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An Experiment in Science i
and Decisionmaking
The California bay-delta region, where the Sacramento and San Joaquin 4 :‘:‘ﬂh

Rivers flow into Sacramento Bay, has been the focus of great controversy
for several decades. The rich ecosystems of the delta provide habitat

for endangered fish species, migratory birds, and other wildlife.

However, the delta has been largely re-engineered since the

3 e ’
POt S oL R AT
¥

1930s to divert as much as 60 percent of the natural inflow 'ﬁ o

into San Francisco Bay for agricultural and urban or indus- - P Tl

trial use, especially in the San Joaquin Valley and soufh“v :

ern California.! The reduced freshwater flows have
significant implications for the quality of drinking
water in the region and, especially, for ecologi-
cal processes and the well-being of native
plants and animals.’
The mission of the CALFED Bay-
Delta Program is to develop and
implement a comprehensive,
long-term plan that will
restore ecological health

to and improve water
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management for beneficial uses of the
Sacramento—San Joaguin River system.
The river system serves agricultural and
municipal water users throughout most
of central California and is linked
through major delivery systems to south-
ern California. It covers approximately
40 percent of California’s watershed and
carries 60 percent of the state’s water
supply.’ More than 20 million people,
from Shasta Reservoir in northern Cali-
fornia to San Diego in the south, receive
at least part of their water from the
delta The region’s aguatic ecosystems
are significant from both a regional and
a national perspective. The delta sup-
ports 130 species of fish, including
many that are endangered.” The bay-
delta 1s comprised of a complex web of
engineered waterways, dikes, dams, and
diversion channels as well as important
saltwater and freshwater wetlands and

marshes. An estimated 700 miles of

sloughs and waterways surround 57
man-made islands.”

The CALFED Bay-Delta Program
The CALFED Bay-Delta Program

faces a challenging assignment: to de-
velop a collaborative state-federal man-
agement plan for the complex river
system and involve multiple stakehold-
ers (primarily municipal, agricultural,
and environmental entities) whose inter-
ests frequently are in direct conllict.
Although many resource-management
issues invalve multiple stakeholders and
conflict 1s integral to their discussion,
the CALFED experience is unigue
because of its shared state and federal
roles. the magnitude and significance
of stakeholder participation. and the
complexity of the scientific issues
involved,

CALFED. one of the largest environ-
mental restoration projects in the Unned
States, is an ongoing experiment in
adaptive management and stakeholder
interaction. Adaptive management refers
here to the uapplication of research
results and expert advice in making and
modifying management decisions in
real-time. Although this definition dif-
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fers from the original concept. the
emphasis on the use of objective, trans-
parent sctentific information for deci-
stonmaking has enhanced flexibility and
assisted in bringing key stakeholders
together to work toward short- and long-
term solutions.” Although the explicit
role of science n decisionmaking for
CALFED is in the early stages of devel-
opment, it provides an opportunily to
examine the roles of science and stake-
holders in decisionmaking in general,
CALFED formally completed the first
phase of its program—problem identifi-
cation and development of action strate-
with the legislative passage of a
Record of Decision (ROD) in August
2000. The ROD broadly established a
role for “world ¢lass™ setence and adap-
tive management in the decisionmaking
process. To learn from the CALFED
experience. in January 2002 the U.S.
National  Oceanic and Atmospheric
Administration’s (NOAA) Office of
Global Programs sponsored a forum of
key participants to identify and discuss
iitial findings.® This article is derived
from the findings of the forum and from
related observations of the CALFED
science program's initial vear of acuvity.

gies

History

The CALFED Bay-Delta Program was
formed in 1994 under the leadership of
U.S. Secretary of the Interior Bruce Bab-
bitt and California Governor Pete Wil-
son. Initially a combined effort of 14
state and federal agencies with regulato-
ry authority in the delta, CALFED was
designed to develop solutions to looming
water supply and environmental issues.”

In the early 1990s. regulatory actions
to protect endangered species, in combi-
nation with serious drought and the ded-
ication of 800,000 acre-feet of water for
environmental purposes under the Cen-

ral Valley Project dmprovement Act of

1992, caused a near crisis for Califor-
nia’s water management agencies. This
catalyzed the CALFED process. Under
pressure from the U.S. Environmental
Protection Agency (EPA) o safeguard
endangered fish in the Sacramento-
San Joaquin Bay-Delt, the state Water

Quality Control Board distributed a con-
roversial draft decision in 1992 that lim-
ited water exports from the delta. Thig
created panic among water users. [n
response, Governor Wilson and Secre-
tary Babbitt pulled California agencies
fthe CAL part of CALFED) and federal
agencies together o work toward a co-
ordinated solution. Federal agencies
formed the Federal Ecosystem Direc-
torate (the FED part of CALFED} in an
attempt to develop a joint solution for
the delta."!

