various
federal policies and regulations.

The Center is organized with an Office of the Director
on the Riverside campus, and an archive library on
the Berkeley campus. The Director’s Office also

administers the Salinity/Drainage Program and the
Water Quality Program. The Center does not undertake
research directly, but supports an annual portfolio of
between thirty and thirty-five projects on all phases
of water research through its competitive grants
program. This research is conducted by faculty and
students within the departmental structure of each U.C.
campus and those at other universities who
successfully compete in the awards process.

OBJECTIVES
The basic goal of the Center is to stimulate and support
water and water-related research both within and
among the various academic department and research
organizations of the University. The broad research
focus includes the conservation, development,
management, distribution and utilization of water
resources with a view to their optimum present and
future use. In order to achieve this goal, the Center
operates according to the following long-standing
functional objectives:

•  Extend and intensify the water resources
research program on all campuses of the
University by widening the participation
of individual researchers and disciplinary
fields involved in water-related research
and, to the extent feasible, by stimulating
research in conjunction with academic
programs;

•  Identify substantive research agendas
which when pursued, will assist in solving
California’s most urgent water problems
anddevelop for the University major
short-and long-term research priorities
which are responsive to these problems;

•  Maintain an inventory of water and
water-related research within the
University and assemble information on
such undertaken throughout the United
States and in other nations. Information
on the current state of water and water-
related research will be disseminated to
University personnel, water managers,
public interest organizations, and t h e
interested public;

•  Support and foster research which cuts
across disciplinary boundaries and
focuses on the interrelatedness of water
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with other natural resources such as
energy and timber;

•  Maintain close relationships with
government agencies, quasi public
organizations, and other research
organizations for the purpose of keeping
both the University and outside
organizations aware of each other’s
activities and problems.
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Stanley B. Grant
Chemical and Biochemical Engineering
Zot Code 2575
University of California
Irvine, CA 92697
Phone: 824-7320
Email: sbgrant@uci.edu

James R. Hunt
Civil Engineering
631 Davis Hall
University of California
Berkeley, CA 94720-1710
Phone: 510-642-0948
Email: hunt@ce.berkeley.edu

Miriam Kastner
Scripps Institution of Oceanography
Geosciences Research Division
9500 Gillman Drive
University of California, San Diego
La Jolla, CA 92093-0212
Phone: 858-534-2065
Email: mkastner@ucsd.edu

Keith Knapp
Resource Economics
Environmental Sciences
University of California
Riverside, CA 92521
Phone: 909-787-4195
Email: keith.knapp@ucr.edu

John M. Melack
Biological Sciences
Marine Science Institute
University of California
Santa Barbara, CA 93106
Phone: 805-893-3879
Email: melack@seaotter.ucsb.edu

Peter B. Moyle
Wildlife, Fish and Conservation Biology
One Shields Avenue
University of California
Davis, CA 95616
Phone: 530-752-6355
Email: pbmoyle@ucdavis.edu

Ronald S. Tjeerdema
Environmental Toxicology
College of Agricultural and
Environmental Sciences
University of California
Davis, CA 95616-8588
Phone: 530-754-5192
Email: rstjeerdema@ucdavis.edu

Bryan C. Weare
Land, Air and Water Resources
Atmospheric Sciences Program
One Shields Avenue
University of California
Davis, CA 95616
Phone: 530-752-3445
Email: bcweare@ucdavis.edu
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The Coordinating Board establishes policy for the
Center and makes final decisions regarding the
allocation of available funds. It is chaired by the
Vice President of Agriculture and Natural Resources
through whom it reports directly to the President of
the University. The Board, appointed by the
President of the University, is composed of at least
thirteen faculty members from diverse disciplines
and various administrative, teaching and research
responsibilities. All members have a strong interest
in water-related research. Eight of the nine campuses
of the University are represented on the Board. The
Board normally meets twice yearly, although special
committees of the Board may meet from time to
time throughout the year and individual members
attend Center-sponsored meetings and conferences.
Members serve as liaison or as a contact on their
own campuses as well as to agencies, citizens,
faculty, and students in water-related research. These
liaison interactions contribute valuable insights in
establishing policy for the Water Resources Center.
Members of the Coordinating Board during 1999-
2000 were:

Richard F. Ambrose
Environmental Health Sciences
Environmental Science and Engineering
46-081 Center for Health Science
University of California
Los Angeles, CA 90024-1772
Phone: 310-825-6144
Email: rambrose@ucla.edu

Christopher Amrhein
Environmental Sciences
University of California
Riverside, CA 92521
Phone: 909-787-5196
Email: christopher.amrhein@ucr.edu

Ronald Amundson
Ecosystem Sciences
151 Hilgard Hall
University of California
Berkeley, CA 94720
Phone: 510-643-7890
Email: earthy@nature.berkeley.edu

Timothy Bradley
Ecology and Evolution Biology
University of California
Irvine, CA 92612-2525
Phone: 949-824-8483
Email: tbradley@uci.edu

Trudy Ann Cameron
Economics/Policy Studies
P.O. Box 951477
University of California
Los Angeles, CA 90095-1477
Phone: 310-825-3925
Email: tcameron@econ.ucla.edu

Andrew C. Chang
Environmental Sciences
University of California
Riverside, CA 92521
Phone: 909-787-5325
Email: acchang@mail.ucr.edu

