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Faced with mounting pressures from a changing climate, an increasing population, a

transitory populace, and varying access to available natural resources, decision makers,

scientists, and resource managers have an immediate need to understand, obtain, and

better integrate climate forecasts and observational data in near- and long-term plan-

ning. Reducing our societal vulnerability to variabilities and changes in climate depends

upon our ability to bridge the gap between climate science and the implementation of

scientific understanding in our management of critical resources, arguably the most

important of which is water. Our ability to adapt and respond to climate variability and

change depends, in large part, on our understanding of the climate and how to incorpo-

rate this understanding into our resource management decisions. This Product focuses

on the connection between the scientific ability to predict climate on seasonal scales

and the opportunity to incorporate such understanding into water resource manage-

ment decisions. It directly addresses decision support experiments and evaluations that

have used seasonal-to-interannual forecasts and observational data, and is expected to

inform () decision makers about the relative success of experiences of others who have

experimented with these forecasts and data in resource management; (2) climatologists,

hydrologists, and social scientists on how to advance the delivery of decision-support

resources that use the most recent forecast products, methodologies, and tools; and

(3) science and resource managers as they plan for future investments in research re-

lated to forecasts and their role in decision support. It is important to note, however,

that while the focus of this Product is on the water resources management sector, the

findings within this Synthesis and Assessment Product may be directly transferred to

other sectors.
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PREFACE

Decision-Support Experiments and Evaluations using Seasonal to

Interannual Forecasts and Observational Data: A Focus on Water Resources

Report Motivation and Guidance for Using
this Synthesis/Assessment Report

Convening Lead Author: Nancy Beller-Simms, NOAA

Lead Authors: Helen Ingram, Univ. of Arizona; David Feldman, Univ. of California, Irvine;
Nathan Mantua, Climate Impacts Group, Univ. of Washington; Katharine L. Jacobs, Arizona

Water Institute

Editor: Anne M. Waple, STG, Inc.

P. MOTIVATION AND GUIDANCE
FOR USING THIS SYNTHESIS AND
ASSESSMENT PRODUCT

The core mission of the U.S. Climate Change Science
Program (CCSP) is to “Facilitate the creation and appli-
cation of knowledge of the Earth’s global environment
through research, observations, decision support, and
communication”. To accomplish this goal, the CCSP has
commissioned 21 Synthesis and Assessment Products to
summarize current knowledge and evaluate the extent
and development of this knowledge for future scientific
explorations and policy planning.

These Products fall within five goals, namely:

1. Improve knowledge of the Earth’s past and present
climate and environment, including its natural vari-
ability, and improve understanding of the causes of
observed variability and change;

2. Improve quantification of the forces bringing about
changes in the Earth’s climate and related systems;

3. Reduce uncertainty in projections of how the Earth’s
climate and environmental systems may change in
the future;

4. Understand the sensitivity and adaptability of dif-
ferent natural and managed ecosystems and human
systems to climate and related global changes; and

5. Explore the uses and identify the limits of evolving
knowledge to manage risks and opportunities related
to climate variability and change.

CCSP Synthesis and Assessment Product 5.3 is one of
three products to be developed for the final goal.

This Product directly addresses decision-support experi-
ments and evaluations that have used seasonal-to-interan-
nual forecasts and observational data, and is expected to
inform (1) decision makers about the experiences of others

who have experimented with these forecasts and data in
resource management; (2) climatologists, hydrologists, and
social scientists on how to advance the delivery of decision-
support resources that use the most recent forecast products,
methodologies, and tools; and (3) science and resource man-
agers as they plan for future investments in research related
to forecasts and their role in decision support.

P.2 BACKGROUND

Gaining a better understanding of how to provide better
decision support to decision and policy makers is of prime
importance to the CCSP, and it has put considerable effort
and resources towards achieving this goal. For example,
within its Strategic Plan, the CCSP identifies decision sup-
port as one of its four core approaches to achieving its mis-
sion!. The plan endorses the transfer of knowledge gained
from science in a format that is usable and understandable,
and indicates levels of uncertainty and confidence. CCSP
expects that the resulting tools will promote the develop-
ment of new models, tools, and methods that will improve
current economic and policy analyses as well as advance
environmental management and decision making.

CCSP has also encouraged the authors of the 21 Synthesis
and Assessment Products to support informed decision mak-
ing on climate variability and change. Most of the Synthesis
and Assessment Products’ Prospectuses have outlined ef-
forts to involve decision makers, including a broad group of
stakeholders, policy makers, resource managers, media, and
the general public, as either writers or as special workshop/
meeting participants. Inclusion of decision makers in the
Synthesis and Assessment Products also helps to fulfill the
requirements of the Global Change Research Act (GCRA) of
1990 (P.L. 101-606, Section 106), which directs the program

I The four core approaches of CCSP include science, observations,
decision support, and communications.
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to “produce information readily usable by policymakers
attempting to formulate effective strategies for preventing,
mitigating, and adapting to the effects of global change” and
to undertake periodic science “assessments”.

In November 2005, the CCSP held a workshop to address the
potential of those working in the climate sciences to inform
decision and policy makers. The workshop included discus-
sions about decision-maker needs for scientific information
on climate variability and change. It also addressed future
steps, including the completion of this and other Synthesis
and Assessment Products, for research and assessment ac-
tivities that are necessary for sound resource management,
adaptive planning, and policy formulation. The audience
included representatives from academia; governments at
the state, local, and national levels; non-governmental or-
ganizations (NGOs); decision makers, including resource
managers and policy developers; members of Congress; and
the private sector.

P.3 FOCUS OF THIS SYNTHESIS AND
ASSESSMENT PRODUCT

In response to the 2003 Strategic Plan for the Climate
Change Science Program Office, which recommended the
creation of a series of Synthesis and Assessment Product
reports, the National Oceanic and Atmospheric Administra-
tion (NOAA) took responsibility for this Product. An inter-
agency group comprised of representatives from NOAA,
National Aeronautics and Space Administration, U.S.
Environmental Protection Agency, U.S. Geological Survey
and National Science Foundation wrote the Prospectus? for
this Product and recommended that this Synthesis and As-
sessment Product should concentrate on the water resource
management sector. This committee felt that focusing on a
single sector would allow for a detailed synthesis of lessons
learned in decision-support experiments within that sector.
These lessons, in turn, would be relevant, transferable, and
essential to other climate-sensitive resource management
sectors. Water resource management was selected, as it
was the most relevant of the sectors proposed and would be
of interest to all agencies participating in this process. The
group wrote a Prospectus and posed a series of questions
that they felt the CCSP 5.3 Product authors should address
in this Report. Table 1.2 lists these questions and provides
the location within the Synthesis and Assessment Product
where the authors addressed them.

