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Preface

At the dawn of the 21st century the United States faces a panoply of water
problems that are significantly more numerous, complex, and larger in scope than
those of the past. Serious issues about how water resources are to be protected
and managed are not confined to one or several regions; they are found nation-
wide. Increasingly, the science needed to resolve these water issues in workable
ways is not available. Thus, for example, efforts to resolve water allocation
problems that stem from the need to protect endangered species in the Klamath
and Missouri River basins are being constrained by the lack of good scientific
information upon which to base policies which will simultaneously protect bio-
diversity and minimize adverse economic consequences. Efforts to protect and
enhance water quality are similarly hamstrung by the absence of scientific infor-
mation which would allow water managers to respond proactively to both new
and existing threats. And, despite the importance of aquatic ecosystems in generat-
ing both service and amenity values, our scientific understanding of how such
systems function is rudimentary.

This report, which was undertaken at the request of Congress, illuminates the
state of the water resources research enterprise in the United States. It is the
logical sequel to an earlier volume entitled: Envisioning the Agenda for Water
Resources Research in the Twenty-First Century, prepared by the Water Science
and Technology Board of the National Research Council (NRC). The purpose of
the present report is to:

• refine and enhance the findings of the Envisioning report
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viii PREFACE

• examine current and historical patterns and magnitudes of investment in
water resources research at the federal level and assess its adequacy

• address the need to better coordinate the nation’s water resources research
enterprise

• identify institutional options for the improved coordination, prioritization
and implementation of research on water resources

Thus, the report discusses the history of federal support of water resources
research, it proposes a framework for prioritizing the research agenda, it reports
the results of a survey which was intended to describe the characteristics of the
current national research effort, and it addresses issues related to the future orga-
nization of water resources research at the federal level. Because the NRC com-
mittee assembled to conduct the study was charged with examining the water
resources research enterprise in the United States, the report does not encompass
international water resources research endeavors, including those research efforts
funded by American agencies in foreign countries. The committee acknowledges
that some future review might usefully take an international perspective.

The committee found that federal investment in water resources research has
remained essentially static (in real terms) for more than 30 years. Moreover,
water research is accomplished in a highly decentralized fashion with numerous
federal agencies setting research agendas independently of each other. Much of
that research is focused on operational and near-term problems, with less atten-
tion and fewer resources devoted to longer-term, more fundamental research.
There are a number of circumstances that suggest a priori that the nation’s water
resources research enterprise is not as well organized and financed as it will need
to be if the science required to address the multiplying water problems confront-
ing the United States is to be available.

In developing this report, the committee benefited greatly from the advice
and input of a companion group of federal agency and non-governmental organi-
zation liaisons established for the purpose of assisting the committee. Individual
liaisons are identified in Appendix F. The committee also benefited from discus-
sions held with a group of state representatives at its second meeting in January
2003. The list of state representatives can be found in Appendix D. We thank all
those who took time to share with us their perspectives and wisdom about the
various issues affecting the water resources research enterprise.

The committee was ably served by the staff of the Water Science and Tech-
nology Board and its director, Stephen Parker. Study director Laura Ehlers kept
the committee on task and on time and provided her own valuable insights which
have improved the report immeasurably. Anita Hall provided the committee with
all manner of support in a timely and cheerful way. This report would not have
been possible without the help of these people.

This report has been reviewed by individuals chosen for their diverse per-
spectives and technical expertise, in accordance with the procedures approved by
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the NRC’s Report Review Committee. The purpose of this independent review is
to provide candid and critical comments that will assist the authors and the NRC
in making the published report as sound as possible and to ensure that the report
meets institutional standards of objectivity, evidence, and responsiveness to the
study charge. The reviews and draft manuscripts remain confidential to protect
the integrity of the deliberative process. We thank the following individuals for
their participation in the review of this report: John Boland, Johns Hopkins
University; Patrick Brezonik, University of Minnesota; Robert A. Frosch, Harvard
University; Gerald E. Galloway, Titan Corporation; Peter H. Gleick, Pacific
Institute for Studies in Development, Environment, and Security; Bernard Goldstein,
University of Pittsburgh; George M. Hornberger, University of Virginia; Judy L.
Meyer, University of Georgia; and James Westcoat, University of Illinois.

Although the reviewers listed above have provided many constructive comments
and suggestions, they were not asked to endorse the conclusions or recommenda-
tions nor did they see the final draft of the report before its release. The review of
this report was overseen by Floyd E. Bloom, The Scripps Research Institute, and
Daniel P. Loucks, Cornell University. Appointed by the NRC, they were respon-
sible for making certain that an independent examination of this report was
carried out in accordance with institutional procedures and that all review com-
ments were carefully considered. Responsibility for the final content of this report
rests entirely with the committee.

Henry Vaux, Jr.
Chair
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1

Executive Summary

Nothing is more fundamental to life than water. Not only is water a basic
need, but adequate safe water underpins the nation’s health, economy, security,
and ecology. The strategic challenge for the future is to ensure adequate quantity
and quality of water to meet human and ecological needs in the face of growing
competition among domestic, industrial–commercial, agricultural, and environ-
mental uses. To address water resources problems likely to emerge in the next
10–15 years, decision makers at all levels of government will need to make
informed choices among often conflicting and uncertain alternative actions. These
choices are best made with the full benefit of research and analysis.

In June 2001, the Water Science and Technology Board of the National
Research Council (NRC) published a report that outlined important areas of water
resources research that should be addressed over the next decade in order to con-
front emerging water problems. Envisioning the Agenda for Water Resources
Research in the Twenty-first Century was intended to draw public attention to the
urgency and complexity of future water resource issues facing the United States.
The report identified the individual research areas needed to help ensure that the
water resources of the United States remain sustainable over the long run, with
less emphasis on the ways in which the setting of the water research agenda, the
conduct of such research, and the investment allocated to such research should be
improved.

Subsequent to release of the Envisioning report, Congress requested that a
new NRC study be conducted to further illuminate the state of the water resources
research enterprise. In particular, the study charge was to (1) refine and enhance
the recent findings of the Envisioning report, (2) examine current and historical
patterns and magnitudes of investment in water resources research at the federal
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2 CONFRONTING THE NATION’S WATER PROBLEMS

level and generally assess its adequacy, (3) address the need to better coordinate
the nation’s water resources research enterprise, and (4) identify institutional
options for the improved coordination, prioritization, and implementation of
research in water resources. The study was carried out by the Committee on
Assessment of Water Resources Research, which met five times over the course
of 15 months.

The committee was motivated by considering the following central questions
about the state of the nation’s water resources: (1) will drinking water be safe;
(2) will there be sufficient water to both protect environmental values and support
future economic growth; (3) can effective water policy be made; (4) will water
quality be enhanced and maintained; (5) will our water management systems adapt
to climate change? If the answers to even some of the questions above are “no,” it
would portend a future fraught with complex water resource problems but with
limited institutional ability to respond. Knowledge and insight gained from a
broad spectrum of natural and social science research on water resources are key
to avoiding these undesirable scenarios.

Two realities helped to shape the scope of the study and have illuminated the
inherent difficulties in creating a national agenda for water resources research.
First, the type and quantity of research that will be needed to address current and
future water resources problems are unlikely to be adequate if no action is taken
at the federal level. For many reasons (as discussed in Chapter 1), the states and
nongovernmental organizations have limited incentives and resources to invest in
water resources research. Furthermore, most states are experiencing an increas-
ing number of complex water problems—some of which cross state lines—and
they have to respond to important federal mandates. This suggests a more central
role for the federal government in producing the necessary research to inform
water resources issues. Second, water resources problems do not fall logically or
easily within the purview of a single federal agency but, rather, are fragmented
among nearly 20 agencies. As water resource problems increase in complexity,
even more agencies may become involved. The present state of having uncoordi-
nated and mission-driven water resources research agendas within the federal
agencies will have to be changed in order to surmount future water problems.

Chapter 2 of this report analyzes the history of federally funded water
resources research in an effort to understand how the research needed to solve
tomorrow’s problems may compare with the research undertaken in the past, and
to illuminate how U.S. support for water resources research in the 20th century
has fluctuated in response to important scientific, political, and social movements.
Federal support of water-related research developed slowly during much of the
1800s and early 1900s, beginning with federal involvement in the development
of rivers for navigation, flood control, and storage of water for irrigation. It was
not until the 1950s that Congress committed to supporting a comprehensive pro-
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EXECUTIVE SUMMARY 3

gram of water resources research. The short-lived commitment peaked during the
1960s when Congress and the executive branch shared a similar view that the
federal role in water entailed funding its development for human use while
reducing problems of pollution. By the 1970s, growing interest in environmental
protection conflicted with water development, which splintered the policy con-
sensus and cast the federal government into more of a regulatory role while
deemphasizing its role in promoting economic growth through water resources
development.

Administrations of the 1980s and 1990s asserted a more limited federal role
in water resources research, believing that research should be closely connected
to helping to meet federal agency missions or to addressing problems beyond the
scope of the states or the private sector. Congress, on the other hand, generally
supported a broader approach to water research, but one that it could actively
supervise through the legislative and appropriations process. A consequence of
the devolving of responsibility for water resources research back to the states was
the neglect of long-term, basic research as opposed to the favoring of applied
research that would lead to more immediate results.

Over the last 50 years, the priority elements of a national water resources
research agenda have been identified in widely varying ways by many organiza-
tions and reports. Many general topics of concern—for example, water-based
physical processes, availability of water resources for human use and benefit, and
hydrology–ecology relationships—have appeared repeatedly over the decades,
while others, such as the impact of climate change and newly discovered water-
borne contaminants, are recent topics. The reappearance of some of the same
topics over time suggests that the nation’s research programs, both individually
and collectively, have not responded in an adequate manner and that there is no
structure in place to make use of the research agendas generated by various expert
groups. Indeed, at the national level there is no coordinated process for consider-
ing water resources research needs, for prioritizing them for funding purposes, or
for evaluating the effectiveness of research activities.

In the face of the historical inability to mount an effective, broadly conceived
national program of water resources research, it is reasonable to ask, “Why bother
with yet another comprehensive proposal?” The answer lies in the sheer number
of water resource problems (as illustrated in Chapter 1) and the fact that these
problems are growing in both number and intensity. To address these problems
successfully, the nation must invest not only in applied research but also in funda-
mental research that will form the basis for applied research a decade hence. A
repeat of past efforts will likely lead to enormously adverse and costly outcomes
for the status and condition of water resources in almost every region of the United
States.
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4 CONFRONTING THE NATION’S WATER PROBLEMS

A METHOD FOR SETTING PRIORITIES OF A
NATIONAL RESEARCH AGENDA

The solution to water resource problems is necessarily sought in research—
inquiry into the basic natural and societal processes that govern the components
of a given problem, combined with inquiry into possible methods for solving
these problems. In many fields, the formulation of explicit research priorities has
a profound effect on the conduct of research and the likelihood of finding solu-
tions to problems.

Water resources research areas were extensively considered in the Envision-
ing report, resulting in a detailed, comprehensive list of 43 research needs,
grouped into three categories. The category of water availability emphasizes the
interrelated nature of water quantity and water quality problems, and it recog-
nizes the increasing pressures on water supply to provide for both human and
ecosystem needs. The category of water use includes not only research questions
about managing human consumptive and nonconsumptive use of water, but also
about the use of water by aquatic ecosystems and endangered or threatened
species. The third category, water institutions, emphasizes the need for research
into the economic, social, and institutional forces that shape both the availability
and use of water. Interestingly, input from federal and state government represen-
tatives gathered during the course of this project confirmed the importance of
many of the 43 topics.

Rather than focusing on a topic-by-topic research agenda, this report identi-
fies overarching principles to guide the formulation and conduct of water research.
Indeed, statements of research priorities developed by a group of scientists or
managers can, depending on the individuals, have a relatively narrow scope. In
recent years, the limitations of discipline-based perspectives have become clear,
as researchers and managers alike have recognized that water problems relevant
to society necessarily integrate across physical, chemical, biological, and social
sciences. Furthermore, research priorities should shift as new problems emerge
and past problems are mitigated or brought under control through scientifically
informed policy and actions. Thus, Chapter 3 provides a mechanism for review-
ing, updating, and prioritizing the current water resources research agenda (as
expressed in the Envisioning report) and subsequent versions of the agenda. This
mechanism is much more than a summing up of the priorities of the numerous
federal agencies, professional associations, and federal committees. Rather, it
consists of six questions or criteria (listed below) that can be used to assess indi-
vidual research priorities and thus to assemble (and periodically review) a
responsive and effective national research agenda.

1. Is there a federal role in this research area? This question is important for
evaluating the “public good” nature of the water resources research area. A fed-
eral role is appropriate in those research areas where the benefits of such research
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EXECUTIVE SUMMARY 5

are widely dispersed and do not accrue only to those who fund the research.
Furthermore, it is important to consider whether the research area is being or even
can be addressed by institutions other than the federal government.

2. What is the expected value of this research? This question addresses the
importance attached to successful results, either in terms of direct problem solving
or advancement of fundamental knowledge of water resources.

3. To what extent is the research of national significance? National signifi-
cance is greatest for research areas (1) that address issues of large-scale concern
(for example, because they encompass a region larger than an individual state),
(2) that are driven by federal legislation or mandates, and (3) whose benefits
accrue to a broad swath of the public (for example, because they address a prob-
lem that is common across the nation). Note that while there is overlap between
the first and third criteria, research may have public good properties while not
being of national significance, and vice versa.

4. Does the research fill a gap in knowledge? If so, it should clearly be of
higher priority than research that is duplicative of other efforts. Furthermore,
there are several common underlying themes that, given the expected future com-
plexity of water resources research, should be used to evaluate research areas:

• the interdisciplinary nature of the research
• the need for a broad systems context in phrasing research questions and

pursuing answers
• the incorporation of uncertainty concepts and measurements into all

aspects of research
• how well the research addresses the role of adaptation in human and eco-

logical response to changing water resources

These themes, and their importance in combating emerging water resources
problems, are described in detail in Chapter 3.

5. How well is this research area progressing? The adequacy of efforts in a
given research area can be evaluated with respect to the following:

• current funding levels and funding trends over time
• whether the research area is part of the agenda of one or more federal

agencies
• whether prior investments in this type of research have produced results

(i.e., the level of success of this type of research in the past and why new efforts
are warranted)
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6 CONFRONTING THE NATION’S WATER PROBLEMS

6. How does the research area complement the overall water resources
research portfolio? When applied to federal research and development, the port-
folio concept is invoked to mean a mix of fundamental and applied research; of
shorter-term and longer-term research; of agency-based, contract, and investigator-
driven research; and of research that addresses both national and region-specific
problems—with data collection to support all of the above. Indeed, the priority-
setting process should be as much dedicated to ensuring an appropriate balance
and mix of research efforts as it is to listing specific research topics.

The following conclusions and recommendations are made about the creation
and refinement of a national portfolio of water resources research.

The 43 research topics from the Envisioning report are the current best
statement of research needs, although this list is expected to change as
circumstances and knowledge evolve. Water resource issues change continu-
ously, as new knowledge reveals unforeseen problems, as changes in society
generate novel problems, and as changing perceptions by the public reveal issues
that were previously unimportant. Periodic reviews of and updates to the priority
list are needed to ensure that it remains not only current but proactive in directing
research toward emerging problems.

An urgent priority for water resources research is the development of a
process for regularly reviewing and revising the entire portfolio of research
being conducted. The six questions listed above are helpful for assessing both
the scope of the entire water resources research enterprise and the nature, urgency,
and purview of individual research areas. Addressing these questions should
ensure that the vast scope of water resources research carried out by the numerous
federal and state agencies, nongovernmental organizations, and academic institu-
tions remains focused and effective.

The research agenda should be balanced with respect to time scale, focus,
source of problem statement, and source of expertise. Water resources research
ranges from long-term and theoretical studies of basic physical, chemical, and
biological processes to studies intended to provide rapid solutions to immediate
problems. The water resources research enterprise is best served by developing a
mechanism for ensuring that there is an appropriate balance among the different
types of research, so that both the problems of today and those that will emerge
over the next 10–15 years can be effectively addressed.

The context within which research is designed should explicitly reflect
the four themes of interdisciplinarity, broad systems context, uncertainty,
and adaptation. The current water resources research enterprise is limited by the
agency missions, the often narrow disciplinary perspective of scientists, and the
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lack of a national perspective on perceived local but widely occurring problems.
Research patterned after the four themes articulated above could break down these
barriers and promise a more fruitful approach to solving the nation’s water
resource problems.

STATUS AND EVALUATION OF WATER RESOURCES RESEARCH
IN THE UNITED STATES

In order to evaluate the current investment in water resources research, the
committee collected budget data and narrative information in the form of a survey
from the major federal agencies and significant nonfederal organizations that are
conducting water resources research. The format of the survey was similar to an
accounting of water resources research that occurred from 1965 to 1975 by the
Committee on Water Resources Research of the Federal Council for Science and
Technology. This earlier effort entailed annually gathering budget information
from all relevant federal agencies in 60 categories of water resources research. In
order to support a comparison of the current data with past information, the NRC
committee adopted a modified version of the earlier model, using most of the
same categories and subcategories of water resources research. In January 2003,
the survey was submitted to all of the federal agencies that either perform or fund
water resources research and to several nonfederal organizations that had annual
expenditures of at least $3 million during one of the fiscal years covered by the
survey. See Table 4-1 for a complete list of respondents.

The survey consisted of five questions related to water resources research
(see Box 4-1). In the first question, the liaisons were asked to report total expen-
ditures on research in fiscal years 1999, 2000, and 2001 for 11 major categories
(and 71 subcategories) of water resources research. (All data collection activities
were explicitly excluded from the survey.) The remaining questions were posed
to help give the committee a better understanding of current and projected future
activities of the agencies, to provide a qualitative understanding of how research
performance is measured, and to gauge the agencies’ mix of research, in terms of
fundamental vs. applied, internal vs. external, and short-term vs. long-term
research. Responses to the survey were submitted in written form and orally at
the third committee meeting, held April 29–May 1, 2003, in Washington, D.C.;
revised survey responses submitted by the liaisons in summer 2003 reflected cor-
rections and responded to specific requests from the committee.

Evaluation of the submitted information included a trends analysis for the total
amount of water resources research funding and for the funding of the 11 major
categories of water resources research. The total budget for water resources
research from 1965 to 2001 and the year 2000 breakdown by federal agency are
shown in Figures ES-1 and ES-2. The budget data were also analyzed to deter-
mine the extent to which the 43 high-priority research areas in the Envisioning
report are being addressed. Finally, the committee qualitatively assessed the
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8 CONFRONTING THE NATION’S WATER PROBLEMS

FIGURE ES-1 Total expenditures on water resources research by federal agencies and
nonfederal organizations, 1964–2001. Values reported are FY2000 dollars. No survey data
are available for years 1976–1988.

FIGURE ES-2 Agency contributions as a percentage of the total federal funding for water
resources research in 2000.
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balance of the current national water resources research portfolio (defined as the
sum of all agency-sponsored research activities). The following conclusions and
recommendations stem directly from these evaluations.

Real levels of total spending for water resources research have remained
relatively constant (around $700 million in 2000 dollars) since the mid 1970s.
When Category XI (aquatic ecosystems) is subtracted from the total funding,
there is a very high likelihood that the funding level has actually declined over the
last 30 years. It is almost certain that funds in Categories III (water supply
augmentation and conservation), V (water quality management and protection),
VI (water resources planning and institutional issues), and VII (resources data)
have declined severely since the mid 1970s. All statements about trends are sup-
ported by a quantitative uncertainty analysis conducted for each category.

Water resources research funding has not paralleled growth in demo-
graphic and economic parameters such as population, gross domestic product
(GDP), or budget outlays (unlike research in other fields such as health).
Since 1973, the population of the United States has increased by 26 percent, the
GDP and federal budget outlays have more than doubled, and federal funding for
all research and development has almost doubled, while funding for water
resources research has remained stagnant. More specifically, over the last 30 years
water resources research funding has decreased from 0.0156 percent to 0.0068
percent of the GDP, while the portion of the federal budget devoted to water
resources research has shrunk from 0.08 percent to 0.037 percent. The per capita
spending on water resources research has fallen from $3.33 in 1973 to $2.40 in
2001. Given that the pressure on water resources varies more or less directly with
population and economic growth, and given sharp and intensifying increases in
conflicts over water, a new commitment will have to be made to water resources
research if the nation is to be successful in addressing its water and water manage-
ment problems over the next 10–15 years.

The topical balance of the federal water resources research portfolio has
changed since the 1965–1975 period, such that the present balance appears
to be inconsistent with current priorities as outlined in Chapter 3. Research
on social science topics such as water demand, water law, and other institutional
topics, as well as on water supply augmentation and conservation, now garners a
significantly smaller proportion of the total water research funding than it did
30 years ago. When the current water resources research enterprise is compared
with the list of research priorities noted in the Envisioning report, it becomes
clear that significant new investment must be made in water use and institutional
research topics if the national water agenda is to be addressed adequately. If
enhanced funding to support research in these categories is not diverted from
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10 CONFRONTING THE NATION’S WATER PROBLEMS

other categories (which may also have priority), the total water research budget
will have to be enhanced.

The current water resources research portfolio appears heavily weighted
in favor of short-term research. This is not surprising in view of the de-emphasis
of long-term research in the portfolios of most federal agencies. It is important to
emphasize that long-term research forms the foundation for short-term research in
the future. A mechanism should be developed to ensure that long-term research
accounts for one-third to one-half of the portfolio.

The Office of Management and Budget (OMB) should develop guidance
to agencies on reporting water resources research by topical categories.
Understanding the full and multiple dimensions of the federal investment in water
resources research is critical to making judgments about adequacy. In spite of
clearly stated OMB definitions of research, agencies report research activity
unevenly and inconsistently. Failure to fully account for all research activity under-
mines efforts by the administration and Congress to understand the level and
distribution of water resources research. This problem could be remedied if OMB
required agencies to report all research activity, regardless of budget account, in a
consistent manner.

DATA COLLECTION AND MONITORING

Although data collection was excluded from the water resources research
survey conducted by the committee, the long-term monitoring of hydrologic sys-
tems and the archiving of the resulting data are critical to the water resources
research enterprise of the nation. Data are essential for understanding physico-
chemical and biological processes and, in most cases, provide the basis for pre-
dictive modeling. Long-term consistent records of data, which capture the full
range of interannual variability, are especially essential to understanding and pre-
dicting low-frequency, high-intensity events. Furthermore, federal agencies are
instrumental in developing new monitoring approaches, in validating their effi-
cacy through field studies, and in managing nationwide monitoring networks over
long periods. The following conclusions and recommendations address the need
for investments in basic data collection and monitoring.

Key legacy monitoring systems in areas of streamflow, groundwater,
sediment transport, water quality, and water use have been in substantial
decline and in some cases have nearly been eliminated. These systems provide
data necessary for both research (i.e., advancing fundamental knowledge) and
practical applications (e.g., for designing the infrastructure required to cope with
hydrologic extremes). Despite repeated calls for protecting and expanding moni-
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toring systems relevant to water resources, these trends continue for a variety of
reasons.

The consequences of the present policy of neglect associated with water
resources monitoring will not necessarily remain small. New hydrologic prob-
lems are emerging that are of continental or near continental proportions. The
scale and the complexity of these problems are the main arguments for improve-
ments to the in situ data collection networks for surface waters and groundwater
and for water demand by sector. It is reasonable to expect that improving the
availability of data, as well as improving the types and quality of data collected,
should reduce the costs for many water resources projects.

COORDINATION OF WATER RESOURCES RESEARCH

Coordination of the water resources research enterprise is needed to make
deliberative judgments about the allocation of funds and scope of research, to
minimize duplication where appropriate, to present Congress and the public with
a coherent strategy for federal investment, and to facilitate the large-scale
multiagency research efforts that will likely be needed to deal with future water
problems. Unfortunately, water resources research across the federal enterprise
has been largely uncoordinated for the last 30 years, although there have been
periodic ad hoc attempts to engage in interagency coordination during that time.
The lack of coordination is partly responsible for the topical and operational gaps
apparent in the current water resources research portfolio. Thus, although the
federal agencies are carrying out their mission-driven research, most of this work
focuses on short-term problems, with a limited outlook for crosscutting issues,
longer-term problems, and more basic research that often portends future solu-
tions. As a result, it is not clear that the sum of individual agency priorities adds
up to a truly comprehensive list of national needs and priorities.

There are few areas of research as broadly distributed across the federal
government as water resources research, resulting in few examples of how to
effectively coordinate large-scale research programs. Nonetheless, the committee
identified those factors that encourage or discourage effective coordination of
large-scale research programs after hearing about programs for highway research,
agricultural research, earthquake and hazard reduction research, and global
change research. These factors helped shed light on an effective model for coor-
dination of water resources research, which relies on some entity performing the
following functions:

• doing a regular survey of water resources research using input from federal
agency representatives

• advising OMB and Congress on the content and balance of a long-term
national water resources research agenda every three to five years
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12 CONFRONTING THE NATION’S WATER PROBLEMS

• advising OMB and Congress on the adequacy of mission-driven research
budgets of the federal agencies

• advising OMB and Congress on key priorities for fundamental research
that could form the core of a competitive grants program

• engaging in vertical coordination with states, industry, and other stake-
holders, which would ultimately help refine the agenda-setting process

The first three activities are intended to make sure that there is a national
agenda for water resources research, that it reflects the most recent information
on emerging issues, and that the water resources missions of the federal agencies
are contributing in some way to national agenda items. A competitive grants pro-
gram (the fourth activity) is proposed as a mechanism for filling critical gaps in
the research portfolio, in the event that certain high-priority research areas are not
being adequately addressed by the federal agencies and to increase the proportion
of long-term research. This program would require new (but modest) funding.
Given the topical gaps noted earlier and in Chapter 4, funding would be needed
on the order of $20 million per year for research related to improving the
efficiency and effectiveness of water institutions and $50 million per year for
research related to challenges and changes in water use.

Three institutional models that could conceivably carry out the bulleted
activities listed above are described in Chapter 6. The first model relies on an
existing interagency body—the Subcommittee on Water Availability and Quality
administered by the Office of Science and Technology Policy. This coordination
option is attractive because arrangements are already in place and agency roles
and responsibilities are well defined. However, this approach has yet to demon-
strate that it can be an effective forum for looking beyond agency missions to
fundamental research needs. The second option involves Congress authorizing a
neutral third party to perform the functions above, which would place the outside
research and user communities on equal footing with federal agency representa-
tives. The independence from the agencies afforded by this option makes it
possible to focus the competitive grants program on longer-term research needs,
particularly those falling outside agency missions. A disadvantage is that it may
engender resentment from the agencies, and OMB may be reluctant to establish
such a formal advisory body. A third option is a hybrid model that would be led
by OMB and formally tied to the budget process. For more detailed descriptions
the reader is referred to Chapter 6, which comprehensively discusses the three
options.

Any one of the three coordination options could be made to work in
whole or part. Each has strengths and weaknesses (described in detail in
Chapter 6) that would need to be weighed against the benefits and costs that
could accrue from moving beyond the status quo. In the end, decision makers
will choose the coordination mechanism that meets perceived needs at an accept-
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able cost in terms of level of effort and funding. It is possible that none of the
options is viable in its entirety. However, it may be possible to partially imple-
ment an option, which in itself would be an improvement over the status quo. For
example, the initiation of a competitive grants program targeted at high-priority
but underfunded national priorities in water resources research could occur under
any one of the options and in lieu of the other activities listed above.

* * *

Publicly funded research has played a critical role in addressing water
resources problems over the last several decades, both for direct problem solving
and for achieving a higher level of understanding about water-related phenomena.
Research has enabled the nation to increase the productivity of its water resources,
and additional research can be expected to increase that productivity even more,
which is critical to supporting future population and economic growth. Managing
the nation’s water resources in more environmentally sensitive and benign ways
is more important than ever, given the recognition now afforded to aquatic eco-
systems and their environmental services. A course of action marked by the
creation and maintenance of a coordinated, comprehensive, and balanced national
water resources research agenda, combined with a regular assessment of the water
resources research activities sponsored by the federal agencies, represents the
nation’s best chance for dealing effectively with the many water crises sure to
mark the 21st century.
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1

Setting the Stage

In the coming decades, no natural resource may prove to be more critical to
human health and well-being than water. Yet, there is abundant evidence that the
condition of water resources in many parts of the United States and the world is
deteriorating. Our institutions appear to have limited capacity to manage water-
based habitats to maintain and improve species diversity and provide ecosystem
services while concurrently supplying human needs. In some regions of the
country, the availability of sufficient water to service growing domestic uses is in
doubt, as is the future sufficiency of water to support agriculture in an increas-
ingly competitive and globalizing agricultural economy. Indeed, demands for
water resources to support population and economic growth continue to increase,
although water supplies to support this growth are fixed in quantity and already
are fully allocated in most areas. Renewal and repair of the aging water supply
infrastructure, particularly along the eastern seaboard, will require time and
hundreds of billions of dollars (GAO, 2002). These are examples of a mounting
array of water-related problems that touch virtually every region of the country
and for which scientifically sound and economically feasible solutions need to be
found.

The future water crisis is unlikely to materialize as a monolithic catastrophe
that threatens the livelihoods of millions. Rather it is the growing sum of hundreds,
perhaps thousands, of water problems at regional and local scales (and not just in
the semiarid West, as interstate conflicts over new water supplies for the metro-
politan Washington, D.C., region and Atlanta, Georgia, testify). Indeed, a search
of the New York Times, Associated Press, and Reuters databases for articles related
to “water” or “wetlands” found over 330 articles for 2002 alone, with 29 of the 50
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states being the subject of at least one article.1 Indications of the increasing
frequency of significant water-based environmental problems include such events
as the recent collapses of ecosystems in the Gulf of Mexico and the Chesapeake
Bay. Increases in damages attributable to droughts and floods are evidence of the
nation’s vulnerability to extreme weather events. The threat of waterborne disease,
as exemplified by the 1994 Cryptosporidium outbreak in Milwaukee, Wisconsin,
and subsequent less dramatic events, is constantly present. Nonetheless, it is
difficult to perceive the increasing frequency of these problems because water
resources management and research tend to be highly decentralized.

In much the same way that it makes the totality of the nation’s water prob-
lems difficult to comprehend, decentralization also masks the extent to which
scientific information is required to address these problems. Yet, as numerous
cases in this report illustrate, making good decisions about water issues requires
scientific understanding and, thus, continued investment in water resources
research. The growing complexity of water problems only reinforces this need
for scientific information in fashioning new and innovative solutions. Unfortu-
nately, although the number, complexity, and severity of water problems are
growing, investment in the scientific research needed to develop a better under-
standing of water resources and the ways in which they are managed has stag-
nated. Overall investment in research on water and water-related topics has not
grown in real terms over the last quarter century, even as the number of relevant
research topics has expanded. Much of the current federal and state research
agenda tends to focus on short-term problems of an operational nature. Too little
of it is focused on the kind of fundamental, integrated, longer-term research that
will be required if current and emerging water problems are to be addressed
successfully. Furthermore, research agendas are not normally prioritized (from
either a regional or national perspective), with the result that there is no assurance
that the research being done is focused on the most urgent and important prob-
lems. Also, there is no assurance that the ad hoc research agendas that do emerge
lead to efficient investment among the research priorities.

ISSUES OF CONCERN IN WATER RESOURCES

The magnitude of water resources problems, and the importance of research
in addressing them, are best illustrated by referring to specific examples, a number
of which are described below.

1This search was conducted on the New York Times web site (www.nytimes.com) for calendar year
2002 using the words “water” and “wetlands.” Article title and summaries were searched to verify
that the articles were about current local, regional, or national water resources problems.
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Will Drinking Water Be Safe?

Over the past 100 years, investment in water research as well as in water
treatment and distribution infrastructure has made the quality of drinking water in
the United States among the best in the world. Enormous gains in public health
were realized from the virtual elimination of typhoid and cholera, which were
once spread through the water supply. Today, the provision of safe and reliable
supplies of drinking water is taken for granted in the United States. Nonetheless,
new chemical contaminants and biological agents continue to emerge and threaten
the safety of water supplies. For example, the inorganic chemical perchlorate was
discovered in drinking water wells in northern California in 1997 (AWWARF,
1997), having found its way into groundwater from manufacturing processes (for
rocket fuels, munitions, and fireworks) and inadequate disposal practices.
Perchlorate is now known to interfere with thyroid hormone production and is a
suspected human carcinogen, and it has been shown to affect the drinking water
supplies of more than 12 million consumers in at least 14 states (Renner, 1998).
Other contaminants await discovery and, like perchlorate, will be added to the
U.S. Environmental Protection Agency’s (EPA) drinking water Contaminant
Candidate List, which already contains 60 chemical and microbial species await-
ing regulatory determinations (EPA, 1998). In addition to the periodic appearance
of new contaminants that result from inadvertent lapses in the handling and dis-
posal of chemicals, the potential for intentional contamination of drinking water
supplies now represents a real and continuing threat.

Appropriate treatment of drinking water supplies often requires trade-offs
that are sometimes not well understood scientifically. For example, membrane-
based treatment technologies, such as reverse osmosis, that remove contaminants
from drinking water ultimately concentrate the contaminants in another medium,
the disposal of which would be of environmental concern and could pose a threat
to the health and safety of workers who must handle the material. This type of
trade-off must be clearly characterized and understood if the most reliable and
cost-effective methods of treating the nation’s drinking water are to be developed.
Much additional research will be needed to (1) identify biological and chemical
constituents that could threaten water supplies and (2) identify methods of treat-
ment to remove existing and future contaminants without creating toxic hazards
or additional problems with environmental contamination. Technologies that deal
with multiple contaminants while minimizing associated health and environ-
mental effects are especially needed.

Will There Be Sufficient Water to Support
Both the Environment and Future Economic Growth?

The semiarid states of the American West and Southwest are the fastest-
growing states in the nation and will require new supplies of urban water. Yet, the
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waters of these states, which are naturally in short supply, are almost all fully
allocated among environmental, urban, and agricultural uses. And the existing
mechanisms for reallocating water away from current uses are not well developed
and are frequently ineffective. The problem lies with the fact that there are no
well-functioning institutions that allow people in these regions to live with an
essentially fixed supply of water. The result is frequently paralyzing political
conflict, as the examples below demonstrate.

In 2000, the U.S. Fish and Wildlife Service (FWS) concluded that the current
flow regime of the Missouri River jeopardized at least three rare and endangered
species—the pallid sturgeon, least tern, and piping plover. FWS recommended
modifications in the criteria used by the U.S. Army Corps of Engineers to guide
dam operations on the Missouri River, which would entail both regular increases
in spring flows and reduced summer flows (lower summer flows are intended to
support nesting and foraging habitat for least terns and the piping plover, as well
as nursery habitat for the pallid sturgeon and other fishes). Because such a change
in flow regimes would materially impinge upon the navigability of the Missouri
and make waterway transportation difficult or impossible during the harvest sea-
son, some stakeholders have challenged the scientific validity of the finding. The
resulting political impasse over how to manage the flows of the Missouri means
that the riverine ecosystem continues to be degraded with the accompanying threat
to the three species, while agricultural and waterway transportation interests have
no guarantee that their positions will ultimately prevail. While acknowledging
that there are some gaps in the science underlying the FWS biological opinion,
the National Research Council (NRC) concluded that changes are necessary in
the flow regime, which should be adaptively managed to reduce scientific uncer-
tainties (NRC, 2002).