In June 1994, the state of California
signed a framework agreement to share
managemenlt and regulatory responsibil-
ity for the Sacramento-San Joaguin
Delta Estuary with various federal agen-
cies. The agreement indicated that the
state and federal agencies would work
together on formulation of water-quality
standards, endangered species protec-
tion, coordination of stale water project
and Central Valley project operations,
and long-term solutions to problems in
the estuary, The agreement covered Lhe
first 7 years of what was envisioned as a
30-year program. In December 1994, the
new approach resulted in the Bay-Delta
Accord—an agreement to conduct a
comprehensive study of management
options 1o address concerns about water
supply and environment issues.'”

CALFED has matured 1o a point where
significant progress has been made on a
number of fronts. In March 1998, the
CALFED program released a draft envi-
ronmental impact statement/environmen-
tal impact report identifying alternative
approaches (o managing water (with the
goals of improving reliability of supply,
sustaining quality. and protecting levees)
while simultaneously improving the pro-
tection of environmental resources. Phase
two, which included environmental doc-
umentation under the National Envi-
ronmental Policy Act (NEPA) and the
California  Environmental Quality Act
(CEQA). led to the ROD in August 2000,
The ROD includes 6,500 pages of pro-
grammatic environmental documents re-
quired as part of NEPA and CEQA.

The ROD has three main elements: a
state-federal agreement 1o control the
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outflow of water through the delta; a
commitment to the CALFED process;
and 6010
ecosystem restoration projects. [t calls

vestments in more than
for some more creative actions as well,
mcluding an environmental water ac-
count to ensure that fish are protected
from project operations that increase
the reliability of urban water supplies:
increased storage. to be used primarly
1o conserve environmental resources;
and significant new federal and state
funding for implementation. CALFED
alse was successful in acquinng signifi-
cant funding for specific aspects of
implementation through bond initiatives
and legislatve appropriations, but full
funding for balanced implementation of
the first seven years ol acuvities is stll
pending. Full implementation will con-
tinue through 2020,

Structure

The CALFED program is managed
by an interdisciplinary, interagency staff
and assisted by technical experts from
state and federal agencies as well as
consultants. In its early stages, the lack
of a permanent governance structure
and reliance on multi-agency support
for managing money and actuvities cre-
ated administrative problems. However,
there have been numerous benefits asso-
clated with the multi-agency effort:
technical collaboration among agencies,
meaningful public parucipaton. the
development of real-time adaptive man-
agement techniques, and an explicit role
for a science program.

The CALFED Science Program

Since the late 1960s, screntific re-
search related 1o the Sacramento—-San
Joaquin Bay-Delta has been ongaing
within individual state and Federal agen-
cies. the university community, and the
private sector. [t was initially estimated
that CALFED investments in science
should total about $30 mullion per vear,
The CALFED ROD called for a signifi-
cantly larger mvestment—an additional
$300 million over 7 years, The ROD also
emphasized the use of adaptive manage-
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The California bav-delta region has been largely re-engineered to divert much of the
aatiral inflow tnter San Francisco Bay for agricultural and wrban or industrial use

ment in amplementing CALFED, al-
though adaptive management was not
defined explicitly in the ROD.
Increasing science expenditures re-
quired carefully focusing the program.
The goal was to aggressively grow the
body of knowledge relevant o CALFED
actions and their implicauons so as w
have a maximum effect on the fast-paced
schedule for actions in the first seven
years. Important components of the pro-

gram included improving the credibility
of technical iformation, employing
best scientific practices (such as peer
review and expert advice), and promot-
ing greater clarity about the state of sci-
entific knowledge. To ensure that the
science was relevant., agencies and
stakeholders were asked to identif’y enit-
1cal questions: then, experts and scien-
tific advisors framed those guestions in
terms that were manageable for produc-

ENVIRONMENT 33




tive science and focused on providing
answers for current management issues.