William E. Dietrich
Geology and Geophysics
University of California
Berkeley, CA 94720
Phone: 510-642-2633
Email: bill@geomorph.berkeley.edu
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Jim Stubacer
Acting Chairman
State Water Resources Control Board
901 P Street
Sacramento, CA 95814

Rita Schmidt Sudman
Executive Director
Water Education Foundation
717 K Street, #317
Sacramento, CA 95814
Phone: 916-444-6240, ext. 14
Email: rsudman@water-ed.org

John D. Sullivan
Associate Dean
Pitzer College
1050 North Mills Avenue
Claremont, CA 91711
Email: john_sullivan@pitzer.edu

Greg Thomas
President
Natural Heritage Institute
2140 Shattuck Avenue, 5th Floor
Berkeley, CA 94704
Phone: 510-644-2900, ext. 101
Email: gat@n-h-i.org

Mary Ann Warmerdam
California Farm Bureau Federation
1127 11th Street, Suite 626
Sacramento, CA 95814
Phone: 916-446-4647
Email: mwarmerdam@cfbf.com

Gary D. Weatherford
Weatherford and Taaffe LLP
One Market Plaza
Stuart Tower, Sixteenth Floor
San Francisco, CA 94105-1016
Phone: 415-357-1940
Email: h2ogary@aol.com

Greg Woodside
Health and Regulatory Director
Orange County Water District
10500 Ellis Avenue
P.O. Box 8300
Fountain Valley, CA 92728-8300
Phone: 714-378-3275
Email: gwoodside@ocwd.com

Ellen Yeoman
Senior Research Associate
PG & E
375 North Wiget Lange
Walnut Creek, CA 94598-9412
Phone: 510-866-5680
Email: ehy1@pge.com
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RESEARCH ACTIVITY BY CAMPUS 

 

 1999-2000 2000-2001 

Location Projects 
Funded 

Graduate 
Students 

Supported 

Undergraduate 
Students 

Supported 

New Projects Total 
Projects 

UC Berkeley 5 13 9 7 12 

UC Davis 7 22 19 3 10 

UC Irvine 1 1 0 3 4 

UC Los 
Angeles 

2 2 0 2 4 

UC Riverside 2 3 0 3 5 

UC San Diego 0 0 0 0 0 

UC Santa 
Barbara 

5 10 4 1 6 

UC Santa 
Cruz 

1 3 0 0 1 

TOTAL 23 54 32 19 42 

Total  research funds allocated during the 1999-2000 fiscal year: 
 

Approximately $600,000 
 
 
 
 

Total amount of funding WRC projects received from other sources: 
 

Approximately $1.5 million 
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THE WATER RESOURCES CENTER ARCHIVES

Mission and Scope
The mission of the Water Resources Center Archives
(WRCA) is to develop and maintain a collection of
water-related materials to meet the research needs
of the University of California’s system-wide
instructional, research, and service programs.
Established in 1957, the collection is relied upon
by the University community as well as government
agencies, corporate professionals and the public.

WRCA is a research library with more than 139,000
cataloged items. The scope of the collection includes
fresh water supply and quality, groundwater,
municipal and industrial water uses, flood control,
water reuse, sewerage and waste disposal, river
mechanics, coastal engineering, estuaries, water
pollution, and water law. WRCA collects a variety
of types of materials including printed reports,
government documents, books, manuscripts, maps,
videos, photographs, and electronic resources. The
collection concentrates on materials relating to
California and the West, although there are national
and international materials in the collection as well.

Access to the Collection
WRCA is a member of the Online Computer Library
Center (OCLC), an international database that
currently contains more than 43 million records in
the Library of Congress’ Machine Readable Catalog
(MARC) format. The system indicates which
member library holds a given title, and is both a
shared cataloging resource and interlibrary
borrowing mechanism. Since 1983, all new WRCA
material has been cataloged onto the OCLC
database.
OCLC regularly uploads all of the recent cataloging
records from all nine UC campuses. This cumulative
tape is then uploaded to the M elvyl® Catalog, the
University of California’s online catalog database.
Melvyl® is searchable on the World Wide Web (http:/
/www.melvyl.ucop.edu), on the campuses by
dedicated terminals and via modem. This makes the
WRCA’s collection available both nationally and
internationally.

In October 1998, the WRCA became a participant
in the California Digital Library’s Online Archive

of California (OAC), a union database of encoded
archival finding aids. Finding aids provide detailed
descriptions and outlines of archival collections and
are essential tools for understanding the true content
of a particular collection. The OAC is searchable at
the collection, repository, and institutional levels,
or the entire database can be searched for documents
or photographs on particular subjects. At this
writing, the Water Resources Center Archives has
over 90 finding aids on the OAC, which will expand
the use of the archival collections. Recently the
finding aid for the Mono Lake Committee Collection
was added to the OAC. WRCA’s collections on the
OAC can be found at http://www.oac.cdlib.org/
dynaweb/ead/berkeley/wrca/.

Use of the Collection
Use of the collection in 1999-2000 included 12,371
transactions (titles used on the premises and
borrowed). Users, by category, were as follows:
graduate students—27%, undergraduate students—
13%, faculty and staff—9%, interlibrary loans—
11%, general public—40%.

Publications
WRCA produces two publications—Selected Recent
Accessions, a bi-monthly list of new publications,
and WRCA News, a newsletter that is published three
times per year. These publications are distributed
free-of-charge in paper format to approximately 300
subscribers. They are also available in electronic
format on the WRCA web site (http://
lib.berkeley.edu/WRCA/).