The story is very much the same in the Klamath Basin of southern Oregon
and northern California. As widely reported, in 2002 agricultural producers
engaged in civil disobedience when their irrigation water was cut off so that river
flows and lake levels could be enhanced to support several endangered fish
species. These growers, who suffered real economic damages, have criticized the
biological opinion that led to the shut-off as being scientifically inadequate. And,
in a situation reminiscent of the Missouri River confrontation, an NRC report
raised doubts about the science underlying the Klamath opinion (NRC, 2003).

Some have argued that these cases are simply the tip of the iceberg—that the
Missouri and the Klamath are forerunners to dozens of such conflicts about to
emerge—and that there is a lack of adequate science to support balanced resolu-
tions of these conflicts. The real fear is that economic growth will be restrained
without any tangible improvement in the quality of the environment. Nor are
these cases limited to the western United States and to surface water. Glennon
(2002) describes examples from all parts of the United States in which the
overwithdrawals of groundwater have led to the drying up of streams and rivers,
leading to cascading social conflicts, economic hardships, and ecological degra-
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dation. In many cases, this is exacerbated by the legal institutions that regulate
groundwater, which tend to ignore the physical realities of hydrology and the
tremendous increase in the scientific understanding of hydrology since the
pertinent regulations were first enunciated. With respect to problems in the East,
the city of Atlanta, Georgia, is engaged in a struggle with Alabama and Florida to
acquire adequate water to support growth in its metropolitan area. The waters of
the Potomac River are the focus of a dispute between Virginia and Maryland over
allocative doctrines that date back to the 1700s—a dispute that ultimately had to
be resolved by the U.S. Supreme Court. Although some allocative disputes may
be resolved in the courts, in all regions of the country better water science is
needed to make improvements in the efficiency with which water is used, and to
help ensure that water is allocated and reallocated in a balanced way that acknowl-
edges the need to support economic growth, agricultural productivity, and envi-
ronmental protection.

Can Effective Water Policy Be Made?

There is evidence that many of our federal water policies are either ineffective
or only partially effective. A good example is the “no net loss” policy for wet-
lands initially adopted in 1989. At that time, there was much concern over the fate
of the nation’s wetlands, as it was variously estimated that more than half of the
nation’s wetlands had been converted to other uses (Dahl, 1990). It is widely
recognized that wetlands are among the most biologically productive environ-
ments and that they provide important environmental services such as flood
protection and water quality maintenance (NRC, 1995). In 1989, then President
George H. W. Bush promulgated a policy of “no net loss” of wetland area and
function, which continues to be the policy of the federal government.

In implementing this policy it was recognized that economic development
and agricultural activity inevitably result in the degradation or destruction of wet-
lands. Hence the government required that damages to the nation’s wetlands be
mitigated. A recent review of this policy (NRC, 2001a) concluded that despite a
requirement that more than one acre of wetland be restored or created for each
acre lost, only 69 percent of the acreage required was actually restored or created,
and the type of wetland resulting from the mitigation action was often different
from and of lower ecological value than the wetland that was lost. Further, up to
90 percent of the mitigation efforts were not monitored, and there was full com-
pliance with only 55 percent of the wetland permits issued. The report concluded
that the failure of mitigation policies to protect wetlands results from short-
comings in policy making and implementing institutions as well as from inade-
quacies in our current understanding of restoration ecology. The nation’s ability
to improve compensatory mitigation will depend upon the way in which mitiga-
tion practices are administered, monitored, and recorded, which will require a
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considerably enhanced scientific understanding of the structure and processes of
wetlands (NRC, 2001a).

The management of wetlands is not the only water policy to be hampered by
a lack of scientific information. Policies governing (1) the treatment of drinking
water supplies, (2) the use of water in agriculture, (3) the maintenance and preser-
vation of aquatic habitats and species diversity, (4) the treatment and reuse of
wastewater, and (5) the management of floods and droughts will all require addi-
tional scientific information if they are to be effective.

Can Water Quality Be Maintained and Enhanced?

During the 1970s and 1980s, the nation made good progress in improving
surface water quality. Through a strategic combination of permitting requirements
and financial support for the construction of municipal wastewater treatment
facilities, dramatic improvements were realized in the quality of the nation’s
surface waters. Yet, the failure to deal with nonpoint source pollutants has come
to represent an important omission in national water quality management. Begin-
ning in the 1980s efforts were made to implement a Total Maximum Daily Load
(TMDL) program that had been originally authorized by the Clean Water Act of
1972. Rules were devised and states were required to implement TMDL pro-
grams for impaired waters, which would lead (among other things) to the control
of nonpoint source discharges. This has proved to be difficult, and successes are
limited.

In 2000, the U.S. General Accounting Office (GAO) reported that the primary
impediment to the successful implementation of state TMDL programs was the
lack of high-quality data and information to make fundamental decisions (GAO,
2000), such as decisions about which waterbodies are in violation of water quality
standards, about the extent to which nonpoint pollutants contribute to the prob-
lem in question, and about how TMDLs should be calculated for waterbodies that
are in violation of standards. Only five of the 50 states claimed to have the tools
and information needed even to assess all of their waters (GAO, 2000).

A subsequent study by the NRC identified major gaps in the knowledge
required to make TMDL programs effective (NRC, 2001b). Creating this knowl-
edge will require research leading to the development of more refined statistical
tools, of watershed and water quality models, and of innovative bioassessment
techniques. A much-needed updating of the antiquated 1992 TMDL Rule has
now been stalled, in part because the tools and techniques required for full and
effective implementation of the TMDL program are only now under develop-
ment. The larger picture is that as new chemicals are manufactured, as the legacy
of chemical plumes in the soil from early agricultural and industrial activities is
visited upon groundwater, and as conversion of wildlands and other relatively
undisturbed lands continues, the need for more and better science to support our
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understanding of contaminant behavior and treatment and control technologies
will increase.

Will Our Water Management Systems Adapt to Climate Change?

Existing data show that there have been unprecedented changes in climate in
the postindustrial era (Jones et al., 1999; Karl and Trenberth, 2003). There are,
moreover, legitimate concerns about the nature and pace of future climate changes
and the implications of those changes for water resources (Gleick et al., 2000;
IPCC, 2001). Although there are many remaining uncertainties about the scope,
intensity, and timing of climate change in the coming decades, there is scientific
agreement about the projected occurrence of change for a wide range of water-
related issues. For example, there is a high degree of confidence that rising tem-
peratures will alter snowfall and snowmelt dynamics in the western United States,
affecting the timing and magnitude of both winter and spring runoff and forcing
changes in reservoir operations. Similarly, higher sea levels along the coasts will
increase salinity contamination in coastal freshwater aquifers and alter coastal
marshes and wetlands (Gleick et al., 2000). Furthermore, research is beginning to
suggest that there will be changes in various types of extreme climatic events
(Meehl et al., 2000). Thus, for example, higher frequencies of extreme warm
days, lower frequencies of extreme cold days, a decrease in diurnal temperature
ranges associated with higher nighttime temperatures, increased precipitation
intensity and extremes, and midcontinental summer drying have been widely
predicted. Reliable prediction of the frequency of occurrence of extreme weather
events is particularly important because of the implications of such events for
water availability, food supply systems, and plant and human health. The mid-
western floods of 1993 and the drought of 1988 provide examples of the vulner-
ability of agricultural and urban ecosystems to such events (Rosenzweig et al.,
2001).

Embedded within the overall global climate variability, the El Niño-Southern
Oscillation (ENSO) phenomenon is an important quasi-periodic cycle of the
equatorial Pacific Ocean that affects the earth’s climate and has been shown to be
the precursor of floods and droughts in various regions of the world (Ropelewski
and Halpert, 1996; Harrison and Larkin, 1998). Climate modeling simulations
show that in the future, there is likely to be an increased frequency of ENSO-
related events that will be of greater severity, significantly affecting regional
renewable water supplies (Timmermann et al., 1999). In view of such predictions,
consideration of such phenomena in regional water resources planning studies is
now warranted. Unfortunately, although substantial resources have been expended
for basic climate change research (e.g., NSTB, 2002), little funding has been
provided to translate these research findings into new and improved methods for
water resources planning and management—an area that has been identified as
the weakest element of climate change integrated assessments (NAST, 2001).
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New research is needed to help cope with the large uncertainty associated with
how climate change will affect water resources and to develop new institutional
approaches for water resources and risk management under intensified climate
variability. Indeed, professional water groups and agencies have now begun to
ask for research into how climate change will affect water systems (AWWA,
1997).

* * *

Will drinking water be safe? Will there be sufficient water to protect envi-
ronmental values and support future economic growth? Can effective water policy
be made? Will water quality be enhanced and maintained? Will our water manage-
ment systems adapt to climate change? All of these questions address issues that
bear on the overarching question to which this report is addressed: In the future,
will there be adequate water to meet the needs of competing users? What if
the answer to this question or to some of the derivative questions discussed above
is “no”? It would portend a very difficult future—one in which the water supplies
are not always available or are available only in very limited quantities; water
quality continues to deteriorate, reducing available supplies; our ability to devise
policies to manage water resources effectively is severely constrained; and we
struggle, unsuccessfully, to adapt to climate change. A vibrant and robust research
program alone will not be sufficient to prevent all of these scenarios, but knowl-
edge and insight gained from a broad spectrum of natural and social science
research on water resources is society’s best hope for success.

The type and quantity of research that will be needed to address current and
future water resources problems are unlikely to be available if no action is taken
at the federal level. Although the states are frequently vested with the responsibil-
ity to resolve many water resource problems and to respond to federal mandates
such as the Clean Water Act, 13 state representatives who met with the com-
mittee were unanimous in stating that the increasing number of water problems as
well as their increasing complexity are rapidly eclipsing the states’ ability to
resolve those problems. State governments typically do not have substantial
research capacity in the water resource topics, nor do they have the funding to
support research on the scale needed to solve their collective problems (for
example, if the problems are basinwide in nature, and thus transcend the boundary
of a given state). Moreover, individual states may not have an incentive to conduct
water resources research, especially if the results would be broadly applicable to
more than just the sponsoring state. That is, individual states have a disincentive
to conduct water resources research because it has the characteristics of a pure
public good (as discussed in the succeeding section). Nongovernmental organiza-
tions will similarly underinvest in water resources research due to both weak
incentives and the lack of financial resources. Taken together, this suggests that
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the federal government will need to fund or produce the necessary research to
address future water crises, if it is to be produced at all.

Nor do water resources problems fall logically and easily within the purview
of a single federal agency. Indeed, as discussed in this report, federal responsi-
bilities for water resources management and research are fragmented among
nearly 20 agencies. As water resource problems increase in complexity, even
more agencies may become involved. At the present time, the uncoordinated and
mission-driven water resources research agendas of these agencies (see Chap-
ters 4 and 6) are inadequate to meet the challenges that lie ahead. In the absence
of a new and strong commitment at the federal level to generate additional knowl-
edge of all kinds related to water resources, the future may be characterized by
never-ending strife and frustration over our inability to surmount water problems
growing in number and complexity.

WHY PUBLICLY SUPPORTED RESEARCH?

It is sometimes asked why the federal government should support research
on water resources instead of leaving this activity to the private sector. The answer
lies with the fact that the results of much water resources research, particularly
basic research, have the characteristics of a public good. That is, once the research
is concluded, the results should be freely available to many or all, irrespective of
whether the recipients directly pay for them. Those who produce research with
public good characteristics are unable to capture all of the returns to that research
because the results are not patentable or licensable. Indeed, the private sector
typically underinvests or fails to invest at all in the production of public goods
because it cannot capture or “appropriate” all of the returns from the investment.
The problem of the lack of appropriability is especially pertinent to water
resources, since water is a publicly held resource. Although private firms and
individuals may enjoy the right to use water, they rarely have title to the corpus or
body of the resource. Lack of appropriability combined with public ownership of
the resource makes the justification for public support of water resources research
compelling.

John Wesley Powell, one of the earliest and most distinguished water scien-
tists in the United States, expressed this concept forthrightly as follows:

Possession of property is exclusive; possession of knowledge is not exclusive;
for the knowledge which one man has may also be the possession of another.
The learning of one man does not subtract from the learning of another, as if
there were a limited quantity of unknown truth. Intellectual activity does not
compete with other intellectual activity for exclusive possession of truth; scholar-
ship breeds scholarship, wisdom breeds wisdom, discovery breeds discovery.
Property may be divided into exclusive ownership for utilization and preserva-
tion, but knowledge is utilized and preserved by multiple ownership. That which
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one man gains by discovery is the gain of other men. And these multiple gains
become invested capital, the interest on which is all paid to every owner, and the
revenue of new discovery is boundless. It may be wrong to take another man’s
purse, but it is always right to take another man’s knowledge, and it is the highest
virtue to promote another man’s investigation. The laws of political economy do
not belong to the economics of science and intellectual progress. While owner-
ship of property precludes other ownership of the same, ownership of knowledge
promotes other ownership of the same, and when research is properly organized
every man’s work is an aid to every other man’s. (Dupree, 1940.)

In the aftermath of World War II, Vannevar Bush wrote a thorough justifica-
tion for a strong governmental role in supporting research in the scientific com-
munity (Bush, 1950). He argued that the responsibilities for promoting new
scientific knowledge and for developing scientific talent were properly the con-
cern of the federal government because these activities vitally affect the nation’s
health, prosperity, and national security. He noted that the benefits of research
were widespread and often appeared many years after the research was done.

More recently the National Science Board has endorsed the concepts origi-
nally set forth by Bush (National Science Board, 1997). The board noted the
emergence of a “global technological marketplace” and the increasing need for
knowledge and information to contend with and manage the “modification of
natural and social environments that is occurring” on larger scales and at increas-
ingly rapid rates. These trends make the case for governmental support of research
even more compelling than it was during the 1940s. The board concluded that
changes in circumstances and national priorities do not negate the potential
benefits from government-supported research. It is also significant that the board
singles out environmental management and “green manufacturing” as areas with
public good characteristics for which Bush’s original case is particularly cogent
today.

There are numerous examples of government-funded research on water
resources that has led to significant payoffs for the nation or for distinct regions
of the nation. This research falls into two broad categories: (1) that done to
facilitate and enhance the solving of water and water management problems and
(2) that done to develop the scientific knowledge necessary to undergird mandated
regulatory programs.

Problem-Solving Research

Examples of problem-solving research include studies that have facilitated
the management of salts in irrigation, research that has permitted more accurate
and long-term prediction of weather, and research on the possibilities and arrange-
ments that promote the voluntary transfer of water. These examples are discussed
in more detail below.
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Managing Salt in Irrigation

When water is applied to crops in irrigated agriculture, it is ultimately
transpired by the plant or evaporated from the soil surface, leaving behind salts in
the root zone. If salt concentrations are allowed to build up in the root zones, they
reduce plant productivity and ultimately result in sterilization of the soil. The
failure to manage salt build-up in the root zone is thought to have led to the
destruction of many civilizations including the ancient civilization of
Mesopotamia. Research conducted primarily by experts at the U.S. Department
of Agriculture and to a lesser extent at the nation’s universities led to the develop-
ment of modern techniques for managing salinity in irrigated agriculture; without
this research, much of the irrigated land in the semiarid parts of the country would
not be productive (ASCE, 1990).

The fundamental technique of salinity management is to apply water (in
excess of the crop water requirement) in quantities sufficient to allow salts to be
leached below the root zone. The quantities of water needed vary by crop type, as
some crops are relatively sensitive to salt and others relatively insensitive (Maas
and Hoffman, 1977). However, in many instances the application and leaching of
this excess water may cause water tables to rise and may promote the water-
logging of soils. Research has revealed that adequate drainage must be part of the
overall strategy for managing salt balances. In recent decades, research has
focused on the management of drainage waters to maintain and enhance water
quality (NRC, 1989). All of this has benefited western growers, many of whom
would not have been able to farm on a sustainable basis without the results of
these federal research efforts. Needless to say, the entire country has benefited
through the provision of affordable food.

Facilitating Voluntary Transfers of Water

The development of water resources in the arid western states focused ini-
tially on irrigation, which, given the enormous demands for water to grow crops,
consumed the lion’s share of available supplies. Under western water law, irriga-
tors as first users hold rights that are fully protected from the claims of more
junior users. However, as the western states have grown, demand for water has
changed such that portions of the water supply are being shifted from irrigation to
new uses. One important strategy to accomplish this is to use voluntary, market-
based transactions.

Water rights in western states are regarded as property rights, a key attribute
of which is their transferability from one owner to another by sale, lease, or devise.
However, historically there had been very few transfers of water rights in western
states that have involved actual changes of water use, especially changes from
irrigation to other uses. The National Water Commission first identified this prob-
lem in the 1970s, after which research that focused on better understanding
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market-like transactions in water flourished (Meyers and Posner, 1971; Hartman
and Seastone, 1970; Johnson et al., 1981; Vaux and Howitt, 1986; Saliba and
Bush, 1987). With federal funding, academics from six western states examined
water-transfer experiences over a recent 20-year period (Natural Resources Law
Center, 1990), and an NRC committee examined issues related to market-like
transfers of water in the West (NRC, 1992).

This body of research identified impediments to the transfer of water rights,
including the interrelated nature of water use, expensive state review processes
not designed to facilitate transfers, and cultural and social factors, and it also
investigated how to lessen or eliminate these impediments. A result of the research
has been a building up of support for the careful use of water transfers in meeting
changing water demands. Water rights transfers are now part of the standard array
of options available for solving problems of water scarcity in the West. Transfers
allowed Californians to respond effectively to the drought of 1987–1993, which
saved millions of dollars. A recently completed accord that includes transfers
from the Imperial Irrigation District to San Diego appears to have brought a peace-
ful resolution to a serious conflict among the states using Colorado River water.
Most of this research was supported by the federal government and has resulted
in significant benefits to urban dwellers in many parts of the West.

Predicting El Niño

Fundamental research on the nature, manifestation, and impacts of the El
Niño phenomenon has been supported by the federal government since the 1970s
(e.g., Philander, 1990). Such research efforts received great impetus with the
influx of new data from the Tropical Atmosphere Ocean Array of moored buoys
installed in the equatorial Pacific by 1994. This research and the availability of
new data resulted in the formulation of reliable predictive models prior to the
occurrence of the significant El Niño of 1997–1998, an event that developed very
rapidly in the first half of 1997 to become one of the highest magnitude El Niño
events in the last 50 years (second only to the 1982–1983 El Niño). Although the
west coast suffers substantial flood damage when significant El Niño events occur
(e.g., Cayan and Webb, 1992), when the 1997–1998 El Niño occurred as pre-
dicted, the affected region was well prepared (by adjusting crop planting and
fertilizing schedules, sandbagging, altering reservoir release patterns from normal
use patterns, accelerating plans to repair and improve structures, etc.). Actual
damage was substantially lower than that anticipated had there been no predic-
tion. The National Oceanic and Atmospheric Administration (NOAA) reports
that California’s emergency management agencies and the Federal Emergency
Management Agency spent an estimated $165 million preparing for adverse
weather effects prior to the 1997–1998 El Niño, and the actual losses for the
event in California were estimated to be $1.1 billion (NOAA, 2002). The losses
from the 1982–1983 El Niño were much greater ($2.2 billion). A significant por-
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tion of the difference in losses is attributed to increased preparedness resulting
from the 1997–1998 El Niño forecast.

Research in Support of Regulation

Examples of federally funded research in support of regulation include
studies that broaden our understanding of the causes of eutrophication in inland
waters, studies of mercury deposition, and studies to determine the sources of
nitrogen loading in the Chesapeake Bay watershed. These are examples of
research that have made the regulatory process more effective and fair to those
who are subject to it, as discussed below.

Understanding the Causes of Eutrophication

Eutrophication—the result of excessive inputs of nutrients (nitrogen or phos-
phorus) to fresh and coastal marine waters—is one of the major causes of water
quality degradation. The many problems caused by excess nutrient inputs include
accelerated growth of phytoplankton both in the water column and in the benthos;
the dominance of toxic, bloom-forming algal species; decreases in water trans-
parency; the development of hypoxic and anoxic conditions in the bottom waters
and sediments, with concomitant mortality of fish and invertebrates; the produc-
tion of unpleasant odors and tastes; and interference with filtration of drinking
water. Extensive research carried out across a broad range of scales (laboratory-
based assays to experimental manipulation of whole lakes) has been necessary to
resolve these issues (for a review, see Smith, 1998). This has resulted, among
other things, in a range of specific, quantitative assays for distinguishing nitrogen
vs. phosphorus limitation in waterbodies and these nutrients’ role in controlling
phytoplankton production and species composition. A long history of research,
beginning with the work of Thienemann (1918) and Naumann (1919) and later
expanded by limnologists Golterman (1975), Fruh et al. (1966), Vollenweider
(1976), and Schindler (1977) has demonstrated the effect of external nutrient
inputs on concentrations of nutrients in lake water and the resulting impairment
of waters, allowing regulatory limits to be established. Finally, federally funded
research on the role of phosphorus in causing eutrophication led to the adoption
of ordinances during the 1970s by some states and cities that banned the use of
phosphate-based laundry detergents; these laws have became so widespread that
the industry voluntarily eliminated phosphates from all laundry detergents in order
to be able to market their products nationally.

Understanding the Risk of Methylmercury

On January 30, 2004, EPA proposed standards of performance for mercury
emissions from electric utility steam generating units, the largest single source of
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mercury emissions. This regulatory proposal, including the controversial cap-
and-trade approach, seeks to reduce mercury emissions from coal-fired utility
units (EPA, 2004). This proposed rule follows an improved understanding of the
risks of mercury exposure for fetuses, infants, and young children obtained
through federally funded research.

Methylmercury in humans causes neurological damage that affects memory,
attention, and language skills, especially during formative developmental stages.
Human exposure to mercury follows a complicated pathway that begins when
inorganic mercury from industrial air emissions precipitates over waterbodies.
There, it is bacterially transformed into organic forms such as methylmercury,
which is far more toxic than inorganic mercury (EPA, 1997). Methylmercury is
taken up from the water column by fish, and humans are then exposed following
consumption of those fish.

Federally funded research has tackled numerous components of this prob-
lem, including studies to determine the level and type of mercury emission
sources; studies of mercury fate, transport, and transformation in the water column
and on land; studies of human and animal exposure routes for mercury; and risk
management studies. A conclusion emanating from some of this research was
that there is a plausible link between anthropogenic mercury emissions and
methylmercury in fish. Furthermore, a quantitative health risk assessment of
methylmercury based on fish consumption surveys estimated that up to 3 percent
of women of child-bearing age eat sufficient amounts of fish to put their fetuses at
risk from methylmercury exposure (EPA, 1997). These studies have cumulatively
led to the naming of mercury as one of the fifteen “pollutants of concern” in the
Great Waters2 (EPA, 2000). The current regulatory proposal reflects this increased
understanding of the nature and extent of mercury toxicity and the role of air-
borne mercury in contaminating water resources.

Nitrogen Loadings in the Chesapeake Bay

In 1983, the first Chesapeake Bay Agreement was adopted, establishing a
Chesapeake Bay Program and an executive council to lead restoration efforts
within this important estuary. A central element of the program was the setting of
targets and timetables for the reduction of phosphorus and nitrogen loading into
the Chesapeake Bay. In 1987, the executive council of the program called for a
reduction of 40 percent from 1985 levels of “controllable” loads of phosphorus
and nitrogen to be achieved by 2000 (Sims and Coale, 2002). These ambitious
goals were predicated on the notion that loadings were entering the bay predomi-

2The Great Waters are the Great Lakes, Lake Champlain, the Chesapeake Bay, and specific coastal
waters designated through the National Estuary Program and the National Estuarine Research Re-
serve System.
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nantly through runoff and groundwater flow. Although the phosphorus target was
realistic and achievable by 2000, the nitrogen target was problematic because of
the difficulty in reducing fertilizer use, because of suburban development, and
because of other diffuse nonpoint discharges into the bay from member states as
well as from states further upstream that are not part of the program.

By the early 1990s, federally funded research conducted on airborne pollutant
transport led to the estimate that about 25 percent of the nitrogen loadings to the
bay originated from long-range transport of emissions from midwestern power
plants, motor vehicles, and agricultural operations. These research findings had
several important implications for management of the bay. First, they suggested
that control of nitrogen loadings to the bay should include an air quality control
component that reaches well beyond the existing bounds of the Chesapeake Bay
and its catchment area. Second, if the airborne nitrogen could not be controlled,
then it would be necessary to impose even more stringent requirements on the
known and controllable waterborne sources.

* * *

These examples speak to the role that publicly funded research has played in
addressing water resources problems over the last several decades, both for direct
problem solving and to achieve a higher level of understanding about water-
related phenomena. They illustrate that water problems tend to be regional in
nature, but that the benefits of water research tend to be widespread and accrue
broadly and to many different user groups. Although not stressed in the above
examples, research has allowed the nation to increase the productivity of its water
resources, such that today an acre-foot of water yields, on average, more value
than it did 50 or 100 years ago.3 Additional research can be expected to increase
that productivity even more, which is critical to supporting future population and
economic growth. Finally, research that permits the nation to manage its water
resources in more environmentally sensitive and benign ways is more important
than ever, given the recognition and value now afforded to aquatic ecosystems
and their environmental services.

ENVISIONING THE AGENDA FOR
WATER RESOURCES RESEARCH

Recognizing a compelling need for rethinking the national water research
agenda in light of emerging as well as persistent problems, the Water Science and
Technology Board of the National Research Council in 2001 wrote Envisioning

3This can be documented, both nationally and regionally, by dividing water use by GDP, adjusted
for inflation.
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the Agenda for Water Resources Research in the Twenty-first Century (NRC,
2001c). The Envisioning report was intended to (1) draw attention of the public
and broad groups of stakeholders to the urgency and complexity of the water
resource issues facing the United States in the 21st century, (2) identify knowl-
edge and corresponding research areas that need emphasis both now and over the
long term, and (3) identify ways in which the setting of the water research agenda,
the conduct of such research, and the investment allocated to such research should
be improved in the near future. The broad goal of the report was to identify the
research needed to help ensure that the water resources of the United States remain
sustainable over the long run. The report was organized around three broad
categories (water availability, water use, and water institutions), and it identified
43 critical water research needs. Conclusions pertinent to the present report
include the following:

• the challenge of solving the nation’s water problems will require a renewed
national research commitment, which will include changes in the way research
agendas and priorities are established

• water quality and water quantity need to be thought of in an integrated
fashion, and research priorities should be developed in an integrated fashion

• relatively more attention must be given to water-related research in the
social sciences and to research focused on the development of innovative institu-
tions than has been the case in the past

• research on environmental water needs has emerged as an important player
and should remain a major part of the research agenda.

As discussed below, the present report expands and elaborates upon on this ear-
lier effort.

STATEMENT OF TASK AND REPORT ROAD MAP

The purposes of this report are to (1) refine and enhance the recent findings
of the Envisioning report, (2) examine current and historical patterns and magni-
tudes of investment in water resources research at the federal level, and generally
assess the adequacy of this investment, (3) address the need to better coordinate
the nation’s water resources research enterprise, and (4) identify institutional
options for the improved coordination, prioritization, and implementation of
research in water resources. The study was carried out by the Committee on
Assessment of Water Resources Research. The committee has sought to identify
overarching principles that will guide the formulation and conduct of water
research rather than focusing exclusively on developing a topic-by-topic research
agenda. Chapter 2 presents and analyzes the complex history of federally funded
water resources research in an effort to understand how the research needed to
solve tomorrow’s problems may compare with the research undertaken in the
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past. It is also instructive in illuminating how U.S. support for water resources
research in the 20th century has fluctuated in response to important scientific,
political, and social movements. Chapter 3 revisits the 43 research areas outlined
in the Envisioning report, but with the intent of drawing out overarching themes
that should govern how research endeavors are organized. It also describes a
process for periodically updating the national water resources research agenda.
Chapter 4 describes the committee’s methodology for collecting budget data and
narrative information from the major federal agencies and from significant
nonfederal organizations that are conducting water resources research. Within
this chapter, these data are analyzed, and conclusions about the nation’s invest-
ment in water resources research are made. The importance of data collection to
the overall water resources research enterprise is the subject of Chapter 5. The
report concludes in Chapter 6 with more detailed alternatives for organizing and
coordinating the water resources research enterprise than were presented in the
Envisioning report.
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2

The Evolving Federal Role in Support of
Water Resources Research

The federal role in helping to ensure that the nation’s water resources meet
public needs has changed dramatically over the years. Sustained congressional
funding to support water resources research started in the 1950s, expanded con-
siderably in the 1960s, and has remained essentially static since then. The research
agenda supported by this funding has changed in response to shifting national
priorities. This chapter provides a broad overview of the evolving federal role
concerning water, starting at the time of European settlement. It then turns to a
more detailed discussion of the federal role in water resources research and of
efforts over the last 50 years to organize and coordinate federally supported water
resources research.

NATIONAL INTERESTS IN WATER

Over the last 200 years, water resources in the United States have undergone
a profound transformation. Initially considered as a means of transportation and
navigation (and managed as such), water resources for much of the early 20th
century were developed primarily as water sources for agriculture and later for
industrial and municipal use. The most recent era of water resources management
has seen a blossoming of efforts to protect waterbodies from both quality and
quantity degradation brought on by such development.

Support of Commerce and Settlement

In this nation’s early years, the development of water resources for transpor-
tation and other purposes was left largely to private initiative. Congress regarded
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its powers as narrowly confined to those explicitly conferred upon it by the U.S.
Constitution. The earliest federal role in water development and management
began in the 1820s when the U.S. Army Corps of Engineers (Corps) was autho-
rized to undertake work to improve the navigability of the nation’s coastal and
inland waterways. This was made possible by a Supreme Court ruling in the case
of Gibbons v. Ogden (9 Wheat. 1, 197 1824), which declared that Congress had
the authority to regulate navigation on interstate rivers under the terms of the
interstate commerce clause of the U.S. Constitution. That authority was sub-
sequently broadened by other rulings regarding navigable rivers and their tribu-
taries (Maass, 1951; Hill, 1957). Thereafter, Congress made direct appropriations
to the Corps for specific river and harbor improvements. One rationale for autho-
rizing the Corps to be involved in domestic civil works was to provide work for
officers during peacetime so as to maintain their engineering proficiency. Naviga-
tion improvements continued to be the norm until after the Civil War, when
Congress expanded the role and authority of the Corps to include flood control
(Holmes, 1972).

During the latter half of the 19th century, the Corps’ authority was expanded
in two distinct ways. First, the navigation activities that had previously been
restricted to maintaining depth in natural channels by clearing debris were
expanded to include the construction of dams and other structures on navigable
waters. Simultaneously, the Corps also received authority to regulate the disposal
of refuse as well as of dredge and fill materials, also for the purpose of protecting
navigation. In this way, the Congress could ensure that the activities of the states
and of private parties would not interfere with navigation. Second, the Corps was
given responsibility for flood control on the lower Mississippi River, which on a
regular basis was visited with devastating floods that adversely affected naviga-
tion and the development prospects of the region.

To summarize, the federal interests in water resources during the 19th century
were limited to matters related to navigation. The expansion of federal authorities
into other areas would not occur until the 20th century, although important events
in land acquisition and development that set the stage for this occurred in the 19th
century (as discussed below).

The period from 1775 to around 1850 has been characterized as the Era of
Acquisition in the United States. During this period, the nation acquired most of
the lands that would ultimately define the extent of the country on the North
American continent, including the Louisiana Purchase in 1803, the annexation of
Texas in 1845, and the acquisition of the areas in the southwestern United States,
including California, Arizona, and Nevada in 1848 through the Mexican Cession.
With the Gadsden Purchase in 1853 and the acquisition of Alaska in 1867, the
shape of the United States in North America looked very much the way it looks
today.

Beginning around 1850, the Congress made significant efforts to turn much
of this land over to private ownership via the Homestead Act of 1862, as large
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holdings of public lands were seen as inconsistent with democratic ideals. Further-
more, the concept of “Manifest Destiny” dictated early settlement as a means of
consolidating western land expanses and the nation’s new borders. As this
transition occurred, some well-documented abuses on private holdings began to
surface, despite Congress’s having recently written many of the nation’s first
grazing, mining, and timber laws. For example, some forested lands were cut-
over indiscriminantly, grazing lands were subjected to heavy and nonsustainable
grazing pressures, and mining laws were widely abused. This led to federal action
between 1880 and 1900 in which some of the remaining timbered lands were
reserved to the national forest system and the national park system. It is interest-
ing to note that in creating the national forest system, the Congress made clear
that a primary purpose for establishing and managing forest reserves was to
“secure favorable conditions of water flows” as a reliable supply for downstream
users (16 USCA §475).

In the latter decades of the 19th century, there was concern over the relative
absence of settlement and development of broad expanses of land in the arid and
semiarid West. Thus, in 1888 the Congress appropriated funds to the U.S. Geo-
logical Survey (USGS) to undertake an “irrigation survey” under the leadership
of John Wesley Powell.1 Powell’s report, The Arid Lands of the United States,
underscored the lack of rainfall in the region and the unsuitability of its lands for
agriculture without supplemental water through irrigation. Although ultimately
rejected by the Congress, Powell’s report has become the single most definitive
work describing the circumstances of the arid and semiarid West and recom-
mending policies for the development of this region (Pisani, 1992).

The Development Era

The presidency of Theodore Roosevelt between 1901 and 1908 brought with
it a new attitude about the federal role respecting natural resources, including
water. In place of unfettered private development, Roosevelt promoted the need
for governmentally supervised natural resources development to ensure their
fullest possible use. This view was prompted to a large extent by the significant
acreage of federal land that had been reserved and required management. With
Roosevelt’s enthusiastic support, Congress passed the Reclamation Act of 1902,
committing the federal government to a major role in the development of water
resources for use in irrigation in the arid western states.

Roosevelt supported an expanded role for the federal government in the com-
prehensive development of rivers for economic uses. The report of his Inland

1For an excellent account of Powell’s life, see Worster (2001). For a more comprehensive treatment
of the integration of science into the federal government including the work of Powell, see Dupree
(1957).
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Waterways Commission (1908) recommended creation of a coordinated federal
effort to plan for river development, in cooperation with state and local govern-
ments. However, in passing the Federal Water Power Act in 1920, Congress
decided to limit the federal role in hydropower development to licensing non-
federal development of water power on navigable streams in a manner that would
best promote comprehensive development of the water resources (Holmes, 1972).
It gave this licensing authority to the newly created Federal Power Commission
and directed the commission to conduct nationwide surveys of water-power-
development opportunities.

Simultaneously, Congress was expanding the role of the Corps. It continued
to fund navigation improvements through periodic Rivers and Harbors acts, and
it passed other legislation increasing the Corps’ flood-control responsibilities.
Prior to 1936, the Corps’ authority with respect to flood control had been limited
to surveys and planning except on the lower Mississippi River. With the Flood
Control Act of 1936, Congress committed to a national program for the control of
floods and granted the Corps authority to survey, plan, and construct flood-control
works throughout the nation.

With the coming of the Great Depression and the advent of the New Deal,
the federal role was expanded in virtually all arenas. Multipurpose water develop-
ment projects expanded rapidly as large-scale public-works programs became a
favored means of providing employment and stimulating economic recovery. In
addition to the substantial expansion of the construction activities of the U.S.
Bureau of Reclamation (USBR) and the Corps, Congress created the Tennessee
Valley Authority and added a soil and water conservation function to the U.S.
Department of Agriculture (USDA). Large multipurpose regional water develop-
ment projects occurred on the Missouri, Columbia, and Colorado rivers in addition
to multibasin projects such as California’s Central Valley Project. By the late
1930s, water projects accounted for 40 percent of the President’s budget recom-
mendations for public works (Holmes, 1972).