Approach

Because of the intense economic and
environmental interests of the stakehold-
ers and the technical nature of many
issues, all parties were concerned aboul
objectivity n scientific findings. In the
18 months after its initiation in Septem-
ber 2000, the science program spon-
sored, or helped sponsor, a dozen scien-
tific workshops, conferences. and re-
views (o help clarify the state of scien-
tific knowledge about the bay-delta,
[ssues were contentious and complex,

and they included aspects of restoration,
endangered species listings. new infra-
structure programs, and the definition
and implementation of adaptive manage-
ment and water management issues,"

CALFED commissioned more than a

dozen comprehensive reviews (white
papers) 1o support ecosystem restora-
tion and address a range ol major ques-
tions, including implications of climate
change, salmonid biology, wetland res-
toration, and implications of chemical
contamination.” Another major focus
was developing a program to interpret
and publish previously underutilized
monitoring data.'’

Goals of the CALFED
Science Program

Five goals define how science is
managed in the CALFED science pro-
gram. Each of those goals contains crit-
ical elements. It is important to recog-
nize that the five interrelated goals
must move forward together for the
program to succeed. The goals are:

To articulate, test, refine, and grow
understanding about natural and
human systems by

* investing in long-term study of criti-
cal unknowns;

* implementing regional projects with
a likelihood of high impact on achiev-
ing CALFED goals;

» filling monitoring gaps;

» [ostering adaptive management
experiments;

* conducting specific studies that
improve the basis for management
actions or regulations; and

* investing in analysis of underinter-
preied data sets that resulted from past
monitoring.

To integrate best available scientific
understanding and practices through-
out CALFED by

* initiating peer review for all proposal
selection processes;

* encouraging partnerships and collab-
oration;

* promoting publication and dissemi-
nation of CALFED science program
findings; and

= enhancing public access to data,
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To provide authoritative and unbiased
descriptions of the state of scientific
knowledge by

» holding issue-specific workshops;
= creating white papers; and

= producing books and compendiums
of knowledge.,

To evaluate technical performance of
the CALFED science program through

= expert panels and advisors;

= standing science boards that meet
regularly to advise on and review
issues for the ecosystem restoration
program, environmental water account,
interagency ecological program, and
mercury issues;

* issue-specific technical review pan-
els that repeatedly review progress;

= overarching CALFED science pro-
gram board that oversees the integrity
of the science process; and

» performarnce measures fo facilitate
adaptive management.

To establish and improve communica-
tion between science, management,
and public communities with

» science conferences;

» educational material;

= new technical publication series that
are on line to facilitate distribution;

* issue-focused popular series for
managers and the public;

* fact sheets; and

* science program activity reports.

The workshops and reviews all
involved experts in specific disciplines or
panels of experts—some of whom were
familiar with the system and others who
were subject experts intended to provide
an objective view from outside the sys-
tem. In 2001, CALFED commissioned
40 different experts from a range of dis-
ciplines to participate i lechnical review
panels or on standing boards ol advi-
sors.'” More than 300 reviewers world-
wide were asked to evaluate several hun-
dred proposals submitted for ecosystem
restoration and related science. Formal
criteria were established for the selection
of experts, as were protocols for the
workshop and review process.

Investment in Science

From its inception, the science pro-
gram has focused on both the perception
and the reality of developing and using
objective scientific information in the
decisionmaking process. Because the
specific types ol information needed [or
evaluating the effects ol alternative
management options often were not
available. the science program has gen-
erated new sources of information and
has clarified existing data or informa-
tion. (The box on this page describes
five specific and interrelated goals for
managing science in the CALFED sci-
ence program,)

Commems from CALFED stakehold-
ers have indicated that public support
for science and credibility of technical
information are enhanced when stake-
holders institute a rigorous peer review
process 1o select projects for funding.
The details of this process are critical,
Proposals are selected for funding only
after careful technical review to estab-
lish their scientific feasibility and credi-
bility and after consideration of rele-
vance by a panel of technical managers
from the agency and stakeholder com-
munities. Technically deficient propos-
als are not considered: even invited pro-
posals are peer reviewed and sometimes
are rejected. CALFED also is establish-
ing an on-line peer-reviewed technical
publication series to help disseminate
new knowledge about the watershed and

January/FeEsruary 2003



TER ARNOLE, ING

ELL—FE

i GALEN ROW

o

A key aspect of the CALFED program is the commitment that all approuches to science, including review, monitoring, and research,
must move forward together. Using science issues as o forum for rational discussion may Jucilitate solutions.

encourage un expectition that credible
science must undergo peer review.