Stream measurements were made to determine the Owens River flow
(Lipp 141:84).  Photo courtesy WRC Archives.

Information ProgramInformation Program  
ActivitiesActivities  

CaliforniaCalifornia  
Water Resources CenterWater Resources Center  
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The Water Resources Center Archives and the
Harmer E. Davis Transportation Library
collaborated on the publication of a calendar for the
year 2000 that featured historic photographs of Bay
Area bridges under construction. All of the
photographs are from the Archives’ Charles Derleth
manuscript collection. Publication of the calendar
was generously underwritten by T.Y. Lin
International/Moffatt & Nichol Engineers, a joint
venture. One thousand calendars were distributed
to donors of the two libraries, sold in local
bookstores, or sold via mail-order. The two libraries
have recently completed compiling a calendar for
the year 2001. The 2001 calendar features images
of the Golden Gate Bridge and the San Francisco-
Oakland Bay Bridge. The images are from the
Derleth, J.D. Galloway and Walter Huber
collections, held by the WRCA.

Web Site and Online Resources
The Water Resources Center Archives continues to
develop and expand its web site. The web site, which
is now searchable, includes an introduction to the
library’s print and electronic resources, lists of
archival and video collections, specialized research
guides, and all library publications. It also provides
links to the California Digital Library (which
includes Melvyl® and the Online Archive of
California, electronic reference resources, article
indexes, electronic journals, and other online
resources. In July 2000, the Internet Resources
section of the WRCA web site was selected as a
“Key Resource” by Links2Go (http://links2go.com/
topic/Hydrology), an extensive Internet search and
directory service.

The online resources provided by the Water
Resources Center Archives help researchers get up-
to-date information. Different systems provide
information in bibliographic, full-text, or data forms.
Water Resources Abstracts contains bibliographic
citations to journals, books, documents, and reports
on hydrology and other areas of water-related
research. This system is now accessible to UC
Berkeley students, faculty and staff via the WRCA
web site. WRCA also maintains subscriptions to two
key CD-ROM databases: USGS Peak Values and
USGS Daily Values, both published by Hydrosphere,
Inc. WRCA staff members are experts at locating
and retrieving data and information from all of these
electronic resources.

Fundraising and Fee-For-Service
WRCA continues its fundraising activities. In 2000,
approximately five hundred letters were sent to
California Water or Irrigation Districts asking them

to become members of the Archives. The
memberships are currently being received. The
Advisory Board to the Water Resources Center
Archives continues to meet semiannually and to
assist with outreach and fundraising strategies.

The Water Resources Center Archives and the Mono
Lake Committee (MLC) jointly sponsored a benefit
concert on Sunday, November 7, 1999, 3:00 p.m. at
St. John’s Presbyterian Church, 2727 College
Avenue, in Berkeley. The concert featured violinist
David Abel and pianist Julie Steinberg performing
works of Beethoven, Debussy and Dresher. Pacific
Gas and Electric Co. in San Francisco generously
underwrote $5,000.00 of the cost of the concert. A
wine and dessert reception for sponsors and donors
followed the performance. Dr. G. Mathias Kondolf,
Associate Professor in the Departments of
Landscape Architecture/Environmental Design and
Geography at UC Berkeley, and Dave Shuford, a
biologist with the Point Reyes Bird Observatory,
spoke about the activities of each organization. The
concert was a huge success, generating
approximately $7,500.00 in revenue for each
organization.

WRCA continues to expand the use of the collection
and increase outside revenues by providing fee-
based document delivery services to non-UC
requestors. Requests are received via OCLC,
telephone, fax or email.

Conferences and Exhibits
On March 1, 2000, the WRCA held a reception in
the Morrison Room of Doe Library to celebrate the
installation of Bridging the Bay: Bridging the
Campus, an exhibit which contained a wide
selection of historical and contemporary materials
showcasing the building of the Bay Area’s bridges.
The exhibit was a collaborative effort featuring
materials from eight libraries on the UC Berkeley
campus, including extensive materials from
WRCA’s archival collections. Exhibit curators were
Linda Vida, WRCA, and Waverly Lowell, UCB
Environmental Design Archives. Randal Brandt,
WRCA, was the curator of the virtual exhibit which
is still available at http://www.lib.berkeley.edu/
Exhibits/Bridge/.

The reception for sponsors, exhibitors and their
guests featured a presentation by Rafael
Manzanarez, Vice President of T.Y. Lin International
and Marwan Nader, Associate and Lin. The
presentation was entitled: Design of the New San
Francisco-Oakland Bay Bridge East Span. T.Y. Lin
International/Moffatt & Nichol Engineers were
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awarded the design/build contract for the new East
Span of the San Francisco-Oakland Bay Bridge.

In May 2000, WRCA staff exhibited at the
Association of California Water Agencies (ACWA)
Conference that was held in Monterey, California.

Grants
The Water Resources Center Archives has been
awarded a $15,000.00 grant from the San Francisco
Foundation to create an online inventory of projects
that received grants from the Foundation’s San
Francisco Bay Fund. The award was one of the first
15 grants from the fund approved by foundation
trustees in March 2000. WRCA will us its grant to
develop an inventory and interactive information
system for all San Francisco Bay Fund projects and
link that inventory with other related systems.
The inventory will be housed on the Information
Center for the Environment’s (ICE) web-based
system at UC Davis (http://ice/ucdavis.edu/). ICE
hosts a variety of inventories offering information
about restoration, mitigation and conservation
projects in, or bordering California. The new
inventory will become a file in the Natural
Resources Project Inventory (NRPI). An important
component of the grant is the design and
implementation of a community outreach effort to
contact schools, libraries, local organizations and
businesses to increase awareness of the inventory
and encourage its use.