2 The Prospectus is posted on the Climate Change Science Program
website at: http://www.climatescience.gov.
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P.4 THE SYNTHESIS AND ASSESSMENT
WRITING TEAM

This study required an interdisciplinary team that was able
to integrate scientific understandings about forecast and
data products with a working knowledge of the needs of
water resource managers in decision making. As a result,
the team included researchers, decision makers, and federal
government employees with varied backgrounds in the so-
cial sciences, physical sciences, and law. The authors were
identified based on a variety of considerations, including
their past interests and involvements with decision-support
experiments and their knowledge of the field as demon-
strated by practice and/or involvement in research and/or
publications in refereed journals. In addition, the authors
held a public meeting, in January 2007, in which they
invited key stakeholders to discuss their decision support
experiments with the committee. Working with authors and
stakeholders with such varied backgrounds presented some
unique challenges including preconceived notions of other
disciplines, as well as the realization that individual words
have different meanings in the diverse disciplines. For ex-
ample, those with a physical science background understood
a more quantifiable definition for the words ‘confidence’
and ‘uncertainty’ than the more qualitative (i.e., behavioral)
view of the social scientists.

The author team for this Product was constituted as a Federal
Advisory Committee in accordance with the Federal Advi-
sory Committee Act of 1972 as amended, 5 U.S.C. App.2.
The full list of the author team, in addition to a list of lead
authors provided at the beginning of each Chapter, is pro-
vided on page 3 of this Report. The editorial staff reviewed
the scientific and technical input and managed the assembly,
formatting, and preparation of the Product.
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EXECUTIVE SUMMARY

ES.1 WHAT IS DECISION SUPPORT AND
WHY IS IT NECESSARY?

Earth’s climate is naturally varying and also changing in
response to human activity. Our ability to adapt and respond
to climate variability and change depends, in large part, on
our understanding of the climate and how to incorporate
this understanding into our resource management decisions.
Water resources, in particular, are directly dependent on the
abundance of rain and snow, and how we store and use the
amount of water available. With an increasing population, a
changing climate, and the expansion of human activity into
semi-arid regions of the United States, water management
has unique and evolving challenges. This Product focuses
on the connection between the scientific ability to predict
climate on seasonal scales and the opportunity to incorpo-
rate such understanding into water resource management
decisions. Reducing our societal vulnerability to changes in
climate depends upon our ability to bridge the gap between
climate science and the implementation of scientific under-
standing in our management of critical resources, arguably
the most important of which is water. It is important to note,
however, that while the focus of this Product is on the water
resources management sector, the findings within this Syn-
thesis and Assessment Product may be directly transferred
to other sectors.

The ability to predict many aspects of climate and hydro-
logic variability on seasonal-to-interannual time scales is a
significant success in Earth systems science. Connecting
the improved understanding of this variability to water re-
sources management is a complex and evolving challenge.
While much progress has been made, conveying climate
and hydrologic forecasts in a form useful to real world de-
cision making introduces complications that call upon the

skills of not only climate scientists, hydrologists, and water
resources experts, but also social scientists with the capacity
to understand and work within the dynamic boundaries of
organizational and social change.

Up until recent years, the provision of climate and hydrologic
forecast products has been a producer-driven rather than a
user-driven process. The momentum in product develop-
ment has been largely skill-based rather than a response to
demand from water managers. It is now widely accepted
that there is considerable potential for increasing the use and
utility of climate information for decision support in water
resources management even without improving the skill
level of climate and hydrologic forecasts. The outcomes of
“experiments” intended to deliver climate-related decision
support through “knowledge-to-action networks” in water
resource related problems are encouraging.

Linkages between climate and hydrologic scientists are
getting stronger as they now more frequently collaborate to
create forecast products. A number of complex factors influ-
ence the rate at which seasonal water supply forecasts and
climate-driven hydrologic forecasts are improving in terms
of skill level. Mismatches between needs and information
resources continue to occur at multiple levels and scales.
Currently, there is substantial tension between providing
tools at the space and time scales useful for water resources
decisions that are also scientifically accurate, reliable, and
timely.

The concept of decision support has evolved over time. Early
in the development of climate information tools, decision
support meant the translation and delivery of climate science
information into forms believed to be useful to decision mak-
ers. With experience, it became clear that climate scientists
often did not know what kind of information would be useful
to decision makers. Further, decision makers who had never
really considered the possibility of using climate information
were not yet in a position to articulate what they needed. It
became obvious that user groups had to be involved at the
point at which climate information began to be developed.
Making climate science useful to decision makers involves
a process in which climate scientists, hydrologists, and the
potential users of their products engage in an interactive
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dialogue during which trust and confidence is
built at the same time that climate information
is exchanged.

The institutional framework in which decision-
support experiments are developed has impor-
tant effects. Currently there is a disconnect
between agency-led operational forecasts and
experimental hydrologic forecasts being carried
out in universities. However, as shown by the
experiments highlighted in this Product, it is
possible to develop decision-support tools, pro-
cesses and institutions that are relevant to dif-
ferent geographical scales and are sufficiently
flexible to serve a diverse body of users. Such
tools and processes can reveal commonalities
of interests and shared vulnerabilities that are
otherwise obscure. Well-designed tools, institu-
tions, and processes can clarify necessary trade-
offs of short- and long-term gains and losses to
potentially competing values associated with
water allocation and management.

Evidence suggests that many of the most suc-
cessful applications of climate information to
water resource problems occur when committed
leaders are poised and ready to take advantage
of unexpected opportunities. In evaluating the
ways in which science-based climate informa-
tion is finding its way to users, it is important
to recognize that straightforward, goal-driven
processes do not characterize the real world.
We usually think of planning and innovation as
a linear process, but experience shows us that,
in practice, it is a nonlinear, chaotic process
with emergent properties. This is particularly
true when working with climate impacts and
resource management. It is clear that we must
address problems in new ways and understand
how to encourage diffusion of innovations.

The building of knowledge networks is a valu-
able way to provide decision support and pursue
strategies to put knowledge to use. Knowledge
networks require widespread, sustained human
efforts that persist through time. Collabora-
tion and adaptive management efforts among
resource managers and forecast producers with
different missions show that mutual learning
informed by climate information can occur
between scientists with different disciplinary
backgrounds and between scientists and manag-
ers. The benefits of such linkages and relation-
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ships are much greater than the costs incurred
to create and maintain them, however, the op-
portunities to build these associations are often
neglected or discouraged. Collaborations across
organizational, professional, disciplinary, and
other boundaries are often not given high pri-
ority; incentives and reward structures need to
change to take advantage of these opportuni-
ties. In addition, the problem of data overload
for people at critical junctions of information
networks, and for people in decision-making
capacity such as those of resource managers
and climate scientists, is a serious impediment
to innovation.

Decision-support experiments employing
climate related information have had varying
levels of success in integrating their findings
with the needs of water and other resource
managers.