An important part of the science pro-
gram’'s framework is the statement—
consistent with other CALFED goals—
that all approaches to science (review,
monitoring, short- as well as long-
term research, and communication) must
move forward together. This philosophy
has been an expensive but worthwhile
endeavor in the long term. In other
words, rescarch should not be left
behind for the sake of short-term prod-
ucts, even when funding is tight. This
unusual restriction is critical to effective
investment for a long-term program.
An effective investment in science must
move the role of research forward, so
that 5. 10, or 30 vears from now stake-
holders and agencies are not debating
the same uncertainties that are being
debated today.

Science and Decisionmaking

Another of the science program's
stated goals is (o try to bring out knowl-
edge that s not only relevant but
accepted as balanced and authoritative.
Communication with the scientific com-
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munity. stakeholders, CALFED agency
managers, and the public also is essen-
tial,'" Of course, no program can ensure
that its knowledge is completely un-
biased. The peer review system and pub-
lic discussions with external experts
are traditional scientific tools used for
that purpose; their role in complement-
ing the investment in studies is criti-
cal for CALFED.

Improving the transparency of the sci-
ence behind policy decisions is key for
the CALFED science program. Because
multiple stakeholders are concerned
about the validity of information used in
evaluating management options, it has
been extremely important to seek objec-
tvity in the use of scientific information.
One approach to meeting this challenge
is to frame scientific discussions to
avoid subjective policy judgments. Sep-
arating discussion of the status of scien-
tific information from judgments about
the decision itself is essential. Scientists
can agree about assumptions, uncertain-
ties, and needs for additional informa-
tion even when they don’t agree aboul
interpretations of data,

CALFED has experimented with sev-
eral management approaches that allow

the use of real-time data. The environ-
mental water account (EWA) allows
water managers to acquire, store, trans-
fer, and release water to respond to real-
lime ecosystem needs. The annual sci-
entific review of the EWA provides an
example of focusing on objectivity. The
review panel is not asked to judge
whether the EWA was successful, nor
are they asked to judge whether it
should continue. Instead, they are asked
to specify the strengths of the existing
approach, w give insights about how the
EWA could be managed to better
achieve its goals, and to identify key
uncertiinties or impediments that might
reduce the effectiveness of the pro-
gram.'® Reaching consensus on less-
than-absolute questions of judgment.
even if it is in agreeing that something iy
inadequately known, lends credibility to
the debate and can add to the influence
of science."

The framework described above
inevitably leads to discussion of future
information needs. This gives stakehold-
ers and agencies alike a mechanism (o
establish an adequate information base
before a policy choice is made. It also
helps reach more carefully considered
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decisions and empowers multiple groups
by enabling them to guide the research
agenda.” Using the discussion of sci-
ence as a forum to maintain rational dis-
cussion may have a calming effect on
potentially contentious issues and may
facilitate solutions by breaking large
issues into multiple—and perhaps more
manageable—decisions.”'

In evaluating the EWA, for example,
the review panel concluded that both
inadequate investment in staff with
experience in specific areas of water
management and poor scientific knowl-
edge of the biology and ecology of pro-
tected species were impediments 10
effective management.* In the year fol-
lowing the review, agency decisions
moved toward improving conditions in
both of these areas. Even if the EWA is
not continued, smaller decisions on
investments will benefit water manage-
ment practices.

An inevitable side effect of incorpo-
ating science into decisionmaking is the

threat that actions planned on short time
horizons will be slowed while data are
being generated. However. it should be
recognized that aggressive schedules
often are delayed for other reasons;
sometimes the delay is caused by con-
troversy over technical issues. Some
aspects of a science process—such as
review of existing data or workshops
designed to improve the clarity of exist-
ing knowledge—can occur quickly. But
research rarely is successful when asked
to respond within a short time frame to
technically difficult questions. This can
be overcome not only if a program
includes a broad set of ongoing research
studies that cover the major processes
underlying potential policy questions
(the 40-year history of research on the
bay-delta watershed was a benefit in this
regard) but also if policy makers recog-
nize the necessity of review, definition
of needs, and investment in new knowl-
edge far enough in advance of decisions.
For example. the EWA review process

began four years before the decision on
whether the experiment was & success.
When review occurs far enough in
advance of decisionmaking, the science
process can help frame debate in its ini-
tial stages, perhaps even allowing some
decisions to occur more rapidly than
they otherwise would have.**

Finally, an important underlying
hypothesis of the CALFED science pro-
gram is that contributions to decision-
making lose at least some broad-based
support and credibility when science is
conducted and communicated primarily
within “silos™ in government or stake-
holder groups. The contribution of peo-
ple with the same world view and infor-
mation base leads to a narrow focus that
may be perpetuated through the chain of
command. Advocacy science (or at least
the perception of advocacy) is more
difficult to avoid when scientists talk
mostly to their own colleagues who
share the same perspective—when they
are unwilling to adjust interpretations of