The Water Resources Center Archives was also
awarded a grant for $7,500.00 from the Librarians
Association of the University of California (LAUC).
Today there are approximately 1,200 water and
irrigation districts in California.  However, no

comprehensive directory of these districts exists, nor
has there been a survey performed to identify what,
if any, historical research materials have been
created and maintained by these districts. The grant
allows the Archives to survey California water and
irrigation districts in order to create a comprehensive
list of water districts and irrigation districts and to
include basic information about each district. At the
same time, a survey of these agencies’ significant
historical documents will be conducted. This
information will be compiled and organized in a
searchable database that will be available at the
Water Resources Center Archives web site.

PUBLICATIONS

The publication and distribution of the results of
sponsored research projects are important functions
of the Center’s program. The various publication
categories produced by the Center are:

Contribution Series. Published refereed technical
monographs which are generated from Center
sponsored research projects;

Report Series. Publications which are less technical
and appeal to a wide audience. Examples of the
Report Series include the Annual Report,
Proceedings of Center-sponsored conferences and
symposia, and interpretive summaries of research
projects;

Miscellaneous. An unnumbered series of non-
technical publications on topics relating to
California’s water resources development, use and
management;

Technical Completion Reports. All Center
sponsored projects file a Technical Completion
Report (TCR) which is the formal professional
summary that covers all elements of the project.
Such reports may be reviewed in the Director’s
Office and in the Water Resources Center Archives
on the Berkeley campus. Although unpublished
TCR’s are not for general distribution, copies will
be provided upon request.

Through the office, the Center for Water Resources
has filled approximately 80 requests for
publications.  A total of 1,400 publications (volumes)
were distributed worldwide to interested parties both
in the public and private sectors. Most of the

Bay Bridge, January 1936 (Derleth 102, H-349).  Photo courtesy
WRC Archives.
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Center’s publications are available at no charge, and
a listing of available publications can be found on
the Center’s web site (http://
www.waterresources.ucr.edu). When the Center’s
supply of a publication is depleted, the publication
can often be obtained from the National Technical
Information Service (NTIS) for a fee. Recent Center
publications are downloadable from the Center’s web
site. A complete set of Center publications is available
at the Water Resources Center Archives at 410
O’Brien Hall on the UC Berkeley campus. In addition
to Technical Completion Reports from sponsored
research, the Center produced the following
publications during 1999-2000:

•  1999. Water Resources Center Annual
Report, July 1, 1998-September 30, 1999.
Water Resources Center Report No. 97.
 73 p.

•  2000. Western Watersheds: Proceedings
of the Seventh Biennial Watershed
Management Council Conference. Water
Resources Center Report No. 98. 160 p.

•  2000. Distribution, Ecology and Potential
Impacts of the Chinese Mitten Crab
(Eriocheir sinensis) in San Francisco Bay.
Water Resources Center Contribution No.
206. 74 p.

OTHER PUBLIC SERVICE AND
INFORMATION ACTIVITIES

The Director of the Center continues to participate
in the National Institute for Water Resources (NIWR).
The Water Resources Research Institute Program
(WRRIP) was established by Congress in 1964 and
consists of fifty-four institutes at the nation’s Land
Grant institutions. The National Institute for Water
Resources is a coalition of these institutes organized
to collaborate, communicate and network with each
other on important water resources issues. The URL
for NIWR’s web site is http://wrri.nmsu.edu/niwr/.
It lists all fifty-four institutes, the programs, events
and publications within each institute, and summaries
of each institute’s research projects.

The institutes have established themselves as a
primary link between the academic community and
water resources personnel in government and private
sectors. Training future water professionals is one of

the primary missions of WRRIP. Each year WRRIP-
supported projects  provide training for more than
100 students nationally. WRRIP also provides the
framework for a national network of water
researchers, promotes innovative solutions to water-
related problems, and encourages a bottom-up
approach to water resources problem identification
and solution.

Each year the Center submits a report to WRRIP
which contains the annual report for each WRRIP-
supported project at the Center, all publications and
presentations, total students trained by academic
level/discipline, and significant accomplishments of
the Center.

Direct contact with principal investigators is an
important source of information concerning research
work. Campus addresses, phone numbers and email
addresses of investigators are provided in the
Principal Investigator Index section of this report
on page 83. Interested readers are directed to
individual principal investigators to obtain reprints
of journal articles as well as additional information
on their research projects.

Many of the research narratives summarized in this
report include a list of publications which reflect
the principal investigator’s research in detail as
published in professional and technical journals.

SRA Cindy DeChaine, AAII Melanie Carlson and Student Assistant
Marlynn Wauran prepare the first issue of Currents for mailing.

Libraries throughout the United States and in foreign
countries receive copies of all Water Resources
Center publications.

The Center for Water Resources, in collaboration
with the Water Education Foundation has developed
a quarterly newsletter titled Currents. The first,
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Summer 2000, edition was mailed to over 3,000
recipients and is available on-line at
www.waterresources.ucr.edu. The premier edition
was developed to re-introduce the UC, Center for
Water Resources’ mission and recent achievements.
Future editions will focus on research highlights as
well as the Water Resources Center, Salinity/
Drainage program and Water Quality program
accomplishments.