ES.2 CLIMATE AND
HYDROLOGIC FORECASTS: THE
BASIS FOR MAKING INFORMED
DECISIONS

There are a wide variety of climate and hy-
drologic data and forecast products currently
available for use by decision makers in the
water resources sector. However, the use of
official seasonal-to-interannual (SI) climate
and hydrologic forecasts generated by fed-
eral agencies remains limited in this sector.
Forecast skill, while recognized as just one of
the barriers to the use of SI climate forecast
information, remains a primary concern among
forecast producers and users. Simply put, there
is no incentive to use SI climate forecasts when
they are believed to provide little additional
skill to existing hydrologic and water resource
forecast approaches (described in Chapter

2). Not surprisingly, there is much interest in

improving the skill of hydrologic and water

resources forecasts. Such improvements can be
realized by pursuing several research pathways,
including:

*  Improved monitoring and assimilation of
real-time hydrologic observations in land
surface hydrologic models that leads to
improved estimates for initial hydrologic
states in forecast models;

» Increased accuracy in SI climate forecasts;
and



* Improved bias corrections in existing
forecasts.

Another aspect of forecasts that serves to limit
their use and utility is the challenge in interpret-
ing forecast information. For example, from
a forecast producer’s perspective, confidence
levels are explicitly and quantitatively con-
veyed by the range of possibilities described in
probabilistic forecasts. From a forecast user’s
perspective, probabilistic forecasts are not al-
ways well understood or correctly interpreted.
Although structured user testing is known to
be an effective product development tool, it is
rarely done. Evaluation should be an integral
part of improving forecasting efforts, but that
evaluation should be extended to factors that
encompass use and utility of forecast infor-
mation for stakeholders. In particular, very
little research is done on effective SI forecast
communication. Instead, users are commonly
engaged only near the end of the product devel-
opment process.

Other barriers to the use of SI climate forecasts
in water resources management have been iden-
tified and those that relate to institutional issues
and aspects of current forecast products are
discussed in Chapters 3 and 4 of this Product.

Pathways for expanding the use and improv-
ing the utility of data and forecast products to
support decision making in the water resources
sector are currently being pursued at a variety
of spatial and jurisdictional scales in the United

States. These efforts include:

* Anincreased focus on developing forecast
evaluation tools that provide users with
opportunities to better understand forecast
products in terms of their expected skill
and applicability;

* Additional efforts to explicitly and quan-
titatively link SI climate forecast informa-
tion with SI hydrologic and water supply
forecasting efforts;

* An increased focus on developing new
internet-based tools for accessing and
customizing data and forecast products
to support hydrologic forecasting and
water resources decision making (e.g., the
Advanced Hydrologic Prediction Service
[AHPS] described in Chapters 2 and 3);
and
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*  Further improvements in the skill of hydro-
logic and water supply forecasts.

Many of these pathways are currently being
pursued by the federal agencies charged with
producing the official climate and hydrologic
forecast and data products for the United States,
but there is substantial room for increasing these
activities.

Recent improvements in the use and utility
of data and forecast products related to water
resources decision making have come with an
increased emphasis on these issues in research
funding agencies through programs like the
National Oceanic and Atmospheric Administra-
tion’s Regional Integrated Sciences and Assess-
ments (RISA), Sectoral Applications Research
Program (SARP), Transition of Research Ap-
plications to Climate Services (TRACS) and
Climate Prediction Program for the Americas
(CPPA) and the World Climate Research Pro-
gramme’s Global Energy and Water Cycle
Experiment (GEWEX) programs. Sustaining
and accelerating future improvements in the
use and utility of official data and forecast
products in the water resources sector rests
in part on investments in programs focused
on improving the skill in forecasts, increasing
the access to data and forecast products, iden-
tifying processes that influence the creation
of knowledge-to-action networks for making
climate information useful for decision making,
and fostering sustained interactions between
forecast producers and consumers.

ES.3 DECISION-SUPPORT
EXPERIMENTS IN THE WATER
RESOURCE SECTOR

Decision-support experiments that test the
utility of SI information for use by water
resource decision makers have resulted in
a growing set of successful applications.
However, there is significant opportunity
for expansion of applications of climate-
related data and decision-support tools, and
for developing more regional and local tools
that support management decisions within
watersheds. Among the factors as to how and/
or whether tools are used depends on:
* The range and complexity of water re-
sources decisions. This is compounded by
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the numerous organizations responsible
for making these decisions and the shared
responsibility for implementing them.

*  Policies and organizational rules that im-
pact the rate at which innovation occurs.
Some larger institutions have historically
been reluctant to change practices, in part
because of value differences, risk aversion,
fragmentation, and sharing of authority.
This conservatism impacts how decisions
are made as well as whether to use newer,
scientifically generated information,
including SI forecasts and observational
data.” However, its not necessarily true that
policies and rule inhibit all innovation, or
that policies and rules are always inflex-
ible. In fact many policies are specifically
developed to advance innovation and the
quality of information can promote use
even under unfavorable circumstances.

» Different spatial and temporal frames for
decisions. Spatial scales for decision mak-
ing range from local, state, and national
levels to international. Temporal scales
range from hours to multiple decades
impacting policy, operational planning, op-
erational management, and near real-time
operational decisions. Resource managers
often make multi-dimensional decisions
spanning various spatial and temporal
frames.

*  Communication of risks differs among
scientific, political, and mass media elites,
each systematically selecting aspects of
these issues that are most salient to their
conception of risk, and thus, socially con-
structing and communicating its aspects
most salient to a particular perspective.

Decision-support systems are not often well
integrated into planning and management
activities, making it difficult to realize the full
benefits of these tools. Because use of many
climate products requires special training or
access to data that are not readily available,
decision-support products may not equitably
reach all audiences. Moreover, over-specializa-
tion and narrow disciplinary perspectives make
it difficult for information providers, decision
makers, and the public to communicate with one
another. Three lessons stem from this:
*  Decision makers need to understand the
types of predictions that can be made, and
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the tradeoffs between longer-term predic-
tions of information at the local or regional
scale on one hand, and potential decreases
in accuracy on the other.

*  Decision makers and scientists need to
work together in formulating research
questions relevant to the spatial and tempo-
ral scale of problems the former manage.

*  Scientists should aim to generate findings
that are accessible and viewed as useful, ac-
curate, and trustworthy by stakeholders.

ES.4 MAKING DECISION-
SUPPORT INFORMATION
USEFUL, USEABLE, AND
RESPONSIVE TO DECISION-
MAKER NEEDS

Decision-support experiments that apply SI
climate variability information to basin and
regional water resource problems serve as test-
beds that address diverse issues faced by deci-
sion makers and scientists. They illustrate how
to articulate user needs, overcome communica-
tion barriers, and operationalize forecast tools.
They also demonstrate how user participation
can be incorporated in tool development.