Policy change can oceur in response to major natural events. The prolonged drought in California was one aspect of a major
envirommental and regulatory crisis that catalyzed the CALFED process.
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contradictory  data, when groups sift
through a body of knowledge for find-
ings that support their arguments. and
when groups hire their own scientists
and listen to few others—in short, when
values begin to play a role in interpreting
scientific findings.™

Therefore, o major effort of the
CALFED setence progran 18w provide
incentives and consant encouragement
for collaboration among agencies and
between agency scientists and university
or private-sector scientists. The program
anempts 1o bring differem groups of sci-
entists ogether for frequent discussions
of specific technical issues related to
important CALFED management deci-
stons, This multdisciplinary,  multi-
organizational approach to science is
consistent with the multistakeholder
approach of CALFED averall.

Expanding collaboration and commu-
nication—and especially trust—among

entrenched groups in the science setting
as well as in the policy setting always is
challenging. In addivion 1w mformal
mechianisms (o meet these chillenges
in the science setting, CALFED s at-
templing to mitiale more formal consor-
tia, so that the habits of collaboration,
communication, and trust can them-
selves become entrenched (see the box
o this puge).

The Role of Stakeholders

Possibly more than any other envi-
ronmental  management  project, 1he
CALFED Bay-Delia Program has been
driven by stukeholders. The program has
a 32-member Bay-Delta Advisary Coun-
¢il. chartered under the Federal Advi-
sory: Commitee Act, with stukeholder
groups chosen jointly by the governor of
Californta and the seeretary of the interi-
or.”” The process of defining the prob-
lem. establishing goals and objectives,
and  selecting  preferred  alternatives
involved more than SO0 meetings. Hav-
mg all of the stakeholders a the 1wable
was described during the NOAA forum
as “powerful but agonizingly slow."*
However, based on reports from many
perspectives, virtually all of the partici-
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CALFED Partnerships and
Collaboration

A major accomplishment of the
CALFED science program was the
2001 initiation of the Bay-Delta Sci-
ence Consortium as a mechanism o
coordinate bioregional assessments,
monitoring, and outreach in the bay-
delta. The overall goal of the consor-
tium is to expand collaboration and
cooperation in pursuit of improved sci-
ence and ourreach. A central objective
15 to sponsor studies that break down
traditional barriers among groups or
demonstrate how such barriers can be
overcome successfully while conduct-
ing substantial science programs.

Shared objectives include

» enhancing efficiency of facility use,
* promoting collaboration among the
scientists of government, university,
and private ngency parties Lo the mem-
orandum of understanding (MOU), and

pants feel that the huge investment of
time and money 0 the stakeholder
process was worth the effort. The sci-
ence questions now being addressed are
in large part the ones dentified by the
stakeholders. Public participation wis
successiul because

¢ There was an absolute, up-front com-
mitment to a stakeholder-driven process.
Both the governor and the secretiry of
the interior were committed 1o this
ohjective.

* Meetngs were statewide and in muli-
ple venues. Numerous formats  were
used—from large public meetings at
which media were present. to private
meetings with interest groups such as
boards of directors from agricultural and
wrban water districts. 10 forums and
waorkshops.

= Several key mterest groups played
advisory roles, such as the Califorma
Urban Water Agencies {an agriculiure-
urban group)y and the Environmental
Witer Caucps. Their leadership and
vision were essential to the process.

» The CALFED Bay-Delta Advisory
Council played a key role in monitoring

* expanding the sophistication and
productivity of bay-delta science and
oufreach through multdisciplinary,
multi-orgamzation cooperation.

An MOU was signed by 14 charter
institutions for the consortium, includ-
ing agencies, university centers, and
nongovernmental organizations.

A mission statement was developed
and 4 work statement is being pro-
duced. CALFED is funding the initial
effort in hopes of developing an
institution thal is self-supporting. A
consultant is developing the position
deseription for the executive director,
whose primary carly responsibilities
would be to facilitate colocation of
agencies and opportunities for sharing
resources and students, develop a
study-support process, and fund new
collaboration.

and evaluating the process and the
aptions that had been identified.

» Participation ol key players was
ensured by 1wo important conditions:
the crincal suywation e the watershed
and the significant financial resources
that were avaluble o wark toward o
solution. This combination of circum-
stances provided o unique opportunity
that allowed for change.