For instance, a large portion of the Fall 2000
newsletter is dedicated to the many successes
achieved by the Archives this past year., including
the award of two grants, web site recognition and
special acknowledgements in a recently published
book.

The Center for  Water Resources’ has developed a
new web site that has garnered approximately 200
visits to date and has enabled visitors to view and
download the recent Water Resources Center Call
for Proposals 2000, all funded research executive
summaries and information on upcoming water-
related events, workshops, meetings and water-
related funding opportunities.
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Research Category IResearch Category I——Hydrology, Climatology & HydraulicsHydrology, Climatology & Hydraulics  
  

This category encompasses the physical processes that lead to water avaThis category encompasses the physical processes that lead to water availability ilability 
for human use on the land, in lakes, streams and aquifers. Examples of for human use on the land, in lakes, streams and aquifers. Examples of 
investigations that logically fall in this cateinvestigations that logically fall in this category include studies of precipitation gory include studies of precipitation 
and streamflow relationships, weather forecasting, climate modification, and streamflow relationships, weather forecasting, climate modification, 
micrometeorologicmicrometeorological processes linking atmospheric water, solar energy, water al processes linking atmospheric water, solar energy, water 
use by plants (both commercial and native), and available soil moistuse by plants (both commercial and native), and available soil moisture, ure, 
hydrologic and hydraulic modeling and processes, and the development of hydrologic and hydraulic modeling and processes, and the development of 
databases.databases.  
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Key WordsKey Words
Floods and flood control
Fluid flow and mechanics

Mitigation of Extreme Flooding Events by Mitigation of Extreme Flooding Events by 
Optimal Control of Flood Plain Storage Optimal Control of Flood Plain Storage   
using the Adjoint using the Adjoint   
Sensitivity MethodSensitivity Method  

Brett F. SandersBrett F. Sanders  
Civil & Environmental EngineeringCivil & Environmental Engineering  

UC IrvineUC Irvine  Project W-908
July 1998-June 2000

Mathematical models
Optimization

Inland flooding resulting from excessive precipitation
and subsequent surface runoff has caused millions
of dollars in damage to the State in recent years.
Historical land management practices, notably the
development of flood plains, have magnified the
financial risk associated with flooding particularly
in the Central Valley of California where urbanization
continues at a rapid pace.

Flood control strategies have historically been to
design facilities, including reservoirs and levee
systems, to convey a design flood such as the 100-
year flood and to prevent the inundation of the flood
plains. For floods with peak discharges less than
design capacity of a system, performance has been
good. However, mitigation efforts for larger floods
have failed. Flooding damage that occurred in the
Sacramento and San Joaquin Valleys during the
winter of 1997 is evidence of inherent physical
limitations.

This research project seeks a control procedure to
mitigate extreme flooding events. The control
procedure includes a control action to create
depression waves in open channels, an adjoint
sensitivity algorithm to seek control actions that
minimize the peak stage of a flood wave at a target
location.

Relationship between river stage, flood discharge,
channel size, flood plain storage capacity and flood
water diversion rates have been characterized and
optimal strategies to mitigate floods using deliberate
levee breaches have been identified.

Publications  and PresentationsPublications  and Presentations

Using a non-oscillatory, high-resolution, two-
dimensional finite-volume algorithm in generalized
coordinates that was developed by the PI to solve
the shallow-water equations and to subsequently
describe the wave action resulting from the control
action, design attributes of the optimal levee breach
have been identified. Design attributes include the
levee breach size, flood plain area necessary for
storage, and breach timing. These can now be
predicted based on the discharge of the flood, period
of the flood, and dimensions of the channel.

By carrying out simulations of levee breaches and
performing suitable scaling transformations, univer-
sal properties of a breach design have been identi-
fied that lead to a simple, straightforward approach
to design levee breaches for flood mitigation.

•  Sanders, B.F. and N.D. Katopodes. 1999. Active
Flood Hazard Mitigation Part II: Bidirectional Wave
Control, ASCE Journal of Hydraulic Engineering,
125(10), pp. 1071-1083.

•  Sanders, B.F. and D. Jaffe. 1999. Mitigation of
Extreme Flooding Events by Tactical Depression
Wave Control, Proceedings of the 1999 International
Water Resources Engineering Conference, Seattle,
WA. (CD ROM)

•  Sanders, B.F. (to appear). High Resolution and Non-
Oscillatory Solution of the St. Venant Equations in
Non-Rectangular and Non-Prismatic Channels.
Journal of Hydraulic Research.
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•  Sanders, B.F. and N.D. Katopodes (to appear).
Sensitivity Analysis of Shallow-Water Flow by
Adjoint Method, ASCE Journal of Engineering
Mechanics.

•  Sanders, B.F. and S.F. Bradford (to appear). High
Resolution, Monotone Solution of the Adjoint
Shallow-Water Equations, International Journal of
Numerical Methods in Fluids.

•  Jaffe, D. and B.F. Sanders (in review). Engineered
Levee Breaches for Flood Mitigation, ASCE Journal
of Hydraulic Engineering.

•  Bradford, S.F. and B.F. Sanders (in review). Finite
Volume Model for Shallow Water Flooding and
Drying of Arbitrary Topography, ASCE Journal of
Hydraulic Engineering.

•  Sanders, B.F. and D. Jaffe (presented). 1999.
Mitigation of Extreme Flooding Events by Tactical
Depression Wave Control. Presentation given at the
International Water Resources Engineering
Conference, August 8-12, Seattle, WA.