Five major lessons emerge from these experi-

ments and supporting analytical studies:

*  The effective integration of SI climate in-
formation in decisions requires long-term
collaborative research and application of
decision support through identifying prob-
lems of mutual interest. This collaboration
will require a critical mass of scientists and
decision makers to succeed, and there is
currently an insufficient number of “inte-
grators” of climate information for specific
applications.

* Investments in long-term research-based
relationships between scientists and de-
cision makers must be encouraged. In
general, progress on developing effective
decision-support systems is dependent
on additional public and private interest
and efforts to facilitate better networking
among decision makers and scientists at all
levels as well as public engagement in the
fabric of decision making.

+  Effective decision-support tools must wed
national production of data and technolo-
gies to ensure efficient, cross-sector useful-



ness with customized products for local
users. This requires that tool developers
engage a wide range of participants, includ-
ing those who generate tools and those who
translate them, to ensure that specially-
tailored products are widely accessible and
are immediately adopted by users insuring
relevancy and utility.

*  The process of tool development must be
inclusive, interdisciplinary, and provide
ample dialogue among researchers and
users. To achieve this inclusive process,
professional reward systems that recognize
people who develop, use, and translate
such systems for use by others are needed
within management and related agencies,
universities, and organizations. Critical to
this effort, further progress in boundary
spanning—the effort to translate tools to
avariety of audiences—requires consider-
able organizational skills.

* Information generated by decision-support
tools must be implementable in the short
term for users to foresee progress and sup-
port further tool development. Thus, efforts
must be made to effectively integrate public
concerns and elicit public information
through dedicated outreach programs.

ES.5 LOOKING TOWARD THE
FUTURE; RESEARCH PRIORITIES

A few central themes emerge from this Prod-
uct, and are summarized in this Section. Key
research priorities are also highlighted.

ES.5.1 Key Themes

1) The “Loading Dock Model” of Information
Transfer is Unworkable.

Skill is a necessary ingredient in perceived
forecast value, yet more forecast skill by itself
does not imply more forecast value. Lack of
forecast skill and/or accuracy may be one of the
impediments to forecast use, but there are many
other barriers as well. Such improvements must
be accompanied by better communication and
stronger linkages between forecasters and po-
tential users. In this Product, we have stressed
that forecasts flow through knowledge net-
works and across disciplinary and occupational
boundaries. Thus, forecasts need to be useful
and relevant in the full range from observations
to applications, or “end-to-end useful”.
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2) Decision Support is a Process Rather Than
a Product.

As knowledge systems have come to be bet-
ter understood, providing decision support
has come to be understood not as information
products but as a communications process that
links scientists with users.

3) Equity May Not Be Served.

Information is power in global society and,
unless it is widely shared, the gaps between
the rich and the poor, and the advantaged and
disadvantaged may widen. Efforts to meet,
communicate effectively with, and incorporate
the perspectives of the poor and disadvantaged
require the ability: to transmit and dissemi-
nate information in a clear, non-technical and
vernacular language; to embrace the actual
concerns of farmers, peasants, villagers, etc.
(e.g., drought, floods, their effects on crops,
livelihoods), and to undertake public outreach
that elicits the type of information they need —
not just the kind of information scientists are
likely to generate.

4) Science Citizenship Plays an Important Role
in Developing Appropriate Solutions.

A new paradigm in science is emerging, one
that emphasizes science-society collaboration
and production of knowledge tailored more
closely to society’s decision-making needs.
Concerns about climate impacts on water re-
source management are among the most press-
ing problems that require close collaboration
between scientists and decision makers.

5) Trends and Reforms in Water Resources
Provide New Perspectives.

Some researchers suggest that, since the 1980s,
a “new paradigm” or frame for federal water
planning has occurred, although no clear
change in law has brought this change about.
This new paradigm appears to reflect the as-
cendancy of an environmental protection ethic
among the general public. The new paradigm
emphasizes greater stakeholder participation
in decision making; explicit commitment to
environmentally-sound, socially-just outcomes;
greater reliance upon drainage basins as plan-
ning units; program management via spatial and
managerial flexibility, collaboration, participa-
tion, and sound, peer-reviewed science; and,
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embracing of ecological, economic, and equity
considerations.

6) Useful Evaluation of Applications of Climate
Variation Forecasts Requires Innovative Ap-
proaches.

There can be little argument that SI forecast
applications must be evaluated just as most
other programs that involve substantial public
expenditures are assessed. This Product illus-
trates many of the difficulties of using standard
evaluation techniques.

ES.5.2 Research Priorities

As a result of the findings in this Product, we
suggest that a number of research priorities
should constitute the focus of attention for
the foreseeable future. These priorities (not in

order) are:

* Improving climate and hydrologic fore-
casts;

* Improving the communication of uncer-
tainties;

*  Enhancing monitoring to better link cli-
mate and hydrologic forecasts;

*  Expanding our understanding of the deci-
sion context within which decision support
tools are used,

*  Enhancing assessments of decision-maker
perceptions of climate risk and vulner-
ability;

*  Understanding the role of public pressures
and networks in generating demands for
climate information,

*  Bettering integration of SI climate science
into decision making;

* Improving the generalizability/transfer-
ability of case studies on decision-support
experiments, and

*  Sustaining long-term scientist-decision-
maker interactions and collaborations and
development of science citizenship and
production of knowledge tailored more
closely to society’s decision-making needs
within a variety of natural resource man-
agement areas.
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1. INTRODUCTION

Increasingly frequent headlines such as “UN
Calls Water Top Priority” (The Washington
Post, January 25, 2008), “Drought-Stricken
South Facing Tough Choices” (The New York
Times, Oct 15, 2007), and “The Future is Drying
Up” (The New York Times, October 21, 2007),
coupled with the realities of less-available water,
have alerted decision makers, from governors
and mayors to individual farmers, that climate
information is crucial for future planning.
Over the past quarter-century, there have been
significant advances in the ability to monitor
and predict important aspects of seasonal-to-
interannual (SI) variations in climate, especially
those associated with variations of the El-Nifio
Southern Oscillation (ENSO) cycle. Predictions
of climate variability on SI time scales are now
routine and operational, and consideration of
these forecasts in making decisions has become
more commonplace. Some water resources
decision makers have already begun to use sea-
sonal, interseasonal, and even longer time scale
climate forecasts and observational data to as-
sess future options, while others are just begin-
ning to realize the potential of these resources.
This Product is designed to show how climate
and hydrologic forecast and observational data
are being used or neglected by water resources
decision makers and to suggest future pathways
for increased use of this data.

Waple, STG Inc.