= Progress was visible and continual:
h was imponam 1w meel milestomes
and produce visible resulls. A key early
success was the passage of the bond
inttiative.

= Decistons were made in public meel-
ings, after an iterative review process.
This helped build public wust.

Astde from the total commitment L
an inclusive process, the most impor-
tant component in the success of the
stakeholder program likely was that
sufficient resources were available 1o
support required meetings and travel
costs. For the first five years, CALFED
had & $16 million yearly budget—3$8
from the state and the

million each
federal government.”’
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CALFED's approach te complying with the Endangered Species Act to protect
Sacramento's salmon required innovation because the act’s legal framework is not
oriented toward managing ecosystems the size of the bay-delta system.

Understanding the Policy
Process

Expedience plays a role in designing
scientific agendas. Some stakeholders
felt, in retrospect, that in the early stages
CALFED was somewhat shortsighted in
its choice of research topics.™ This was
justitied by the need (o have demonstra-
ble. early successes and to avoid easily
publicized failures. Like many pro-
grams, CALFED focused on trying to
resolve the primary problems—even if
the technical issues were intractable—
because they were visible and politically
expedient targets,

For example, endangered species
management in the delta was centered
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around counting fish “taken at the
pumps” (fish that had been pulled into
the massive pumps that move water from
sources in the northern part of the water-
shed to centers of demand in the south-
ern part). For more than a decade, it was
assumed that “take™ at the pumps was a
predominant threat to salmonids, Sacra-
mento split-tail, and delta smelt listed
as endangered.”’ One reason for this
assumption might have been that the
number of individual fish “taken” could
be estimated with some reliability (the
threat was visible and the absolute num-
bers seemed large). The more inclusive
recent debate has emphasized the need
to quantify the threat of take to popula-
tions. Research programs are being

developed to find better means to meet
that challenge. In retrospect, of course,
many stakeholders are asking why there
is not a more developed body of knowl-
edge about cumulative threats to the
populations from the many sources of
stress other than take at the pumps.™

Although funding science only to
meet immediate policy needs is typical
of most modern environmental science
programs, experience would suggest that
such a strategy, by itself, is rarely very
effective. When problems are complex
and multifaceted (the “wicked” prob-
lems defined by University of California
at Berkeley professors Horst Rittel and
Melvin Webber), the optimal science
approach should have several character-
istics in addition to adequate funding—
some of which might even seem contra-
dictory.’' The approach must adapt to
new facets of problems as they appear,
be sensitive to different contexts and
scales, have its most immediate impact
at the beginning of the development of
an issue (as in the EWA), and have con-
tinuous investigation.™

For many applied science or adap-
tive management programs, 4 common
attribute is frequent redirection of sci-
ence and staff as new issues emerge.
However, continuous redirection makes
it difficult to produce the most credible
science. Science takes time to develop.
Too many changes in direction may limit
adaptability; long-term, well-run pro-
grams designed around continuous
investigation are, in the end, the maost
responsive (o at least some management
needs. That does not mean that all sci-
ence should avoid redirection, but the
CALFED premise is that continuous
investigation must be in the mix in
strong proportion.

In the San Francisco Bay, it is in fact
long-term, multidisciplinary ecological
research that has best met these science
criteria and influenced policy.™ A good
long-term research program will adapt
continuously to new issues on the mar-
gins—if the issues include new funding
and the program has some incentive to
adapt. A long-term program can develop
knowledge in multiple contexts and at
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multiple time scales, and therefore it is
immediately “mature” as issues emerge
in different contexts or as time scales
change.

Traditionally, it has been difficult o
obtain funding for the development of
the big-picture background data required
for longer-term management. The U.S,
Geological Survey (USGS) has run a
San  Francisco Bay program since
1968, One example of the value of this
program (and of multi-agency ¢ollabora-
tion) lies in the progress now being
made in understanding water movement,
or hydrodynamics, in the system. In the
bay-delta, hydrodynamics are as com-
plex as anywhere in the world and are
overwhelmingly imporant 1o water
management. Maore than 30 years of
hydrologic and hydrodynamic study by
USGS, the California Department of
Waiter Resources, and other agencies and
university  scientists have led to the
development of a variety of models that
provide a very sophisticated base from
which 10 develop forecasts of implica-
tions of some of the complex actions
being proposed in the system,

Policy change does not only occur
incrementally over the long term. It also
occurs i response to major natural and
political events that perturb the system.
The CALFED agreements were witiated
N response to 4 major environmental
and regulatory crisis in California (the
prolonged drought was one ingredient).
Droughts are opportunities 1o build pub-
lic support for consensus and provide the
political support for expenditures that
can encourage innovative water supply
programs, Science in the Sacramento-
San Joaquin Bay-Delta certainly ben-
efited from the CALFED agreement. but
the science will need some time to
“catch up” to the needs of the program.
A vision for consensus science agen-
das that address specific issues and ni-
tiate studies must oceur before the next
erisis begins. In this way. the political
process may work to the advantage
of the science-hased policy in the
CALFED program.