As the nation’s attention turned to war in the early 1940s, economic recovery
was at hand and the need for many New Deal programs declined. The National
Resources Planning Board, which had been the lone mechanism for coordinating
federal water programs during the 1930s, was abolished in 1941, leaving agencies
with such programs free to compete for congressional funding. The political
attractiveness of using federal funding to pay for expensive water development
projects motivated Congress to authorize even more of these projects in the 1940s
and 1950s than it had in the 1930s (Holmes, 1972). Most of the water project
funding went to the Corps and the USBR. However, Congress started a new
program within USDA during this period directed at smaller projects in rural,
agricultural areas. Known as the Watershed Protection and Flood Prevention Act
of 1954 (P.L. 83-566), this program authorized federal support for projects
intended to reduce erosion, control flooding, and provide water supplies at a small
watershed level.
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Inevitably, various reactions to these projects set in. Budget concerns
prompted demands for more thorough analysis of the economic benefits of the
projects in relation to their costs. Critics noted the substantial subsidies these
projects frequently provided to the direct beneficiaries and users. In the early
1950s environmentalists mounted a successful campaign to oppose construction
of a dam at Echo Park in Dinosaur National Monument. Increasingly, the Truman
and Eisenhower administrations and their Bureau of the Budget sought to force
clearer economic justification for new projects. Circular A-47, issued at the end
of the Truman administration, implemented a standard that proposed water
projects would be expected to produce total benefits exceeding their costs. This
standard had first appeared in the language of the Flood Control Act of 1936.
Nevertheless, the funding of water projects had become a significant instrument
of distributive politics as project beneficiaries, federal construction agencies, and
members of Congress united in an “Iron Triangle” to secure a growing federal
program of water projects (Ingram and McCain, 1977; Ingram, 1990).

The resulting search to define an appropriate federal role in the development
and management of water resources resulted in the creation of a series of com-
missions and committees between 1946 and 1956 to make recommendations
concerning a national water resources policy.2 Then, in 1959 the Senate Select
Committee on Water Resources was established and was chaired by Senator
Robert Kerr of Oklahoma. This committee recommended federal action in five
areas: streamflow regulation, water quality improvement, underground water
storage, increased efficiency of water use, and increased water yield through
desalting and weather modification. The primary rationale set forth for federally
funded water projects was to enhance the supply of usable water, not necessarily
to support local economic development. The Senate Select Committee also
acknowledged a 1948 congressional finding that there was an appropriate federal
role in the abatement of water pollution. There was also recognition that signifi-
cant new federal funding would be required to address the nation’s water quality
needs. Finally, the Senate Select Committee report was also noteworthy because
it addressed the need for an enhanced federal program of water resources research
(U.S. Senate Committee on Interior and Insular Affairs, 1969).

The Era of Protection

In the decade of the 1970s fundamental changes occurred in national water
policies and programs. A new federal agency, many new federal statutes, and
new roles and involvement for various stakeholders and the public changed the

2Schad (1962) identifies eight such groups. Holmes (1972), pp. 40–43, provides a short summary of
five of these: the first (1949) Hoover Commission; the 1950 President’s Water Resources Policy
Commission; the 1952 House Subcommittee to Study Civil Works; the second (1955) Hoover Com-
mission; and the 1955 Presidential Advisory Committee on Water Resources Policy.
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playing field for water resources and created new relationships. April 22, 1970,
the first Earth Day, signaled a new level of interest in and concern about environ-
mental issues, particularly those associated with water resources. Simultaneously,
public involvement in all types of decision making related to resources and the
environment greatly increased. Many new, active interest groups demanded a say
in water resource policy issues. These groups also supported the conduct of
research upon which new programs of environmental protection and enhance-
ment could be based. In 1970 the U.S. Environmental Protection Agency (EPA)
was created by Executive Order by President Richard Nixon, and it quickly
became the major agency in the regulation and enhancement of water quality
(following congressional actions described below). During this time Congress
moved aggressively to place the federal government in a more central role as
promoter and regulator of environmental protection.

The federal Water Pollution Control Act, originally enacted in 1948, was
totally reshaped by the amendments of 1972 and 1977 (P.L. 92-500, P.L. 95-217)
(Copeland, 2002). It ultimately became known as the Clean Water Act (CWA).
This legislation declared all discharges into the nation’s waters to be unlawful,
unless such discharges were specifically authorized by permit. The act set ambi-
tious objectives to restore and maintain the physical, biological, and chemical
integrity of the nation’s waters and to implement treatment of municipal and
industrial wastewater (“point sources”), so that mandated standards could be met.
Congress charged the EPA with determining the best available pollution control
technologies for all major sources of discharges. Later amendments (1987)
mandated the use of best management practices to control nonpoint sources of
pollution.

In 1974, Congress enacted the Safe Drinking Water Act (SDWA, P.L. 93-
523), which established national standards and treatment requirements for public
water supplies, controls on underground injection of waste, protections for drink-
ing water sources, and provisions for financing needed infrastructure. Congress
enacted major amendments in 1986 to accelerate the schedule for regulating
additional contaminants in water and to increase the protection of groundwater.
Additional amendments in 1996 subsequently changed the way new contami-
nants would be addressed, focusing on new risk-based approaches, emphasizing
the use of the best available science, and increasing the focus on pollution pre-
vention through source water protection.

Other environmental legislation was also enacted during this period. The
Resource Conservation and Recovery Act (RCRA) was passed in 1976, and the
Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA or “Superfund”) was passed in 1980. Both of these laws had implica-
tions for new research on water quality and health issues. The Coastal Zone
Management Act of 1972 linked the water quality protection efforts of EPA and
the National Oceanic and Atmospheric Administration and required that coastal
zone planning and management be coordinated with the CWA.
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Through all these laws, EPA was directed, both explicitly and implicitly, to
establish new national programs of research (1) on the effects of pollutants on
human and ecological health and (2) on improved technologies and management
approaches for the prevention and reduction of pollutants. The most recent
directive came in 2002, when Congress added requirements for EPA to conduct
research on the security of public water supplies and on prevention and response
to terrorist or other attacks (Public Health Security and Bioterrorism Prepared-
ness and Response Act of 2002, P.L. 107-188).

The national policy focus on protecting and enhancing the environment led
to legislative mandates regarding activities that contributed to environmental
degradation and the protection of unique ecosystems and species diversity, not all
of which were based on regulation. Beginning in the mid 1980s, Congress
included conservation provisions in the Farm Bill that were intended to minimize
agriculture’s role in degrading water quality and adversely impacting other envi-
ronmental features. A Conservation Reserve Program was created that authorized
payment to landowners who temporarily retired lands that were highly erodible
or environmentally sensitive. The Wetlands Reserve Program made payments
available to farmers who were willing to return croplands to wetlands for at least
30 years. The 1990 Farm Bill added provisions for retiring croplands adjacent to
waterbodies that would be managed as filter or buffer strips. A Water Quality
Incentive Program (now part of the Environmental Quality Incentives Program)
offered technical and financial assistance to farmers willing to modify their agri-
cultural practices in a manner that would reduce nonpoint source pollution.

In addition to this greatly heightened interest in water quality protection,
other laws reflected a growing interest in protecting the scenic, recreational, and
ecological values of water. In 1968 Congress passed the Wild and Scenic Rivers
Act (P.L. 90-542), establishing a national system of rivers that would remain free
of federal water development. The landmark Endangered Species Act of 1973
(P.L. 93-205) was intended to halt and reverse the trend toward increasing,
human-caused extinction of plant and animal species. Because of the essential
role played by aquatic and riparian environments in the life cycle of many species,
water-related impairment of such environments has become a major focus of
Endangered Species Act implementation. In 1986, Congress amended the Federal
Power Act to require that issuance (or renewal) of licenses for hydroelectric power
facilities give “equal consideration” to energy conservation; protection, mitiga-
tion of damage to, and enhancement of fish and wildlife (including spawning
grounds and habitat); protection of recreational opportunities; and preservation of
other aspects of environmental quality along with the traditional considerations
of power and development (16 USC §797(f)).
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FEDERAL SUPPORT OF WATER RESOURCES RESEARCH

The previous section illustrates that since the early 19th century, the nation’s
water policies have evolved from emphasizing navigation and settlement, to
emphasizing physical development of water supplies to ameliorate scarcity, and
finally to emphasizing the protection and enhancement of the environment. It is
useful to consider how these policies were manifested in federally funded water
resources research over the last 100 years.

The Beginnings

Some of the earliest examples of water resources research in the United States
include the Gallatin Report of 1807, which detailed infrastructure conditions and
needs of the nation’s inland navigation routes, and the 1850s Ellet Report, which
described conditions on the Mississippi River. Another early effort was the
Humpheys and Abbot Report of 1861, which was recognized internationally for
its pioneering research on the hydraulics of the Mississippi River. The next sig-
nificant program of government-funded research specifically related to water was
Powell’s survey in the 1880s. The USGS gradually expanded its program of
hydrographic surveys while individual researchers conducted investigations of
groundwater, sediment transport, and water pollution (Langbein, 1981). Shortly
after the turn of the century, the USBR began to measure flows in rivers in which
it intended to construct storage facilities. The 1908 Inland Waterways Commission
promoted the concept of comprehensive development of the nation’s rivers, and the
1909 National Conservation Commission recommended large-scale hydrologic
research in support of such comprehensive development (Holmes, 1972, p. 6). In
the early decades of the 20th century, the role of the Corps expanded to include
more planning and analysis related to its projects. Furthermore, the Federal Power
Commission carried out surveys to determine potential locations for federally
constructed hydroelectric power facilities, although authorization to construct and
operate such facilities did not come until much later. The underlying purpose of
all this federal research was to support water development and management pro-
grams and ensure that they contributed to regional economic development.

Concern about fisheries indirectly led to early research efforts on water
topics. At the urging of Spencer Baird, a respected scientist who eventually
directed the Smithsonian Institution, Congress established a Fish Commission in
1871 and made Baird the unpaid head (Dupree, 1957, p. 236). He established the
Marine Biological Laboratory at Woods Hole, Massachusetts, with nonfederal
funding in 1888. In 1903 the independent commission became the Bureau of
Fisheries in the Department of Commerce and Labor. In somewhat similar
fashion, Congress supported formation of a new division within USDA that even-
tually became the Division of the Biological Survey in 1896, with a program of
research surveying the nation’s biota (Dupree, 1957, pp. 238–239).
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Water quality problems, especially related to drinking water, also motivated
research efforts during the 19th century. Materials such as iron and new technolo-
gies such as steam-powered pumps, high-pressure systems, and filtration systems
(slow sand, sand, and gravel) were first used to clean and distribute water (Rosen
and Walker, 1968; Rosen, 1993; Webster, 1993; Embrey et al., 2002). By the
middle of the century, several investigators in England and the United States had
linked water contamination with certain infectious diseases. This finding spurred
many remedial actions during the Sanitary Reform Movement, which was often
effective in protecting public health even though it was not necessarily founded
on scientific rationale (Rosen and Walker, 1968).

It was the discovery of bacteria and the development of scientific methods
(not all of which were federally funded) that provided the objective bases for
more advanced, technically based water treatment and distribution systems. In
the 1860s and 1870s, the research of Louis Pasteur, Ferdinand Cohn, and Robert
Koch led to significant conceptual breakthroughs and standardized scientific
criteria and methods. These innovations laid the foundations of microbiology,
which yielded new knowledge about bacteria and their roles in causing disease.
Extensive public health benefits resulted (Rosen, 1993). In 1880, the German
scientist Karl Eberth discovered the typhoid bacillus, leading to the linkage
between polluted drinking water and typhoid fever (Goddard, 1966). By the late
1800s, many pathogens had been identified, public health laboratories such as the
Lawrence Experiment Station in Massachusetts had been established, and experi-
ments had been conducted to determine how bacteria could be killed. As knowl-
edge grew about pathogens in drinking water, chlorination became the new
standard for assuring safe water supplies for human consumption, spearheaded
by American engineer Abel Wolman (Wolman and Gorman, 1931).

Several of the early federal research efforts occurred in the U.S. Public Health
Service, which in 1910 conducted a two-year study of sewage pollution in streams
around the Great Lakes and later investigated the role of pollution in the trans-
mission of infectious disease. In 1913 the service established the Ohio River
Investigation Station to conduct basic research on stream pollution and water
purification. A pollution study of the Ohio River Basin, conducted jointly by the
service and the Corps, served as the model for additional work authorized by the
Water Pollution Control Act of 1948 (Goddard, 1966).

Funding for research on water problems came more slowly to other federal
departments. Thus, for example, it was not until the 1930s that the USDA initi-
ated a research program (through the Soil Conservation Service) to investigate
techniques for controlling soil erosion. This early research evolved into the com-
prehensive water research program that is carried out by the USDA today, which
focuses on the connection between agriculture and water resources.

The importance of federally sponsored scientific research to the country’s
World War II efforts prompted President Franklin Roosevelt in 1944 to ask
Vannevar Bush to examine possible federal roles in supporting scientific research
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and development in the aftermath of the war. Bush’s report (1950) concluded that
the country would benefit greatly if the kind of government-sponsored research
that had been so critical to the war effort was now brought to bear on important
problems of public health and welfare. He recommended that federal support be
provided for basic as well as applied scientific research. Bush’s report is gener-
ally credited with providing the impetus for significant expansion of federally
supported research in all areas of endeavor in the post-World War II period.

Post-World War II

In the immediate postwar period, water resources research continued at rela-
tively modest levels and tended to be piecemeal among the federal agencies. It
was focused primarily on issues related to the evaluation of water project propos-
als and improvements in planning techniques. The problems of water pollution
and issues related to the management of fish and wildlife were also prominent.
The 1948 Water Pollution Control Act increased the federal role in research
related to water pollution and set the stage for even bigger increases that were to
come 25 years later. In 1957 Congress appropriated funds for the USGS to estab-
lish for the first time a national-level program of core research related to hydrology.

The modern era of water resources research had its beginnings with the report
of the Senate Select Committee on Water Resources (1961). This committee was
the first to examine water resources research priorities in a comprehensive fashion.
The committee recommended a coordinated scientific research program on water
that would explore ways to increase available supplies and identify methods of
increasing the efficiency of water use in the production of food and fiber and
manufactured goods. The committee also noted the importance of expanding basic
research into “natural phenomena” associated with water in all its forms. This
latter finding would represent a significant broadening of scope for federally sup-
ported water research. Perhaps most important, the committee requested the
executive branch to review existing water research programs and to develop a
coordinated program of research aimed at meeting the needs identified in its 1961
report. The committee’s work ultimately led to a broad, comprehensive vision of
water resources research and was the first attempt to coordinate water resources
research across the federal enterprise.

The newly elected John F. Kennedy and his administration responded by
initiating studies at the National Academy of Sciences and the Federal Council
for Science and Technology (FCST). Professor Abel Wolman prepared a report
on water resources for the National Academy (NRC, 1962). In the report, he
emphasized the need for more basic research related to water, stating that “less
than one-fourth of one per cent of the total funds spent on water-resources devel-
opment is allocated for basic research in water,” and he identified a number of
areas in need of additional research. The FCST Report to the President on Water
Research (summarized in U.S. Senate Committee on Interior and Insular Affairs,
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1969) acknowledged the need for increased research, both within and outside the
federal agencies. It provided an inventory of existing agency research programs,
and it proposed that federal research be coordinated by a committee of represen-
tatives from each relevant agency, chaired by a senior official. Thus, in late 1963,
FCST established a Committee on Water Resources Research (COWRR), chaired
by a representative of the President’s Office of Science and Technology and
including representatives from nine federal departments and commissions.3 This
committee was charged with:

• identifying technical needs and priorities in various research and data
categories

• reviewing the overall programmatic adequacy in water resources research
in relation to needs

• recommending programs and measures to meet these needs
• advising on desirable allocations of effort among the agencies
• reviewing/making recommendations on the manpower and facilities of

the program
• recommending management policies and procedures to improve the

quality and vigor of the research effort
• facilitating interagency communication and coordination at management

levels

In 1966, COWWR published A Ten-Year Program of Federal Water
Resources Research (COWWR, 1966, often referred to as The Brown Book). The
committee defined two goals of the national water resources program. The first
was “to manage our natural water resources and to augment them when necessary
so as to meet all necessary requirements for water, both in quantity and quality.”
The second was “to minimize water-caused damages to life and property.” The
committee then specified the goal of federal water research to be the provision of
knowledge necessary to meet the national water goals (listed above) as efficiently
as possible. To accomplish these objectives, seven research areas were identified:

1. Develop methods for conserving and augmenting the quantity of water
available.

2. Perfect techniques for controlling water to minimize erosion, flood dam-
age, and other adverse effects.

3. Develop methods for managing and controlling pollution to protect and
improve the quality of the water resource.

3The Office of Science and Technology and the Federal Council for Science and Technology
transitioned in the 1970s to the Office of Science and Technology Policy in the Office of President
and its Federal Coordinating Council for Science, Engineering, and Technology (FCCSET).
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4. Develop and improve procedures for evaluating water resources develop-
ment and management plans to maximize net socioeconomic benefits.

5. Understand the nature of water, the processes which determine its distri-
bution in nature, its interactions with its environment, and the effects of man’s
activities on the natural processes.

6. Develop techniques for efficient, minimum-cost design, construction, and
operation of engineering works required to implement the water resources devel-
opment program.

7. Develop new methods for efficient collection of the field data necessary
for the planning and design of water resources projects.

It is noteworthy that only one of these objectives (objective 5) mentions better
understanding the environmental uses of water. This is symptomatic of the fact
that The Brown Book was a creature of the era of development when augmenta-
tion of supply was the principal national strategy for addressing water scarcity.
Environmental concerns had not yet manifested themselves on a national scale.

Within The Brown Book, existing federal water resources research was orga-
nized under eight topical headings, which were further subdivided into 44 areas
(the original FCST subcategories, discussed in more detail in Chapter 4). In addi-
tion, 14 “major problem areas” needing additional research were identified. These
included improved water planning, the ecological impacts of water development,
problems of water pollution control, and the economics of water development.
The report recommended nearly tripling the funding for water resources research
by 1971.

The Senate Select Committee also had recommended comprehensive planning
for water development in the nation’s river basins, with the federal government
taking the lead in cooperation with the states. Again, the Kennedy administration
responded with strong interest, and the Water Resources Planning Act of 1961
was introduced in the 87th Congress. This bill proposed the creation of a Water
Resources Council, comprised of the heads of the primary water-interested federal
agencies. It proposed creating river basin commissions to carry out the planning.
It offered the states substantial funding to carry out their own comprehensive
water planning. In 1965 such a bill finally became law (P.L. 89-80).

The work of the Senate Select Committee had also elevated interest in pro-
moting water research, leading to the enactment of the Water Resources Research
Act of 1964. Inspired by the model of federally supported agricultural research
stations in all 50 states, Title I of the act called for the creation of a Water
Resources Research Institute in each state and Puerto Rico (eventually expanding
to include the U.S. Virgin Islands, Guam, the District of Columbia, the Federated
States of Micronesia, American Samoa, and the Commonwealth of the Northern
Mariana Islands). It offered basic support of up to $100,000 per institute and
authorized an institute-only competitive grants program requiring a 1:1 match.
Title II created a competitive grants program, to be administered by the Secretary
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of the Interior, to encourage water research. An Office of Water Resources
Research, reporting directly to the Secretary of the Interior, was established to
administer the new law. In 1971 Congress increased the basic institute appropria-
tion to $250,000. In 1974 the Office of Water Resources Research merged with
the Office of Saline Water to form the Office of Water Research and Technology.

Ten years after the establishment of the Water Resources Research Institutes,
the Congressional Research Service made an assessment of their effectiveness
(Viessman and Caudill, 1976), which concluded that

Considering the limited funding provided, the objectives of the Water
Resources Research Act of 1964, as amended, have been met surprisingly well.
Effective State water resources research centers have been established and have
played an increasingly important role in State, regional, and national programs
for water resources planning and development. A strong national research net-
work is available, which has the potential for problem identification and solution
prior to “crisis” situations. Funding levels have been meager, however, and
unless increases are forthcoming, it is doubtful if the momentum achieved by the
program can be sustained.

In addition to recommending increased funding, the report suggested establishing
a national research strategy to guide research activities funded by the program,
and it urged improved efforts to disseminate research results. Thus, in an effort to
further strengthen the program, Congress passed the Water Research and Devel-
opment Act of 1978 (P.L. 95-467), replacing the 1964 act. The new law required
the creation of five-year research and development goals and objectives for the
institutes. It required that funds provided to the institutes be at least 50 percent
matched from nonfederal sources. It authorized an allotment of $150,000 per
institute in 1979, increasing to $175,000 in 1980. In 1980, Congress authorized
$150,000 per institute for 1981 and $160,000 for 1982.

Thus, COWWR, related agency research activities, the Water Resources
Research Institutes, and the associated competitive grants program traced their
origins to the Senate Select Committee. Most of the resulting research was focused
on supporting physical water development activities.

The above-mentioned entities that sprang from the original Senate Select
Committee were not the only ones to promote and manage water resources
research. In the late 1960s, concerns arose over a number of proposals that entailed
significant transbasin diversions. In response, Congress authorized the establish-
ment of the National Water Commission to study the entire range of water
resource issues and make recommendations on the scope and substance of a
national water policy. The commission’s report, which was issued in 1973,
included discussion and recommendations about water resources research. Find-
ing that water research had generally been successful at meeting past needs, the
commission identified two concerns: (1) the need to develop closer ties between
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planning and research and (2) the need for a more “broadly based and intensive
research and development effort to increase usable water supplies and to handle
growing volumes of wastes” (National Water Commission, 1973). The commis-
sion organized federal water research into four general categories: (1) agency
mission research, (2) earth science research, (3) research grant programs, and
(4) research directed at new technologies. It found that about a third of the federal
water research funding was going to water quality problems, followed by research
related to the hydrologic cycle, water supply augmentation and conservation, and
planning. It identified six areas of needed research, with priority being given to
assessing impacts of water resources development, improving wastewater treat-
ment, and evaluating water for energy production. (The other three areas were
nonpoint source pollution, more efficient water use, and development of new
technologies.) The report of the commission was completed coincident with
events that led to the dissolution of the Nixon administration. For this reason, it
was never formally transmitted to Congress and its recommendations languished.

As discussed earlier, the 1970s national strategy for managing water
resources evolved away from a focus on physical development of water supplies
toward environmental issues related to the development and management of water
resources. Consistent with this evolution, the research agenda increasingly
emphasized water quality and other environmental research to support the devel-
opment and implementation of new environmental regulations. Congress autho-
rized a number of significant programs of new research. Thus, for example, one
section of the CWA directs EPA to conduct research on harmful effects of
pollutants, effects of pesticides in water, effects of pollution on estuaries, the
structure and function of freshwater systems, the effects of thermal discharges,
and pathogen indicators in coastal recreational waters (33 USC § 1254). More-
over, EPA was to investigate ways to improve sewage treatment, improve water
quality of lakes, and address oil pollution, waste oil, and agricultural pollution.
Establishment of field laboratories was authorized in this provision, as was the
creation of a Great Lakes water quality research program. Similarly, one section
of the Safe Drinking Water Act authorized a general program of research related
to drinking water protection, but it also specifically directed that research be
undertaken on polychlorinated biphenyl contamination of drinking water, virus
contamination of drinking water sources, and the reaction of chlorine and humic
acids (42 USC § 300j-1). As part of both RCRA (42 USC § 6981-82) and
CERCLA (42 USC § 9660), Congress established programs of research aimed at
problems of solid and hazardous waste remediation, focusing on groundwater
contamination.

These congressional directives focused research on the support of regulatory
activities to maintain and enhance environmental quality. One result was that the
broader and more coordinated and comprehensive multiagency water resources
research agenda envisioned by COWRR and by the National Water Commission
was ignored and ultimately abandoned. In the late 1970s and early 1980s, there
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were also important changes in the relationships between the states and the federal
agencies. Both the CWA and SDWA established a federal–state relationship in
which the federal agency set national standards related to the congressional
agenda and the states were delegated the responsibility for implementing and
enforcing the statutes. This approach fundamentally changed the role of the states
from one primarily concerned with water management and development to one
much more heavily focused on regulation, and it required that they devote addi-
tional resources to these activities.

COWRR, which had collected annual budget information on federal water
resources research since 1965 and had survived several administrative reorgani-
zations, included an unusually candid analysis of The Brown Book’s effective-
ness in its 1977 report (COWRR, 1977). It stated: “judging from the history of
financial support devoted to water research as reported in COWRR annual reports,
the long-range plan had little impact, even indirect, on the course of water research
activities during the decade from 1966 to 1976.” In particular, actual funding for
water research had fallen well short of that recommended. Within the general
categories, funding for research on the nature of water, for manpower grants and
facilities, and for scientific and technical information declined significantly. Only
the areas of water quality and resources data showed an increase in funding (likely
caused by the creation of EPA and the passage of the CWA). The committee
stated that “overall the only conclusion that can be reached is that the federal
water research program has fared poorly in the Congress and with the Office of
Management and Budget.”

Concluding that the primary reason for this lack of success was a failure
(1) to provide “an objective, defensible analysis of the critical national problems
which involve water resources” and (2) to identify the “deficiencies in knowledge
and understanding which must be eliminated for the development of effective
resolution of these problems,” COWRR offered a “refocused” water research
program for the next five years (COWRR, 1977). Toward this end, six national
issues motivating the need for water research were identified: energy, food and
fiber production, the environment and public health, population growth, land use,
and materials. The water problems inherent in these issues suggested six general
research areas: hydrologic and hydraulic processes, water quality, planning and
institutions, atmospheric and precipitation processes, hydrologic–ecological rela-
tionships, and water supply development and management. Under each of these
topics, COWRR identified areas that should receive much greater attention over
the next five years. In addition, COWRR highlighted the importance of financial
support for data collection and for manpower and training. Finally, the report
made six recommendations: (1) substantially increase funding, (2) increase efforts
to develop a unified national program of water resources research, (3) better
balance mission agency research programs between in-house and outside research,
(4) study manpower needs for the water resources field, (5) give careful attention
to COWRR’s suggested areas of research in formulating federal agency research
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programs, and (6) coordinate the programs of the Intergovernmental Committee
on Atmospheric Sciences with the water resources research community.

COWRR was abolished during a far-reaching reorganization of its parent
body FCCSET in 1977. There was nonetheless an interest in sustaining the fed-
eral role in water resources research, as evidenced by the 1978 Water Research
and Development Act, which called for the Secretary of the Interior to prepare a
five-year water resources research plan.4  The Department of Interior enlisted the
support of the National Research Council (NRC) to review a draft of the five-year
plan in 1980. In now familiar fashion, the NRC committee provided yet another
view of the nation’s water problems and the related needs for research, and it
offered its own classification system for water research, according to the five
categories below (NRC, 1981):

• Category I: atmospheric, hydrologic, and hydraulic processes
• Category II: ecological and environmental relationships in water resources
• Category III: water-quality protection and control
• Category IV: water resources management
• Category V: institutional analysis

The NRC committee then presented its research priorities under each of the five
categories.

Because the COWRR practice of collecting annual budget data on water
resources research ended in 1975, the NRC committee had limited information
from which to draw conclusions about the adequacy of funding in each of these
five categories. Thus, the NRC committee was compelled to rely mainly on ad
hoc explanations of each agency’s research. Nevertheless, it was able to conclude
that funding was inadequate for Categories I, II, and V; excessive for Category
III; and adequate for Category IV. Among its many other suggestions, the NRC
committee noted the need to address research priorities and to discuss the linkage
between water problems and research, the need to provide for interagency coordi-
nation and elimination of duplication (for which it found no evidence), and the
need to address the policy issues implicit in many aspects of water research.
Finally, the NRC committee offered three alternative organizational arrange-
ments: a managed multiagency research program to be operated by an indepen-
dent office, the creation of an interagency committee in the Office of Science and
Technology Policy, or placing organizational responsibilities within the Water
Resources Council.

4The act directed the secretary to seek cooperation and advice from federal agencies, state and local
governments, and private institutions and individuals to ensure that suggested research will supple-
ment and not duplicate existing research, will stimulate research and development in needed areas,
and will establish a comprehensive, nationwide program of water resources research and development.
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Water Resources Research from the 1980s and Beyond

The administration of President Ronald Reagan, particularly in its early years,
espoused a limited role for the federal government in many spheres, including
scientific research. Thus, for example, the 1981 Science and Technology Report
to Congress (OSTP, 1981) stated:

The inception of the new Administration’s programs early in 1981 brought a
philosophical change to the natural resources area. Rather than trying to solve
national problems through extensive Federal programs, the decision was made
to rely wherever possible on the private sector for natural resources development.

A second guiding premise of the Administration’s policies is that many func-
tions previously held by Federal agencies really belong to State and local govern-
ments. For example, the States will be expected to support research efforts
dealing with their own water resource problems and development projects.

More specifically, the Reagan administration defined its policy on water
resources research rather narrowly. The policy had three goals: (1) enhancing the
capability of state governments to manage water, (2) encouraging nonfederal
investment in water-related research, and (3) building collective national tech-
nical capability to solve water problems. In addition, the administration acknowl-
edged that there was a federal role in coordinating and facilitating the flow of
information generated from research to state water resources managers, planners,
and policy makers. Moreover, it supported the proposition that the federal govern-
ment should continue to fund important basic research and continue to carry out
programs mandated by statute while seeking to transfer these activities to the
states where appropriate (Tom Bahr, Office of Water Policy between 1982 and
1984, personal communication, 2003).

In 1981 the Reagan administration’s Office of Management and Budget
decided not to request funding for either the state Water Resources Research
Institute program or the competitive grants program under the Water Resources
Research Act. Congress ultimately funded the institute program, but at a reduced
level, and it elected not to fund the competitive grants program. In 1982, Secretary
of the Interior James Watt abolished the Office of Water Research and Tech-
nology, placing the institute program under an Office of Water Policy in the
Department of the Interior and the matching grants program under the USBR. In
its fiscal year 1984 Appropriations Act, Congress recommended that the institute
program be placed under the USGS, where it remains to this day. In 1984, the
Reagan administration again opposed reauthorization of the Water Resources
Research Institute and competitive grants programs, arguing that such research
should be financed by the beneficiaries, whom they identified as the states and
industry. Despite this opposition, Congress reauthorized the programs and even
overrode a presidential veto of the bill (Water Resources Research Act of 1984,
P.L. 98-242).
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Concerned by the Reagan administration’s move to reduce the federal role in
water research, the Universities Council on Water Resources obtained a grant
from the National Science Foundation to hold a National Conference on Water
Resources Research. In total, 15 papers were prepared, circulated for review, and
discussed at a conference in 1985. In the conference proceedings (Universities
Council on Water Resources, 1985), three “immediate needs” were identified:
(1) improved coordination among universities, federal and state agencies, and the
private sector, (2) strengthened organizational and fiscal arrangements, and (3) a
regular review of expenditures and priorities. According to the report, there was
“substantial agreement” that a committee of the NRC should recommend a
national water research agenda. Participants concluded that it was difficult to
make an adequate assessment of existing research because of the absence of
standardized categories of problems and associated research and because of the
absence of uniform definitions. Considerable discussion centered on the relation-
ship between policy and research, how to make research relevant to policy users,
and how to ensure that research results are transmitted in usable forms. The report
emphasized the need for education and training to be considered a fundamental
part of a national water research agenda. Work groups proposed an extensive
agenda of important water research priorities for the next three to five years, and
the report included six “themes” that run through this agenda.5

The administration of President George Bush continued to view water
resources research in the context of specific agency responsibilities, such as water
quality protection, or in relation to larger problems of which water was a part,
such as global change. In 1990, Congress passed and the President signed the
Global Change Research Act of 1990 (P.L. 101-606), the purpose of which was

to require the establishment of a United States Global Change Research Program
aimed at understanding and responding to global change, including the cumula-
tive effects of human activities and natural processes on the environment, to
promote discussions towards international protocols in global change research,
and for other purposes.

The Bush administration continued the Reagan policy of opposing federal fund-
ing for state Water Resources Research Institutes. However, Congress continued
to affirm its support, and in 1990 Congress authorized funding of $10 million
annually. Congress also reinstituted a regional competitive grants program
requiring a 1:1 match.

There have been other significant events in the world of water resources
research, although they have been more sporadic and on a much smaller scale

5These are (1) the need for critical information, (2) the importance of institutional research, (3) the
importance of financing, budgeting, and pricing, (4) scientific understanding of water regimes, (5)
technology improvements, and (6) ecosystem research.
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than what occurred during the 1960s and 1970s. The NRC’s Water Science and
Technology Board produced a 1991 report Opportunities in the Hydrologic
Sciences “to help guide science and educational policy decisions and to provide a
scientific framework and research agenda for scientists, educators, and students
making career plans.” The report made the case for viewing hydrologic science as
a multidisciplinary field that focuses on water’s role in many of the physical,
chemical, and biological processes regulating the earth’s system, noting that the
“field needed sounder scientific underpinnings, particularly as we begin to take a
more global and system-oriented view of our environment” (NRC, 1991). In
response, the National Science Foundation created a new research program for
hydrologic sciences within the Geosciences Directorate (James, 1995). This effort
was one of the first to consider water resources research as a basic rather than
applied science.

Similarly, in 1994, EPA and the National Science Foundation initiated a Water
and Watersheds research grant program, the purpose of which was to “synthesize
physico-chemical, biological, and social science expertise in addressing water
and watershed issues.” Impetus for this program originated with The Freshwater
Imperative: A Research Agenda (Naiman et al., 1995). Asserting that freshwater
ecosystems are the “central component” of regional and global sustainability, this
report identified four primary areas for research: restoring and rehabilitating eco-
systems, maintaining biodiversity, understanding the effects of modified hydro-
logic regimes, and describing the importance of ecosystem goods and services
provided by freshwater ecosystems. The report highlighted the importance of
managing freshwater systems on the basis of “integrative and accurate measures
of human and environmental conditions.” USDA joined the Water and Water-
sheds program as a supporter in 1996. The number of research proposals routinely
overwhelmed the level of funding support during the six-year life of this program.

Efforts to support water resources research within the President’s office have
also been variously resurrected over the years. In 1993 President Bill Clinton
established the National Science and Technology Council (NSTC) to serve as a
cabinet-level mechanism for coordinating science, space, and technology policies
across the federal government. The Committee on Environment and Natural
Resources (CENR), one of nine committees under the NSTC, was charged with
improving coordination among federal agencies involved in environmental and
natural resources research and development, establishing a strong link between
science and policy, and developing a federal environmental and natural resources
research and development strategy that responds to national and international
issues. Using interagency task teams, CENR fostered research reports on two
water-related topics: hypoxia in the Gulf of Mexico and science needs for Pacific
salmon restoration (NSTC, 2000).

In 1995 the Clinton administration elected not to request funding for the
Water Resources Research Institute program. The administration’s formal posi-
tion was that the federal government should not fund programs that are not inher-
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ently federal responsibilities. However, it appeared that no administration had an
incentive to support the program, given that Congress routinely added the neces-
sary funding with or without administration support. The regional competitive
grants program was also continued at modest levels.

In the last decade, it has been recognized that resolving most of the major
contemporary water problems goes beyond the capability of any single federal or
nonfederal organization. Thus, multiagency, comprehensive approaches to both
place-based and generic topics in water resources research have been supported
to address priority problems. Examples include studies of the Chesapeake Bay
and the Great Lakes, the National Acid Precipitation Assessment Program, and
the general problem of nonpoint source pollution. The Water Quality 2000 pro-
gram of the Water Environment Federation issued A National Water Agenda for
the 21st Century (WEF, 1992), which lays out various strategic options developed
by representatives of more than 80 public, private, and nonprofit organizations.
The National Nonpoint Source Forum was another public, private, and nonprofit
initiative convened by the National Geographic Society and The Conservation
Fund to develop partnership approaches to mitigate nonpoint source problems
(National Geographic Society and The Conservation Fund, 1995).