The Climate Change Science Program (CCSP)
included a chapter in its 2003 Strategic Plan that
described the critical role of decision support in
climate science; previous assessment analyses
and case studies have highlighted the impor-
tance of assuring that climate information and
data would be used by decision makers and not
be produced without knowledge of its applica-
tion. Since that time, there has been increased
interest and research in decision-support sci-
ence focused on organizations using SI fore-
casts and observational data in future planning.
Since the release of the 2003 Strategic Plan, one
of the main purposes of CCSP continues to be
to “provide information for decision-making
through the development of decision-support
resources” (CCSP, 2008"). As aresult, CCSP has
charged this author group to produce a Synthe-
sis and Assessment Product (SAP) that directly
addresses decision-support experiments and
evaluations in the water resources sector. This
is that Product.

The authors of this Product concentrated their
efforts on discussing SI forecasts and data
products. In some cases, however, longer-
range forecasts are discussed because they
have become a part of the context for decision-
making processes. We provided a range of

! According to this same document, “Decision-
support resources, systems, and activities are climate-
related products or processes that directly inform or
advise stakeholders to help them make decisions”.
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The impact of climate
on water resource
management has
far-reaching
implications for
everyone, from the
farmer who may
need to change

the timing of

crop planting/
harvesting or the
crop type itself,

to citizens who may
have to relocate
because their potable
water supply has

disappeared.

domestic case study examples, referred to as
“experiments and/or evaluations”, and have also
provided some international examples, where
appropriate.

1.2 INCREASING STRESS AND
COMPLEXITY IN WATER
RESOURCES

Under global warming conditions and an ac-
celerating demand for abundant water supplies,
water management may become an increasingly
politically charged issue throughout the world
in the coming century. Emerging challenges
in water quantity, quality, pricing, and water
management in relation to seasonal climate
fluctuations may increase as the demand for
water continues to rise. Though the total vol-
ume of water on the planet may be sufficient
for societal needs, the largest portion of this
water is geographically remote, misallocated,
wasted, or degraded by pollution (Whiteley et
al., 2008). At the same time, there are shifts in
water usage, the societal value of natural water
systems, and the laws that govern management
of this resource. Accordingly, the impact of
climate on water resource management has
far-reaching implications for everyone, from the
farmer who may need to change the timing of
crop planting/harvesting or the crop type itself,
to citizens who may have
to relocate because their
potable water supply has
disappeared.

In the United States, wa-
ter resource decisions are
made at multiple levels of
government and, increas-
ingly, by the private sec-
tor. Water is controlled,
guided, governed, or
measured by a gamut
of federal agencies that
oversee various aspects
from quality (e.g., U.S.
Environmental Protec-
tion Agency [EPA]) to
quantity (e.g., U.S. Geo-
logical Survey [USGS],
Bureau of Reclamation
[Reclamation], and U.S.
Army Corps of Engi-
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neers [USACE]). This is complicated by state,
regional, and jurisdictional boundaries and
responsibilities. Defining a “decision maker”
is equally difficult given the complexity of
water’s use and the types of information that
can be used to make decisions. Our challenge
in writing this Product is to reflect the various
models under which water is managed and the
diverse character of decisions that comprise
water management. To illustrate, the term
“water management” encompasses decisions
made by: a municipal water entity regarding
when to impose outdoor water restrictions;
a federal agency regarding how to operate a
storage facility; the United States Congress
regarding funding of recovery efforts for an
endangered species; and by state governments
regarding water purchases necessary to ensure
compliance with negotiated compacts.

These types of decisions may be based on
multiple factors, such as cost, climate (past
trends and future projections), community
preferences, political advantage, and strategic
concerns for future water decisions. Further,
water is associated with many different values
including economic security, opportunity,
environmental quality, lifestyle, and a sense of
place (Blatter and Ingram, 2001). Information
about climate variability can be expected to af-
fect some of these decisions and modify some
of these values. For other decisions, it may be of
remote interest or viewed as entirely irrelevant.
For instance, the association of access to water
with respect to economic security is relatively
fixed while the association of water to lifestyle
choices such as a preference for water-based
sports may vary with additional information
about variability in climate.

The rapidly-closing gap between usable sup-

plies and rising demand is being narrowed by

a myriad of factors, including, but not limited

to:

* Increasing demand for water with popula-
tion growth in terms of potable drinking
water, agricultural/food requirements, and
energy needs.

*  Greater political power of recreational
and environmental interests that insist on
minimum instream flows in rivers.

*  Groundwater reserves where development
enabled the expansion of agriculture in the



western United States and is the basis for
the development of several urban regions.
As groundwater reserves are depleted, pres-
sure increases on other water sources.

*  Water quality problems that persist in many
places, despite decades of regulations and
planning.

At the same time, there are some compensat-

ing innovations taking place in some areas (see

Section 5.2.5).

The best-documented pressure is population
growth, which is occurring in the United
States as a whole, and especially in the South
and Southwest regions where water resources
are also among the scarcest. Water rights are
afforded to the earliest users in many states,
and new users without senior rights often must
search for additional supplies. Las Vegas, Ne-
vada is a case study of the measures required
to provide water in the desert, but Phoenix,
Albuquerque, Denver, Los Angeles and a host
of other western cities provide comparable
examples. In the southeastern United States,
rapid population growth in cities (e.g., Atlanta),
combined with poor management and growing
environmental concerns that require water to
sustain fish and wildlife habitats, have led to
serious shortages.

Recreational and environmental interests also
have a direct stake in how waters are managed.
For example, fishing and boating have increased
in importance in recent decades as recreational
uses have expanded and the economic basis of
our economy has shifted from manufacturing
to service.

Groundwater mining is a wild card in national
water policy. Water resource allocation is gener-
ally a matter of state, not federal, control, and
states have different policies with respect to
groundwater. Some have no regulation; others
permit mining (also referred to as groundwater
overdrafting). Because groundwater is not vis-
ible and its movement is not well understood,
its use is less likely to be regulated than surface
water use. The effects of groundwater mining
become evident not only in dewatering streams,
but also impact regions that must search for
alternative sources of water when sources di-
minish or disappear.

Decision-Support Experiments and Evaluations using Seasonal to
Interannual Forecasts and Observational Data: A Focus on Water Resources

Historically, the solution for a supply-side
response to increasing demand has focused
on building new reservoirs, new pipelines to
import water from distant basins, and new
groundwater extraction systems. In the recent
past, the United States engaged in an extended
period of big dam and aqueduct construction
(Worster, 1985) in which most of the appropriate
construction sites were utilized. Other options
have also been explored such as water reuse.
As rivers have become fully appropriated, or
over appropriated, there is no longer “surplus”
water available for development. Environmental
and recreational issues are impacted by further
development of rivers, making additional water
projects more difficult. Increasing demands for
water are not likely to lead to the development
of major additional water sources, although
additional storage as well as other conserva-
tion tools (possibly including but not limited
to water reuse, best management practices,
and wetland banking) are being considered by
water managers; however, it is too early in their
evolution and adoption to determine what their
impact will be on water supply.