Another contradiction between sci-
ence and policy 1s that sciepce gains
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credibility through independence from
the policy arena, but policy changes only
when it is supported by a champion or
cause. For a system as complex as this
one, a high level of focus and engage-
ment are necessary to grapple with the
issues. As described above, CALFED
follows a model that suggests that advo-
cacy in policy is best supported by a sci-
ence apparatus that provides as much
relevant mformation as possible but
leaves advocacy to policy makers and
other arenas such as litigation. This
approach 1s not universally agreed-upon
within the global scientific community.
Some scientists encourage empowering
all participants and letting them advo-
cate, In the CALFED program. debates
fueled by altermative values are mini-
mized. A science arena where advocates
can find grounds for agreement is pre-
sumed to be the most conducive to sue-
cessfully linking science and policy.

The Endangered Species Act

CALFED's approach to complying
with the Endangered Species Act (ESA)
in protecting Sacramento’s split-tail,
delta smelt, and winter-run salmon
required innovation because ESA's regu-
lations did not provide the latitude need-
ed for solving muluple complex prob-
lems. ESA's legal framework focuses on
individual species—and, more recently,
allows for Habitat Conservation Plans—
but is not oriemed toward managing
ecosystems the size of the bay-delta
system. Even though it was readily
acknowledged that science on the life
cyeles, behavior, and habitat require-
ments of key species available at the
time of the development of Biological
Opinions by the U.S. Fish and Wildlife
Service was incomplete, the legal frame-
work of ESA focused on using the best
information available. It is not possible
under the current legal system to wait for
better information before moving for-
ward with species protection,

Therefore, CALFED participants
wsed the regulatory requirements as o
baseline, then built the program—mnieet-
ing the basic ESA requirements but

moving beyond them to deal with mulu-
ple objectives and include adaptive
management approaches. It was accept-
ed (at least implicitly) that the CALFED
agencies would manage “take” rather
than populations, but the definition of
“take” has evolved. In the CALFED
process, unacceptable take of winter-
run salmon is defined by proportion-of-
the-population criterion. based upon
early season estimates of the size of the
listed population, real-time monitoring
of salmon migration, and interpretation
of take as it oceurs, This is in contrast to
other definitions, in which take is
defined by disturbance of an individual
irrespective of population size,™ Work-
shops on managing salmonids and delta
smelt have made the complexities of
managing listed species more clear and
have clarified that the agencies did rec-
ognize and were using the linkage
between take and population size to
manage winter-run Chinook.

ESA does not lend itself o the adap-
tive management model, at least overt-
ly. But as stakeholder-based solutions,
scientific wansparency and collabora-
ton. and new knowledge move forward,
perhaps it will become more feasible to
add elements ol adaptive management
to the ESA framework. Of course. that
{flexibility must be accompanied by
strong monitoring and assessment pro-
grams to ensure that listed species
remain protected.

Adaptive Management

Adaptive management allows for an
iterative learning and management pro-
cess and requires ongoing monitoring
and evaluation of management actions
that are taken. Many aspects of adaptive
management are potentially beneficial
for hnking science and policy—this
determination involves ecosystem-scale
experimentation. ™ This science-based
policymaking has different meanings
in different settings even if it does
not involve explicit experimentation."’
In the case of CALFED, the adaptive
management  approach  has  been
described as having fixed program
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The relationships built during the CALFED process have changed the public policy arenc within California and expanded the role of
science in decisionmaking. However, the greaiest obstacle (o continuing these activities remains adequate funding.

objectives but including the ability to
adjust actions to ensure a durable solu-
tion as additional data are developed.™

Financial Considerations

The effectiveness of CALFED in
coordinating the science and manage-
ment of the Sacramento-San Joaquin
Bay-Delta system is directly proportion-
al to the ability to pay for needed ser-
vices. Because of the complexity of the
ecosystem and institutional constraints,
CALFED needs a sophisticated science-
based management approach—and that
requires substantial resources. In gener-
al. CALFED agencies cannot adequately
support long-term planning, and the
intplementation of plans requires even
more intensive staff support. Bond
money provided by the initiative process
in California has provided a strong base
for the development of CALFED and,
to some extent. the science that supports
the effort.