In 1998, partly in response to the 25th anniversary of the CWA, EPA and the
USDA jointly issued a Clean Water Action Plan at the direction of President
Clinton and Vice President Al Gore (EPA, 1998). This plan involved input from,
and identified key actions for, all federal agencies whose mission relates to water,
including Agriculture, Commerce, Defense, Energy, Interior, Justice, Transpor-
tation, EPA, and the Tennessee Valley Authority. The plan calls for efforts to
enhance watershed protection and strengthen ways to reduce polluted runoff, in-
cluding a focus on new research. Although the plan garnered wide public support,
congressional action was not forthcoming.

More recently, the Water Science and Technology Board of the NRC pro-
duced a report entitled Envisioning the Agenda for Water Resources Research in
the Twenty-first Century (NRC, 2001). Envisioning, which forms the basis for the
current report, outlined 43 research priorities and called for the creation of a
“national water research board” to establish and oversee the national water research
agenda. To guide such a board, the report offered the following principles:

• An effective alliance with and active participation of water resources
research stakeholders is required.

• A systematic, strategic, and balanced agenda of both core and problem-
driven research priorities should be set to meet short- and long-term needs. The
core research agenda should develop (1) greater understanding of the basic pro-
cesses—physical, biological, and social—that underlie environmental systems at
different scales, (2) appropriate environmental monitoring programs, and (3) research
tools to identify and measure structural and functional attributes of aquatic and
related ecosystems.
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• The national water resources research effort should be coordinated to
reduce needless duplication and to ensure that gaps do not occur.

• The research effort should be multidisciplinary and interdisciplinary.
• The research effort should be proactive and anticipate the nation’s needs

and the environmental impacts of management options.
• The research effort should be accountable to the public to ensure that the

water resources research investment has been appropriately utilized to meet the
nation’s needs.

Finally, perhaps the latest recognition of the need for coordination to tackle
the nation’s water problems is the 21st Century Water Commission Act of 2003.
Introduced in the 108th Congress in January 2003 as H.R. 135, the proposal would
establish the 21st Century Water Commission to study and develop recommenda-
tions for a comprehensive water strategy to address future water needs, particu-
larly to ensure an adequate and dependable supply of water to meet U.S. needs for
the next 50 years. As of this writing, this legislation has been adopted by the
House of Representatives and awaits Senate action.

SUMMARY

Figure 2-1 summarizes the seminal events in water resources research that
have been discussed in this chapter. Federal support of water-related research
developed slowly because of the prevailing view during much of the 1800s that
science was not a governmental function. As federal involvement in the develop-
ment of rivers for navigation, flood control, and storage of water for irrigation
grew, so did accompanying research (although in the early 20th century, the need
was primarily for engineers, not scientists). Nevertheless, federal scientists played
an important early role in the collection of information about the extent of the
nation’s water resources, the nature of groundwater, and the need for protecting
drinking water for public health purposes.

It was not until the 1950s that Congress committed itself to supporting a
comprehensive program of water research. The commitment, which was short-
lived, peaked during the 1960s when Congress and the executive branch achieved
a consensus in developing and funding a comprehensive research program and in
coordinating its implementation. During this period, the two branches of govern-
ment shared the view that the federal role in water entailed funding its develop-
ment for human use while reducing problems of pollution. By the 1970s, the
growing interest in environmental protection conflicted with interests in water
development, such that the policy consensus was splintered. This cast the federal
government into more of a regulatory role and deemphasized the federal role in
promoting economic growth through water resources development.

As broad support for national water policies that focused on development
began to erode, competing interests pursued their individual objectives. Begin-
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Farm Bill with water quality provisions

National conference on Water Resources

CERCLA

Endangered Species Act
Safe Drinking Water Act

Clean Water Act

Wild and Scenic Rivers Act

Fish and Wildlife Coordination Act

Federal Water Pollution Control Act

Flood Control Act

Boulder Canyon Project Act

Federal Water Power Act

Tennessee Valley Authority Created

Water Resources Research Act

Water Resources Planning Act

Water Research and Development Act

Water Resources Research Act

Freshwater Imperative

Opportunities in the Hydrologic Sciences

Senate Select Committee Report

RCRA

EPA Created
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ning in the 1970s, water research became tied to programmatic “thrusts” of
administrations or to statutorily defined objectives of Congress. In the 1980s and
1990s, the Reagan, Bush, and Clinton administrations asserted a more limited
federal role in water resources research. In their view, research should be closely
connected to helping to meet federal agency missions or to addressing problems
beyond the scope of states or the private sector (such as global climate change or
hypoxia in the Gulf of Mexico). Congress, on the other hand, generally supported
a broader approach to water resources research, but one that it could actively
supervise through the legislative and appropriations processes. A consequence of
the devolving of responsibility for water resources research back to the states was
the neglect of long-term, basic research in favor of applied research that would
lead to more immediate results.

As summarized in Box 2-1, the priority elements of a national water resources
research agenda have been identified in widely varying ways by many of the
organizations and reports identified in this chapter. In some respects, each agenda
reflects the view of the federal government’s role that was prevalent at the time
the agenda was created. Thus, early research agendas stress research that would
assist comprehensive water development, balanced with an interest in better
decision-making criteria for determining whether such development warranted
federal support. Later, as political support for federal funding of water develop-
ment weakened and as the federal role shifted to technological and regulatory
protection of water quality, the emphasis of the research agendas shifted accord-
ingly. No doubt these variations also reflect to some degree the mental frame-
works and particular interests of those who developed the agendas.

And yet the general topics of scientific concern found in the agendas of
Box 2-1 remain remarkably similar: water-based physical processes; availability
of water resources for human use and benefit, including improving and protecting
water quality; and hydrology–ecology relationships. The reappearance of the same
topics over and over suggests that the nation’s research programs, both individu-
ally and collectively, have not responded in an adequate manner. Box 2-1 further-
more suggests that there is no structure in place to make use of the research
agendas generated by various expert groups. Indeed, at the national level there is
no coordinated process for considering water resources research needs, for priori-
tizing them for funding purposes, or for evaluating the effectiveness of research
activities. It is no surprise that common refrains within many of the reports cited
in Box 2-1 are for better coordination of research efforts—a topic that is returned
to in Chapter 6.

There could be several explanations for why the country has failed to mount
a serious, comprehensive water resources research program in spite of more than
half a dozen efforts to define national research agendas in the past 40 years. The
responsibilities for water resources development and management are fragmented
among a number of agencies, and it appears that the agencies have no incentive to
act in concert with each other to support the development of a unified national
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BOX 2-1
Water Research Priorities of Various Organizations,

Committees, and Reports

Senate Select Committee Report (1961)
• expansion of basic water research
• more balanced and better-constructed program of applied research

for increasing water supplies
• an expanded program of applied research for conservation and

making better use of existing supplies
• evaluation of completed projects with a view to making them more

effective in meeting changing needs and providing better guidelines for
future projects

• federally coordinated research programs to meet these objectives

Abel Wolman Report (NRC, 1962)
Arid areas research:

• conjunctive ground-surface water management
• evaporation suppression and transpiration control
• salinity control and use of saline water
• factors governing the entrainment, transport, and deposition of sus-

pended sediment
• factors governing snow melt
• induced rainfall

Humid areas research:
• developing water-purification methods
• means of forecasting the effects of wastes on receiving water and

toward quantifying pollution damages
• means for the detection and identification of traces of pollutants

and toxicological research on their possible chronic effects on public health

All areas research:
• forecasting and controlling channel modifications
• improving the process of approximating optimum water resources

systems
• improving streamflow forecasting
• improving weather forecasting
• physiological aspects of water

Committee on Water Resources Research (1966) (The Brown Book)
• research on water resources planning
• research on water pollution control
• research on water conservation

continued
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• ecological impact of water development
• effect of man’s activities on water
• costs of water resources development
• research on “far-out” ideas
• the problem of climatic change
• information storage and dissemination
• a program of problem assessment
• water resources research laboratories
• experimental watershed studies
• coordination of research
• manpower

National Water Commission (1973)
• assessing impacts of water resources development
• improving wastewater treatment
• evaluating water for energy production
• nonpoint source pollution
• more efficient water use
• development of new technologies

Committee on Water Resources Research (1977)
The committee identified six national issues motivating the need for

water research: energy, food and fiber production, the environment and
public health, population growth, land use, and materials. The water prob-
lems inherent in these issues suggested six general research areas:

• hydrologic and hydraulic processes
• water quality
• planning and institutions
• atmospheric and precipitation processes
• hydrologic–ecological relationships
• water supply development and management

NRC Federal Water Resources Research (NRC, 1981)
I. Physical processes

• hydrologic characteristics of vadose zone
• atmospheric transport and precipitation of contaminants
• flood frequency determination
• hydrologic factors in water quality
• climate variability and trends
• erosion, sedimentation, and nutrient transport
• weather and hydrologic forecasting

BOX 2-1 Continued

continued
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II. Ecological–environmental
• effects of waterborne pollutants on aquatic ecosystems
• consequences of waste disposal in marshes, estuaries, and oceans
• physical alteration of wetlands and estuaries
• environmental degradation from water projects

III. Water quality
• significance of trace contaminants to human health
• water reuse
• control of contaminants from energy development
• land disposal of wastes
• monitoring for pollution control

IV. Water management
• water problems of food and fiber production in stressed environments
• conjunctive management of ground and surface water
• water conservation in municipal, industrial, energy, and agricultural uses
• control of pollution from nonpoint sources
• management systems for water resources
• management of resources under flood and drought hazards

V. Institutional
• institutional arrangements for reallocation of water
• institutional arrangements for groundwater management
• assignment of responsibilities for water and related resource

management among federal, state, and local levels of government
• institutional arrangements for water conservation
• flood and drought hazard mitigation
• resolution of conflicts over alternative courses of action
• institutional arrangements for achieving erosion and sediment control
• impacts of water management policies and programs
• institutional arrangements for water resources research

Opportunities in the Hydrologic Sciences (NRC, 1991)
• chemical and biological components of the hydrologic cycle
• scaling of dynamic behavior
• land surface–atmospheric interactions
• coordination of global-scale observations of water reservoirs and

the fluxes of water and energy
• hydrologic effects of human activity
• maintenance of continuous long-term datasets
• improved information management
• interpretation of remote sensing data
• dissemination of data from multidisciplinary experiments

continued
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The Freshwater Imperative (Naiman et al., 1995)
• restoring and rehabilitating freshwater ecosystems
• maintaining biodiversity
• understanding the effects of modified hydrologic flow patterns
• describing the importance of ecosystem goods and services pro-

vided by freshwater ecosystems
• developing new paradigms of predictive management based on

interdisciplinary research and new models of institutional organization
that can respond to novel or unforeseen problems

Envisioning the Agenda for Water Resources Research (NRC, 2001)
Water availability

• develop new and innovative supply-enhancing technologies
• improve existing supply-enhancing technologies such as waste-

water treatment, desalting, and groundwater banking
• increase safety of wastewater treated for reuse as drinking water
• develop innovative techniques for preventing pollution
• understand physical, chemical, and microbial contaminant fate and

transport
• control nonpoint source pollution
• understand impact of land-use changes and best management

practices on pollutant loading to waters
• understand impact of contaminants on ecosystem services, biotic

indices, and higher organisms
• understand assimilation capacity of the environment and time course

of recovery following contamination
• improve integrity of drinking water distribution systems
• improve scientific bases for risk assessment and risk management

with regard to water quality
• understand national hydrologic measurement needs and develop

a program that will provide these measurements
• develop new techniques for measuring water flows and water quality,

including remote sensing and in situ techniques
• develop data collection and distribution in near real time for improved

forecasting and water resources operations
• improve forecasting the hydrologic cycle over a range of time scales

and on a regional basis
• understand and predict the frequency and cause of severe weather

(floods and droughts)
• understand recent increases in damage from floods and droughts
• understand global change and its hydrologic impacts

BOX 2-1 Continued

continued
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Water use
• understand determinants of water use in the agricultural, domestic,

commercial, public, and industrial sectors
• understand relationship of agricultural water use to climate, crop

type, and water application rates
• develop improved crops for more efficient water use and optimize

the economic return for water used
• develop improved crop varieties for use in dryland agriculture
• understand water-related aspects of the sustainability of irrigated

agriculture
• understand behavior of aquatic ecosystems in a broad, systematic

context, including their water requirements
• enhance and restore species diversity in aquatic ecosystems
• improve manipulation of water-quality parameters to maintain and

enhance aquatic habitats
• understand interrelationship between aquatic and terrestrial eco-

systems to support watershed management

Water institutions
• develop legal regimes that promote groundwater management and

conjunctive use of surface and groundwater
• understand issues related to the governance of water where it has

common pool and public good attributes
• understand uncertainties attending to Native American water rights

and other federal reserved rights
• improve equity in existing water management laws
• conduct comparative studies of water laws and institutions
• develop adaptive management
• develop new methods for estimating the value of nonmarketed

attributes of water resources
• explore use of economic institutions to protect common pool and

pure public good values related to water resources
• develop efficient markets and market-like arrangements for water
• understand role of prices, pricing structures, and the price elasticity

of water demand
• understand role of the private sector in achieving efficient provision

of water and wastewater services
• understand key factors that affect water-related risk communica-

tion and decision processes
• understand user-organized institutions for water distribution, such

as cooperatives, special districts, and mutual companies
• develop different processes for obtaining stakeholder input in form-

ing water policies and plans
• understand cultural and ethical factors associated with water use
• conduct ex post research to evaluate the strengths and weak-

nesses of past water policies and projects
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water resources research agenda. Furthermore, over the last 40 years the compe-
tition for federal funds in general and research funding in particular has intensi-
fied, with water resources research not being a national priority compared to
health and defense-related issues. In the face of historical failures to mount an
effective, broadly conceived program of national water resources research, it is
reasonable to ask “Why bother with yet another comprehensive proposal?” The
answer lies in the sheer number of water resources problems (as illustrated in
Chapter 1) and the fact that these problems are growing in both number and
intensity. If the nation is to address these problems successfully, an investment
must be made not only in applied research but also in fundamental research that
will form the basis for applied research a decade hence. A repeat of failed past
efforts will likely lead to enormously adverse and costly outcomes on the status
and condition of water resources in almost every region of the United States.
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3

Water Resources Research
Priorities for the Future

The pressing nature of water resource problems was set forth in Chapter 1.
The solution to these problems is necessarily sought in research—inquiry into the
basic natural and societal processes that govern the components of a given
problem, combined with inquiry into possible methods for solving these problems.
In many fields, descriptions of research priorities structure the ways in which
researchers match their expertise and experience to both societal needs and the
availability of research funding. Statements of research priorities also evolve as
knowledge is developed, questions are answered, and new societal issues and
pressures emerge. Thus, the formulation of research priorities has a profound
effect on the conduct of research and the likelihood of finding solutions to
problems.

Statements of research priorities developed by a group of scientists or
managers with a common perspective within their field of expertise can have a
relatively narrow scope. Indeed, this phenomenon has resulted in numerous inde-
pendent sets of research priorities for various aspects of water resources. This has
come about because water plays an important role in a strikingly large number of
disciplines, ranging from ecology to engineering and economics—disciplines that
otherwise have little contact with each other. Thus, priority lists from ecologists
emphasize ecosystem integrity, priority lists from water treatment professionals
emphasize the quantity and quality of the water supply, and priority lists from
hydrologists emphasize water budgets and hydrologic processes. In recent years,
the limitations of discipline-based perspectives have become clear, as researchers
and managers alike have recognized that water problems relevant to society
necessarily integrate across the physical, chemical, biological, and social sciences.
Narrowly conceived research produces inadequate solutions to such problems;
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these in turn provide little useful guidance for management because critical parts
of the system have been ignored. For example, the traditional subdivision of water
resource issues into those of quality and quantity is now seen as inadequate to
structure future research, given that water quality and quantity are intimately,
causally, and mechanistically connected. Similarly, theoretical studies of water
flows (hydrology) and aquatic ecosystems (limnology) can no longer be viewed
as independent subjects, as each materially affects the other in myriad ways.
Finally, the physical, chemical, and biological aspects of water cannot adequately
be investigated without reference to the human imprint on all facets of the earth’s
surface. Thus, the challenge in identifying water resources research needs is to
engage researchers in novel collaborations and novel ways of perceiving the
research topics that they have traditionally investigated.

Water resources research priorities were recently extensively considered by
the Water Science and Technology Board (WSTB) in Envisioning the Agenda for
Water Resources Research in the Twenty-first Century (NRC, 2001a). This
resulted in a detailed, comprehensive list of research needs, grouped into three
categories (Table 3-1); the reader is referred to NRC (2001a) for a detailed
description of each research need. The category of water availability emphasizes
the interrelated nature of water quantity and water quality problems and it recog-
nizes the increasing pressures on water supply to provide for both human and
ecosystem needs. The category of water use includes not only research questions
about managing human consumptive and nonconsumptive use of water, but also
about the use of water by aquatic ecosystems and endangered or threatened
species. The third category, water institutions, emphasizes the need for research
into the economic, social, and institutional forces that shape both the availability
and use of water.

After review and reconsideration, the committee concluded that the priorities
enumerated in the Envisioning report constitute the most comprehensive and
current best statement of water resources research needs. Moreover, successful
pursuit of that research agenda could provide answers to the central questions
posed in Chapter 1. However, the list of research topics is not ranked, either
within the three general categories or as a complete set of 43. An absolute ranking
would be difficult to achieve, as all are important parts of a national water
resources research agenda. Furthermore, the list of research priorities can be
expected to change over time, reflecting both changes in the generators of such
lists and in the conditions to which they are responding. This chapter, thus, pro-
vides a mechanism for reviewing, updating, and prioritizing research areas in this
and subsequent lists. It should be noted that the 43 research areas in Table 3-1 are
of varying complexity and breadth. In addition, the committee expanded research
area #21 (develop more efficient water use) from the version found in the
Envisioning report to include all sectors rather than just the agricultural sector.

The increasing urgency of water-related issues has stimulated a number of
scientific societies and governmental entities, in addition to the WSTB, to produce
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TABLE 3-1 Water Resources Research Areas that Should Be Emphasized in
the Next 10–15 Years

Water Availability
1. Develop new and innovative supply enhancing technologies
2. Improve existing supply enhancing technologies such as wastewater treatment, desalting, and

groundwater banking
3. Increase safety of wastewater treated for reuse as drinking water
4. Develop innovative techniques for preventing pollution
5. Understand physical, chemical, and microbial contaminant fate and transport
6. Control nonpoint source pollutants
7. Understand impact of land use changes and best management practices on pollutant loading

to waters
8. Understand impact of contaminants on ecosystem services, biotic indices, and higher organisms
9. Understand assimilation capacity of the environment and time course of recovery following

contamination
10. Improve integrity of drinking water distribution systems
11. Improve scientific bases for risk assessment and risk management with regard to water quality
12. Understand national hydrologic measurement needs and develop a program that will provide

these measurements
13. Develop new techniques for measuring water flows and water quality, including remote

sensing and in situ.
14. Develop data collection and distribution in near real time for improved forecasting and water

resources operations
15. Improve forecasting the hydrological water cycle over a range of time scales and on a

regional basis
16. Understand and predict the frequency and cause of severe weather (floods and droughts)
17. Understand recent increases in damages from floods and droughts
18. Understand global change and its hydrologic impacts

Water Use
19. Understand determinants of water use in the agricultural, domestic, commercial, public, and

industrial sectors
20. Understand relationships between agricultural water use and climate, crop type, and water

application rates
21. In all sectors, develop more efficient water use and optimize the economic return for the

water used
22. Develop improved crop varieties for use in dryland agriculture
23. Understand water-related aspects of the sustainability of irrigated agriculture
24. Understand behavior of aquatic ecosystems in a broad, systematic context, including their

water requirements
25. Enhance and restore of species diversity in aquatic ecosystems
26. Improve manipulation of water quality and quantity parameters to maintain and enhance

aquatic habitats
27. Understand interrelationship between aquatic and terrestrial ecosystems to support watershed

management

Water Institutions
28. Develop legal regimes that promote groundwater management and conjunctive use of surface

water and groundwater

continued
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their own lists of research priorities. For example, the American Society of
Limnology and Oceanography recently convened a workshop to draft a list of
emerging research issues (ASLO, 2003). These issues included the biogeo-
chemistry of aquatic ecosystems, the influence of hydrogeomorphic setting on
aquatic systems, the impacts of global changes in climate and element cycles, and
emerging measurement technologies. This list builds on the comprehensive
analysis of research priorities for freshwater ecosystems set forth in The Fresh-
water Imperative (Box 2-1; see also Naiman et al., 1995). Another list of research
priorities was recently assembled by the European Commission (2003), Task
Force Environment–Water, which emphasizes water availability and water quality
and the social, economic, and political aspects of water management. Like the
NRC (2001a) report, this research agenda sets forth broad areas of research, with
more specific “action lines” within high-priority areas. However, the approach
differs from NRC (2001a) in that water quality is separated from water availability,
and the socioeconomic and political research agenda is oriented toward crisis
management. The U.S. Global Change Program also identified interrelated issues
of quantity, quality, and human society as key research needs (Gleick et al., 2000);

29. Understand issues related to the governance of water where it has common pool and public
good attributes

30. Understand uncertainties attending to Native American water rights and other federal reserved
rights

31. Improve equity in existing water management laws
32. Conduct comparative studies of water laws and institutions
33. Develop adaptive management
34. Develop new methods for estimating the value of nonmarketed attributes of water resources
35. Explore use of economic institutions to protect common pool and pure public good values

related to water resources
36. Develop efficient markets and market-like arrangements for water
37. Understand role of prices, pricing structures, and the price elasticity of water demand
38. Understand role of the private sector in achieving efficient provision of water and wastewater

services
39. Understand key factors that affect water-related risk communication and decision processes
40. Understand user-organized institutions for water distribution, such as cooperatives, special

districts, and mutual companies
41. Develop different processes for obtaining stakeholder input in forming water policies and

plans
42. Understand cultural and ethical factors associated with water use
43. Conduct ex post research to evaluate the strengths and weaknesses of past water policies and

projects

SOURCE: Adapted from NRC (2001a), which identifies the researchable questions associated with
each topic.

TABLE 3-1 Continued
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this research agenda emphasizes the development of models and methods of pre-
diction as well as data collection and monitoring systems, and it emphasizes
research on the socioeconomic and legal impacts of climate change.

This brief review of selected contemporary lists of research priorities, as well
as the lists of research priorities shown in Box 2-1, illustrates that the articulation
and the ranking of research topics vary with the entity charged to develop a
research agenda. It can be anticipated that future lists of priorities will also differ
from these.

A METHOD FOR SETTING PRIORITIES OF A
NATIONAL RESEARCH AGENDA

The business of setting priorities for water resources research needs to be
more than a matter of summing up the priorities of the numerous federal agencies,
professional associations, and federal committees. Indeed, there is no logical
reason why such a list should add up to a nationally relevant set of priorities, as
each agency has its own agenda limited by its particular mission, just as each
disciplinary group and each committee does. There is a high probability that
research priorities not specifically under the aegis of a particular agency or other
organization will be significantly neglected. Indeed, the institutional issues that
constitute one of the three major themes in Table 3-1 are not explicitly targeted in
the mission of any federal agency. This is the current state of affairs in the absence
of a more coordinated mechanism for setting a national water resources research
agenda.

A more rigorous process for priority setting should be adopted—one that will
allow the water resources research enterprise to remain flexible and adaptable to
changing conditions and emerging problems. Such a mechanism is also essential
to ensure that water resources research needs are considered from a national and
long-term perspective. The components of such a priority-setting process are out-
lined below, in the form of six questions or criteria that can be used to assess
individual research areas and thus to assemble a responsive and effective national
research agenda. In order to ensure the required flexibility and national-scale
perspective, the criteria should also be applied to individual research areas during
periodic reviews of the research enterprise.

1. Is there a federal role in this research area? This question is important for
evaluating the “public good” nature of the water resources research area. A federal
role is appropriate in those research areas where the benefits of such research are
widely dispersed and do not accrue only to those who fund the research. Further-
more, it is important to consider whether the research area is being or even can be
addressed by institutions other than the federal government.
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2. What is the expected value of this research? This question addresses the
importance attached to successful results, either in terms of direct problem solving
or advancement of fundamental knowledge of water resources.

3. To what extent is the research of national significance? National signifi-
cance is greatest for research areas (1) that address issues of large-scale concern
(for example, because they encompass a region larger than an individual state),
(2) that are driven by federal legislation or mandates, and (3) whose benefits
accrue to a broad swath of the public (for example, because they address a problem
that is common across the nation). Note that while there is overlap between the
first and third criteria, research may have public good properties while not being
of national significance, and vice versa.

4. Does the research fill a gap in knowledge? If the research area fills a knowl-
edge gap, it should clearly be of higher priority than research that is duplicative of
other efforts. Furthermore, there are several common underlying themes that,
given the expected future complexity of water resources research, should be used
to evaluate research areas:

• the interdisciplinary nature of the research
• the need for a broad systems context in phrasing research questions and

pursuing answers
• the incorporation of uncertainty concepts and measurements into all

aspects of research
• how well the research addresses the role of adaptation in human and

ecological response to changing water resources

These themes, and their importance in combating emerging water resources
problems, are described in detail in this chapter.

5. How well is this research area progressing? The adequacy of efforts in a
given research area can be evaluated with respect to the following:

• current funding levels and funding trends over time
• whether the research area is part of the agenda of one or more federal

agencies
• whether prior investments in this type of research have produced results

(i.e., the level of success of this type of research in the past and why new efforts
are warranted)

These questions are addressed with respect to the current water resources research
portfolio in Chapter 4.
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6. How does the research area complement the overall water resources
research portfolio? The portfolio approach is built on the premise that a diverse
mix of holdings is the least risky way to maximize return on investments. When
applied to federal research and development, the portfolio concept is invoked to
mean a mix between applied research and fundamental research (Eiseman et al.,
2002). Indeed, the priority-setting process should be as much dedicated to ensur-
ing an appropriate balance and mix of research efforts as it is to listing specific
research topics. In the context of water resources, a diversified portfolio would
capture the following desirable elements of a national research agenda:

• multiple national objectives related to increasing water availability,
improving water quality and ecological functions, and strengthening institutional
and management practices

• short-, intermediate-, and long-term research goals supporting national
objectives

• agency-based, contract, and investigator-driven research
• both national and region-specific problems being encompassed
• data collection needs to support all of the above

Thus, the water resources research agenda should be balanced in terms of the
time scale of the effort (short-term vs. long-term), the source of the problem
statements (investigator-driven vs. problem-driven), the goal of the research
(fundamental vs. applied), and the investigators conducting the work (internally
vs. externally conducted). An individual research area should be evaluated for its
ability to complement existing research priorities with respect to these character-
istics. Definitions of these terms are provided in Box 3-1, and the appropriate
balance among these categories is addressed in Chapters 4 and 6.

Furthermore, it is important to consider whether the research fills gaps in the
desired mix of water availability, water use, and institutional topics (as demar-
cated in Table 3-1). A final level of evaluation would consider how well the
research responds to the four themes described in this chapter (interdisciplinarity,
broad systems context, evaluation of uncertainty, and adaptation).

To summarize, a balanced water resources research agenda will include items
of national significance for which a federal role is necessary; fill knowledge gaps
in all three topical areas (water availability, water use, and institutions); incorpo-
rate a mixture of short-term and long-term research, basic and applied investiga-
tions, investigator-initiated and mission-driven research, and internal and external
efforts; and build upon existing funding and research success. As noted above,
some of these issues are addressed in subsequent chapters, with respect to the
current water resources research agenda (see Table 3-1). The remainder of this
chapter expands upon the four overarching themes that should form the context
within which water resources research is conceptualized and performed.

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


WATER RESOURCES RESEARCH PRIORITIES FOR THE FUTURE 71

BOX 3-1
Definitions of Research

In order to assess the scope and adequacy of the national research
agenda in water resources, it is first necessary to articulate what is meant
by “research.” Research encompasses intellectual inquiry in pursuit of
new knowledge. However, this inquiry can take place across many dimen-
sions of temporal and spatial scale, purpose, and organization. After
reviewing the varieties of activities classified as “research” by the federal
agencies, the committee developed a taxonomy of research categories
that was used to assess the distribution and balance of the national water
resources research agenda. Following is a description of the categories
as used by the committee to assess the current status of water resources
research.

Short-term vs. Long-term

It is important to specify the time scale over which the research is
done and over which the results of the research may be applied. “Short-
term” research refers to research efforts that are conceptualized and
prioritized over a maximum of five-year time frames and conducted over
shorter periods of time (two to three years) and that are applicable on
immediate time scales. Short-term research is expected to produce imme-
diate results that can be directly applied to current problems. Developing
methods of optimizing the use of current water supplies, a research
priority of the U.S. Bureau of Reclamation, is a typical example of short-
term research. In contrast, “long-term” research refers to research efforts
that are conceptualized and prioritized over time frames of more than five
years and are usually carried out over relatively long time frames (greater
than five years) and/or produce results that will only be applicable to
management or further research over similarly long time scales. Examples
include the Long-term Ecological Research sites of the National Science
Foundation (NSF) and the research watersheds maintained by the U.S.
Forest Service, as well as research conducted on fundamental aspects
of water science.

Fundamental vs. Applied

Research can be evaluated in terms of the type of knowledge that is
sought. Traditionally, research that is solely inspired by curiosity—a quest
to understand the world and generate new knowledge—is thought to be
“fundamental.” Such research is contrasted with “applied research,” which
is designed to solve a specific, contemporary problem. However, a more

continued
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realistic representation of the these categories distinguishes two types of
fundamental research, which can be denoted as “pure basic research,”
which is conducted without respect to any practical application, and “use-
based basic research” in which an ultimate application informs research
that seeks the basic knowledge necessary to solve a problem (Stokes,
1997). The term “fundamental” is used in this report to encompass those
activities intended to generate new knowledge; it includes both that
research conducted without respect to any practical application and that
inspired by the need for solutions to real-world problems. The term “applied
research” is used to encompass those activities that seek to determine if
and how current knowledge can be applied to solving problems. This
formulation is in accord with the portrayal of research in “Pasteur’s quadrant”
as a two-dimensional set of continua (Stokes, 1997). In accordance with
these definitions, research may be immediately applicable to manage-
ment problems and yet be “fundamental” if the resolution of those prob-
lems involves the production of new understanding of basic phenomena.
For example, research contributing to an understanding of groundwater
flow in fractured rock aquifers is fundamental research, as this is a poorly
understood topic in hydrogeology. However, because there are many
fractured rock aquifers that are major water sources for consumptive use
and/or are contaminated, the knowledge has immediate application. In
contrast, research on the applicability of readily available treatment tech-
nologies to remediate contamination in a fractured rock aquifer would be
applied research, as it addresses the uses to which existing knowledge
may be put.

Investigator-driven vs. Mission-driven

Investigator-driven research is initially conceived by an individual or
group of individuals, through imaginative and original thought applied to
existing knowledge in a field, and it is conducted as a result of the initia-
tive of the scientist in finding funds to support the research effort. It is
sometimes described as curiosity-driven. Such research is usually con-
ducted after external peer review of a research proposal submitted in
competition with other investigator-initiated proposals. The research pro-
grams of the NSF are the standard for such research. An example might
be research exploring a previously unknown mechanism by which a con-
taminant interferes with cell physiology, which an investigator has thought
about and wants to verify experimentally. In contrast, mission-driven
research is conducted in response to a problem area identified by and
consistent with both an agency mission statement and/or a congressional

BOX 3-1 Continued
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mandate in particular legislation. Such problem statements are developed
by agency staff and administrators, who then seek out the appropriate
mix of scientists to develop a research program to address the problem.
While the ingenuity and originality of the scientific approach are highly
valued in such research, they do not typically contribute to the initial defini-
tion of the scientific problem at hand. An example might be determination of
exposure risks for a class of contaminants; the mission is to regulate risk
from a class of pollutants, and the goal of the research is to satisfy the
performance of this mission.

Internal vs. External

Research can be evaluated in terms of the institutional affiliation of the
individuals carrying out the activity. “Internal” research is conducted by
investigators employed by the agency funding the work. “External
research” is conducted by investigators in institutions other than the fund-
ing agency. The large majority of external research is conducted by
faculty at institutions of higher education, through grants and contracts
with funding agencies.

Overlap Among the Categories

Gradations exist within each category of research, such that a research
project may be of, for example, “intermediate term.” However, most
agency research programs sponsor research that is close enough to one
extreme or the other on each scale to be satisfactorily classified by the
above typology. This is particularly true for the latter two classifications.

There is considerable overlap among these categories; indeed, in
practice they grade into each other, forming continua of research charac-
teristics. Thus, the majority of long-term research is also fundamental
research, whereas short-term research is often, but not always, applied.
Much of the short-term research is conducted internally, particularly by
agencies whose missions are focused on solving current problems. Short-
term research is also likely to be mission-driven, for the same reason.
Investigator-driven research is, by contrast, most likely to be conducted
externally, by individuals based at universities, research institutes, and
other nongovernmental organizations, and it is more likely to be funda-
mental and long-term. Although there are clear correlations among these
categories, it is important to note that there is much research being con-
ducted that combines the categories in other ways.

BOX 3-1 Continued
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THEMES OF FUTURE WATER RESOURCES RESEARCH

There are several common underlying themes that should be used to (1) inte-
grate and reconcile the numerous lists of research priorities currently being
generated by agencies and scientific societies and (2) provide some overall
direction to the multiple agencies and academic entities that carry out water
resources research. These themes are interdisciplinarity, a broad systems context,
uncertainty, and adaptation in human and ecological response to changing water
resources.

The term interdisciplinarity refers to the fact that no question about water
resources can be now adequately addressed within the confines of traditional dis-
ciplines. The research community recognizes that the physical, chemical, and
biological/ecological characteristics of water resources are causally and mecha-
nistically interrelated, and all are profoundly affected by the human presence in
the environment. Therefore, it is necessary to understand water resources with
reference to a range of natural and social scientific disciplines.

The phrase broad system context refers to the perception that all properties of
water are part of a complex network of interacting factors, in which the processes
that connect the factors are as important as the factors themselves. Both inter-
disciplinarity and broad systems context place water resources within the emerg-
ing field of complex systems (Holland, 1995; Holland and Grayston, 1998).

Uncertainty—the degree of confidence in the results and conclusions of
research—has always been an important component of scientific research. All
measurements and observations entail some degree of error, as do methods of
data analysis, estimation, and modeling. Understanding the sources and amounts
of uncertainty attached to estimates of flow, water quality, and other water
resource variables is crucial, because so many practical and often expensive deci-
sions hinge on the results. In short, understanding and measuring uncertainty are
central to making informed decisions about water resources. Furthermore, an
emphasis on uncertainty also implies attention to the extent and quality of the
data available for generating estimates of important variables; this attention in
turn implies a need to improve technologies for research and monitoring. Finally,
an understanding of the uncertainties in data, models, and scientific knowledge
lies at the heart of risk analysis and the development of policies and strategies to
handle complex environmental problems (Handmer et al., 2001).

Finally, adaptation is a key component of the human, as well as ecological,
response to the ever-changing environment. Human society has always changed
in response to changing resources; the challenge is now to anticipate environ-
mental changes and develop adaptive responses before catastrophe or conflict
force such evolution. This is particularly pressing as research ascertains the impact
of human activities on ecosystems, such as greenhouse gas release into the atmo-
sphere and deforestation. Adaptation may involve modifying social mores and
norms or forming new government policies including economic policies. For
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example, there is little doubt among many researchers that emerging water
scarcity will demand greatly altered expectations and behaviors in society. It may
also involve new methods of managing resources in which flexibility to respond
to unanticipated or rapidly occurring problems is the guiding principle.