In response to the growing imbalance between
demand and supply, water utilities and juris-
dictions have been investing in new sources
of water and improved system efficiency for
decades Reuse of municipal wastewater has
become a significant
component of the wa-
ter supply picture in
the Southwestern US
(California, Arizona,
New Mexico, and Tex-
as) and Florida, and
is quickly expanding
in other regions. It is
viewed as a particular-
ly important resource
in areas where the
population is growing,
since production of
wastewater generally
expands in propor-
tion to the number of
households involved
as other sources are
diminished. Other ju-
risdictions have tried
options such as con-
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Natural disasters,
including Hurricane
Katrina and recent
sustained droughts
in the United
States, have raised
awareness of
society’s vulnerability
to flood, drought,
and degradation

of water quality.

servation, capturing rainwater for on-site use,
improving capture and retention of floodflows,
conjunctive management of groundwater and
surface water, etc.

Many utilities have found that in the absence
of a public perception of imminent threat to the
adequacy of the water supply, that it is difficult
to provide incentives to cause changes in human
behavior leading to substantial water conserva-
tion because despite its actual value to society,
water is relatively inexpensive. Politicians have
found that the public does not welcome sharp
increases in the price of water, even if the
rationale for price increases is well described
(Martin, 1984).

Water usage may also be examined by the rela-
tive flexibility of each demand. Municipal and
industrial demands can be moderated through
conservation or temporary restrictions, but
these demands are less elastic than agricultural
use. Agricultural uses, which comprise the larg-
est users by volume, can be restricted in times
of drought without major economic dislocations
if properly implemented; however, the increas-
ing connection between water and energy
may limit this flexibility. Greater reliance on
biofuels both increases competition for scarce
water supplies and diverts irrigated agriculture
from the production of food to the production
of oilseeds such as soybeans, corn, rapeseed,
sunflower seed, and sugarcane, among other
crops used for biofuel. This changes the pattern
of agricultural water use in the United States
(Whiteley et al., 2008).

The rationalization of U.S. policies concern-
ing water has been a goal for many decades.
Emergent issues of increased climate variability
and change may be the agents of transforma-
tion for United States water policies as many
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regions of the country are forced to examine
the long term sustainability of water related
management decisions (NRC, 1999b; Jacobs
and Holway, 2004).

1.2.1 The Evolving Context:

The Importance of Issue Frames

In order to fully understand the context in which
a decision is made, those in the decision sup-
port sciences often look at the “issue frame”
or the factors influencing the decision makers,
including society’s general frame of mind at the
time. A common denominator for conceptual-
izing a frame is the notion that a problem can
be understood or conceptualized in different
ways (Dewulf et al., 2005). For the purpose of
this Product, an issue frame can be considered a
tool that allows us to understand the importance
of a problem (Weick, 1995). Thus, salience is
an important part of framing. Historically low
public engagement in water resource decisions
was associated with the widespread percep-
tion that the adequate delivery of good quality
water is within the realm of experts. Further,
the necessary understanding and contribu-
tion to decisions takes time, commitment, and
knowledge that few possess or seek to acquire
as water appears to be plentiful and is available
when needed. It was understood that consider-
able variations in water supply and quality can
occur, but it was accepted that water resource
managers know how to handle variation.

A series of events and disclosures of scientific
findings have profoundly changed the framing
of water issues and the interaction between such
framing and climate variability and change.
As illustrated in Figure 1.1, natural disasters,
including Hurricane Katrina and recent sus-
tained droughts in the United States, have raised
awareness of society’s vulnerability to flood,
drought, and degradation of water quality. Such
extreme events occur as mounting evidence
indicates that water quantity and quality, funda-
mental components of ecological sustainability
in many geographical areas, are threatened
(e.g., deVilliers, 2003). The February 2007
Intergovernmental Panel on Climate Change,
Working Group 1, Fourth Assessment Report
(IPCC, 2007a) reinforced the high probability
of significant future climate change and more
extreme climate variation, which is expected to
affect many sectors, including water resources.
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Figure 1.1 Timeline from 1970 to present of key natural and cultural events contributing to a widespread change in

context for increasing awareness of climate issues.

The Report received considerable press cover-
age and generated increased awareness among
the public and policy makers. Instead of being
a low visibility issue, the issue frame for water
resources has become that of attention-grabbing
risk and uncertainty about such matters as rising
sea levels, altered water storage in snow packs,
and less favorable habitats for endangered fish
species sensitive to warmer water temperatures.
Thus, the effects of global warming have been
an emerging issue-frame for water resources
management.

Along with greater visibility of water and
climate issues has come greater political and
public involvement. At the same time, with an
increase in discovery and awareness of climate
impacts, there has been a deluge of policy ac-
tions in the form of new reports and passage
of climate-related agreements and legislation

(see Figure 1.2). Higher visibility of climate
and water variability has put pressure on water
managers to be proactive in response to ex-
pected negative effects of climate variability
and change (Hartmann, et al., 2002; Carbone
and Dow, 2005). Specifically, in the case of
water managers in the United States, perception
of risk has been found to be a critical variable
for the adoption of innovative management in
the sector (O’Connor et al., 2005).

Frames encompass expectations about what
can happen and what should be done if certain
predicted events do occur (Minsky, 1980). The
emergent issue frame for water resource man-
agement is that new knowledge (about climate
change and variability) is being created that
warrants management changes. Information
and knowledge about climate variability expe-
rienced in the recent historical past is no longer

The emergent
issue frame for
water resource

management

is that new
knowledge (about
climate change

and variability)

is being created

that warrants
management changes.
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Figure 1.2 Timeline from 1970 to present of key policy events contributing to a widespread change in context for
increasing awareness of climate issues.

Only in the last
decade or so have
climate scientists
become able to
predict aspects of
future climate
variations one to

a few seasons

in advance with better
forecast skill than can
be achieved by

simply using

historical averages

for those seasons. This
is a fundamentally new
scientific advance.

as valuable as once it was, and new knowledge
must be pursued (Milly ez al., 2008 ). Organiza-
tions and individuals face a context today where
perceived failure to respond to climate variation
and change is more risky than maintaining the
status quo.

1.2.2 Climate Forecasting Innovations
and Opportunities in Water Resources
Only in the last decade or so have climate
scientists become able to predict aspects of
future climate variations one to a few seasons
in advance with better forecast skill than can
be achieved by simply using historical averages
for those seasons. This is a fundamentally new
scientific advance (NRC, 2008).

It is important to emphasize that SI climate
forecasting skill is still quite limited, and
varies considerably depending on lead time,

geographic scale, target region, time of year,
status of the ENSO cycle, and many other issues
that are addressed in Chapter 2. Despite that,
the potential usefulness of this new scientific
capability is enormous, particularly in the water
resources sector. This potential is being harvest-
ed through a variety of experiments and evalu-
ations, some of which appear in this Product.
For instance, reservoir management changes
in the Columbia River Basin in response to SI
climate forecast information have the potential
to generate an average of $150 million per year
more hydropower with little or no loss to other
management objectives (Hamlet et al., 2002).
Table 1.1 illuminates the potential of SI climate
forecasts to influence a wide range of water-
related decisions, potentially providing great
economic, security, environmental quality, and
other gains.
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Table 1.3 Summary of Case Studies (i.e., Experiments and Evaluations) presented in this Product.