One of the biggest disappointments in
the CALFED process to date is the lim-
ited consistency of funds appropriated
from state or federal government for the
agreements that were made in the
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Record of Decision (ROD). In fact, ac-
cording to David Hayes. former deputy
secretary of the interior during the
Clinton administration,

The CALFED program is sputtering. The
strong impetus to finalize a long-term plan
to accomimodeare environmental and user
needs has not translated into the legisla-
tive arena, . . . California is no longer
speaking with one voice, as some stake-
holders are secking to improve on the
deals thar they made through the stake-
holder process, thus putting strains on the
delicare balance of interests that stands
behind the ROD.™M

One problem is that legislators have
attempted to modify the ROD to better
satisfy their political desires through
appropriations bills, The limited extent
of appropriations in austere times is
the primary problem. At a minimum,
failure to meet the financial commit-
ments of the ROD inevitably will require
re-examination of the schedule for the
program. It is interesting. however, that
paying for science usually has kept pace
with other commitments in the existing
CALFED legislation.

The vision of the CALFED science
program requires human resources Lo
support infrastructure as well as substan-

tial funding beyond traditional manage-
ment approaches. Cooperation, collabo-
ration. outside expertise, and advancing
the debate in pace with policy decisions
all need investment. If agencies do not
ask for help, CALFED has no authority
w force them to cooperate. However,
agencies are unlikely to cede their
authority to other entities and need to be
provided with incentives to cooperate.
As funding shrinks. who wins and whe
loses becomes more of an issue, and it
could become difficult to set funds aside
to maximize opportunities for collabora-
tion. A greater question is whether a lack
of resources will allow agencies an
excuse to return to their own institu-
tional perspectives rather than continue
to collaborate.

There also are underlying incentive
issues that go beyond funding. For
example, scientists from some agencies
get little professional eredit for assisting
in public policy debates, although there
is great societal value to their contribu-
tions. New types of rewards and incen-
tives are needed to encourage scientists
to get involved in research that supports
decisionmaking, especially if the deci-
sions are contentious. Paying science
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review boards for their work has
allowed  for an review
process. but it excludes compensation
for agency scientists. The day-to-day
contributions of scientsts from agencies
and acaderma 1o CALFED and other
policy-development processes appear to
be incredsing. The response of partici-
pants to the visibility and politics of
such activities will be interesting to
witch as CALFED matures,

The single greatest limitation to sus-
taining many of these proposed acuvities
is issuing contracts. Combined state and
federal sources of support provide some-
thing of a buffer. When state support was
low in the earliest phases of CALFED,
federal appropriations were available. In
2001 and 2002, the opposite was true.
Whatever the appropriations, getting con-
tracting officials to give priority to con-
tracts outside their direct agency mission,
moving money between state and federal
entities, and spending state money out-
side these agencies (for experts, consul-
tants, and small contracts for technical
projects) all have proven problematic. As
a result. administrative delays of more
than one year are occurring before appro-
priated money can begin to be spent.

aggressive

Final Analysis

Perhaps CALFED’s major contribu-
tion has been to allow an open discus-
ston of “what 1fs” between agricultural,
municipal, and environmental stake-
holders who otherwise never would have
met on equal footing. The program has
created an environment in which it is
acceptable to talk publicly about highly
charged management and science issues,
uncertainties, and alternatives for resolv-
ing issues. When questions are framed to
aid consensus, it 18 possible o bramn-
storm collectively and develop a collec-
tive public policy agenda,

The relationships buih during the
CALFED process have changed the
public policy arena within California
and, at least temporarily, between Cali-
forma and the U.S. Depaniment of 1he
Interior. Initial indications are that a sci-
ence program based upon the same
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philosophical approach can contribute
positively to other processes, An impor-
tant question is how or whether reduced
funding to implement the ROD might
erade consensus.

It 1s clear that adequate funding 1s a
key mgredient in the success of an inno-
vative program such as CALFED. New
money for investment in experts and staff
support. forums for open conversation,
new science, and transparency are criti-
cal ingredients of this success, CALFED
has opened new channels of communica-
tion between groups on the ground in all
levels of government. Regardless of the
specific outcomes, the process itsell is an
achievement and, at a mimimum, might
continue to be a laboratory for innovation
1N resouree management.
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