These four themes are illustrated below, using a subset of the research priori-
ties developed in Table 3-1. The portfolio of existing water resources research
tends not to be organized along these thematic lines.

INTERDISCIPLINARY NATURE OF RESEARCH

The need for expertise from many disciplines to solve individual water
resource problems is widely recognized and has produced repeated calls for col-
laborative, interdisciplinary approaches to research (Cullen et al., 1999; Naiman
and Turner, 2000; Jackson et al., 2001). For example, aquatic ecosystems research
now emphasizes the tight linkages between the traditional biological and ecological
issues and both hydrology and human use of water (Poff et al., 1997; Richter et
al., 1997). Similarly, the transformations of nutrients and pollutants reflect the
interplay of hydrology and microbial ecology (Brunke and Gonser, 1997).
Examples of several research areas from Table 3-1 are given below to elaborate
on the interdisciplinary nature of water resources research.

➣ Research that addresses the fate and transport of contaminants (#5 in
Table 3-1) is necessarily interdisciplinary. Contaminants introduced into surface
waters can follow a number of different pathways through the environment
depending on water and sediment movement, the domain of hydrologists and
geologists, respectively. Some contaminants are adsorbed by soil particles; the
rate of adsorption depends on the mineral materials constituting the particles,
their organic matter content, and the chemical nature of the contaminant—under-
standing of which requires the tools of physical chemistry. Both adsorbed and
dissolved contaminants may be subject to microbial transformation; the rates of
degradation, the microbes capable of such metabolic activity, and the environ-
mental conditions under which their activity is maximized must be determined by
microbiologists. The contaminant may be taken up by plant roots, (which is the
basis of phytoremediation of hazardous wastes—Pban et al., 1995; Terry and
Banuelos, 2000). Consumption of sediment particles by filter-feeding organisms
in the waterbody, with subsequent transfer through the food web, can also dis-
tribute the contaminant through the ecosystem; ecological analysis of the food
web architecture, the purview of ecologists, may help predict biomagnification
and impacts on species of concern. The balance of these transport and transfor-
mation processes differs for different types of contaminants (e.g., metals, pesti-
cides, chlorinated hydrocarbons, nonaqueous compounds) and complex mixtures
of contaminants, and little is known about the extent of these processes for emerg-
ing contaminants (e.g., endocrine disrupters and pharmaceuticals). This very brief
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outline of contaminant fate and transport makes it clear that this research priority
necessitates a collaborative effort by physical chemists, soil scientists, hydrolo-
gists, geologists, microbiologists, plant scientists, and ecologists.

➣ The research needed to improve manipulation of water quality and quan-
tity parameters to maintain and enhance aquatic habitats (#26 in Table 3-1) must
be grounded in the connection between hydrology and the viability of the organ-
isms that make up aquatic ecosystems. Recent research has clearly identified the
flow regime as the critical component that defines and structures all types of
aquatic ecosystems (NRC, 1992, 2002; Poff et al., 1997; Richter et al., 1997).
This includes not only the amounts and flow rates of water within an ecosystem,
but its patterns of variation, including extreme depths and flow rates, the fre-
quency of occurrence of extremes, the seasonality and interannual variability of
these descriptors, and the importance of fluctuating dry and wet conditions (Poff
et al., 1997). How particular flow regimes influence the structure of aquatic eco-
systems is mostly unknown, even while the management of these ecosystems is
critically dependent on such knowledge. For example, plans for controlled release
of water from reservoirs to restore downstream aquatic systems and riparian
habitat must be based on a comprehensive understanding of the flow regimes
(including the main river channel, the tributary channels, and the floodplain and
riparian wetlands) as well as the life requirements of the organisms of concern.
This requires the collaboration of hydrologists, river geomorphologists, and sedi-
mentologists with ecologists, ichthyologists, and conservation biologists. Such a
multidisciplinary group of scientists was recently involved in controlled releases
at Glen Canyon Dam on the Colorado River, with the goal of rebuilding eroding
sand bars through sediment scour and subsequent deposition (Webb et al., 1999;
Cohn, 2001; Patten and Stevens, 2001; Stevens et al., 2001; Powell, 2002).

Similarly, wetlands are structured by water regimes in which very small
variations in flow timing and amounts, in seasonal patterns of flow variation, in
flow extremes, and in the duration of wet and dry events have very large effects
on the biota (Mitsch and Gosselink, 2000; NRC, 2001b). Withdrawals of both
groundwater and surface waters for human use can alter the flow regime, such
that even subtle alterations can have large effects on the biota and function of the
downgradient wetlands. Current controversy about the failure of mitigation
methods and policy to meet the goal of “no net loss” of wetlands (Turner et al.,
2001) is rooted in the difficulty of reproducing wetland hydrology in created and
restored wetlands (NRC, 1995, 2001b). At the same time, the institutions and
policies that are used to implement the goal of “no net loss” are being questioned
and challenged. Wetland restoration thus demands research that integrates
hydrology, plant and animal ecology, and social science.

➣ The sustainability of irrigated agriculture (#23 in Table 3-1), particularly
in arid and semiarid regions, is another example where a multidisciplinary
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approach is urgently needed. There are numerous factors that can confound the
successful operation of irrigation projects on a sustainable basis. Problems related
to climate variability, soil salinity, deterioration of the irrigation infrastructure,
and social instability contributed to the collapse of the ancient empires, like the
Akkadians and Sassanians who lived in the Tigris and Euphrates River valley, or
the Hohokams who prospered for a millennium along the Gila and Salt rivers of
now south-central Arizona (Postel, 1999). Today’s challenges are expected to be
similar, because irrigation agriculture is associated with arid and semiarid envi-
ronments where climate variability significantly impedes the successful long-term
operation of these systems. In modern times, storage provided by large dams has
reduced the impact of short-term fluctuations in climate. However, the looming
prospect of global climate change, coupled with water demands of growing popu-
lations, has tremendous implications for irrigated agriculture in the next century
(NAST, 2000).

The research challenges are to provide better projections of how climate
might change and to improve hydrologic observation systems to document these
changes (NAST, 2000). In addition, because large-scale structural solutions for
water supply for irrigated agriculture are difficult to justify on social and eco-
nomic grounds (Pulwarty, 2003), social science research on determinants of water
use in the agricultural sector and agronomic research on improved crop varieties
for dryland agriculture are needed. The problem of sustaining irrigated agricul-
ture becomes even more interdisciplinary when one considers the need to under-
stand the response of soils and surface water systems (in terms of chemistry and
ecology) to alterations in irrigation return flows and the need to understand how
economics might produce flexible strategies for irrigation. Assessments like those
relating to the restoration of the Colorado River delta (Luecke et al., 1999) or the
San Francisco Bay delta (McClurg, 1997) make clear the inherent multi-
disciplinarity of developing water supply systems for irrigated agriculture within
an environment of competing demands and constraints.

➣ The control of nonpoint source pollutants (#6 in Table 3-1) such as fertil-
izers, pesticides, and animal wastes, most of which emanate from agriculture and
urban sources, is another problem in which interdisciplinary research will be
essential. Nonpoint source pollutants have been shown to degrade the quality of
groundwater and surface waters across the United States (USGS, 1999), and in
many cases they are a much larger contributor to poor water quality than are point
sources.

Efforts are underway to reduce the nonpoint source contamination of the
nation’s waters (e.g., Mississippi River Task Force, 2001). However, the enor-
mous scope and scale of the problem are daunting, as land-use practices in several
sectors of the economy often result in degradation of water resources in areas far
downstream from the site(s) of impact. For example, excessive loading of nitrogen
derived mainly from agriculture in the Midwest has contributed to an oxygen-
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depleted zone in the Gulf of Mexico that can be as large as the state of New Jersey
(Goolsby and Battaglin, 2000). Solving this problem requires not only resolving
multiple scientific questions, but also resolving social, economic, and political
complexities at scales ranging from the local to the national. Combating nonpoint
source pollution will require both basic and applied research. For example,
although good progress is being made in elucidating factors controlling contami-
nant loading (e.g., Alexander et al., 2000; Dubrovsky et al., 1998; Porter et al.,
2001), more work is required to understand the fate and transport of nonpoint
source pollutants and their fundamental effects on human and environmental
health, particularly for pesticides and their transformation products (USGS, 1999).
This understanding will require decades of high-resolution chemical and biologi-
cal monitoring coupled with new analytical and modeling approaches.

The key physical approaches for controlling nonpoint source contamination
are local mitigation strategies provided by wetlands, sedimentation ponds, and
riparian areas along streams, and land-management strategies that reduce runoff
and chemical use. Mitigation is an expensive option, both in terms of implemen-
tation and reductions in farmed area. Considerable research will be needed in
proof-of-concept, design, and in cost/benefit analyses, requiring the participation
of ecologists, soil scientists, hydrologists, and geologists to determine the appro-
priate size, type, and placement of structures. Changes to farming practices on a
continental scale will require equally complex research by agronomists, soil
scientists, hydrologists, economists, and social scientists because broad stake-
holder education and involvement, voluntary actions, new legislative authority,
and coordination across localities and regions will be necessary to implement
such changes (Mississippi River Task Force, 2001). Finally, contaminant fluxes
from land to streams and rivers may well undergo chronic increases as a result of
larger rainfall events associated with future climate change. Thus, progress in
controlling nonpoint contamination will require interdisciplinary research linking
the historically important areas of agriculture, hydrology, and biology with emerg-
ing areas of climate change, natural resource economics, education, and human
dimensions of decision making.

BROAD SYSTEMS CONTEXT

The systems approach mandates that a problem be addressed by specifying
the entities that contribute to the problem, the linkages among these entities, the
logical or physical boundaries to the system, and the inputs and outputs to the
system as a whole (in other words, linkages to entities deemed to be outside the
system). The idea has its roots in physics, in which a “system” is a thermodynamic
concept related to the flow and conservation of energy. The linkages among enti-
ties within a system are as important as the entities themselves; thus, a system is
more than the sum of its parts (see Box 3-2). Systems usually show nonlinear
dynamics, and the nonlinearities among sets of linked entities often lead to
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unanticipated and complex behavior, and also to surprises—events that cannot be
exactly predicted, or that are outside the realm of prior experience. Indeed, these
characteristics of system behavior have been highlighted as key aspects of environ-
mental problems (NRC, 1997a). Thus, considering water resources research within
a broad systems context implies elucidating interrelationships among entities that,
at first glance, might not be thought to be related. This approach also mandates
that small-scale problems be viewed within a larger-scale perspective, which may
profoundly alter the understanding of causal and quantitative relationships.

The need to view some of the research priorities set forth in Table 3-1 within
a broad systems context is illustrated below.

➣ Understanding national hydrologic measurement needs (#12 in Table 3-1)
will require a systems approach. Human activities can alter water flow regimes in
a variety of ways and at a variety of scales. The limits of tolerance of key organ-
isms and species assemblages to changes in flow regime, particularly their toler-
ance to changes in seasonality, to extremes, and to the frequency and duration of
hydrologic changes, are largely unknown. Yet many human-induced alterations
to water resources involve these types of changes. It is clear that decisions about
the types, frequencies, and spatial distribution of a set of hydrologic measure-
ments can only be made by understanding the broad systems context within which
the hydrologic component occurs. This context must include upstream, down-
stream, regional, and even continental-scale influences on linked hydrologic
processes. Similarly, measurements must reflect the competing needs of all
potential users of water (both human and ecological), including those far down-
stream. Consumptive and nonconsumptive water uses and ecosystem water use
have different temporal and spatial patterns of demand. Being able to forecast the
hydrologic conditions that will affect each of the user groups within a given
hydrologic unit will likely require many different types of hydrologic data. By
viewing the problem from a broad systems context, strategies for the efficient
collection of hydrologic data can be developed.

As an example, the Idaho Department of Water Resources increasingly must
resolve conflicts among citizens concerning competing demands for (and asser-
tion of rights over) surface water and groundwater, and it also must resolve
interstate water conflicts between Idaho and neighboring states (Dreher, 2003).
Provision of adequate water for the habitats of endangered and threatened aquatic
species is also part of the state’s responsibilities. Idaho contains six aquifers that
span interstate lines and that affect surface water flows in adjoining states.
Currently, management of both groundwater and surface water supplies is being
undertaken without adequate knowledge of the connections between the two
sources, leading to conflicts and shortages. The lack of a comprehensive under-
standing of the entire regional hydrogeologic system and its links to both human
use and natural ecosystems is leading to increased litigation, with current needs
not being met. In order to help resolve these conflicts, management agencies need
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BOX 3-2
The Use of a Broad Systems Context in

Addressing Water Research

The traditional approach to problem solving suggests that a dependent
variable results from the action of one or a small number of independent
variables. An illustration of the traditional approach to a water quality
problem would be phosphorus pollution of a waterbody thought of
primarily with respect to the major sources (wastewater inputs and natural
sources).

A systems approach, in contrast, emphasizes the fluxes and quantita-
tive relationships among entities within a bounded region. Consider the
same problem of phosphorus pollution in a lake, but from a broad systems
perspective (see diagram to the right, in which solid arrows indicate
phosphorus flows, and dashed arrows indicate other effects). The
phosphorus content of the lake is the result of input and output fluxes to
compartments within the lake—i.e., algal uptake and release through the
decomposition of dead algal cells; deposition to and mobilization from
the sediments; inputs from outside the lake such as flowing water, litter
fall, and bedrock sources; and outflows from the system. The diagram

Wastewater input
Phosphorus loading

Natural sources

accurate measurements of water flows and water stocks over a range of temporal
and spatial scales. Moreover, the influences of natural processes, natural climate
variability, and human intervention in the water system must be monitored.

➣ A broad systems context is essential to understanding the hydrologic impacts
of global change (#18 in Table 3-1). Anticipated changes in temperature regimes
and temperature extremes will affect all components of the hydrologic cycle, and
numerous feedbacks between the hydrologic cycle and temperature regime will
occur. Moreover, changing temperature and precipitation patterns will affect
nonaquatic ecosystems, such as upland forests and savannas, in ways that will
feed back on hydrology (Raupach, 1999; Valentini et al., 1999). For example,
climate changes that alter the extent and density of forest cover will affect both
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Lake

Sediments

Phosphorus

Algae

Regional
Economy

Water flow in

WWTP Nonpoint
sources

Litter fall

Bedrock
sources

Fisheries

Watershed

Water flow out

also indicates that there are feedbacks; for example, fisheries represent
both a net flux of phosphorus out of the lake, but they also affect the
regional economy, which in turn can affect both the flow of wastewater
and nonpoint sources pollutants into the lake as well as water flow rates
into the lake via upstream diversions of water. Thus, understanding phos-
phorus pollution in the lake depends on understanding the nature of fluxes
and feedbacks among the components of the system and the factors
controlling each flux, as well as understanding the components themselves.

transpiration rates from vegetation and evaporation rates from the soil surface,
thus altering soil and atmospheric moisture content and the likelihood of rain and
forest fire. These in turn will have large effects on regional hydrology. These
connections, which have been well documented for tropical rain forests, are germane
to understanding the connections between hydrology and climate worldwide.

Moreover, the driving force for global climate change—the rise in green-
house gas concentrations associated with human activities—will also affect
aquatic ecosystems in ways that may amplify or dampen the effects of hydrologic
change alone. For example, higher CO2 concentrations will alter leaf chemistry
and the relative growth rates of different plant species. Both changes may affect
the palatability of litter to decomposer and consumer organisms, in turn affecting
decomposition rates, nutrient cycling rates, and ultimately the density and species
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composition of the plant community. Changing CO2 concentrations may also
affect pH of the water, with cascading effects on the biota, although changes in
flow regime may interact with increased dissolution of CO2 to modify this effect.
These feedbacks are being incorporated into the models that are used to predict
the effects of greenhouse gas emissions on climate and water resources. Unfortu-
nately, the great complexity of the system results in model predictions that span a
range of values too large and uncertain to be usable for regional or local water
resource management at this time (Chase et al., 2003).

➣ Understanding determinants of water use in agriculture, domestic, com-
mercial, public, and industrial sectors (#19 in Table 3-1) requires understanding
the connections between energy and water in a broad systems context. Nearly all
aspects of water supply and use are highly energy-intensive. In the western United
States, the ability to supply water to a growing population will depend not just on
the availability and cost of water, but also on the availability and cost of energy to
move water to population centers and to operate treatment, distribution, and
wastewater collection systems. In California alone, water pumping and treatment
account for 6.5 percent of total electricity used in the state, or about 15,000 gigawatt-
hours per year (California Energy Commission, 2003). In addition, recent power
crises in California and Nevada have demonstrated the limitations of the region’s
energy supplies. Because water and wastewater systems typically exhibit increas-
ing economies of scale, energy may become more of a limiting factor in supply-
ing water to urban areas of the West than water itself. Moreover, the conveyance
of large volumes of water has already proved to have profound effects on water
quality and the functioning of natural systems. In virtually every major western
basin where large-scale water works have been constructed to provide water for
irrigation, hydropower, and municipal and industrial uses, natural systems have
been disrupted and multiple aquatic species threatened or endangered. As a result,
the modern mission of the U.S. Bureau of Reclamation has been transformed
from building western water systems to mitigating unintended physical and eco-
logical consequences of these systems. These connections between regional
economies, energy supply and economics, regional aquatic ecology, and water
supply constitute a complex system.

Just as energy supply interacts with water use in multiple ways, as described
above, energy extraction (for example, oil and gas development in the West)
similarly affects water use in complex ways. Impacts of energy extraction on
biotic resources may affect water supply and water use indirectly, by limiting
potential options to manage water resources. For example, recent and rapid
development of methane gas resources in the Powder River Basin is causing major
disruptions in groundwater supply sources (BLM, 2003). Depending on the
method of energy extraction, water quality is often impaired. Drilling muds, for
example, frequently contain additives that have the potential to contaminate
downstream or downgradient water supplies (EPA, 2000).
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UNCERTAINTY

Water resource management relies on monitoring data, scientific understand-
ing of processes in the water cycle and the ecology of aquatic ecosystems, and
ultimately predictive models that can forecast hydrologic conditions and biotic
and human responses. All of these types of information are subject to uncertainty.
Uncertainty results from many sources, including measurement systems that are
not sufficiently precise or that do not generate sufficient quantities of high-quality
data, instrument failures, human errors in designing and implementing studies,
and simply a lack of understanding of the processes and phenomena under inves-
tigation. Uncertainty affects both the analysis of data and the construction of
models to make water resource predictions. Although inherent to research, uncer-
tainty can be managed by explicit recognition of its occurrence coupled with
quantitative methods of measuring its importance and incorporating it into
decision making. By describing the degree of uncertainty in research results (and
by inference the reliability of the measurements and models), researchers can
adjust the expectations for the use of their data and models accordingly. Reliable
estimates of uncertainty contribute directly to successful risk management and
the development of environmental policy (Funtowicz and Ravetz, 1990; Dovers
et al., 2001). It should be noted that the above definition of uncertainty is broader
than that espoused by some federal agencies (e.g., the U.S. Army Corps of Engi-
neers, for which uncertainty refers to situations in which the probability of
potential outcomes and their results cannot be described by objectively known
probability distributions). Below are examples illustrating the importance of the
quantification of uncertainty for some of the research priorities listed in Table 3-1.

➣ Our ability to improve hydrologic forecasting over a range of time scales
and on a regional basis (#15 in Table 3-1) will depend on developing new methods
to quantify and reduce uncertainty in the predictive models used to produce fore-
casts. There are several climate models, run at major centers around the world,
that provide global seasonal and longer-term forecasts at the spatial scale of
60,000 km2 or coarser. These models generally can produce accurate forecasts of
seasonal climate conditions over certain portions of the globe (e.g., Shukla et al.,
2000; Goddard et al., 2001). However, they are very sensitive to the initial condi-
tions used to parameterize the models and to the accuracy of data used for apply-
ing the models to smaller spatial scales. Thus, the models produce significant
errors in both the projected mean values of climatic variables and in the estimates
of their variability and extremes when used for hydrologic forecasting (e.g.,
Strauss, 1993; Risbey and Stone, 1996; Mason et al., 1999; Anderson et al., 1999;
Wang and Zwiers, 1999; Kharin and Zwiers, 2000). Use of these forecasting tools
must clearly be tempered by quantitative estimates of the uncertainty of the pre-
dicted conditions. This is especially the case for developing regionally relevant
predictions and incorporating climate forecast models into water resource man-
agement tools (Georgakakos and Krzysztofowicz, 2001).
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➣ Our ability to understand the assimilation capacity of the environment (#9
in Table 3-1) is predicated on the construction of models that describe the fate,
transport, and effects of contaminants. However, as with all models, success is
contingent on an understanding of the physical, chemical, and biological processes
involved in contaminant dynamics, which have varying degrees of uncertainty.
This is strikingly illustrated by research in support of creating a high-level radio-
active waste repository. The disposal of high-level nuclear waste presents a unique
challenge for the water resources research community because of the waste’s
extraordinary longevity. The Department of Energy (DOE) has proposed locating
a repository at Yucca Mountain, Nevada, and is preparing to submit a license
application to the Nuclear Regulatory Commission by the end of 2004.1 Approxi-
mately 70,000 metric tons heavy metal (MTHM) of spent fuel and high-level
waste are destined for Yucca Mountain if construction of the repository is
approved. Without any natural or engineered barriers, bare waste could result in a
peak mean annual dose of about 2.7 x 1010 millirem per year (Saulnier, 2002).
The DOE has proposed a repository design intended to reduce this dose to below
10–1 millirem per year for a regulatory period of 10,000 years (DOE, 2002).

To predict the fate and transport of contaminants from the proposed reposi-
tory, the DOE has developed a complex mathematical model called Total System
Performance Assessment (TSPA) that itself depends on the output of dozens of
process-oriented models. The success of the DOE’s license application depends
in large measure on the confidence placed in the TSPA predictions of contami-
nant transport and the technical basis for those predictions. Conceptual and model
uncertainty and the explicit quantification of this uncertainty are central to the
question of technical basis. As noted by the U.S. Nuclear Waste Technical Review
Board in a letter to Congress (NWTRB, 2002): “Resolving all uncertainty is
neither necessary nor possible. However, uncertainties about the performance of
those components of the repository system relied upon to isolate waste are very
important, and information on the extent of uncertainty and assumed conserva-
tism associated with the performance of these components may be important to
policy makers, the technical community, and the public.” Regardless of policy-
makers’ and the public’s varying levels of tolerance for uncertainty, it can still be
said that results of research to quantify, and perhaps further reduce, uncertainties
can contribute to the quality and credibility of impending public policy decisions.

➣ There is an important role for uncertainty analysis in better understanding
the impact of land use changes and best management practices on pollutant load-
ing to waters (#7 in Table 3-1). This research priority is directly related to the
development of Total Maximum Daily Loads (TMDLs) and subsequent efforts to

1This committee was not constituted to determine the merits of Yucca Mountain project or the
ripeness of the decision to license a repository there.
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remediate polluted waterbodies. Mandated by the Clean Water Act, a TMDL is a
calculation of the maximum pollutant loading that a waterbody can sustain and
still meet its water quality standards. If the current loadings are higher, then the
TMDL must be accompanied by a remedial plan on how to reduce the loadings
via best management practices (BMPs). TMDLs are established for an impaired
waterbody by using a combination of fate and transport models for the target
pollutant or stressor and available waterbody data. This requires both watershed
models (which take into account such processes as the movement of pollutants
across land) and water quality models (which incorporate in-lake pollutant trans-
port and transformation). Models are also potentially needed to predict the effec-
tiveness of certain BMPs. Many of the watershed and water quality models in use
suffer from inadequate representation of physicochemical processes, inappropri-
ate applicability, and lack of training of model users (EPA, 2002). Similarly, the
data on which TMDLs are based may be inconsistent in quality or inappropriate
in terms of the frequency and extent of sampling. Finally, the methods used to
identify impaired waterbodies are often inadequate because of deficiencies in
state monitoring networks. All of these problems generate uncertainties in the
applicability and effectiveness of the resulting TMDL. The development of
improved methods of quantifying uncertainty in both the models and the listing
criteria, especially in setting “margin of safety” criteria, is critical if informed
decisions about restoring polluted waterbodies are to be made. Indeed, the central
role of uncertainty has been a major conclusion of several recent studies critically
examining the TMDL program (NRC, 2001c; Borsuk et al., 2002; EPA, 2002).

ADAPTATION

Water resource managers are subject to increasingly diverse, often conflict-
ing forces. For example, it was relatively simple to develop the knowledge base
needed to provide predictable amounts of water to agriculture when this was the
only use for a water supply. It becomes much more complicated when agricul-
tural uses need to be met while new demands come from urbanizing areas and
from governmental and nongovernmental entities demanding water for endan-
gered species or aquatic ecosystem support, such that the total demand exceeds
the readily available supply. In such contexts, adaptability becomes essential.
Managers, users, and advocates need to have the flexibility to imagine and adopt
novel solutions to water resource problems, and researchers in their search for
solutions need to have the flexibility to adapt their research to problems that may
have been unimaginable in the recent past. Furthermore, the complexity of cur-
rent problems may demand that combinations of solutions be applied creatively
to different components of a problem. This emphasis on adaptability of both the
research community and the managers and users of water needs to be an organiz-
ing concept for water resources research. Thus, “adaptation” is defined as a
combination of flexibility in solving problems and, more fundamentally, a shift in
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norms and standards that can result from confronting novel situations. A related
concept in water resources is that of adaptive management, a learning-while-
doing process in which a management action is viewed as an experiment, and as
managers learn from their successes and failures, they adjust their management
actions accordingly (Holling, 1978; Geldof, 1995; Haney and Power, 1996;
Wieringa and Morton, 1996; Lee, 1999; NRC, 1999, 2003b, 2004b).

Below are examples of how adaptation is a key element in addressing some
of the research priorities listed in Table 3-1.

➣ Improving the integrity of drinking water distribution systems (#10 in
Table 3-1) will have to come at least partially from research that addresses the
nation’s aging water delivery infrastructure, particularly in the eastern United
States (Davies et al., 1997; Levin et al., 2002). It is well known that in-line infil-
tration into cracked or otherwise compromised water delivery pipes occurs dur-
ing cases of extreme hydrologic events or even under normal operation when
there is transient negative pressure in the pipeline (Besner et al., 2001). During
such events, contaminants from the surrounding soil are drawn into the water
delivery system. Although replacement of distribution systems can prevent such
occurrences, it is not yet known what materials are best for long-term replace-
ment of the systems (McNeill and Edwards, 2001). Upgrading water supply infra-
structure is not likely to occur in the near future for many systems for financial
reasons (see GAO, 2002). Other options for improving the integrity of drinking
water systems, such as better treatment to potable water standards of all water
delivered to homes and businesses, is becoming increasingly costly as well. In
addition, completely reliable transportation of microbially safe water over long
distances cannot always be performed cost-effectively.

This combination of challenges will require adaptability on the part of both
researchers and users. For example, creative water delivery systems, such as in-
home gray water recycling or dual-home distribution systems (Wilchfort and
Lund, 1997) that bring potable water to a few taps and slightly less pure water to
other taps for cleaning purposes or industrial needs, will require research. This
includes research to develop the technologies to implement such systems and
research to understand how people adapt to new modes of obtaining and using
water (see Box 3-3) and how such a transition might be effected. Individuals’
views of water-related risks (Loewenstein et al., 2001), in-home uses of water,
and the value of water resources (Aini et al., 2001) will also need to adapt in order
for these technological changes to be successful in maintaining drinking water
quality.

➣ The task of enhancing and restoring aquatic ecosystems (#25 in Table 3-1)
requires the integration of human and ecological uses of water, a daunting task
that will require adaptation on the part of all concerned. As discussed above,
natural variability in flow regime and hydroperiod acts to maintain a healthy and
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BOX 3-3
Research on Changing Human Perceptions of Water

A comprehensive, coordinated research strategy focused on human
beliefs, values, and decision making about water is needed better under-
stand humans’ potential to adapt to a changing water environment. In the
past 20 years, research has been conducted on people’s perceptions of
environmental issues (e.g., Slovic, 2000), but little has been done on
water specifically. The body of knowledge concerning the factors that
affect populations’ perceptions of water (Anadu and Harding, 2000), its
value (NRC, 1997b; National Water Research Institute, 1999; Aini et al.,
2001), its quality (NRC, 2001d; Williams and Florez, 2002), related risks
(Lowenstein et al., 2001), and decision processes (Krewski et al., 1995)
is not well developed. As an example, limited research has been con-
ducted on the social and political complexity of water reuse as part of a
sustainable community (e.g., see Hartley, 2003), and broad issues about
public perception and acceptance of reuse remain unaddressed. In addi-
tion, research on effective means of communicating water-related risks
has received limited attention (e.g., Griffin et al., 1998; Harding and
Anadu, 2000; Burger et al., 2001; Parkin et al., 2003).

Only fragmented information is currently available to address water-
related issues on the personal, social, or cultural scale. It is known that
cultural biases and lifestyle preferences are powerful predictors of risk
perceptions (Dake and Wildavsky, 1991). McDaniels et al. (1997) found
that a small set of underlying factors (ecological impact, human benefits,
controllability, and knowledge) affect lay people’s judgments about risks
to water resources. One study in the United States indicates that people
choose their source of water based on their awareness of water problems,
their beliefs that such problems affect them personally, and the duration
of the problems (Anadu and Harding, 2000). A much earlier study on
water reuse in California indicated that the public favored options that
protected public health, enhanced the environment, and conserved
scarce water resources (Crook and Bruvold, 1980). In the Southwest,
Caucasians and Mexican Americans have been found to have important
differences in their views of water quality-related risks, equity, trust, and
participation in civic affairs (Williams and Florez, 2002). In the United
Kingdom, people’s perceptions of power and authority and beliefs in the
efficacy of collective action were found to be associated with public views
about recreational water (Langford et al., 2000). A study in Canada
suggests that people believe that environmental quality (including water
quality) is getting worse; they will not support decisions they feel will
continue that trend or compromise their health, even if the economy
improves (Krewski et al., 1995).

These studies have contributed to knowledge about water-related per-
ceptions and decision processes, but the data are insufficient to provide
a complete understanding of the factors that influence individual’s deci-
sions about water.
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diverse biological community within aquatic and riparian ecosystems. However,
human actions to minimize floods and droughts and to provide reliable water for
consumption at constant rates can eliminate this natural variability (Dynesius and
Nilsson, 1994). In order to balance these effects, management of the water, the
ecosystem, and the affected social groups must be adaptive in several respects.

For example, ecological restoration, while guided by ideals of the undis-
turbed or historical state of the ecosystem, increasingly must accept the lesser but
still critical goal of repairing damaged systems to a partially restored state. This
will be necessary because of insufficient knowledge of the undisturbed state, per-
manent alteration of the landscape through built structures and intensive land use,
and the prevalence of nearly ineradicable nonnative species. An example is pro-
vided by the Laurentian Great Lakes, where overfishing and the onslaught of the
sea lamprey brought about the decline of native fishes, including the lake trout.
At the same time, exotic species of smaller “forage” fish proliferated, resulting in
the famous die-off of alewives that littered Chicago’s beaches in the early 1970s.
Fisheries managers attempted a bold experiment, importing coho and king salmon
from the Pacific Northwest, a highly successful adaptation to a “collapsing” eco-
system. Now with well over one hundred nonnative species, the Great Lakes pose
a continuing challenge to ecologists and fisheries managers seeking to manage
and restore the ecosystem.

Adaptation is anticipated to be particularly difficult but absolutely essential
in large aquatic ecosystems where there are multiple competing interests (fisher-
ies scientists, communities relying on fishing, farmers, water resource and dam
managers, etc.) (Peterson, 2000). The scale of conflicts arising from the plexus of
interests involved in large-scale ecosystem restoration is illustrated by the recent
Klamath (NRC, 2003a) and Columbia River controversies (Gregory et al., 2002;
NRC, 1996, 2004a). Clearly, research is needed to develop adaptive approaches
to both managing the resources (water, fish, etc.) as well as the various human
populations involved in these issues. Flexibility, an understanding that a variety
of alternative strategies are possible, and a willingness to adjust previously
assumed “rights” will be essential in finding compromises between competing
human and ecosystem demands. In addition, the use of adaptive management
procedures will be necessary.

➣ The need to understand governance of water (#29 in Table 3-1) and
improve equity2 in current water law (#31 in Table 3-1) is predicated on an aware-
ness of the importance of flexibility or the ability to adapt to new situations. Laws
are inherently conservative since their function is to fix in-place rules governing
human actions. Generally, certainty and clarity are important objectives of law so

2Equity in this context refers to fairness. Equity or fairness is not a scientific concept but is of
pivotal importance in jurisprudence and policy making.

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


WATER RESOURCES RESEARCH PRIORITIES FOR THE FUTURE 89

that people know what is expected or required and can act in accordance. Thus,
for example, investments can be made with the expectation that changes in law
will not undo the hoped-for return that motivated the investment. Actions can be
taken without fear that a change in the rules will punish the actor. A stable legal
system is important economically and socially.

However, this societal interest in stability may conflict with other emerging
societal interests in periods of active change. During the 1970s, for example,
Congress imposed far-reaching new legal requirements on those whose activities
generated certain types of pollution from readily identifiable (point) sources,
forcing massive investment in technologically advanced systems for the treat-
ment of particular pollutants prior to their discharge into the environment. The
years immediately following enactment of these laws were ones of considerable
turmoil and conflict as uncertainties respecting their implementation were dis-
puted and resolved. With these requirements now firmly embedded into the plans
and actions of the regulated community, stability has returned. So too has resis-
tance to any significant change in approach, even if such change might better
accomplish the objectives of these laws.

Laws governing human uses of water have traditionally been concerned with
determining who may make use of the resource and under what conditions. In
those states east of the 100th meridian, owners of land adjacent to waterbodies
essentially share the ability to use the water (riparian doctrine). Uses must be
“reasonable,” with reasonable use generally being measured by the harm that
might be caused to other riparian users. In the western states, uses are established
through a process of appropriation of water—that is, establishing physical
control—and then applying the water to a “beneficial use.” It is a priority system,
protecting full use of available water by those first to appropriate it.

The appropriation system arose in the context of water-scarce settings. Direct
use of water from streams initially for mining and then for agriculture was essen-
tial, and it required the investment of time and money to build the structures that
would make that use possible. Users wanted certainty about their rights of use
versus other subsequent users, and the prior appropriation system provided that
certainty. The appropriation system does not, however, readily accommodate
changing uses of water or integrate new uses. Nor does it incorporate the use of
water for serving physical and ecological functions within the hydrologic cycle.
This suggests that water laws need to be more adaptable if they are to meet changing
societal needs. As a first effort, many western states have adopted water transfer
laws to accommodate changing water uses, including environmental needs such
as instream flows. These states have successfully combined the certainty of the
prior appropriation system with the ability to meet emerging demands.

The process of restoring a sustainable level of physical and ecological integ-
rity to our hydrologic systems must work within long-established legal and insti-
tutional structures whose purpose has been to promote and support direct human
uses. The challenge is to develop societally acceptable approaches that allow
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those uses to continue but in a manner that is compatible with ecosystem
functionality.