Study or Experiment

CPC Seasonal Drought
Outlook (DO)

Chapter

2,Box 2.3

Type of Decision Support

Information Needed, Used
or Delivered

DO is a monthly subjective
consensus forecast between
several agencies and academic
experts, of drought evolution
for three months following the
forecast date.

Most Successful Feature(s)
or Lesson(s) Learned from
Case Study

Primary drought-related agency
forecast produced in US; widely
used by drought management
and response community from
local to regional scales. Research
is ongoing for product improve-
ments.

Testbeds

2,Box 2.4

Testbeds are a mix of research
and operations, and serve as a
conduit between operational,
academic and research com-
munities. NOAA currently
operates several testbeds (e.g,
Hazardous Weather, Climate
and Hurricanes).

Testbeds focus on introduc-

ing new ideas and data to the
existing system and analyzing the
results through experimentation
and demonstration. Satisfaction
with testbeds has been high for
operational and research partici-
pants alike.

Advanced Hydrologic
Prediction Service (AHPS)

2, Box 2.5;3,
Section 3.3.1.2

AHPS provides data more
quickly and at smaller scale
(i.e., local watershed) than
previous hydrographic models;
directly links to local decision
makers.

More accurate, detailed, and
visually oriented outputs provide
longer-range forecasts than
current methods. Also includes
a survey process and outreach,
training, and educational activi-
ties.

NWS Local 3-Month
Outlook for Temp & Precip
(L3MO)

2,Box 2.6

Designed to clarify and down-
scale the national-scale CPC
Climate Outlook temperature
forecast product.

Outlook is new; it became
operational in January 2007. The
corresponding local product for
precipitation is still in develop-
ment as of this writing.

Southwest drought-climate
variability & water manage-
ment

3, Section 3.2.3.2

Regional studies of: as-
sociations between ENSO
teleconnections, multi-decadal
variations in Pacific Ocean-at-
mosphere system, and regional
climate show potential pre-
dictability of seasonal climate
and hydrology.

New Mexico and Arizona have
been working to integrate new
decision support tools and
data into their drought plans;
Colorado River Basin water
managers have commissioned
tree ring reconstructions of
streamflow to revise estimates
of record droughts, and to
improve streamflow forecast
performance.

Red River of the North
—Flooding and Water
Management

3, Section 3.2.4

Model outputs to better use
seasonal precipitation, snow-
melt, etc., are being used in
operations decisions; however,
the 1997 floods resulted in

$4 billion in losses. The River
crested 5 feet over the flood
height predicted by the North
Central River Forecast Cen-
ter; public blamed National
Weather Service for a faulty
forecast.

There is a need for (I) improved
forecasts (e.g., using recent data
in flood rating curves, real-time
forecasting); (2) better forecast
communication (e.g., warn-

ings when rating curve may be
exceeded and including user
feedback in improved forecast
communication); and (3) more
studies (e.g., reviewing data for
future events).
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Study or Experiment

Credibility and the Use of
Climate Forecasts: Yakima
River Basin/El Nifo

3, Section 3.2.4

Type of Decision
Support Information
Needed, Used or
Delivered

In 1997, USBR issued a
faulty forecast for summer
runoff to be below an estab-
lished threshold. Result was
increased animosity be-
tween water rights holders,
loss of confidence in USBR,
lawsuits against USBR.
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Most Successful
Feature(s) or Lesson(s)
Learned from Case Study

There is a need for greater
transparency in forecast
methods (including issuing
forecast confidence lim-

its), better communication
between agencies and the
public, and consideration of
consequences of actions taken
by users in the event of a bad
forecast.

Credibility and the Use of
Climate Forecasts: Colo-
rado Basin Case Studies

3, Section 3.2.4

In 1997, the USBR issued a
forecast, based on snow-
pack, for summer runoff to
be below the legally estab-
lished threshold, resulting in
jeopardized water possibili-
ties for junior water rights
holders.

Need to improve transpar-
ency in forecast methods (e.g,
issuing forecast confidence
limits, better communication
between agencies and the
public, and consideration of
users’ actions in the event of
a bad forecast), would have
improved the forecast value
and the actions taken by the
USBR.

Southeast Drought:
Another Perspective on

A lack of tropical storms/
hurricanes and societal
influences such as oper-
ating procedures, laws
and institutions led to

Impacts exacerbated by (1)
little action to resolve river
basin conflicts between GA,
AL, and FL; (2) incompatibility
of river usage (e.g., protecting
in-stream flow while permit-
ting varied off-stream use),

3, Section 3.3.1 3) conflicts between up- and
Water Problems in the the 2007-2008 Southeast (3) i
. . down-stream demands (i.e.,
Southeastern United States Drought, resulting in
. . ) water supply/wastewater
impacts to agriculture, fish- . .
k .. discharge, recreational use),
eries, and municipal water .
supplies and (4) negotiating process
PP (e.g., compact takes effect only
when parties agree to alloca-
tion formula).
Inclusion of social and physical
. scientists and stakeholders re-
In 1992, in response to a . .
sulted in new knowledge (i.e.,
long drought, the State . .
. . ideas and technologies) that
Policy learning and sea- of Ceara created several -
. . critically affected water re-
sonal climate forecasting levels of water management . . .
. . . . . ) o form, including helping poorer
application in NE Brazil— 3, Section 3.3.1.1 including an interdisciplin-

integrating information into
decisions

ary group within the state
water management agency
to develop and implement
reforms.

communities better adapt to,
and build capacity for manag-
ing climate variability impacts
on water resources; also
helped democratize decision
making.




Study or Experiment

Interpreting Climate
Forecasts—uncertainties
and temporal variability: Use
of ENSO based information
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Chapter

3, Section 3.3.2

Type of Decision
Support Information
Needed, Used or
Delivered

The Arizona Salt River
Project (SRP) made a series
of decisions based on the
1997/1998 El Nifio (EN)
forecast plus analysis of how
ENs tended to affect their
rivers and reservoirs.

Most Successful
Feature(s) or Lesson(s)
Learned from Case Study

SRP managers reduced
groundwater pumping in 1997
in anticipation of a wet winter;
storms provided ample water
for reservoirs. Success was
partly due to availability of

climate and hydrology research

and federal offices in close
proximity to managers. Lack
of temporal and geographical
variability information in cli-
mate processes remains a bar-
rier to adoption/use of specific
products; decisions based only
on forecasts are risky.