The WRC grant has been instrumental in generating
additional support for research. In the past year, I
received a grant $895,234 over three years) from the
NSF/EPA/USDA Water and Watersheds program to
carry out a multi-disciplinary research project aimed
at characterizing, controlling, and managing the
impact of urban runoff on coastal water quality. With
the support of the WRC, I was able to develop the
theoretical basis necessary to propose the use of
adjoint methods for optimal mitigation of hazards
posed by contaminants in urban runoff. I also received
a CAREER award from NSF ($200,000 over four
years) in the past year to research the extension of
adjoint methods, developed for hydrodynamic
sensitivity analyses, to transport problems.

Research StaffResearch Staff

David Jaffe has earned an M.S. degree in
Environmental Engineering (2000) and is

now pursuing a Ph.D. degree with the
support of this grant.
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Groundwater banking
Tracers
Chloroflourocarbons

Study of Groundwater Dynamics in theStudy of Groundwater Dynamics in the  
Kern Alluvial Fan, Kern Alluvial Fan,   
CaliforniaCalifornia  Jordan ClarkJordan Clark  

Geological SciencesGeological Sciences  
UC Santa BarbaraUC Santa Barbara  

Project W-915
July 1999-June 2001

Groundwater modeling
Kern Water Bank

The primary objective of this study is to evaluate
groundwater flow near the Kern Water Bank (KWB)
using an interdisciplinary approach which combines
geochemical tracers and numerical model
simulations. The KWB is located in the Kern River
Alluvial Fan at the southern end of the San Joaquin
Valley, Kern County, California. Since the end of the
late 1980s—early 1990s drought, approximately one
million acre-feet of surface water has been recharged
into the shallow aquifers at the KWB. This water
will be stored in the ground and will be used in the
future during periods of water shortages.
Understanding how fast and where this water
migrates is fundamental to managing the recharge
operation and designing future pumping plans. These
issues concerning groundwater flow and groundwater
management will be addressed in this study.

In January 2000 we collected our first set of
groundwater samples from ten locations in the KWB.
At each location, samples were collected from two
monitoring wells that had different screen depths. The
samples were analyzed for general chemical
characteristics (anions, cations, pH, alkalinity,
dissolved oxygen), for stable isotopes of water (δ18O
and δD), and for chlorofluorocarbons (CFC-11 and
CFC-12). The initial results indicate that relatively
young groundwater (15 years old or younger) is found
in the northern and central areas and older water(most
of it is greater than 50 years old and has CFC
concentrations less than 0.02 pmol/l) occupies the
southern portion of the Water Bank. (The
groundwater age is defined as the amount of time
the water parcel has been isolated from the
atmosphere or soil air. Hence, this represents the
amount of time since recharge.) At the same location,
the deeper groundwater is always older. These
findings are consistent with the recent recharge

history at the KWB which indicates that most of the
groundwater banking has occurred in the northern
spreading basins. We also found a weak (R2 = 0.45)
but significant correlation between nitrate
concentration and groundwater age. The younger
waters had more nitrate than the older. Although this
interesting finding might be linked to denitrification
processes in the aquifer, most likely the correlation
exists because the groundwater bank is recharging
higher nitrate surface water. We will look at historical
data to determine if there is a temporal trend in nitrate
concentrations at most wells.

A hydrogeological model of the KWB is being
constructed using Visual MODFLOW. The model is
composed of three layers, representing the aquifer
structure and permeability. Each layer is built on a
58 columns, 41 rows system consisting of 2051 active
cells ranging in size from 40-140 acres. The model
is currently built with hydraulic conductivity,
porosity, monitoring wells location and boundary
conditions. We are in the process of entering the initial
groundwater surface (Jan. 1994), recharge history at
KWB, and pumping rates at both public supply and
irrigation wells. We anticipate having a working
model by the end of the summer 2000. We will
perform a second sampling phase at the Kern Water
Bank in August 2000 at which time we will share
our chemical data set with the KWB and local water
agencies.

Key WordsKey Words

Collaborative EffortsCollaborative Efforts
As a result of the funded work, Dr. Clark was funded
by the Littlerock Creek Irrigation District to study
the dynamics of groundwater flow associated with
their recharge program on Little Rock Creek. The
award totaled $37,000.00.
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Master’s Student
Laurent Meillier, Geology

Undergraduate Student
Jeff Gamlin, Geology
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Key WordsKey Words
Stochastic climate
Sediment delivery

Landslide
Sheetwash

A Stochastic Sediment Supply Model for a A Stochastic Sediment Supply Model for a 
Mountainous, SemiMountainous, Semi--Arid Arid 
LandscapeLandscape  Thomas DunneThomas Dunne  

Geological SciencesGeological Sciences  
UC Santa BarbaraUC Santa Barbara  

Project W-917 
July 1999-June 2001 

We are investigating the delivery of sediment from
hillslopes into channels by directly linking climatic
events (including fires) with sediment transport
processes. Watersheds in semi-arid regions are subject
to a variety of disturbances, including grazing fires,
and vegetation cover changes and our goal is to
determine how these disturbances affect the
magnitude, frequency and spatial distribution of
sediment delivery processes. Sediment loading from
hillslopes can have an impact on a range of concerns
in Southern California and other sub-humid,
mountainous environments around the U.S. and the
world. First of all, as the urban fringe continues to
climb higher into the surrounding foothills and
mountains, the potential loss of life and property from
geological hazards such as runoff and debris flows
will escalate. Secondly, the delivery of fine-grained
sediment from hillslopes is a major contributor to
nonpoint source pollution. As population centers
expand, the issue of water quality for both human
consumption and riverine ecosystems will only
increase through time. Finally, since many dams in
sub-humid mountainous areas around the world
would have their storage capacity reduced by
sedimentation, efforts are being made to estimate their
useful lifespan as well as to increase their useful
lifespan. Because hillslopes are the main source of
sediment to rivers in sub-humid, mountainous
landscapes, the ability to forecast this sediment
loading is critical.