LIMITATIONS TO THE CURRENT WATER RESOURCES
RESEARCH ENTERPRISE

The articulation of these four themes—interdisciplinarity, broad systems con-
text, uncertainty, and adaptation—is intended to reorient the disparate research
agendas of individual agencies as well as individual researchers. The hope is that
an emphasis on these overarching themes will lower barriers to research on newly
emerging water resources problems. Research agendas of the federal agencies are
driven by their specific mandates, such as the agricultural impacts on water (U.S.
Department of Agriculture), water as a component of climate (National Oceanic
and Atmospheric Administration), or reservoir management (U.S. Bureau of Rec-
lamation). Often there is a need for agencies to center their missions around clearly
articulated, politically prominent issues in order to secure funding. These tenden-
cies promote more narrowly focused research and present barriers to addressing
difficult, large-scale problems. Furthermore, agencies are locked into policies
devolving from their legislative and administrative history, and they cannot create
new policies that cut across administrative or management units; thus, research is
constrained by policies that easily become antiquated or irrelevant (Stakhiv,
2003). Finally, water resource problems are frequently conceived to match short-
term funding cycles (Parks, 2003), resulting in inadequate knowledge for effective
water management.

Similarly, individual scientists frame research in terms of their disciplinary
training and work environment, which creates barriers to the kind of research
needed to solve the complex problems that are now prominent. Indeed, the reluc-
tance of scientists to reach outside their disciplines has been identified elsewhere
as a barrier to effective water resources research (Parks, 2003). Institutional and
professional constraints on priority setting also mitigate against effective research
because they inhibit creative, innovative, and rapid responses to newly emerging
or unanticipated problems.

Water resource problems are commonly assumed to be only local or regional
in scope because water management entities and water supply systems operate on
these scales. However, some water-related problems have become truly national
in scope, either because of their very large spatial scale (e.g., the connection of
the upper Mississippi drainage basin with hypoxia in the Gulf of Mexico) or
because controversies rage over the same water issues in many states throughout
the nation. Unfortunately, the current organization of water resources research
promotes site- and problem-specific research, which results in narrowly conceived
solutions that are often not applicable to large-scale, complex problems or to
similar issues in other regions of the country (Stakhiv, 2003). Federal agencies
may see only the local character of a problem, without understanding the some-
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times subtle ways in which local problems are widely replicated around the
country, and may conclude that such problems are not appropriately addressed
with federal resources. State representatives advised the committee that they
rarely have the financial or scientific resources to address problems that have
local manifestations but national significance. Thus, such research can fail to be
carried out because of limitations at both the federal and state levels.

Finally, the ability to carry out research on water resources may be limited by
the availability of adequate long-term data (as discussed in Chapter 5). Hydro-
logic processes are characterized by the frequency with which events of a given
magnitude and duration occur. Infrequent but large-magnitude events (floods,
droughts) have very large economic, social, and ecological impact. Without an
adequately long record of monitoring data, it is difficult, if not impossible, to
understand, model, and predict such events and their effects.

By emphasizing interdisciplinarity, broad systems context, uncertainty, and
adaptation as overarching research guidelines, the specific research agendas of
agencies and, hopefully, individual scientists can be made more relevant to emerg-
ing problems. A framework of research priorities based on these overarching
themes is more likely to promote flexible, adaptive, and timely responses to novel
or unexpected problems than research programs constrained by priority lists
developed solely with respect to agency missions. The complexity and urgency
of water resource problems demand a framework that widens the scope of inquiry
of researchers and research managers and forces them to conduct research in
novel ways.

CONCLUSIONS AND RECOMMENDATIONS

Although the list of topics in Table 3-1 is our current recommendation
concerning the highest priority water resources research areas, this list is
expected to change as circumstances and knowledge evolve. Water resource
issues change continuously, as new knowledge reveals unforeseen problems, as
changes in society generate novel problems, and as changing perceptions by the
public reveal issues that were previously unimportant. Periodic reviews and
updates to the priority list are needed to ensure that it remains not only current but
proactive in directing research toward emerging problems.

An urgent priority for water resources research is the development of a
process for regularly reviewing and revising the entire portfolio of research
being conducted. Six criteria are recommended for assessing both the scope of
the entire water resources research enterprise and also the nature, urgency, and
purview of individual research areas. These criteria should ensure that the vast
scope of water resources research carried out by the numerous federal and state
agencies, nongovernmental organizations, and academic institutions remains
focused and effective.
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The research agenda should be balanced with respect to time scale, focus,
source of problem statement, and source of expertise. Water resources research
ranges from long-term and theoretical studies of basic physical, chemical, and
biological processes to studies intended to provide rapid solutions to immediate
problems. The water resources research enterprise is best served by developing a
mechanism for ensuring that there is an appropriate balance among the different
types of research, so that both the problems of today and those that will emerge
over the next 10–15 years can be effectively addressed.

The context within which research is designed should explicitly reflect
the four themes of interdisciplinarity, broad systems context, uncertainty,
and adaptation. The current water resources research enterprise is limited by the
agency missions, the often narrow disciplinary perspective of scientists, and the
lack of a national perspective on perceived local but widely occurring problems.
Research patterned after the four themes articulated above could break down these
barriers and promise a more fruitful approach to solving the nation’s water
resource problems.
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4

Status and Evaluation of Water Resources
Research in the United States

Establishing a baseline of current research is vital to the task of evaluating
whether and how new priorities in water resources research are being addressed.
Research is a cumulative enterprise. By necessity, most new research directions
will build on existing research infrastructure; other research directions may be
established through new research consortia, laboratories, and field sites. What-
ever the case, budget initiatives will be cast in terms of departures from the status
quo. Unfortunately, the categorization and accounting of water resources research
is surprisingly difficult to do under current budgetary procedures. Agencies are
not required to report their research to the Office of Management and Budget
(OMB) in standard topical or thematic categories. Further, agencies do not report
all their research to OMB. For this reason, the committee gathered budget1 and
other data, in the form of a survey, from both federal agencies and nonfederal
organizations that fund water resources research. This chapter presents the result-
ing data and the committee’s analysis of those data, as well as conclusions about
the scope of the current investment. The conclusions relate directly to those water
resources research priorities expressed in Chapter 3 and in NRC (2001) as being
paramount to confronting water problems that will emerge in the next 10–15 years.

SURVEY OF WATER RESOURCES RESEARCH

A necessary part of this study involved collecting budget information from
federal agencies and significant nonfederal organizations regarding their recent

1Budget in this chapter refers to actual expenditures, unless otherwise noted.
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expenditures on water resources research. Several methods could potentially be
utilized to gather and evaluate such budget information. Ultimately, the committee
decided to rely on a format used for over ten years in the late 1960s and early 1970s.

Beginning in 1965, the Committee on Water Resources Research (COWRR)
of the Federal Council for Science and Technology (FCST), administered out of
what was then the President’s Office of Science and Technology, began a yearly
accounting of all water resources research conducted by the major federal agen-
cies.2 Budget information, supplied by liaisons from relevant federal agencies,
was compiled into ten major categories3 and up to 60 comprehensive sub-
categories of water resources research. The accounting occurred annually from
1965 to 1975 (except for 1971). The primary goal of COWRR was to facilitate
coordination of the various federal research efforts, because it was recognized at
that time that water resources research was spread widely throughout the federal
enterprise (as it is today). It was also a goal of COWRR to ensure that there was
no unnecessary duplication of research efforts, that research was appropriately
responsive to current water problems, and that federal resources were available to
help solve these problems (COWRR, 1973 and 1974). Nonfederal organizations
were not included in the reports.

To compare the current budget information with expenditures on water
resources research between 1965 and 1975, the committee adopted the FCCSET
model of creating a survey for federal agency liaisons to respond to. The present
survey includes most of the same categories and subcategories of water resources
research as before, and it encompasses the same waterbodies: fresh, estuarine,
and coastal. In January 2003, the survey was submitted to all of the federal agen-
cies that either perform or fund water resources research and to several nonfederal
organizations that had annual expenditures of at least $3 million during one of the
fiscal years covered by the survey.

The survey consisted of five questions related to water resources research
(see Box 4-1). As part of question 1, the liaisons were asked to report total expen-
ditures on research in fiscal years 1999, 2000, and 2001, in order to allow a
comparison to the FCCSET survey data of the past. The remaining four questions
were posed to help give the committee a better understanding of current and
projected future activities of the agencies, and to obtain a qualitative understand-
ing of how research performance is measured. Unlike the data submitted in
response to question #1, the answers to the latter questions in the survey are not
evaluated in this report in a quantitative fashion.

Responses to the survey were submitted in written form and orally at the
third meeting of the NRC committee, held April 29–May 1, 2003, in Washington,

2In 1976, COWRR came under the aegis of the Federal Coordinating Council of Science, Engineer-
ing, and Technology (FCCSET) of the Office of Science and Technology Policy.

3There were only nine major FCCSET categories from 1965 to 1970. A tenth (Scientific and Tech-
nical Information) was added in 1972.
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BOX 4-1
Survey of Federal Liaisons on Water Resources Research

1a. Please provide budget information for the 11 FCCSET categories for
FY1999, FY2000, and FY2001 (as total expenditures, not appropriated
funding). A detailed description of each category is attached.

b. Please provide an accompanying short (2–3 pages at most) narrative,
saying how your programs that encompass water resources research fall
into the different FCCSET categories.

c. What percentage of these budget numbers were reported to OMB as
R&D? (We recognize that there are differences between the OMB defini-
tion of R&D and the 11 FCCSET categories.)

d. Does your agency conduct research that does not fall into one of the
FCCSET categories, but that is considered (by the agency) to be water
resources research? Please describe.

2. In no more than 2 pages, provide a summary of your agency’s current
strategic plan that governs water resources research. Please include data
collection activities.

3. What is being done to coordinate water resources research (1) within
your agency, (2) with other agencies, or (3) with external partners (such
as the states)?

4. Do you measure progress (i.e., the impact of) in your agency’s water
resources research activities? If so, how? (For example, by counting the
number of publications, some other metric, etc.)

5. Irrespective of your agency’s mission, what do you think the nation’s
water research priorities ought to be?

• Identify the major water issues that will confront the nation in the
next 5 to 10 years and research topics that would be helpful in address-
ing those major issues.

• Point out gaps in current data collection system to address these
priorities.
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D.C. At that meeting, questions were asked of the liaisons in addition to those
listed in Box 4-1 that speak to the different ways that research is conceptualized
and conducted within the federal enterprise. These included questions about
(1) how the budget information was gathered and the liaison’s confidence in its
accuracy, (2) whether the water resources research included in the survey response
was conducted internally or externally, and (3) the typical time frame for water
resources research within an agency. (Definitions of research relevant to these
questions are provided in Box 3-1.) Revised survey responses submitted by the
liaisons in June and July 2003 reflected corrections and responses to specific
requests from the committee.

The survey requested budget information in 11 major categories (and 71
subcategories) of water resources research. All categories, which are described in
detail in Appendix A, closely correspond to categories used in the old FCCSET
reports. Nonetheless, some minor changes were made to the old FCCSET catego-
ries in order to capture lines of research that were not recognized during the
1960s. Most importantly, new subcategories were added in the areas of global
water cycle problems, effects of waterborne pollution on human health, risk per-
ception and communication, other poorly represented social sciences, infra-
structure repair and rehabilitation, restoration engineering, and facility protection/
national security. One of the old FCCSET subcategories (VI-C on the ecological
impact of water development) was removed from Category VI and was expanded
into a new major category (XI) that includes four subcategories on ecosystem and
habitat conservation, aquatic ecosystem assessment, effects of climate change,
and biogeochemical cycles. This was done in recognition of the increased atten-
tion being paid to the water needs of aquatic ecosystems over the last 25 years
and a corresponding surge in research in this field. The modified FCCSET cat-
egories thus comprehensively describe all areas of research in water resources. It
should be noted that the act of data collection, although of paramount importance
to water management, is not captured by any of the modified FCCSET categories
(Category VII covers research that informs data collection, not data collection
itself). This omission on the part of COWRR was intentional, allowing research
activities and their budgets to be evaluated independently of monitoring activi-
ties. The current survey abides by this separation; that is, the agency liaisons
made sure that none of the budget information presented includes pure data
collection (e.g., stream gaging, satellite operation, etc.) Nonetheless, given the
importance of data collection activities to the water resources research enterprise,
Chapter 5 notes recent trends in funding for such activities.

There are obviously limitations inherent in conducting a survey of this nature
and in the corresponding results. First and foremost is that the information repre-
sents to some degree the best professional judgment of those liaisons that
responded. In almost all cases, federal agency programs in water resources
research are not organized along the modified FCCSET categories. Undoubtedly,
there were cases where a program logically fell into more than one category. In
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such cases, the liaisons were asked to give their best judgment of the most relevant
category. In addition, variable sources of information were used by the liaisons
(in terms of personnel and databases consulted), and the liaisons may have inter-
preted the survey differently from one another. These factors are reflected by a
certain degree of error in the individual budget numbers submitted by the liaisons.
However, after questioning the liaisons about their confidence in the submitted
information, the committee feels that the magnitude of this error is small when
compared to the broad trends that are discerned by the analysis below. Further-
more, the trend analysis is accompanied by a quantitative assessment of uncer-
tainty, which was taken into account during the committee’s evaluation of the data.

Second, the possibility exists that the committee did not capture all of the
relevant federal and nonfederal organizations involved in water resources research,
either because these organizations were not approached by the committee or
because they chose not to participate. With respect to the federal agencies, the
committee is confident that all of the major agencies funding or conducting water
resources research within the United States were contacted and that the submitted
survey responses represent the vast majority of the federal investment in water
resources research. There is less certainty about the nonfederal organizations.
The major not-for-profit organizations involved in water resources research were
contacted, as well as the largest (in terms of funding) of the state Water Resources
Research Institutes (in order to reflect state funds spent on relevant research).
Nonetheless, it is recognized later in this chapter that the accounting of signifi-
cant nonfederal organizations’ funding of water resources research may be an
underestimate, both in terms of total dollars and represented subcategories.

A related issue for those federal agencies that responded to the survey is that
not all of their relevant research funds were reported, especially where certain
programs are not characterized as research in their congressional authorization.
For example, the Department of Energy’s (DOE) site characterization work in the
Yucca Mountain Program (see Chapter 3) is at the cutting edge of hydrogeology,
but it is not classified as research for budgetary purposes. [In contrast, the U.S.
Geological Survey (USGS) does classify its Yucca Mountain work as research.]
Because the agencies would be reluctant to report these types of expenditures, it
was not possible for the committee to assess their magnitude or importance. This
is also a concern for agencies that conduct extensive place-based studies, most of
which are managed separately from the general water resources research pro-
gram, are not reported to OMB as research, and thus are difficult to account for.
Examples include the Florida Everglades restoration—jointly run by the U.S.
Army Corps of Engineers (Corps), the Department of the Interior, and the South
Florida Water Management District—and CALFED, which is a San Francisco
Bay Delta restoration program involving multiple federal and state agencies. For
those federal agencies that were identified at the April 2003 committee meeting
as funding substantial place-based research, the committee requested that their
two largest projects be included in their final response to the survey. These inclu-
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sions are reflected in revised survey responses from the Corps and the U.S. Bureau
of Reclamation. Nonetheless, not all place-based research from these two agencies
could be captured, and no place-based information was collected from other agen-
cies. The U.S. Environmental Protection Agency (EPA) is the other major federal
agency thought to have an investment in place-based research. This may also lead
to an underestimate in the reported water resources research funding.

Third, the survey covers only fiscal years 1999, 2000, and 2001. Three years
of data were felt to be of sufficient quantity to allow the committee to assess the
nation’s investment without creating a burdensome task for the liaisons. In addi-
tion, vastly differing economic climates prevailed during these years, which may
be reflected in the survey responses and may thus enable the committee to observe
short-term variability in research expenditures. Clearly, however, these three years
of data represent only a snapshot in time. Thus, although there is a trends analysis
in this chapter, no assumptions should be made regarding funds spent between
1975 and 1999.4 The current request for information did not cover FY2002 or
FY2003 because it was felt that at the time the survey was submitted, the agencies
would not be able to provide accurate estimates of total expenditures for those years.
Thus, events subsequent to FY2001 that may have impacted research spending
(e.g., increased attention to national security) are not reflected in the survey.

Finally, the varying scope of the modified FCCSET categories must be
acknowledged. In an attempt to keep the number of subcategories reasonable,
some of them broadly lump together what may be, in academic circles, disparate
research issues. For example, there is only a single subcategory (VI-H) to capture
all water resources research conducted in areas of sociology, anthropology,
geography, political science, and psychology. Other subcategories are much more
narrowly focused. This diversity, to a certain extent, reflects the fact that some
subcategories have a stronger historical linkage to water resources research per
se. In general, in those areas where the majority of funds are being spent, the
committee tried to maintain or create a larger number of subcategories so that
specific trends in funding could be discerned.

For the purposes of the discussion below, the budget numbers from all years
were converted into FY2000 constant dollars prior to graph preparation and data
analysis.

OLD FCCSET DATA

From 1965 until 1975, data on water resources research funds were collected
from the following federal agencies: U.S. Departments of Agriculture, Commerce,

4There are estimates for total spending on water resources research between 1979 and 1987 from
the 1980 report “U.S. National Water Resources Research Development, Demonstration, and Tech-
nology Transfer Program 1982–1987” summarized in NRC (1981). However, these estimates are not
included in this report because their accuracy could not be verified.
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Defense, the Interior, and Transportation; EPA (from 1973 on); the National
Science Foundation (NSF); the National Aeronautics and Space Administration
(NASA) (from 1966 on); and other smaller agencies such as the Tennessee Valley
Authority, Housing and Urban Development, the Atomic Energy Commission,
and the Smithsonian Institute. The budget data are presented in a series of annual
reports from COWRR and are summarized in COWRR (1973 & 1974). FCCSET
data show a steady increase in funding for water resources research between 1964
and 1967, a leveling off from 1967 to 1973, and a slight decrease from 1973 to
1975 (see Figure 4-1). A more in-depth examination reveals that the vast majority
of these funds were spent in a few FCCSET categories, and these disparities
increased during the examined period. Thus, for example, in 1965, Categories II
(water cycle), III (water supply augmentation and conservation), and V (water
quality management and protection) constituted over 60 percent of all water
resources research, while in 1975, these same categories comprised 76 percent of
the total. As shown in Figure 4-2, this increase is attributable to a large increase in
spending on water quality management and protection (Category V).

The only FCCSET category that showed positive growth during this ten-year
period was V (water quality management and protection), and even this category
began to decline after 1973. Most of the other major categories showed relatively
stagnant funding during the period, including II (water cycle), IV (water quantity
management and control), VII (resources data), X (scientific and technical infor-
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FIGURE 4-1 Total expenditures on water resources research, 1964–1975. Values reported
are constant FY2000 dollars. SOURCES: COWRR (1973 & 1974).
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mation), and XI (aquatic ecosystem management and protection). Consistently
negative trends in funding were observed for Categories I (the nature of water)
and IX (manpower, grants, and facilities). For Categories III (water supply aug-
mentation and conservation), VI (water resources planning), and VIII (engineer-
ing works), an initial increase observed in the late 1960s was followed by a
substantial decrease in the early 1970s, in the case of Category III to levels below
the 1965 level (primarily because of a drop in funding for desalination research).
Trends for the “smaller” major categories, which are difficult to discern in
Figure 4-2, are presented in Figure 4-3.

The reasons for the observed trends likely include an initial interest on the
part of Congress and various administrations to increase research spending in the
late 1950s and early 1960s, followed by a retraction in the wake of better under-
standing environmental processes and the resulting competition between envi-
ronmental water needs and economic growth. As discussed in Chapter 2, the
early 1970s saw the federal government transform from an ardent supporter of
water resources projects to the primary regulator of industries responsible for
declines in water quality. This may also account for the disproportionate support
for water quality research (Category V) compared to other areas of research. That
is, greater investment in Category V was seen as essential to meeting various
water quality standards in the nation’s lakes and rivers, as mandated by the newly
minted Clean Water and Safe Drinking Water Acts. Furthermore, in many states,
impairment in water quality loomed as a more important constraint on the devel-
opment of water resources than the issue of supply. In addition, throughout the
1970s, media reports focused on water quality issues, giving them the political
prominence that has helped to drive the distribution of research funding shown in
Figure 4-2. The topically skewed nature of water resources research in the middle
1970s has been noted in other studies, in particular a FCCSET report that recom-
mended reducing the relative proportion of funding going to Category V, while
also calling for overall increases in the total water resources research budget
(COWRR, 1977).

WATER RESOURCES RESEARCH FROM 1965 TO 2001

To observe trends in water resources research funding, the FCCSET account-
ing of 1965–1975 was repeated by requesting budget information from 19 federal
agencies known to support water resources research. Table 4-1 lists the federal
agencies queried during the first survey period and during this study. A similar
request was made of several nonfederal organizations, of which the following
were deemed to be making significant contributions to water resources research
over the period in question (FY1999–FY2001): the American Water Works
Association Research Foundation (AWWARF), the Water Environment Research
Foundation (WERF), the Nature Conservancy (TNC), and the four largest Water
Resources Research Institutes (Nevada, Pennsylvania, Texas, and Utah). For both
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TABLE 4-1 Federal Agency Participation in Surveys on Water Resources
Research Funding

Initial FCCSET period Current Survey
Agency (1965–1975) (FY1999–FY2001)

Agriculture
ARS Yes Yes
CSREES Yes Yes
ERS Yes Yes
FS Yes Yes

Commerce
NOAA (many programs) Yes Yes

Defense
Corps Yes Yes
ONR No Yes
SERDP/ESTCP No Yes

Energy No Yes
Health and Human Services No

ATSDR Yes
NCI Yes
NIEHS Yes

Interior
USGS Yes Yes
USBR Yes Yes
FWS Yes No
OWRR Yes No longer in existence

Transportation Yes (1966–1971) No
FHA Yes (1973–1975)
Coast Guard Yes (1973–1975)

EPA Yes (1973–1975) Yes
NASA Yes Yes
NSF Yes Yes
AECa Yes No longer in existence
TVA Yes No
Smithsonian Yes (1968–1975) No
HUD Yes (1967–1975) No

aThe functions of the Atomic Energy Commission were subsumed by the Nuclear Regulatory
Commission via the Energy Reorganization Act of 1974 and by DOE.

Note: The National Park Service, U.S. Fish and Wildlife Service, and the Tennessee Valley Authority
were contacted but chose not to participate in the current survey.
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the federal agencies and the nonfederal organizations, the budget information
submitted was total expenditures (and not appropriated funds). In addition, all
third-party funding was excluded from the budget numbers, as was funding for
pure data collection, education, and extension activities. For the federal agencies,
almost all of the funds included in the survey are reported to OMB as research
and development funds. Survey data from both federal and nonfederal agencies
are summarized and presented graphically throughout the chapter, with detailed
information available in Appendix B.

Total Federal Agency Support of Water Resources Research

The total federal funding for water resources research from 1964 to 1975 and
for 1999, 2000, and 2001 is shown in Figure 4-4. Annual expenditures on water
resources research have remained static near the $700 million mark since 1973,
after having doubled between 1964 and 1973. A quantitative analysis was
conducted to discern whether there is a significant difference in total funding
between the average 1973–1975 levels and the average 1999–2001 levels. In order
to do this analysis (which is explained in detail in Appendix C), it was assumed
that the annual data contain measurement errors that are independent from year to
year, that the distribution of errors in averages of annual values can be well
approximated by a normal distribution, that the standard deviation of the errors in
averages of annual values ranges in all cases from 25 percent to 50 percent of the

0

200,000

400,000

600,000

800,000

1,000,000

1964 1969 1974 1979 1984 1989 1994 1999

Year

F
un

di
ng

 T
ot

al
 (

$ 
th

ou
sa

nd
s)

FIGURE 4-4 Total expenditures on water resources research by federal agencies, 1964–
2001. Values reported are constant FY2000 dollars.
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average, and that there are no significant systematic biases in the annual funding
data. As shown in Table 4-2, there is small likelihood that the averages for these
two time periods are different under the conditions of uncertainty stated above.
This supports the statement that funding levels for water resources research have
not changed significantly since the early 1970s.

Figure 4-5 shows how the $700 million was distributed among the federal
agencies in FY2000. Notably, no agency contributed more than 25 percent of the
total funding, with five agencies (USDA, USGS, NSF, DoD, and EPA) account-
ing for nearly 88 percent of the total funding. The smaller five agencies (DHHS,
USBR, NOAA, DOE, and NASA) together contributed 12.3 percent of the
reported total. This speaks to the broad impact of, and interest in, water-related
issues across the federal government. Funding trends from 1965 to 2001 for the
11 major categories and their subcategories are shown in Figures 4-6 and 4-7,

TABLE 4-2 Likelihood of a Significant Increase or Decrease in Funding from
the 1973–1975 Time Period to the 1999–2001 Time Period (see Appendix C
for methods)

Likelihood at the Likelihood at the
FCCSET 25 percent 50 percent Increase or
Category uncertainty level (%) uncertainty level (%) Decrease*

I. Nature of Water 99.9 92.6 Large increase
II. Water Cycle 79.3 66.1 Increase
III. Water Supply 0.2 7.5 Large decrease

Augmentation
IV. Water Quantity 59.3 55.1 No change
V. Water Quality 12.0 28.0 Large decrease
VI. Water Resources Planning 0.2 7.5 Large decrease
VII. Resources Data 0.5 9.8 Large decrease
VIII. Engineering Works 66.6 57.9 Slight Increase
IX. Manpower, Grants, 100.0 95.0 Large increase

Facilities
X. Scientific and Technical 45.2 46.8 Slight decrease

Info
XI. Aquatic Ecosystems 100.0 96.7 Large increase
Total Water Resources 55.1 52.5 No change

Research
Total Water Resources 28.5 38.9 Decrease

Research minus
Category XI

*Values above 50 indicate a significant increase from the mid 1970s to the late 1990s. Values less
than 50 indicate a significant decrease. Values around 50 percent indicate no significant increase or
decrease.
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FIGURE 4-5 Federal agency contributions as a percentage of the total funding for water
resources research in 2000.

respectively. Note that all three years of data (1999, 2000, and 2001) were used in
the trends analysis to follow. However, for the purposes of presentation, the pie
charts in this chapter show only data from 2000 (which is generally representa-
tive of data from 1999 and 2001).

Several conclusions can be drawn from these graphs. With respect to the
trends over time for the individual major categories, most funding levels have
remained stable or have declined since the mid 1970s—a conclusion supported
by the comprehensive uncertainty analysis presented in Table 4-2 and in Appen-
dix C. Category V (water quality), in particular, declined from 1975 to 2000 both
in real terms (from $286 million to $192 million) and as a percentage of total
funding (from 50 percent to 28 percent). For this category, it can be stated with
high confidence that the mid 1970s funding is higher than the late 1990s funding.
Even more dramatic declines are observed for Category III (water supply augmenta-
tion), which declined from a high of $64 million in 1973 to $14 million in 2000;
Category VI (water resources planning and institutional issues), which declined
from a high of $41 million in 1973 to $9.8 million in 2000; and Category VII
(resources data), which declined from a high of $32 million in 1973 to $8.7 mil-
lion in 2000. In these three cases, there is very high likelihood that the mid 1970s
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FIGURE 4-7 (A) and (B) Federal agency funding in FCCSET subcategories of Catego-
ries I (nature of water) and II (water cycle), 1965–2001. Subcategory II-M is new to the
recent survey. Values reported are constant FY2000 dollars.
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FIGURE 4-7 (C) and (D) Federal agency funding in FCCSET subcategories of Catego-
ries III (water supply augmentation and conservation) and IV (water quantity management
and control), 1965–2001. Values reported are constant FY2000 dollars.
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FIGURE 4-7 (E) and (F) Federal agency funding in FCCSET subcategories of Catego-
ries V (water quality management and protection) and VI (water resources planning and
other institutional issues), 1965–2001. Subcategories V-H, VI-G, VI-H, and VI-I are new
to the recent survey. Values reported are constant FY2000 dollars.
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FIGURE 4-7 (G) and (H) Federal agency funding in FCCSET subcategories of Catego-
ries VII (resources data) and VIII (engineering works), 1965–2001. Subcategories VIII-B
through VIII-I (except VIII-G) were created in 1972 to further define “engineering works.”
Subcategories VIII-J, -K, and -L are new to the recent survey. Values reported are constant
FY2000 dollars.
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FIGURE 4-7 (I) and (J) Federal agency funding in the FCCSET subcategories of Catego-
ries IX (manpower, grants, and facilities) and X (scientific and technical information),
1965–2001. Category X was created in 1972. Values reported are constant FY2000 dollars.
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FIGURE 4-7 (K) Federal agency funding in the FCCSET subcategories of Category XI
(aquatic ecosystem management and protection), 1965–2001. Note that the four subcat-
egories were created for the recent survey. All relevant research in these four areas was
previously recorded in one subcategory (denoted by the black diamond). Values reported
are constant FY2000 dollars.

level funding is higher than the late 1990s level, for both cases of uncertainty
depicted (that is, where uncertainty is either 25 percent or 50 percent of the mean
values). Thus, funding has declined substantially in the late 1990s with respect to
the mid 1970s for these four major categories.

Funding in five of the major categories (I—nature of water, IV—water
quantity, VIII—engineering works, IX—manpower and grants, X—scientific and
technical information) appears from the figures above to be more or less compa-
rable to that recorded 30 years ago. However, when looking quantitatively at the
difference between the 1973–1975 and 1999–2001 time periods, some minor
trends emerge. In the case of Categories I and IX, there have been significant
increases from the mid 1970s to the present. For Category X, one can state with
high confidence that funding has decreased since the mid 1970s. And for Catego-
ries IV and VIII, there are no significant differences between the funding levels
of the two time periods, particularly when it is assumed that uncertainty is equal
in value to 50 percent of the mean.

There have been very modest increases in funding for Category II (water
cycle) over the entire 30-year period, and the uncertainty analysis in Appendix C
supports a high likelihood for an increase in funding from the mid 1970s to the
present. However, it is in Category XI where the greatest increases are observed.
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Funding for aquatic ecosystem management and protection jumped from $15 mil-
lion in 1973 to $158 million in 2000 (23 percent of the total water resources
research funding that year). This partly reflects the lack of a well-defined category
for aquatic ecosystem research during the time of the 1965–1975 FCCSET survey.
More important, however, is that concern for aquatic ecosystem management and
protection grew enormously following the transformative events that sparked the
landmark environmental legislation of the 1960s and 1970s including the Clean
Water Act, the Endangered Species Act, and the Wild and Scenic Rivers Act (see
Chapter 2). Several decades later, biological diversity and ecosystem processes
of lakes, wetlands, and rivers are increasingly at risk, raising concerns for potential
degradation of ecosystem goods and services and loss of species. While many of
these problems have a long history, most prior research focused on a narrow view
of water quality for human use and direct harm to sensitive species. As a conse-
quence of the recent recognition for the need for whole ecosystem research,
including studies of long duration and large spatial scale, research expenditures
in Category XI have increased greatly. The four distinct subcategories of research
into the protection and management of aquatic ecosystems constitute a suite of
research activities that were largely absent from the nation’s water resources
research or were thought of more in the context of water quality research in
the 1960s.

It is interesting to note that the trends for the individual subcategories do
not always mirror the trend of their major category. For example, although fund-
ing for water quality studies (V) declined overall from the mid 1970s to the
present, two subcategories within Category V saw modest funding increases—
the identification of pollutants (V-A) and understanding the sources and fate of
pollutants (V-B).

As far as balance among the 11 major categories, the situation in 2000 has
shifted to encompass far more aquatic ecosystems research than in 1973 (see
Figure 4-8). Much of this has come at the expense of funding for Categories III
(water supply) and V (water quality). In general, however, there is greater parity
among the major categories of water resources research in 2000 than there was
in 1973.

Federal Agency Budget Breakdown

A complementary way of presenting the data is to consider how individual
federal agencies distributed their expenditures among the 11 major modified
FCCSET categories. Although many of the individual offices that reported conduct-
ing and funding water resources research from 1965 to 1975 have changed (see
Table 4-1), most of the cabinet-level federal agencies involved in supporting water
resources research in the mid 1960s are still major players in this enterprise today.

Individual agencies have distinct missions and responsibilities, and they
differ in their mandated emphasis on fundamental vs. applied research. These
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FIGURE 4-8 Percentage of the total federal agency expenditures going to each major
FCCSET category for (A) 1973 and (B) 2000. The total funding for water resources
research was $705,725,000 in 1973 and $677,971, 000 in 2000. All dollar values are con-
stant FY2000 dollars.
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agencies’ total budgets and the distribution of their research funding exhibit con-
siderable differences as well. In addition to considering the specific distribution
of funding by agency and category, the following section briefly reviews the
research focus of each agency. (Although the agencies are listed alphabetically in
Tables 4-1, 4-3, and 4-4, the following narratives are ordered by the size of the
agencies’ funding for water resources research.)

National Science Foundation

Since its inception in 1950, the NSF has awarded grants and contracts that
support and strengthen science and engineering research and education, and it
plays a significant role in supporting the research infrastructure of the nation’s
universities, including support of equipment, student fellowships, individual
researchers, and multidisciplinary research teams. Although both basic and
applied research efforts are included, the NSF has long been considered a pri-
mary, if not the primary, agency supporting curiosity-driven research at academic
institutions and nonprofit organizations to address fundamental issues. Although
much of the benefit to society of this research is expected to accrue over long
periods, some benefits occur in a short time frame.

Water-related research is found in nearly all NSF organizational units as well
as in crosscutting initiatives such as the Water and Carbon Cycle initiatives, but
there is no single program for water resources research. Research supported by
the Directorate for Biological Sciences is relevant to the categories of aquatic
ecosystems (XI) and the water cycle (II), and it encompasses a network of Long-
Term Ecological Research sites (some of which have an aquatic component). The
Directorate for Engineering supports research into water and wastewater treat-
ment; the fate, transport, and modeling of contaminants; and sensors and sensor
networks for water quality measurement. The Directorate of Geosciences supports
traditional hydrologic science, hydrologic–ecological interactions, and meteoro-
logical and climate studies related to the water cycle ranging from precipitation
processes to long-term trends in water characteristics. The Directorate for Math-
ematical and Physical Sciences funds water-related research in chemistry and
mathematics, including fundamental properties of water and ice, fate and trans-
port of chemicals in water, and mathematical modeling of the water cycle. The
Directorate for Social, Behavioral, and Economic Sciences funds a variety of
projects that explore fundamental social, economic, cultural, geographic, or
decision-related aspects of human activity related to water resources and facili-
tates international research linkages and experiences for students and investiga-
tors. The Office of Polar Programs supports research on aquatic ecosystems in
Arctic regions and Antarctica. The Directorate for Education and Human Resources
provides funding for water-related education projects across the full range of
directorate programs. Support areas include teacher preparation, curriculum
development, informal education projects, and digital library resources. NSF also

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


122 CONFRONTING THE NATION’S WATER PROBLEMS

supports Science and Technology Centers to address water purification, water
resources management in semiarid climates, and river processes.

In FY2000, NSF accounted for 22 percent of total federal water resources
research expenditures, four-fifths of which was allocated to categories XI (aquatic
ecosystems), II (water cycle), and V (water quality), as shown in Figure 4-9.
These results are expected, since these categories deal more with fundamental
water processes than with water-related operations, data collection, or adminis-
tration. In addition, NSF has focused its water resources research on the natural
rather than the social sciences, accounting for the low percentage of funds spent
in category VI (water resources planning and other institutional issues).