How the South Florida
Woater Management District
(SFWMD) Uses Climate
Information

4, Experiment |

SFWMD established a
regulation schedule for Lake
Okeechobee that uses cli-
mate outlooks as guidance
for regulatory release deci-
sions. A decision tree with
a climate outlook is a major
advance over traditional
hydrologic rule curves used
to operate large reservoirs.
This experiment is the only
one identified that uses
decadal climate data in a
decision-support context.

To improve basin management,

modeling capabilities must:
improve ability to differentiate
trends in basin flows associ-
ated with climate variation;
gauge skill gained in using
climate information to predict
basin hydro-climatology;
account for management un-
certainties caused by climate;
and evaluate how climate
projections may affect facil-
ity planning and operations.
Also, adaptive management is
effective in incorporating SI
variation into modeling and
operations decision-making
processes.
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Study or Experiment

Long-Term Municipal Water
Management Planning—
New York City (NYC)

4, Experiment 2

Type of Decision
Support Information
Needed, Used or
Delivered

NYC is adapting strategic
and capital planning to
include the potential effects
of climate change (i.e., sea-
level rise, higher tempera-
tures, increases in extreme
events, and changing pre-
cipitation patterns) on the
City’s water systems. NYC
Department of Environmen-
tal Protection, in partner-
ship with local universities
and private sector consul-
tants, is evaluating climate
change projections, impacts,
indicators, and adaptation
and mitigation strategies

to support agency decision
making.
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Most Successful
Feature(s) or Lesson(s)
Learned from Case Study

This case illustrates (I) plans
for regional capital improve-
ments can include measures
that reduce vulnerability to
sea level rise; (2) the me-
teorological and hydrology
communities need to define
and communicate current and
increasing risks, with explicit
discussion of the inherent un-
certainties; (3) more research
is needed (e.g, to further re-
duce uncertainties associated
with sea-level rise, provide
more reliable predictions of
changes in frequency/intensity
of tropical and extra-tropical
storms, etc.); (4) regional
climate model simulations
and statistical techniques
used to predict long-term
climate change impacts could
be down-scaled to help
manage projected S| climate
variability; and (5) decision
makers need to build support
for adaptive action despite
uncertainties. The extent and
effectiveness of this action will
depend on building awareness
of these issues among decision
makers, fostering processes
of interagency interaction and
collaboration, and developing
common standards.




Study or Experiment

Integrated Forecast and
Reservoir Management
(INFORM)—Northern
California
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Chapter

4, Experiment 3

Type of Decision
Support Information
Needed, Used or
Delivered

INFORM aims to demon-
strate the value of climate,
weather, and hydrology
forecasts in reservoir op-
erations. Specific objectives
are to: (I) implement a pro-
totype integrated forecast-
management system for
the Northern California
river and reservoir system
in close collaboration with
operational forecasting and
management agencies, and
(2) demonstrate the utility
of meteorological/climate
and hydrologic forecasts
through near-real-time tests
of the integrated system
with actual data and man-
agement input.

Most Successful
Feature(s) or Lesson(s)
Learned from Case Study

INFORM demonstrated key
aspects of integrated forecast-
decision systems, i.e., (I)
seasonal climate and hydrologic
forecasts benefit reservoir
management, provided that
they are used in connection
with adaptive dynamic decision
methods that can explicitly ac-
count for and manage forecast
uncertainty; (2) ignoring fore-
cast uncertainty in reservoir
regulation and water manage-
ment decisions leads to costly
failures; and (3) static decision
rules cannot take full advantage
of and handle forecast uncer-
tainty information. The extent
that forecasts help depends

on their reliability, range, and
lead time, in relation to the
management systems’ ability to
regulate flow, water allocation,
etc.

How Seattle Public Utility
(SPU) District Uses Climate
Information to Manage
Reservoirs

4, Experiment 4

Over the past several years
SPU has taken steps to
improve incorporation of
climate, weather, and hydro-
logic information into the
real-time and SI manage-
ment of its mountain water
supply system. They are
receptive to new manage-
ment approaches due to
public pressure and the risk
of legal challenges related
to the protection of fish
populations

The SPU case shows: (I) access
to skillful Sl forecasts enhances
credibility of using climate
information in the region;

(2) monitoring of snowpack
moisture storage and mountain
precipitation is essential for ef-
fective decision making and for
detecting long-term trends that
can affect water supply reliabil-
ity; and (3) SPU has significant
capacity to conduct in-house
investigations/assessments. This
provides confidence in the use
of information.
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Study or Experiment

Using Paleo-climate
Information to Examine
Climate Change Impacts

Chapter

4, Experiment 5

Type of Decision
Support Information
Needed, Used or
Delivered

Because of repeated
drought, western water
managers, through partner-
ships with researchers in
the inter-mountain West
have chosen to use paleocli-
mate records of streamflow
and hydroclimatic variability
to provide an extended
record for assessing the
potential impact of a more
complete range of natural
variability as well as provid-
ing a baseline for detecting
regional impacts of global
climate change.
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Most Successful
Feature(s) or Lesson(s)
Learned from Case Study

Partnerships have led to a
range of applications evolving
from a better understanding
of historical drough condi-
tions to assessing drought im-
pacts on water systems using
tree ring reconstructed flows.
Workshops have expanded
applications of the tree ring
based streamflow reconstruc-
tions for drought planning
and water management. Also,
an online resource provides
water managers access to
gage and reconstruction data
and a tutorial on reconstruc-
tion methods for gages in
Colorado and California.

Climate, Hydrology, and
Water Resource Issues in
Fire-Prone United States
Forests

4, Experiment 6

The 2000 experiment, con-
sisting of annual workshops
to evaluate the utility of
climate information for fire
management, was initiated
to inform fire managers
about climate forecasting
tools and to enlighten cli-
mate forecasters about the
needs of the fire manage-
ment community.

Fire-climate workshops are
now accepted practice by
agencies with an annual as-
sessment of conditions and
production of pre-season fire-
climate forecasts. Scientists
and decision makers continue
to explore new questions, as
well as involve new partici-
pants, disciplines and special-
ties, to make progress in key
areas (e.g., lightning climatolo-

gies).

The CALFED — Bay Delta
Program: Implications of
Climate Variability

4 Experiment 7

Delta requirements to
export water supplies to
southern California are
complicated by: managing
habitat and water supplies
in the region, maintaining
endangered fish species,
making major long-term
decisions about rebuilding
flood control levees and
rerouting water supply net-
works through the region.

A new approach has led to
consideration of climate
change and sea level rise in
infrastructure planning; the
time horizon for planning has
been extended to 200 years.
Because of incremental chang-
es in understanding changing
climate, this case shows the
importance of using adaptive
management strategies.




Study or Experiment

Regional Integrated Science
and Assessment Teams
(RISAs)—An Opportunity
for Boundary Spanning, and
a Challenge
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Se