Sediment transport processes can be broadly divided
into two categories: catastrophic and chronic.
Catastrophic processes are those rare but large events,
such as landslides. During the 1998 El Niño, our
fieldsite was hit with record rainfall and over 100

landslides were triggered, delivering large pulses of
sediment to the fluvial system. We have mapped all
of the landslides and surveyed a subset of them to
estimate volumes of sediment evacuated. An
important initial result from this work is that there
were nearly twice as many failures on hillslopes that
had been converted to grassland than on hillslopes
with coastal sage.

During the past year of fieldwork, we have identified
and quantified several chronic (i.e., high frequency,
low magnitude) sediment transport processes. First
of all, we have built a portable rainfall simulator
capable of sprinkling a 15 m2 plot to study sediment
transport by surface runoff (sheetwash). Numerous
rainfall experiments on different plots and under
different vegetation covers have allowed us to
calibrate an equation for predicting sediment
concentration in sheetwash. Second, over time,
sediment mobilized by various processes accumulates
behind vegetation and ground litter on steep slopes.
When these burn during a fire, the sediment is
released and moves downslope as dry ravel.
Following a single fire, this process has been observed
to fill entire stream channels with sediment. In
anticipation of a prescribed burn adjacent to our field
site, we installed a series of sediment traps to measure
rates of post-fire dry ravel and to relate them to
hillslope gradient. Finally, we have also measured
the rate of sediment transport by animals (e.g.,
burrowing), an important but often overlooked
process. Rates of this process, bioturbation, are
approximately 1,000 times higher on grassland slopes
than on coastal sage scrub. In fact, initial results
suggest that bioturbation by gophers may be the most
dominant sediment transport process.
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The sediment transport equations from the fieldwork
are being incorporated  into a computer model. This
model is driven by randomly chosen rainstorms and
fires and predicts the delivery of sediment from the
processes mentioned above. The model also performs
a slope-stability analysis to determine whether a
landslide would be triggered and, if so, delivers a
large pulse of sediment. The output of the model is
the amount of sediment that enters the channel
network from each hillslope process.

Collaborative EffortsCollaborative Efforts

•  Gabet, E.J. Gopher bioturbation: Field evidence
for nonlinear hillslope diffusion. Earth Surface
Processes and Landforms. In review.

•  Gabet, E.J. Surface coarsening and nonlinear hill-
slope diffusion by dry ravel. Catena. In review.

•  Gabet, E.J. and T. Dunne. 1999. Sediment transport
by overland flow: Field experiments and modeling
results. EOS Transactions AGU, 80(48), Fall Meeting
Supplement F301.

We have joined forces with an ecologist who is
interested in nutrient fluxes through overland flow.
Together, we have submitted a proposal to the USDA
to extend the research that we have begun with the
California Water Resources grant.

Research StaffResearch Staff

Ph.D. Student
Emmanuel Gabet

Three graduate students
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Project W-918 
July 1999-June 2001 

John D. Farrara and JinJohn D. Farrara and Jin--Yi YuYi Yu  
Atmospheric SciencesAtmospheric Sciences  

UC Los AngelesUC Los Angeles  

Understanding and Predicting SeasonalUnderstanding and Predicting Seasonal--toto--
Interannual Fluctuations in California Precipitation Interannual Fluctuations in California Precipitation 
Using an Atmospheric GeneralUsing an Atmospheric General  
CircuCirculation Modellation Model  

California water supply
Rain
Snow

Drought
Flood
El Nino

Numerical modeling of the atmosphere
Seasonal-to-interannual prediction

Publications  and PresentationsPublications  and Presentations

The water supply in California is subject to large
variations on a variety of timescales ranging from
intraseasonal to decadal. This variability has been
clearly evident during recent years with extremes that
include both the abundant supplies during 1983, 1986,
1993, 1997-98 and the multi-year drought of the
1987-1992. The primary sources of water in
California have their origins in precipitations
associated with winter storms originating over the
North Pacific Ocean. Thus, the variability in the
frequency and intensity of winter storms is a major
cause of variations in water supplies. It is known that
a significant amount of the interannual variability in
the Pacific storm track is related to variations in sea
surface temperatures in the tropical eastern Pacific
Ocean—El Niño and La Niña events. However, the
response in California precipitation varies from event
to event and extreme events such as the flood of
January 1997 can occur even when tropical Pacific
sea surface temperature anomalies are weak,
suggesting that other mechanisms may be important.
The natural variability of the Pacific storm track is
one such possible mechanism. Our research uses
numerical models of the global atmosphere to better
understand the relative importance of these different
mechanisms in producing variations in California
precipitation.