U.S. Geological Survey

Created in 1879, the USGS has evolved from being an agency that performs
“surveys” of the nation’s land, mineral, and water resources to one that encom-
passes a broader view of earth science. Its current mission is to provide reliable
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FIGURE 4-9 National Science Foundation FY2000 expenditures by major category
($150,892,000 total). Dollar values reported are constant FY2000 dollars.
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scientific information to describe and understand the earth; minimize loss of life
and property from natural disasters; manage water, biological, energy, and mineral
resources; and enhance and protect our quality of life (USGS, 2002). The USGS
today is organized into four major disciplines. The Biological Resources Disci-
pline—added to the USGS in 1995—focuses on status and trends of natural
systems, basic ecological understanding, analysis of threats, and application of
knowledge to management and stewardship. In the past, the Geology Discipline
has focused on fundamental geological processes, hazard assessment, and energy
and minerals. Its portfolio today includes water-related topics, including the envi-
ronmental impacts of climate variability, the geological framework for ecosystem
structure and function, and geological controls on groundwater resources and
hazardous waste isolation. The Geography Discipline is responsible for building,
maintaining, and applying The National Map. The discipline leads in partnerships
with state and local governments and the private sector in producing state-of-the-
art geographic tools and products, such as topographic, geological, and hydro-
graphic maps of the entire nation.

The mission of the Water Resources Discipline (WRD) is to “provide reli-
able, impartial, timely information that is needed to understand the Nation’s water
resources” (USGS, 2004). As such, USGS scientists conduct research on a wide
array of issues central to human and environmental health, including drinking
water quantity and quality, impacts of population growth, urbanization and other
land-use changes, suitability of aquatic habitat for biota, hydrologic hazards,
climate, surface water and groundwater interactions, and hydrologic system man-
agement. The WRD maintains a long-term data collection program to collect,
manage, and provide scientifically based information that describes the quantity
and quality of waters in the nation’s streams, lakes, reservoirs, and aquifers. Prime
examples include the network of stream gages, the National Stream Quality
Accounting Network (NASQAN) program, the Hydrologic Benchmark Network
program, and the groundwater-level network. Communication of data and infor-
mation is a priority of all USGS disciplines. Data collected by the USGS as part
of its monitoring activities are widely used by a variety of agencies responsible
for water and environmental management and by businesses, citizens, and
researchers in government, academia, and the private sector. Trends in funding
for data collection per se are discussed in Chapter 5.

With one programmatic exception, all water-related research is conducted
in-house by USGS scientists. USGS has several types of programs for conducting
research: a centrally coordinated National Research Program in the hydrologic
sciences; distributed research investigations, including district offices, the
National Water Quality Laboratory Methods Group, portions of the National
Water Quality Assessment Program (NAWQA), the Yucca Mountain Project,
and the Cascades Volcano Observatory; and programs that are primarily focused
on the geology or biology disciplines. About 25 percent of USGS funding for
water-related research is managed through the National Research Program. The
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FIGURE 4-10 U.S. Geological Survey FY2000 expenditures by major category
($123,108,000 total). Dollar values reported are constant FY2000 dollars.

USGS manages one external water research program, which is the state Water
Resources Research Institutes.

USGS, which contributed 18 percent of the total research budget in FY2000,
distributed 80 percent of those funds primarily in Categories XI (aquatic eco-
system management and protection), II (water cycle), and V (water quality
management and protection) (see Figure 4-10). Within those three categories,
funds were distributed evenly among most subcategories. Aquatic ecosystems
research is a growing area of emphasis and is conducted within the Biological
Resources and Water Resources disciplines. USGS research supports federal
resource management needs in the Everglades, the San Francisco Bay-Delta, the
Snake and Columbia river systems, and other systems. Fundamental research on
the water cycle and water quality is led by the Water Resources Discipline. The
Survey’s research on the water cycle has provided a critical foundation for
domestic and international hydrologic and energy balance studies related to
regional water management and flood control, as well as for understanding the
longer-term implications of climate change. Research on all aspects of water
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quality is driven by priorities and problems identified by state and local partners,
the NAWQA program (initiated in 1991), and programs related to toxic chemical
and aquatic ecosystem function. Category IX (manpower, grants, facilities)
accounted for 15 percent of USGS expenditures, the majority of which supported
water research facility infrastructure such as the Hydrologic Instrumentation
Facility. Some of these funds, authorized by the Water Resources Research Act
of 1965 as amended, provide for research, education, and information exchange
with the 54 state Water Resources Research Institutes. In addition, a small part of
that program ($1 million) supports a competitive grants program at academic
institutions to address high-priority water issues.

U.S. Department of Agriculture

The USDA supports water-related research with four major agencies. The
Agricultural Research Service (ARS) is the principal in-house research agency
for USDA and contributes around two-thirds of the USDA funding for water
resources research. Its research agenda is organized under 22 national programs,
one of which is Water Quality and Management, which supports three main pro-
grams relevant to the nation’s agricultural water resources. The first of these three
programs, agricultural watershed management, includes research on water supply
and use on irrigated and rain-fed lands to optimize water use and resolve compet-
ing demands through establishment of science-based technologies and manage-
ment. Irrigation and drainage management research, the second program, is
intended to support efficiency and sustainability in the face of anticipated declines
in water availability. Third, water quality protection and management research
emphasizes reducing water contamination from agricultural lands. ARS research
is conducted at nine research centers and 83 research locations situated through-
out the nation. The missions of several of the research locations including the
USDA Water Conservation Lab in Phoenix, Arizona, and the USDA Salinity Lab
at Riverside, California, address water and water-related topics. Although most
of its research is done by USDA scientists (some of whom hold faculty positions),
ARS further involves university faculty in research projects through partnerships
and cooperative agreements. Although much of the ARS research is applied (to
agricultural problems), there is also a significant component of basic research.

The Cooperative State Research Education and Extension Service (CSREES)
provides about 20 percent of the USDA’s funding for water resources research.
Its primary functions are to identify, develop, and manage programs to support
university-based and other institutional research, education, and extension in order
to advance knowledge for agriculture, the environment, human health and well-
being, and communities. The majority of research functions of CSREES are
carried out by faculty at the nation’s land grant colleges and universities. In addi-
tion to providing core research support for these faculty, CSREES operates a
number of annual, extramural research competitions that pertain to the effects of
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agricultural practices on aquatic ecosystems and watersheds, including nonpoint
source nutrients and other contaminants. CSREES activities fall into three pro-
gram areas: (1) the National Research Initiative, (2) the Hatch Act, and (3) the
406 National Integrated Water Quality Program. Most of the research focuses on
water and watershed issues as they relate to agriculture and the conservation of
agricultural resources.

The U.S. Forest Service (USFS) has contributed about 18 percent of the
USDA funding for water resources research in recent years. It maintains an in-
house staff of researchers, including forest hydrologists, fisheries scientists,
aquatic ecologists, and climate researchers, to support its management of 155
national forests and 20 national grasslands and to provide outreach to managers
of state and private lands. Research units are organized into eight regional research
stations, and many of the scientists at the research stations hold academic appoint-
ments at nearby universities. USFS scientists cooperate extensively with col-
leagues from universities and other agencies engaged in forestry and related
research and in integrated studies such as the six Long-Term Ecological Research
studies that are focused on USFS experimental watersheds. Thus, the research
programs of the USFS are closely integrated with and related to the programs of
research carried out by faculties at the schools and colleges of forestry. The USFS
maintains a broad disciplinary orientation among its research staff, including
hydrology, fisheries, aquatic ecology, climatology, engineering, and economics.
Research focuses include watershed management, aquatic–terrestrial interactions,
fisheries, water quality, and ecology. There are extensive programs of research
on watershed management that address issues related to water yields and the
maintenance of water quality from forest and range lands. Although much of the
USFS research is applied research directed to problems of managing forests and
grasslands, the USFS also devotes a substantial effort to investigate basic, long-
term questions.

The Economic Research Service (ERS) provides economic analysis relevant
to support a competitive agricultural system as well as promote harmony between
agriculture and the environment. The general areas of research include the eco-
nomics and policy dimensions related to agriculture, food, natural resources, and
rural development. In the water domain, the agency provides survey-based infor-
mation on irrigation and water use for agriculture. The ERS economic research
program informs USDA policy and program decisions affecting water quality
and wetland preservation, and it also derives economic implications of proposed
or alternative water quality regulations for the food, agricultural, and rural sectors.
The research activities of ERS also address institutional issues such as those
related to water transfers and water markets and institutional responses to drought
and water scarcity. All of this research is conducted by an internal staff of econo-
mists and social scientists, because this agency makes few extramural grants out-
side of its food, nutrition, and invasive species management program areas. This
is the only federal agency having an interest in water research that focuses exclu-
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sively on economic and institutional issues, and it constitutes less than 1 percent
of the USDA funding total for water resources research.

In FY2000, these agencies within USDA accounted for 17 percent of total
federal water resources research expenditures. Research into the water cycle (II),
mainly under ARS, accounts for one-third of USDA water-related research, and
this research appears to be distributed across multiple aspects of the water cycle
in an agricultural context. Water quality management and protection (V), sup-
ported by ARS and CSREES, is the next-largest category and includes research
aimed at water quality control, pollutant source and fate, and waste disposal. All
of the agencies with the exception of ERS support research on water quantity
management and control (IV), due to the importance of agriculture in influencing
runoff and other watershed processes. Aquatic ecosystem research (XI) at USDA
derives almost exclusively from the fisheries research done by the USFS. Water
supply augmentation and conservation (III) supported by ARS includes research
primarily into water yield improvement and agricultural water use conservation.
Together these five categories make up virtually all USDA water-related research
expenditures, as shown in Figure 4-11.
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FIGURE 4-11 Department of Agriculture FY2000 expenditures by major category
($116,126,000 total). Dollar values reported are constant FY2000 dollars.
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U.S. Department of Defense

About 80 percent of Department of Defense (DoD) funding for water resources
research is contributed by the Corps, with lesser amounts coming from the Office
of Naval Research (ONR) (about 2 percent) and the Strategic Environmental
Research and Development and Environmental Security Technology Certifica-
tion Programs (SERDP/ESTCP) (about 18 percent). Programmatic areas for the
Corps include navigation systems, flood and coastal protection, environmental
technologies, infrastructure engineering, geospatial technologies, and integrated
technologies for decision making. The mission of the Corps is largely operational
in nature, and thus most of the research is highly applied. Its regulatory responsi-
bilities are generally limited to specific provisions of the Clean Water Act,
particularly with respect to managing and regulating wetlands. Engineering
works, hydraulic modeling, soil mechanics, and contaminated dredge materials
are some major research focuses, with the majority of Corps activity being based
at seven research laboratories around the nation. In-house research is conducted
at seven research laboratories (Coastal and Hydraulics Laboratory, Geotechnical
and Structures Laboratory, Information Technology Laboratory, and Environ-
mental Laboratory, all in Vicksburg, MS; Cold Regions Research and Engineer-
ing Laboratory, Hanover, NH; Construction Engineering Research Laboratory,
Champaign, IL; Topographic Engineering Center, Alexandria, VA) or at the
Institute for Water Resources at Fort Belvoir, VA, and its Hydrologic Engineering
Center at Davis, CA.

ONR coordinates, executes, and promotes the science and technology pro-
grams of the U.S. Navy and Marine Corps through grants to schools, universities,
government laboratories, and nonprofit and for-profit organizations. It provides
technical advice to the Chief of Naval Operations and the Secretary of the Navy
and works with industry to improve technology manufacturing processes. SERDP/
ESTCP carries out research to reduce costs and environmental risks by develop-
ing cleanup, compliance, conservation, and pollution prevention technologies. In
addition, SERDP/ESTCP funds research on cleanup of contaminated defense
sites, DoD compliance with environmental laws and regulations, and measures to
reduce defense waste streams.

DoD activities account for 15 percent of the overall federal total for water
resources research. As shown in Figure 4-12, about half of DoD funds are spent
in Category VIII (engineering works), which is anticipated to be necessary to
support the Corps’ large operational mission, and about a fourth of the funds are
spent in Category V (water quality management and protection), which is where
almost all SERDP/ESTCP and ONR funds are devoted.

U.S. Environmental Protection Agency

As mentioned in Chapter 2, the EPA was created in 1970 to carry out broad
responsibilities for both regulation and research, with an emphasis on protecting
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FIGURE 4-12 Department of Defense FY2000 expenditures by major category
($104,668,000 total). Dollar values reported are constant FY2000 dollars.

human and environmental health by protecting our land, air, and water. EPA’s
Office of Research and Development (ORD) carries out diverse water-related
research activities that focus principally on water quality, including microbial
pathogens and chemical contaminants and their impact on drinking water and
ecosystems; human and ecological health and risk assessment; water quality cri-
teria to support designated uses of fresh waters; tools for assessment, protection,
and restoration of impaired aquatic systems; and improved water and wastewater
treatment technologies. Water resource-related research is supported primarily
through ORD’s network of national laboratories and its grant programs.

ORD has five branches that support research centers and laboratories at 13
locations across the country: the National Center for Environmental Assessment
(NCEA), the National Center for Environmental Research (NCER), the National
Exposure Research Laboratory (NERL), the National Health and Environmental
Effects Research Laboratory (NHEERL), and the National Risk Management
Research Laboratory (NRMRL). Through NCER, EPA runs competitions for
STAR (Science Targeted to Achieve Results) grants and graduate and under-
graduate fellowships, provides research contracts under the Small Business Inno-
vative Research Program, and supports other research assistance programs.
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NHEERL oversees a network of researchers and facilities, with headquarters in
Research Triangle Park, North Carolina; additional laboratories with activities in
freshwater resources include the Western Ecology Division (Corvallis, Oregon),
the Mid-Continent Ecology Division (Minnesota and Michigan), the Gulf Ecology
Division (Gulf Breeze, Florida), and the Atlantic Ecology Division (Narragansett,
Rhode Island). Many components of the research conducted by the branches apply
to water issues. NRMRL divisions include the Water Supply and Water Resources
Division, as well as the Ground Water and Ecosystem Restoration Division.
NERL includes the Microbiological and Chemical Exposure Division. EPA pri-
marily emphasizes research relevant to national priorities for safeguarding the
environment, although its STAR programs allow investigators to pursue wide-
ranging fundamental scientific issues with direct relevance to applications.

EPA’s share of total federal water resources research (15 percent in FY2000)
is strongly dominated by Categories XI (aquatic ecosystems) and V (water
quality), followed by II (water cycle) and IV (water quantity management and
control), as shown in Figure 4-13. To a significant extent, research in these
categories responds to EPA’s regulatory mandates as dictated under the Safe
Drinking Water Act, the Clean Water Act, the Comprehensive Environmental
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FIGURE 4-13 Environmental Protection Agency FY2000 expenditures by major category
($98,970,000 total). Dollar values reported are constant FY2000 dollars.
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Response, Compensation, and Liability Act, and the Resource Conservation and
Recovery Act. Funding for water quality management (V), for example, prima-
rily emphasizes water and wastewater treatment and contaminant fate and trans-
port studies.

U.S. Department of Energy

The mission of the DOE is to advance “the national, economic, and energy
security of the United States; to promote scientific and technological innovation
in support of that mission; and to ensure the environmental cleanup of the national
nuclear weapons complex” (DOE, 2003). The nondefense portion of the depart-
ment is organized into offices specializing in technologies related to specific
energy sources such as fossil fuels, nuclear energy, and renewable energy; each
office supports applied research in its field. For example, the Office of Fossil
Energy has identified three major goals in its water–energy research and develop-
ment strategy: reduce the use of freshwater resources in fossil energy production
and use, improve the quality and reduce the volume of water used in fossil energy
production, and reduce water management costs over conventional technology.
Its research accounts for around 10 percent of the DOE total for water resources
research.

The majority of the DOE funding (about 90 percent) for water resources
research comes from the Office of Science, which sponsors studies of the funda-
mental physical, chemical, and biological processes affecting the fate and trans-
port of contaminants in the subsurface. Much of this research is sponsored by the
Environmental Management Science Program, which supports basic research that
could enable new, faster, less expensive, and more effective methods for the
cleanup of the nuclear weapons complex.

As shown in Figure 4-14, DOE’s 3.8 percent share of total federal water
resources research expenditures is almost exclusively in Category V (water quality
management and protection)—not unexpected given its responsibility for some
of the most complex hazardous waste sites in the nation. Most DOE-funded water
research relates to pollutants and waste treatment associated with the cleanup of
hazardous chemical and radioactive waste at former nuclear weapons production
facilities. Other water quality research is directed at the pollutant streams from
fossil fuel energy production, affecting both surface water and groundwater.

Apart from the water-related research that was reported to the committee,
extensive studies are carried out in other programs, but these studies are not clas-
sified as “research” for various statutory reasons and were not included in the
survey response. For example, since 1978, DOE’s Office of Civilian Radioactive
Waste Management has spent “billions of dollars on characterization studies,” a
significant portion of which was focused on hydrology, climate change, and the
fate and transport of radionuclides at the proposed nuclear waste repository site at
Yucca Mountain, Nevada (DOE, 2002, p. 33). Similarly, the Office of Environ-
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FIGURE 4-14 Department of Energy FY2000 expenditures by major category
($26,053,000 total). Dollar values reported are constant FY2000 dollars.

mental Management has conducted extensive characterization studies of contami-
nated DOE sites in support of cleanup efforts.

National Oceanic and Atmospheric Administration

Several programs within NOAA (which is within the U.S. Department of
Commerce) contribute to water resources research. The National Weather Service
(NWS) comprises just less than 10 percent of the reported NOAA total, with the
rest split fairly evenly between the National Ocean Service (NOS) and programs
within the Office of Oceanic and Atmospheric Research (OOAR). The NOAA
water resources research programs have a primarily water cycle and coastal focus,
although several other activities concern freshwater resources. (For the purposes
of the NOAA survey, “coastal” refers to the land and water area extending from
the inland boundary of coastal watersheds to the seaward boundary of the United
States Exclusive Economic Zone. In the Great Lakes region, this includes the
watersheds of the Great Lakes and St. Lawrence River.) In particular, the NOAA
Office of Global Programs (OGP) carries out most of the fundamental research
pertaining to the water cycle, to climate predictability and prediction studies and
their role in water resources management, and to the social impacts of climate
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variability and change. The NWS through the Office of Hydrologic Development,
Hydrology Laboratory, carries out applied research relating to hydrologic and
hydraulic modeling and forecasting at all spatial scales. The Advanced Hydrologic
Prediction Service (AHPS) program of the Office of Hydrologic Development
provides new hydrologic information and products through the infusion of new
science and technology into the operational forecasting process. The inclusion of
the Great Lakes within NOAA’s Great Lakes Environmental Research Labora-
tory (GLERL) brings NOAA further into areas of freshwater research. NOAA’s
coastal research is concerned with agricultural nonpoint source pollution and the
resulting hypoxia in coastal waters, as well as other land-based pollutants deliv-
ered via runoff. In all the areas, research is conducted both in-house and through
grants to external research organizations (universities, nonprofits, and other
private sector organizations).

NOAA research accounts for 3.7 percent of the federal total, mainly in Cat-
egories II, V, and XI, which focus, respectively, on water cycle processes, water
quality management and protection in estuarine and freshwater systems, and
aquatic ecosystems (Figure 4-15).
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FIGURE 4-15 National Oceanic and Atmospheric Administration FY2000 expenditures
by major category ($24,715,000 total). Dollar values reported are constant FY2000 dollars.
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U.S. Bureau of Reclamation

The U.S. Bureau of Reclamation (USBR), within the Department of the
Interior, is a major supplier of drinking and irrigation water and hydroelectric
power. Its mission is confined to the 17 western states. As an operating agency,
USBR water resources research is concentrated on applied topics of water devel-
opment and management. USBR focuses on four main areas: improving water
and hydropower infrastructure reliability and efficiency, improving water delivery
reliability and efficiency, improving water operations decision support with
advanced technologies and models, and enhancing water supply technologies.
Examples of research include desalination, river system modeling, fish passage
and entrainment, and operational efficiency enhancements.

USBR research accounts for 2 percent of the federal agency total and is dis-
tributed across Categories II (water cycle), III (water supply augmentation and
conservation), IV (water quantity management and control), V (water quality
management and protection), and VIII (engineering works) (see Figure 4-16).
Consistent with its mission as a nonregulatory/operating agency, the USBR
devotes a large part of its research expenditures to support the operation of water
control structures as well as desalination.
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FIGURE 4-16 U.S. Bureau of Reclamation FY2000 expenditures by major category
($14,207,000 total). Dollar values reported are constant FY2000 dollars.
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National Aeronautics and Space Administration

Historically, NASA has developed satellite missions in broad support of
many different problems related to the earth sciences including environmental
change, tectonophysics, oceanography, hydrology, and glaciology. Science teams
are formed early in the process of mission design and are involved with convert-
ing satellite measurements to useful science products. Once useful information
becomes available on a routine basis, NASA provides funding to university and
other researchers for innovative application toward enhanced understanding of
critical earth science questions. As a result, it is difficult to determine the direct
financial influence of NASA programs on hydrologic sciences. Only the more
recent satellite missions (e.g., Aqua, Terra, TRMM) have had continental hydro-
logic sciences as a theme. With most other missions (e.g., TOPEX/Poseidon and
Jason-1, Landsat, GRACE), the products support a myriad of other science
programs in oceanography, environmental change, agriculture, and forestry.
Nevertheless, data from these missions are beneficial for hydrologic sciences,
especially for large-scale studies. The NASA estimate of the annual support for
water resources research (1.5 percent of the federal total) is primarily directed to
a better understanding of fundamental water cycle processes (Category II), as
illustrated in Figure 4-17. This includes direct research support to investigators
addressing specific hydrologic problems. There has been minor support for studies
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FIGURE 4-17 National Aeronautics and Space Administration FY2000 expenditures by
major category ($10,100,000 total). Dollar values reported are constant FY2000 dollars.
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involving water quality. Because the total NASA expenditures in satellite devel-
opment and in operation and funding of science teams for the various missions
are of a magnitude that would dwarf all other research expenditures considered in
this report, and because the percentage of those activities devoted to water re-
sources research is impossible to determine, they are not included in the NASA
survey response.

Department of Health and Human Services

The Department of Health and Human Services (DHHS) has over 300 research
and service programs in 11 operating units, eight of which are in the U.S. Public
Health Service (PHS). Two major units of the PHS are the National Institutes of
Health (NIH) and the Centers for Disease Control and Prevention (CDC). Both
NIH and CDC house water-related research activities, but neither has federally
mandated regulatory authority for water-related research or management.

NIH’s environmentally related research is focused in the National Institutes
of Environmental Health Science (NIEHS) and the National Cancer Institute
(NCI). The mission of NIEHS centers on reducing morbidity linked to environ-
mental causes. The agency supports research, prevention, intervention, and com-
munication programs. NIEHS includes the National Toxicology Program, which
conducts toxicological research; examines reproductive, developmental, cancer,
and immunotoxicity outcomes; and develops alternative models. NCI conducts
and supports research and its application to prevent, control, detect, diagnose, and
treat cancers. The intramural research unit contacted to respond to the survey was
the Division of Cancer Epidemiology and Genetics’s Occupational and Environ-
mental Epidemiology Branch, which conducts epidemiologic studies to evaluate
cancer risks and determines whether they are associated with water contaminants,
primarily chemicals. (Thus, the survey does not reflect research conducted or
funded by other intramural research programs or extramural grants at the NCI.)

CDC provides health surveillance programs to monitor and prevent disease
outbreaks and exposures, conducts research, implements programs and services
to prevent disease, and maintains vital statistics and other health databases for the
nation. However, CDC neither has funding legislatively directed toward water
resources, nor does it have a research program specifically directed toward link-
ing water contaminants and human health outcomes. The agency has recently
consolidated with the Agency for Toxic Substances and Disease Registry (ATSDR).
ATSDR’s mission is focused on preventing hazardous exposures from waste sites
and related adverse health outcomes. The agency accomplishes its mission
through the conduct of public health assessments, health studies, surveillance
activities, health education services, and toxicological profiles of hazardous
chemicals. Two programs account for nearly three-quarters of the agency’s water-
related funding—the Research Program on Exposure-Dose Reconstruction (EDRP)
and the Great Lakes Human Health Effects Research Program (GLHHERP). The
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EDRP conducts applied research to reconstruct past and model potential levels of
contaminants in environmental media and water distribution systems from the
source to the receptor populations. The GLHHERP is focused on the 11 critical
contaminants identified by the International Joint Commission (United States and
Canada). The program characterizes exposures to these contaminants; identifies
at-risk populations; investigates the potential for acute and chronic adverse health
outcomes; and conducts community-based research, education, and interventions.

The total water resources research funding from DHHS in FY2000 was $9.13
million, all in Category V-H (effects of waterborne pollution on human health),
and thus, no figure of the DHHS breakdown is provided. During the three years
of the survey period, the NIEHS contribution ranged from 48 percent to 68 percent
of the DHHS total, the ATSDR contribution ranged from 18 percent to 51 per-
cent, and the NCI contribution ranged from 1 percent to 14 percent.

Budget Breakdown by Major Modified FCCSET Category

A final level of analysis involves considering which agencies supported the
11 major modified FCCSET categories. Of the 11 major categories, multiple agen-
cies play significant roles in six, while the remaining five are largely within the
domain of a single agency. While the data were not reported in terms of the
continuum from basic to applied research, nor from the standpoint of external
grants vs. in-house agency research, some inferences can be drawn from the liaison
reports, the stated agency missions, and the experience of committee members.

As shown in Figure 4-18, research into the nature of water (Category I) is
funded primarily by NSF, with a small percentage from the USGS. Most of this
funding is expected to support basic research in universities and other research
organizations.

Research into the water cycle (II) is the third-largest funding category and is
well distributed across the federal agencies (as shown in Figure 4-19). NSF,
USDA, and USGS together provide three-quarters of the research funds in this
area, but five other agencies, particularly EPA, NOAA, and NASA, also provide
research funding. This area likely includes a diversity of subtopics, ranging from
fundamental investigations of evapotranspiration and runoff to applied studies in
agricultural landscapes. Assuming that the contributions of NSF, as well as some
of the funding from USDA and EPA, are through extramural grants, perhaps one-
third to one-half of the research occurs at universities and research institutions,
and the remainder is conducted by federal agency scientists.

Research into water supply augmentation and conservation (Category III) is
largely through the USDA, although USBR contributes about one-third of the
total via desalination work (see Figure 4-20).

As shown in Figure 4-21, nearly half of the research into water quantity
management and control (IV) is through the USDA, although the EPA and DoD
each contribute about 20 percent of the total. This distribution is expected, given
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USGS

5%

NSF

95%

USDA
26%

NOAA
6%

DoD 4%

USBR 1%

NASA
6%

NSF
27%

EPA 9%

USGS 21%

FIGURE 4-18 FY2000 expenditures in Category I (nature of water) by federal agency
($11,153,000 total). Dollar values reported are constant FY2000 dollars.

FIGURE 4-19 FY2000 expenditures in Category II (water cycle) by federal agency
($150,835,000 total). Dollar values reported are constant FY2000 dollars.
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USBR
32%

USDA
65%

DOE
3%

USDA
46%

DoD
19%

EPA
20%

NSF
7%

USGS
2% DOE

<1%

NOAA
<1%
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6%

FIGURE 4-20 FY2000 expenditures in Category III (water supply augmentation and
conservation) by federal agency ($14,456,000 total). Dollar values reported are constant
FY2000 dollars.

FIGURE 4-21 FY2000 expenditures in Category IV (water quantity management and
control) by federal agency ($45,629,000 total). Dollar values reported are constant FY2000
dollars.
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the importance of controlling polluted runoff from agricultural lands within
USDA and given EPA’s interest in understanding the impact of different land
uses on surface water and groundwater flow rates. This research activity is pre-
sumed to include a mix of agency science, contracts, and external grants.

Research into water quality management and protection (Category V) is the
largest single funding category and is arguably the most widely distributed across
agencies. Six agencies (EPA, NSF, DoD, USGS, USDA, and DOE) each con-
tribute 13 percent to 19 percent of the total, and three others report 1 percent to
5 percent contributions (see Figure 4-22). All of the water resources research
reported by the DHHS falls under the subcategory of understanding the effects of
waterborne pollution on human health. However, most of the contributions of the
other agencies are widely spread among the eight subcategories. Much of this
work likely falls in some intermediate region between basic and applied research,
although most of it is likely to be motivated by application. The fraction that
takes place in universities and research organizations may exceed one-third,
assuming that USDA and EPA each make substantial grants in this area, in addi-
tion to NSF.

As shown in Figure 4-23, NSF is the largest single supporter of research into
water resource planning (Category VI), followed by USDA and DoD. This cat-

USDA
14%

NOAA
3%

DoD
13%

DOE
13%

USGS 17%

USBR
1%

EPA
19%

NSF
15%

HHS 5%

FIGURE 4-22 FY2000 expenditures in Category V (water quality management and pro-
tection) by federal agency ($191,669,000 total). Dollar values reported are constant
FY2000 dollars.
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USDA
19%

NOAA
10%

DoD 17%
USBR 2%

EPA 9%

NSF
42%

USGS 1%

FIGURE 4-23 FY2000 expenditures in Category VI (water resources planning and other
institutional issues) by federal agency ($9,834,000 total). Dollar values reported are con-
stant FY2000 dollars.

egory was interpreted to include academic research into decision-related aspects
of human activity and other social sciences within NSF, management and plan-
ning in an agricultural context within USDA, and integrated technologies for
decision making within the Corps. It is likely that somewhat over half of the
research occurs in academic or research institutions, and much is intermediate on
the continuum of fundamental vs. applied research.

Over half of the research in water resources data (Category VII) is supported by
DoD and USGS, although most of the surveyed agencies play a role (Figure 4-24).
Research into data acquisition, storage, standards and delivery, modeling, and
information technologies are especially prominent topics for the two agencies
leading in this area, which serve such diverse needs as integrated assessment
modeling, network design, and interagency collaboration. The majority of this
research is presumed to be motivated by near-term application needs and to take
place within the federal agencies. It is noted again that this category does not
encompass expenditures on actual data collection (see Chapter 5 for a more com-
prehensive discussion of data collection).

Research into water engineering works (Category VIII) is almost exclusively
the province of the Corps (and thus DoD) (see Figure 4-25). This is research of a
highly applied and practical nature to support the Corps’ Civil Works program
and presumably is carried out by Corps scientists and engineers and through
contracts.
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USDA
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NOAA
9%

DoD 33%
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24%

USBR
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EPA
3%

NASA
12%

NSF 5%

DoD
92%

USGS 3%

USBR 4%

NSF 1%

FIGURE 4-24 FY2000 expenditures in Category VII (resources data) by federal agency
($8,679,000 total). Dollar values reported are constant FY2000 dollars.

FIGURE 4-25 FY2000 expenditures in Category VIII (engineering works) by federal
agency ($58,118,000 total). Dollar values reported are constant FY2000 dollars.
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As shown in Figure 4-26, research supporting Category IX (manpower,
grants, and facilities) is largely through the USGS, followed by NSF. These
expenditures by USGS support facilities. Within NSF, these funds support water-
related education projects across the directorates and research facilities.

Support for research into Category X (scientific and technical information) is
almost entirely from NSF (Figure 4-27).

Category XI, aquatic ecosystems, is the second-largest individual funding
category and includes significant support from NSF, EPA, USGS, and USDA
(Figure 4-28). This category was not present in the original FCCSET categories
but was developed to reflect emerging research interests since the 1960s in the
areas of ecosystem and habitat conservation, ecosystem assessment, climate
change, and biogeochemical cycles. NSF supported research in all four sub-
categories but allocated less to climate change than the other three subcategories,
which it supported roughly equally. EPA funding was entirely for aquatic eco-
system assessment. USGS supported primarily the ecosystem conservation and
assessment categories. The USDA funding, primarily from USFS, supports water-
shed and fish habitat research. If funding support by a number of federal agencies
is a measure of importance, only Category V enjoys funding as diverse as that of
Category XI (compare Figures 4-22 and 4-28). The funding for aquatic eco-
systems protection and management appears to support a healthy balance of
agency and external researchers and a range of fundamental to applied research.

Nonbudgetary Survey Information

As mentioned earlier, the survey included questions about the federal agen-
cies’ missions with respect to water resources (see Box 4-1, question 2), as well
as questions about the liaisons’ concern irrespective of their agencies’ missions
(question 5). Although it is not possible to quantify the liaisons’ responses to
these questions, it is useful to examine the similarities between what the agen-
cies’ stated missions are and what the liaisons believe are important emerging
water resources issues. The results, presented in Table 4-3, show that few liaisons
expressed future issues of concern (column 3) that would not fit into their own
agency’s research agenda. Furthermore, it is clear that the current agency mis-
sions (column 2) do not add up to a national research agenda for water resources.

In terms of emerging issues (column 3 of Table 4-3), there are several com-
monalities among the agencies’ responses. The importance of extreme events and
the effects of global climate change; the fate, transport, and effects of pollutants;
the nature and control of nonpoint source pollution; and the maintenance and
restoration of aquatic ecosystems are issues that emerged from more than one
liaison response and are also priorities for this committee, as reflected in Table 3-1.
Each of these is a complex, multifaceted problem that reflects many scientific,
economic, and societal factors; thus, the overlap is not surprising. However, most
agency liaisons phrased their perception of these large-scale issues in terms of
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USDA 3%

NOAA 4%

USGS 64%

EPA
1%

NSF 28%

DoD
4%

NSF
96%

FIGURE 4-26 FY2000 expenditures in Category IX (manpower, grants, and facilities) by
federal agency ($27,994,000 total). Dollar values reported are constant FY2000 dollars.

FIGURE 4-27 FY2000 expenditures in Category X (scientific and technical information)
by federal agency ($1,168,000 total). Dollar values reported are constant FY2000 dollars.
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USDA
11%

NOAA
4%

DoD
5%

USGS
22%

EPA
24%

NSF
34%

NASA
<1%

USBR
<1%

FIGURE 4-28 FY2000 expenditures in Category XI (aquatic ecosystem management and
protection) by federal agency ($158,436,000 total). Dollar values reported are constant
FY2000 dollars.

their particular missions, which tend to vary widely depending on whether water
is the primary focus of the agency mission (e.g., water resources division of
USGS) or is a necessary ingredient for some other purpose (e.g., production of
food or energy). Thus, it is unlikely that the overlap in the identification of emerg-
ing issues is reflected in coordination of research among agencies.

Several additional questions asked of the federal agency and nonfederal
organization liaisons during the third committee meeting related to (1) whether
the agency’s research is conducted extramurally or internally, (2) the time hori-
zon of the research, and (3) whether there are significant place-based studies that
are not captured in the submitted budget data. The first question partly reflects
whether the research is agency mission-driven or investigator-driven, because
research conducted externally is likely to be less constrained by the agency’s
mission. The time horizon refers to whether the research is expected to have
short-term or long-term benefits, which can sometimes be correlated with whether
the research is basic or applied (as discussed in Box 3-1). Responses to these
questions are summarized in Table 4-4. (It should be noted that not all the agen-
cies responded to these questions, particularly those agencies that submitted their
surveys after May 2003.)
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TABLE 4-3 Summary of Federal Agency Responses About Their Strategic
Plan and Future Water Resources Research Priorities

Agency Responses to Survey Question 2—Mission

Agriculture
USDA ARS Program 201: to develop innovative concepts for determining the movement

of water and its associated constituents in agricultural landscapes and
watersheds, and to develop new and improved practices, technologies, and
strategies to manage the nations’ agricultural water resources.
Three components: agricultural watershed management, irrigation and
drainage, and water quality protection and management.

USDA CSREES Strategic plan not yet defined, but protection and improvement of water
quality and reducing society’s reliance on freshwater resources are among
the issues being discussed.

USDA ERS To provide accurate and timely information on (1) the interrelationships
between agricultural water availability and agricultural production, (2) the
impact of programs and policies that reallocate water resources used by
agriculture, (3) the impacts of agricultural production on water quality, and
(4) impacts that water quality policies have on the agricultural sector.

USDA USFS No stated water-specific mission. General USFS mission is to enhance
scientific understanding of ecosystems, including human uses, and to support
decision making and sustainable management of the nation’s forests—
through research, inventory, and monitoring.