The research completed in the first year suggests that
tropical Indian Ocean sea surface temperature
anomalies, which have previously been considered
unimportant, can in some cases have a significant
impact on the Pacific storm track. This suggests the
potential usefulness of sea surface temperature

forecasts for the tropical Indian Ocean. We have also
put our evolving understanding to the test in a modest
precipitation prediction exercise for winter 1999-
2000 ( for details see www.unilab.atmos.ucla.edu/
~vwk206/fest00.html). For this exercise, we had
available predictions of sea surface temperature for
the tropical Pacific Ocean only. For future exercises,
we hope to include predictions for the tropical Indian
Ocean as well. The research being performed is
advancing our understanding of the physical
mechanisms at work for the observed intraseasonal
and interannual variations in California precipitation.
The advances in potential prediction skill developed
as part of this research will make a significant
contribution to California water resource and
emergency planning.

•  Farrara, J.D.,  A.W. Robertson and C.R. Mechoso.
2000. Ensembles of two-tier simulations and
predictions of the circulation anomalies during winter
1997-98. Mon. Wea. Rev., in press.

•  Farrara, J.D., A.W. Robertson, C.R. Mechoso and
N. Hall. 1999. Understanding the influences of
tropical SST [sea surface temperature] anomalies on
precipitation in the western United States.
Presentation at the 24th Climate Diagnostics and
Prediction Workshop, November 1-5, 1999. Tuscon,
AZ.

Key WordsKey Words
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The research enabled by this grant was a factor in
the success of our recent proposal to the National
Oceanographic and Atmospheric Administration’s
Pan-American Climate Studies/GCIP Program on
warm season precipitation. The three-year proposal,
entitled Interannual Variability of the North American
Monsoon and Its Impact on Summer Precipitation
Throughout the United States was funded in the
amount of $244,600.

Research StaffResearch Staff

M.S. Student
Ying-Teng
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Dynamic interactions between surface water
and groundwater

Large spatial scales

Water resources management
Water quality assessment

Evaluation of the Effects of Surface Water and Evaluation of the Effects of Surface Water and 
Groundwater Interactions on RegionalGroundwater Interactions on Regional  
Climate and Local Water Climate and Local Water 
ResourcesResources  Xu LiangXu Liang  

Civil & Environmental EngineeringCivil & Environmental Engineering  
UC BerkeleyUC Berkeley  

Project W-922 
July 1999-June 2001 

The study of interactions between groundwater and
surface water over large scales and their effects on
regional climate and local water resources has
received notably less attention than the studies of the
land-atmosphere interactions and the groundwater-
surface water interactions over small scales (e.g., hill-
slope scale). However, the groundwater and surface
water interactions over large scales play a significant
role in the hydrological system, water quality, and
land-atmosphere interaction studies. For example, the
interactions are closely related to the state of soil
moisture which plays an important role not only in
the energy and water balances in the land-atmosphere
system, but also in the drought and flooding, the water
resources management, ecological system, and water
quality studies.

The goals of this study are to improve our
understanding of the interactions between surface
water and groundwater hydrology over large scales
for moist, semi-arid and arid regions within the
context of regional and local climate systems; to
understand the two-way effects of the groundwater-
surface water interactions on the regional climate and
local water resources; to improve the performance
of land surface schemes over arid and semi-arid
regions; and ultimately, to improve the water quality
assessment and water resources management with
the considerations of the influence of the local and
mesoscale circulations, and the groundwater-surface
water interactions.

To achieve our goals, we developed, in the first year,
a method that can represent the position of the water
table dynamically (i.e., water table position as a

function of time) for large spatial scales so that the
process of groundwater-surface water interactions can
be effectively described. Our new methodology
includes newly formatted partial differential
equations for the problem that facilitates the solution
of a dynamic movement of the water table, a mass-
lumped finite element method that can avoid the
oscillations in soil moisture, and a new strategy that
computes soil moisture distribution first and then the
water table position iteratively at each time step. The
oscillations in soil moisture can cause negative soil
moisture values if the traditional finite element
method is used [Xie, et al., 1998] instead of the mass-
lumped method employed in this study. In addition,
the literature has shown that the dynamic solution of
the water table position with numerical methods
remains a challenge because of large oscillations
associated with the solution of water table in the
traditional finite element method unless the time step
is very small and the number of soil layers is very
large. However, our newly developed method allows,
from the numerical point of view, a reasonably small
number of soil layers (e.g., ten layers for a 5m deep
soil layer). Also, the requirement of time step is much
less rigid. We used a time step of one hour in our
current studies. At present stage, the method only
applies to one-dimensional cases which will be
relaxed to the case for large spatial scales in the
second year. To deal with the subgrid variability
which occurred at large spatial scales, the general
approach of nesting a high resolution of hill-slope
scale groundwater processes into a land-atmosphere
system will not be used. Instead, we will deal with
the spatial subgrid variability associated with the
coarse resolution of the land-atmosphere system by

Key WordsKey Words
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parameterizing relevant processes. The main
advantages of developing the groundwater processes
at compatible grid resolutions with the land-
atmosphere system versus the nesting technique are
to facilitate the representation of groundwater-surface
water interactions over large scales, to avoid many
detail accurate data requirement at finer spatial scales,
and to significantly save computer resources. At
present, we are compiling data at different locations
for groundwater wells, precipitation, air temperature,
and streamflow to test our method with observations
for I-D case.

It is expected that the research results from the
proposed study will shed light on the water resources
management for arid and semi-arid areas, the
understanding of effects of regional climate on local
groundwater and surface water interactions and better
assessment of water quality.

Research StaffResearch Staff

Zhenghui Xie