Commerce
NOAA NOS There are 4 facets to the general NOAA mission: (1) protect, restore, and

manage coastal and ocean resources through ecosystem-based management,
(2) understand climate variability and change, (3) provide weather and water
information, and (4) support safe, efficient, and environmentally sound
transportation. NOS has responsibilities under each that focus on coastal
and estuarine areas.

NOAA NWS General NOAA mission given above is applicable. More specific to NWS is
increased accuracy and lead time of river and stream forecasts. Specific data
the NWS collects in support of its forecasting mission include river,
reservoir, precipitation and snow measurements, and precipitation data
derived from Geospatial Operational Environmental Satellite (GOES) and
NEXRAD.
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continued

Responses to Survey Question 5—Emerging Issues

• Water scarcity and how that will affect agriculture in the West
• Extreme climate events (floods and droughts)
• Global climate change
• Aging infrastructure
• Stream corridor restoration in agricultural areas
• Improving irrigation and drainage technology
• Antiquated legal systems for water allocation
• Competition to U.S. agriculture in a more global economy
• Fate, transport, and effect of agricultural chemicals in watersheds
• Total maximum daily load development and agricultural best management practices

• Water use efficiency in all sectors of the economy
• Integrating knowledge into water quantity and water quality policy to reduce uncertainty in
water resources planning and management

• Control of unregulated sources of pollution (agricultural nonpoint source pollution, for instance)
• Net benefits of alternative reallocations of water across municipal, industrial, agricultural, and
in-stream environmental uses
• Transfer of water away from agriculture, while minimizing losses to the sector and rural
communities
• Institutions, such as market systems, that could be used to respond to water shortages

• Homeland security and protection of public drinking water sources
• Competition for water between in-stream values (aquatic ecosystems and endangered species)
and off-stream users (urban, agriculture, industry)
• Space and time scales of nonpoint source pollution (i.e., the cumulative effects on water quality
from multiple activities distributed over a landscape in space and time)

• Climate change and the effects of extremes on water availability and quality
• Ecosystem vulnerability
• Cumulative effects of multiple stressors (both natural and human-induced)
• Prediction of water flows and long-term prediction of water availability
• Developing decision support systems for watershed and river management that can balance
competing uses of water

• Improved real-time management of water resources and aquatic ecosystems
• Estimation of streamflow anywhere in a river basin (i.e., ungaged location)
• Increasing density of real-time, automated precipitation networks
• Ensemble data analysis of multisensor precipitation data
• Remote sensing of hydrologic variables: snow cover, soil moisture, river levels, total water
storage, air temperature, vegetation, solar insolation, evaporation
• Improved methods for orographic precipitation analysis

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


148 CONFRONTING THE NATION’S WATER PROBLEMS

NOAA OOAR Same 4 general NOAA facets, stated above for NOAA NOS. For OOAR in
particular, provide research to enable effective management of fisheries,
invasive species, and coastal, ocean, and Great Lakes ecosystem health.

Defense
Corps Civil Works Program Strategic Plan: (1) provide sustainable development

and integrated management of the nation’s water resources, (2) repair past
environmental degradation and prevent future environmental loss, (3) ensure
that operating projects perform in a manner to meet authorized purposes and
evolving conditions, (4) reduce vulnerabilities, risks, and losses to the nation
and the Army from natural and man-made disasters, including terrorism, and
(5) be a world-class public engineering organization. Current emphases of
the R&D program include regional sediment management, systems-wide
modeling, assessment and restoration technologies, technologies and
operational innovations for urban watershed networks, and navigation
economic technologies.

SERDP/ SERDP: to resolve environmental concerns in ways that enhance military
ESTCP operations and improve military systems effectiveness, and to support

technology and process development in order to reduce operational and life
cycle costs associated with environmental cleanup. Examples relate to
development of technologies for remediation of groundwater contaminated
with heavy metals and development of bioremediation technologies for
treatment of nitroaromatic-contaminated soil and groundwater. ESTCP: to
demonstrate and validate promising, innovative technologies that target
DoD’s urgent environmental needs (e.g., characterization and treatment of
range contamination and in situ remediation of groundwater.

ONR None with respect to water resources research.

TABLE 4-3 Continued

Agency Responses to Survey Question 2—Mission
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continued

• Future fresh water availability and quality, given population growth and redistribution, climate
variability, and increasing demands for water
• Better systems and technology for observing precipitation, areal evaporation/ evapotranspiration,
soil moisture, groundwater, and snow pack
• Improved precipitation forecasts on daily to seasonal time scales
• Long-term sustainability of water resources
• Understanding the contribution of mountain water reserves
• Development of water use statistics
• Forecasting and managing water under the extreme droughts and floods
• Special problems for water management posed by multijurisdictional watersheds
• Strategies and technologies for securing a water supply in the face of climate variability and
change and other water management uncertainties
• Changing poor policies that affect surface waters and groundwater in the United States
• Water and health issues

Unanswered

• Military range sustainability
• Ammonium perchlorate-contaminated groundwater
• Dense nonaqueous phase liquid (DNAPL) characterization and remediation

Unanswered

Responses to Survey Question 5—Emerging Issues
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Energy
DOE The three major goals of the Fossil Energy water-energy R&D strategy are:

(1) reduce the use of freshwater resources throughout the fossil-energy
production and use cycle, (2) improve the quality and reduce the volume of
water discharged from fossil energy operations, including coal mining, coal
bed methane and oil/natural gas production, and thermoelectric power
generation, and (3) reduce water management costs over conventional
technology. The Office of Science research program has two primary
elements relevant to the types of water resources research: (1) developing
new characterization and remediation techniques and (2) developing an
improved understanding of contaminant fate and transport.

Health and Human Services
NIEHS National Toxicology Program: rodent and other animal-based research and

testing to address potential adverse health outcomes in humans from
exposure to waterborne chemical and biological contaminants.

NCI To assess cancer risks from waterborne contaminants.

ATSDR Research Program on Exposure-Dose Reconstruction goals: to evaluate
human health risk from toxic sites and releases and take action in a timely
and responsive public health manner. For many site-specific projects: to
ascertain the relationship between exposure to toxic substances and disease.

Interior
USGS The Water Resources Discipline: provide reliable, impartial, timely

information needed to understand the nation’s water resources. The
National Research Program (NRP): to generate and disseminate knowledge
by conducting fundamental and applied research on complex hydrologic
problems, to develop techniques and methodology, and to provide scientific
leadership in hydrology to the USGS. NRP investigations integrate
hydrologic, geological, chemical, climatological, and biological
information related to water resources and environmental problems.

TABLE 4-3 Continued

Agency Responses to Survey Question 2—Mission
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continued

• Availability of freshwater and competing demands for this limited resource and how future
regulations and restrictions will impact the ability of the U.S. to meet increasing demands for
low-cost energy and electricity
• Development of new, energy-efficient water purification (treatment and desalination) processes
• Development of better predictive models for the fate and transport of contaminants in
groundwater and surface water systems
• Development of a better understanding of the regional effects of global climate change and their
impacts on water availability and quality
• Development of a quantitative basis for managing water quality and ecological impacts of
storage and conveyance systems

• Consequences of global warming on water supply
• Use of reclaimed water to meet future demand, and associated complications
• Aging of water distribution systems
• Changes in water disinfection methods away from the use of chlorination to chloramination or
ozonation

Unanswered

• Issues that affect human exposure to potential and actual contaminants via water resources, and
issues that affect fishability, swimmability, and potability of our nation’s waters
• Enhance and develop our capacity to assess human health consequences of exposure to
hazardous substances both current and historically
• Ensure that appropriate public health intervention strategies are in place especially for at-risk
populations
• Ensure that resources are available for the above challenges, while ensuring the nation has the
capacity and technology to respond to citizens’ requests for assistance with environmental
health issues

• Assessing and understanding the processes that control the distribution of contaminants and
pathogens at low concentration levels
• Understanding how to manage a river to protect or restore habitat
• Understanding global cycles of water, C, N, P, S, and metals
• Evaluating water resource sustainability for ecological and withdrawal use at regional scales
• To meet the data needs for these research opportunities, we must have long-term data in
accessible databases. The data must adhere to well-documented standards to be useful for
examining trends and for understanding and differentiating changes due to climate and land-use
patterns

Responses to Survey Question 5—Emerging Issues
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USBR Appropriated funds under the Science and Technology Program are focused
on four main areas: (1) improving water and hydropower infrastructure
reliability and efficiency, (2) improving water delivery reliability and
efficiency, (3) improving water operations decision support with advanced
technologies and models, and (4) enhancing water supply technologies.

Other Agencies
EPA Conduct leading-edge, sound scientific research to support the protection of

human health through the reduction of human exposure to contaminants in
drinking water, in fish and shellfish, and in recreational waters and to support
the protection of aquatic ecosystems, specifically, the quality of rivers, lakes,
and streams and coastal and ocean waters. Furthermore, apply the best
available science (i.e., tools, technologies, and information) to support
regulations and decision making for current and future environmental and
human health hazards related to exposure to contaminants in drinking water,
fish, and shellfish, and recreational waters and for the protection of aquatic
ecosystems.

NASA No current strategic plan for water resources research. A water management
program plan is under development that will explain how NASA science
data products can be used by partnering agencies.

NSF No formal agency strategic plan for water resources research, although
several planning documents address water issues (e.g., Geosciences Beyond
2000, Complex Environmental Systems, Synthesis for Earth, Life and
Society in the 21st Century).

TABLE 4-3 Continued

Agency Responses to Survey Question 2—Mission
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• Water supply augmentation (e.g., via desalination and water reuse)
• Increase the ability for the coordinated operation of water systems
• Improve water quality, given agricultural return waters and waste disposal
• Methods to better conserve and optimize existing water supplies
• Methods to more economically and reliably modernize outdated water storage and delivery
infrastructure
• Aquatic and riparian invasive species
• Water resources data management information system

• Waterborne disease occurrence
• Development of molecular technologies for monitoring and treatment studies
• Research to strengthen CWA/SDWA linkages
• Human population exposure studies to measure the aggregate (total) exposure
• Alternative approaches for screening/prioritizing drinking water chemicals
• Shift focus from point source discharges to nonpoint sources
• More biological indicators for determining aquatic ecosystem condition
• Large-scale processes and activities as determinants of water quality
• Atmospheric deposition and multimedia sources as water quality determinants
• Increase the role of citizen stakeholders in setting watershed management goals and in
implementing action programs at the local and watershed levels
• More efficient, more nearly accurate models and methods, and more explicit representation of
uncertainties in decision-making processes used by EPA

• Development of remote sensing capabilities of water quality
• Dearth of international observations
• Reinvigorating the groundwater and stream gage monitoring systems

• Better understanding of the physiological effects of waterborne pollutants on aquatic ecosystems
via research on the physiology, behavior, genetics, ecology, and evolution of organisms
• Holistic watershed analysis to quantify relationships among catchment characteristics, stream
flow, recharge, water quality, and land-use change
• New technology and management methods for water and wastewater treatment, desalination,
and detection and removal of low-level health-related contaminants
• Dynamically interactive modeling to enhance understanding of how aquatic systems evolve
over time
• Socioeconomic factors that affect individual decisions about water use and the management of
water resources by societal institutions
• Linking information about fundamental properties of water systems at the molecular level with
properties at watershed and landscape scales
• How to deal with voluminous data, integrate data of differing scales, incorporate real-time data
into models, and assess uncertainty in simulations
• Fundamental advances in computational fluid dynamics for use in mathematical modeling of
transport in aquatic and other natural systems

Responses to Survey Question 5—Emerging Issues
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TABLE 4-4 Additional Facts about the Federal Agencies Supporting Water
Resources Research

Internal Significant place- Short-term vs. long-term,
Agency vs. extramural based research basic vs. applied

Agriculture
USDA ARS 95% internal None mentioned 50% address long-term problems;

50% address short- and midterm
problems

USDA 100% extramural None mentioned 25% address long-term basic
CSREES research issues; 75% address

short-term applied research issues

USDA ERS >99% internal None mentioned Research projects are designed to
inform policy questions that may
arise over a midterm time frame

USDA USFS >90% internal None mentioned 40% address long-term problems;
60% address short- and midterm
problems

Commerce
NOAA NOS 70–80% awarded None mentioned About 70% of the proposed payoff

via competitive peer is expected in the 3- to 5-year
review, of which time frame, with the remaining 30%
70–80% goes to the in the 5- to 10-year time frame
extramural academic
community

NOAA NWS Approximately 20% None mentioned 25% is directed, use-inspired
of NWS OHD’s research, and 75% is applied
research funds are research for improved operations
for extramural grants
(75% of which are
extramural research
projects via a
competitive
program)

NOAA OGP: 50% spent Not answered OGP has a long-term commitment
OOAR extramurally; all and annually funds 3-year projects;

of the other offices GLERL has a long-term
support only commitment to research; other lab
internal research programs are assembled from 3-year

projects

continued

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


STATUS AND EVALUATION WATER RESOURCES RESEARCH 155

TABLE 4-4 Continued

Internal Significant place- Short-term vs. long-term,
Agency vs. extramural based research basic vs. applied

Defense
Corps 50-60% internal; Five large regional 60% is development, 35% is applied

40-50% extramural projects occurred research, and 5% is basic research;
during the most projects are composed of
time frame of the multiple short-term focused R&D
survey, of which targets in the 3-year range; the
the largest two overall program often gets stretched
were included in out due to annual funding
the response uncertainties, but the R&D is

characteristically short-term in
nature

SERDP/ Not answered Not answered Not answered
ESTCP

ONR 95% extramural None 100% basic research with most
projects lasting 3–6 years

Energy
Office of 100% extramural None 100% intermediate- to long-term
Science basic research. Most projects are

funded for 3–5 years at a time, and
may be renewed several times

Office of 100% extramural None Short- to intermediate-term applied
Fossil Energy research

Health and Human Services
NIEHS Not answered Not answered Not answered

NCI 100% internal None mentioned The studies range from 3 to 30
years, depending on the need for
follow-up; primary role is to
conduct scientific investigations that
are considered by regulatory
agencies when developing policy

ATSDR 25% internal; None mentioned ATSDR supports applied research,
75% extramural and most studies are completed in

3–5 years

continued
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TABLE 4-4 Continued

Internal Significant place- Short-term vs. long-term,
Agency vs. extramural based research basic vs. applied

Interior
USGS Almost all is None mentioned Most of the National Research

internal except for Program is long-term; about 10% of
the Water Resources the rest of the water research done
Research Institutes in the water discipline would be

classified as long-term

USBR 66% internal; Place-based Most of the research has a
33% extramural research may short-term and applied focus

double budget;
(two large projects
were included in a
revised response)

Other Agencies
EPA 3 national labs Region-specific 40% of EPA research is problem

included in survey projects are not driven—in particular, that research
response: some included in the specifically designed to meet the
extramural money, survey response needs of the water program at EPA
mainly in-house (e.g., Chesapeake
STAR program: Bay program)
all extramural
2 Centers: internal

NASA 25-33% internal; None mentioned According to OMB, 100% of the
66–75% extramural NASA budget is applied research;

there are almost no long-term, in
situ projects, although satellites are
multiyear projects

NSF 100% extramural None mentioned Varies, but much has a long-term
focus

From Table 4-4, it is clear that water resources research is conducted both
internally and externally across the federal agencies. However, most agencies (or
individual offices within the agencies) support only one or the other. For example,
within the USGS, research is conducted in-house, and the majority is based at
USGS research centers; other activities are located in USGS district offices and
cooperative units at public universities. Many of the researchers in the centers
and cooperative units also carry academic appointments. Most USBR research is
carried out in-house or as part of multiagency site-based projects. The NSF
employs only program staff, such that all research activity is conducted by
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awardees outside the agency. The exceptions are (1) the Corps, where research is
about 60 percent in-house and about 40 percent through contractual arrangements
with universities, consulting firms, etc.; (2) the NOAA Office of Global Programs;
and (3) the DOE, which provides both grants to university-based researchers and
direct funding of scientists in national laboratories like Lawrence Berkeley,
Lawrence Livermore, and Sandia.

Only the USGS National Research Program and the NSF have a predomi-
nantly long-term and basic research focus. Almost without exception, the federal
agency liaisons discussed their research in the context of their agency mission,
and noted that usable results are expected in a short time frame (within five years),
although this was not always achieved.

Finally, the issue of place-based research that would not be captured in the
current survey was greatest for the Corps, USBR, and EPA; only EPA was unable
to provide budget information for its two largest place-based projects.

Nonfederal Organization Support of Water Resources Research

A variety of nonfederal organizations contribute to water resources research,
although only the largest and most obvious organizations were contacted for
participation in the committee’s survey. WERF provides funding for applied re-
search of importance to its subscribing members, which include utilities and mu-
nicipalities, environmental engineering and consulting firms, and industrial orga-
nizations. Research areas include primarily water quality issues, particularly
pollutants, waste treatment, development of the Total Maximum Daily Load
process, and various issues related to water quality management and protection.
AWWARF coordinates research for a similar set of subscribers and focuses on
drinking water quality, infrastructure reliability, efficient customer responsive-
ness, and environmental leadership. Among environmental nongovernmental
organizations, The Nature Conservancy supports water-related research through
its Freshwater Initiative, through field office conservation planning, and through
fellowships and small grants to researchers at universities and other organizations.

Also included here are summaries of nonfederal research expenditures from
four state Water Resources Research Institutes (WRRIs), which together provide
a snapshot of expenditures from nonfederal (mainly state) sources. WRRIs are
located in each of the 50 states (as well as the District of Columbia, Puerto Rico,
the U.S. Virgin Islands, and Guam) generally within the land grant university for
that state. In lieu of contacting all of the institutes, the four that have the largest
annual funding were asked to show how their nonfederal water resources research
dollars are allocated among the modified FCCSET categories. Some of the
research supported by states is coordinated with or carried out by the WRRIs,
each of which is a federal–state partnership that (1) plans, facilitates, and conducts
research to aid the resolution of state and regional water problems, (2) promotes
technology transfer and the dissemination and application of research results,
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(3) provides for the training of scientists and engineers through their participation
in research, and (4) provides for competitive grants to be awarded under the Water
Resources Research Act (discussed in Chapter 2). States and their political sub-
divisions are becoming increasingly involved in supporting research to resolve
local/regional issues particularly in the area of aquatic ecosystems restoration and
management, with the ongoing Everglades and San Francisco Bay Delta pro-
grams being good examples. This research is generally in partnership with one or
more federal agencies. Obviously, research funded or conducted by state and
local governments but not reported by these four WRRIs (including work done in
other states) is not captured in the following analysis. Depending on the state, this
research component may be nontrivial, although it is highly unlikely to be of the
magnitude of the overall federal investment in water resources research.

Budget data equivalent to that provided by the federal agencies were col-
lected from nonfederal organizations that support water resources research. How-
ever, because the responding organizations were not queried during the earlier
FCCSET exercise, no trends analysis can be done showing how this contribution
has evolved over the last 30 years. As shown in Figure 4-29, the level of funding
for water resources research from nonfederal organizations is very small in com-
parison to that of the federal agencies—about 5.5 percent of the combined federal
and nonfederal total in FY2000. This fraction, and the nonfederal spending for
individual major categories, was quite stable over the three years covered by the
survey.
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FIGURE 4-29 Expenditures on water resources research, 1964–2001, by federal and
nonfederal organizations. Dollar values reported are constant FY2000 dollars.
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FIGURE 4-30 Percentage of the total expenditures from the queried nonfederal organiza-
tions going to each major category for FY2000.

In terms of which major categories receive the most funds, the nonfederal
organizations that were queried mirror the federal agencies in supporting prima-
rily Categories V (water quality) and XI (aquatic ecosystems) (see Figure 4-30),
but to an even greater extent. Categories V and XI consume 37 percent and 29 per-
cent of the nonfederal expenditures, respectively, but only 28 percent and 23 percent
of the federal expenditures. There are some other interesting differences. The
nonfederal organizations provide support for some categories that are clearly
lower funding priorities for the federal agencies, notably Categories III (water
supply augmentation) and VI (water resources planning and other institutional
issues). Alternatively, nonfederal funding for Categories II (water cycle) and IV
(water quantity management) is much less, as a percentage of total funding, than
the corresponding federal contribution.

The expenditures from WERF, AWWARF, and the four largest WRRIs were
substantially different, in terms of the categories of supported research. WERF
and AWWARF funds are dominated by water quality (Category V) research (82
percent and 73 percent, respectively), which is not surprising given the stated
missions of the organizations (which focus on wastewater and drinking water,
respectively) and their constituencies (primarily wastewater and drinking water
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treatment plant operators). All of the research supported by these two organiza-
tions is conducted externally by universities, consultants, and other contractors.

The WRRIs, on the other hand, cover the major categories much more uni-
formly. The Division of Hydrologic Sciences of the Desert Research Institute,
University of Nevada, has received around $250,000–400,000 annually for a wide
range of projects covering seven of the 11 major categories, with water quality
control (Subcategory V-G) being the most funded subcategory. The Pennsylvania
Water Resources Research Center and Institutes of Environment reported $5 million
to $8 million annually in nonfederal funding for water resources research,
although the committee had difficulty distinguishing research expenditures from
other expenditures, including staff and infrastructure support. The Texas Water
Resources Institute reported nearly $5 million in nonfederal expenditures in 2001,
their most complete year of reporting. Water supply augmentation (Category III)
and manpower (Category IX) were the dominant categories, and liaison notes
indicate these were federal earmarks (although they are unlikely to have been
reported by any of the federal agencies). The Utah Water Resources Institute
reported annual expenditures of about $5 million, primarily in Categories II, V,
VI, VII, and XI.

It is important to note the limitations of the budget data received from the
significant nonfederal organizations. As suggested above, the values may have a
significant degree of error, if activities other than research were reported or if
federal funds were reported. For example, WRRI responsibilities extend to teach-
ing (fellowships) and outreach, not all of which may have been teased out of the
reported numbers. Furthermore, as stated earlier it is likely that the total amount
of funded water resources research from nonfederal entities is an underestimate,
given the small number of participants in the survey (although the survey was
sent to all those organizations known to focus on water and to conduct at least
$3 million of research annually). In addition, the survey does not reflect very
recent trends in topical funding at the nonfederal organizations. For example,
since September 11, 2001, there has been a substantial shift in emphasis at
AWWARF to fund research related to water security issues. This work was man-
dated in the 2002 Bioterrorism Act and is being conducted in partnership with
EPA. Over $2.35 million is slated for about a dozen water security research
projects, each in the $150,000 range, to begin in the 2002–2004 time frame. It is
important to keep these limitations in mind when considering both the scope and
the magnitude of the nonfederal investment in water resources research.

EVALUATION OF THE CURRENT INVESTMENT
IN WATER RESOURCES RESEARCH

Chapter 3 discussed several criteria for evaluating individual research areas
for inclusion in the national water resources research agenda, including the
national significance of the research, how well research in certain areas has pro-
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gressed, and the need to have a balanced portfolio of research topics. In the spirit
of those criteria, the following evaluation of the current investment in water
resources research considers three primary issues. First, the total funding for water
resources research and the trends in that funding over the last 30 years are consid-
ered, with comparison to other research areas such as national defense, health,
and transportation. Second, the specific topical areas that are currently funded are
compared to the research areas discussed in Chapter 3 (Table 3-1) as the highest
priorities for the next 10–15 years. Finally, the balance of the current research
enterprise is evaluated with respect to several factors mentioned in Chapter 3,
including whether the research is short-term or long-term, fundamental or applied,
investigator- or mission-driven, and internally or externally conducted.

Overall Funding

The level of federal investment in water resources research has not grown
from the early 1970s. Statistically stated, there is low to no likelihood that the
1999–2001 total budget values are higher than the 1973–1975 values. Indeed,
when Category XI (aquatic ecosystems) is removed from the survey results, one
finds that the federal investment has declined, in constant FY2000 dollars, from a
high of $691 million in 1973 to $526 million in 2001—a conclusion supported by
the uncertainty analysis presented in Appendix C.

One way to evaluate the current federal investment relative to future needs is
to compare the growth rate of water resources research funding to economic and
demographic parameters such as population growth, the annual gross domestic
product (GDP), the annual federal budget outlay, and federal expenditures on
water and wastewater infrastructure. While water resources research funding has
remained stagnant in real terms over the last 30 years, population has grown from
212 million in 1973 to 285 million in 2001, a 26 percent increase. Thus, the per
capita spending on water resources research has fallen from $3.33 in 1973 to
$2.40 in 2001. Similar trends are observed when comparing water resources
research funding to GDP and the federal budget. GDP has grown steadily for the
last 30 years, more than doubling between 1973 and 2001. During that time,
water resources research funding has decreased by over half from 0.0156 percent
of the GDP to 0.0068 percent. Outlays from the federal budget have increased
from $877.2 billion in 1973 (in FY2000 dollars) to $1.857 trillion in 2001, with
the portion of the budget devoted to water resources research shrinking by more
than half from 0.08 percent to 0.037 percent. All of these trends are shown in
Figure 4-31, which plots the 1973–1975 average data vs. 1999–2001 average data
for water resources research per capita and for water resources research as a per-
centage of GDP and of the budget outlay.

The frequency of conflicts surrounding water resources has increased with
population growth, most notably in areas where water demands press hard on
available supplies (see the five bolded questions throughout Chapter 1). If one
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FIGURE 4-31 Bar graph showing how funding for water resources research (WRR) has
decreased between 1973–1975 and 1999–2001. Three parameters are shown: water
resources research funding per capita, water resources research as a percentage of GDP,
and water resources research as a percentage of the total budget outlay. All dollar values in
constant FY2000 dollars. Note the different y-axes. SOURCE: Population data from the
U.S. Census, GDP data from the Bureau of Economic Analysis, federal budget outlays
from the U.S. Government Printing Office (2003).
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assumes, as the evidence in Chapter 1 suggests, that the need for water resources
research should roughly parallel population and economic growth and the associ-
ated increase in conflicts, then the three trends above suggest that current levels
of investment in water resources research are insufficient to address future prob-
lems. Research is not all that is falling behind on a per capita and per GDP basis.
Federal expenditures on water infrastructure projects (drinking water and waste-
water only) over the last decade have been stagnant as well (GAO, 2001), despite
increasing calls for repair and replacement of aging systems (e.g., GAO, 2002).

Spending on water resources research can also be compared to spending on
other lines of research of national importance. Annual spending for research and
development across the federal enterprise is compiled by the American Associa-
tion for the Advancement of Science (AAAS) for 11 functional categories, as
listed in Table 4-5. Because of the broad nature of these categories, this informa-
tion cannot be used to determine research spending in water disciplines, although
water issues can be envisioned to fall under several of these categories, particu-
larly environment, agriculture, and general science. Table 4-5 suggests that the
current annual expenditure of about $700 million for water resources research
pales in comparison to the annual federal support for defense and health, and it
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TABLE 4-5 Major Functional Categories of Federal Government Research and
Development (values reported in millions of dollars, adjusted to FY2000 dollars)

Category FY1999 FY2000 FY2001

Defense 43,499 43,160 44,925
Health 16,983 18,758 21,134
Space 8,819 8,437 8,704
General science 5,521 5,593 6,177
Environment 2,090 2,082 2,079
Transportation 1,852 1,664 1,608
Agriculture 1,483 1,561 1,776
Energy 1,217 1,146 1,284
Commerce 506 530 455
International 196 200 245
All other 698 637 616
Total R&D 82,864 83,769 89,003

SOURCES: AAAS (2000, 2001, 2002).

also lags behind expenditures for transportation, agriculture, and energy
research—areas that many might agree are comparable in importance to the pro-
vision of clean water. Indeed, the difference in the amount of federal support
received by the health and water resources fields in FY2000 suggests that health
research is 28 times more important than research on water and wastewater
services (including all the services provided by aquatic ecosystems). Further-
more, there is evidence that spending in some these other fields has paralleled
population and economic growth, unlike water resources research. Figure 4-32
shows data from AAAS on annual federal expenditures for (A) nondefense
research and development and (B) combined defense and nondefense research
and development. Data on expenditures for health research show remarkable
increases, particularly in the last 10 years. This growth in funding for health
research has exceeded population growth, such that per capita spending on health
increased from $28 in 1973 to $67 in 2001 (both in FY2003 dollars).

Topical Areas

It is also important to analyze the modified FCCSET categories in which the
current water resources research funds are being invested, and to compare the
results to the areas of research felt to be important over the next 10–15 years. The
NRC (2001) report outlined 43 areas of water resources research of paramount
importance (see Chapter 3 and Table 3-1). Table 4-6 lists these research areas,
and it denotes the modified FCCSET subcategory in which such research would
logically fall.
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A

B

FIGURE 4-32 Trends in (A) nondefense federal research and development and (B) defense
plus nondefense federal research and development over the last 50 years. SOURCE: http://
www.aaas.org/spp/rd/guihist.htm. Reprinted, with permission, from AAAS (2004). © 2004
by American Association for the Advancement of Science.
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TABLE 4-6 Overlap Between the 43 Research Areas in NRC (2001) and the
FCCSET Subcategories

Research Area from Envisioning the Agenda for Water Resources FCCSET
Research in the Twenty-first Century Category

Water Availability

1. Develop new and innovative supply enhancing technologies III-A,B,C; IV-B;
less III-D,E,F

2. Improve existing supply enhancing technologies such as wastewater III-A,B,C;
treatment, desalting, and groundwater banking IV-B; V-D,F

3. Increase safety of wastewater treated for reuse as drinking water V-D

4. Develop innovative techniques for preventing pollution Small part of V-G

5. Understand physical, chemical, and microbial contaminant fate and V-B
transport

6. Control nonpoint source pollutants IV-A,D; V-G; VI-F

7. Understand impact of land use changes and best management II-J; IV-C; V-C
practices on pollutant loading to waters

8. Understand impact of contaminants on ecosystem services, biotic V-C
indices, and higher organisms

9. Understand assimilation capacity of the environment and time course XI-A; less V-C
of recovery following contamination

10. Improve integrity of drinking water distribution systems VIII-J; less V-F

11. Improve scientific bases for risk assessment and risk management V-H for humans;
with regard to water quality V-C for ecorisk

12. Understand national hydrologic measurement needs and develop a VII-B
program that will provide these measurements

13. Develop new techniques for measuring water flows and water quality, VII-B;
including remote sensing and in situ techniques. less II-A; V-A

14. Develop data collection and distribution in near real time for VII-B; less VII-A
improved forecasting and water resources operations

15. Improve forecasting the hydrological water cycle over a range of II-A
time scales and on a regional basis

16. Understand and predict the frequency and cause of severe weather II-B,E
(floods and droughts)

17. Understand recent increases in damages from floods and droughts II-B

18. Understand global change and its hydrologic impacts II-M

Water Use

19. Understand determinants of water use in the agricultural, domestic, VI-D
commercial, public, and industrial sectors

20. Understand relationships between agricultural water use and climate, III-F
crop type, and water application rates

21. In all sectors, develop more efficient water use and optimize the III-D,E,F
economic return for the water used.

continued
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TABLE 4-6 Continued

Research Area from Envisioning the Agenda for Water Resources FCCSET
Research in the Twenty-first Century Category

22. Develop improved crop varieties for use in dryland agriculture III-F

23. Understand water-related aspects of the sustainability of irrigated III-F
agriculture

24. Understand behavior of aquatic ecosystems in a broad, systematic XI-A
context, including their water requirements

25. Enhance and restore species diversity in aquatic ecosystems XI-A,B

26. Improve manipulation of water quality and quantity parameters to XI-A
maintain and enhance aquatic habitats

27. Understand interrelationship between aquatic and terrestrial XI-A; less IV-A
ecosystems to support watershed management

Water Institutions

28. Develop legal regimes that promote groundwater management and VI-E
conjunctive use of surface water and groundwater

29. Understand issues related to the governance of water where it has VI-E
common pool and public good attributes

30. Understand uncertainties attending to Native American water rights VI-E
and other federal reserved rights

31. Improve equity in existing water management laws VI-E

32. Conduct comparative studies of water laws and institutions VI-E

33. Develop adaptive management VI-A; less VI-I

34. Develop new methods for estimating the value of nonmarketed VI-C
attributes of water resources

35. Explore use of economic institutions to protect common pool and VI-C
pure public good values related to water resources

36. Develop efficient markets and market-like arrangements for water VI-C

37. Understand role of prices, pricing structures, and the price elasticity VI-C
of water demand

38. Understand role of the private sector in achieving efficient provision VI-C
of water and wastewater services

39. Understand key factors that affect water-related risk communication VI-G
and decision processes

40. Understand user-organized institutions for water distribution, such as VI-E
cooperatives, special districts, mutual companies

41. Develop different processes for obtaining stakeholder input in making VI-H
of water policies and plans

42. Understand cultural and ethical factors associated with water use VI-H

43. Conduct ex post research to evaluate the strengths and weaknesses VI-I; less VI-B
of past water policies and projects
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Severely Underfunded Research Areas

Several things are immediately obvious from Table 4-6. First, there are many
research areas (#28–43) that fall primarily under the heading “water institutions”
and are part of Category VI—which, as shown in Figures 4-6 and 4-7, receives a
small and declining proportion of the water resources research budget. That is,
100 percent of the “water institution” topics are underfunded. The NRC (2001)
report argues vigorously for the need to support research in legal, economic,
social, and other less technical areas given the complexity of water resources
problems likely to characterize the beginning of the new century. The lack of
investment in institutional research is readily explainable. Critical reviews of
institutional arrangements and the development of innovative institutions do not
fit squarely into the missions of any of the existing agencies that conduct and
sponsor water resources research. Inasmuch as institutional research is clearly not
a priority with these agencies, they hire very few personnel with institutional
expertise and therefore have little capacity to accomplish institutional research.
The USGS, for example, has only one economist. Moreover, the agencies
involved in water resources research are themselves part of the institutional land-
scape, and as such they are reluctant to engage in research that might threaten
their own standing, mission, or mode of organization. The history of federal
agencies is not rife with instances of critical self-examination, and change has
come slowly and with difficulty.

There is also an unfortunate tendency among policy makers to believe that
institutional research infringes on their policy-making authorities, with the con-
sequence that institutional research tends not to be supported. This is unfortunate
because it arises from a general failure to understand that institutional research
does not a priori entail the making of policy. Rather, like other scientific research,
one of its purposes is to inform the making of policy. As a result, it is rare that any
federal agency sees any advantage or incentive to support research on institutions,
resulting in very minimal investment and a corresponding lack of innovation and
change in the institutional arena. Indeed, the country continues to struggle with
water laws and institutions devised to address the problems of the 18th and 19th
centuries. It will become increasingly difficult to manage water scarcity and dete-
riorating water quality (see Chapter 1) with institutions that were designed for
other purposes.

Similarly, better understanding of water use in various sectors of the economy
(#19) is also felt to be of critical importance to solving future water conflicts.
Unfortunately, research on water demand has been ignored, largely because no
federal agency has a history of doing demand management. Rather, the focus at
the federal agencies has been on water supply. Furthermore, there is little incen-
tive for water suppliers to reduce demand, especially if this cuts into revenues
needed to cover costs.
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All these research priorities (#19, #28–43), while generally supported in the
1960s during a period of overall growth in funding for water issues, receive only
1.5 percent of the current water budget (see Category VI in Figure 4-8B). Further-
more, this is likely an overestimate of the funding in these particular research
areas, since the modified FCCSET categories are significantly broader than the
43 research areas.

To a lesser extent, the same can be said of research topics #20–23 in Table 4-6,
which deal with making all sectors, but particularly agriculture, more water effi-
cient. Research in Category III has declined since its height in the late 1960s,
when desalination research made up the bulk of the investment in water supply
augmentation and conservation issues. Similarly, every subcategory of III,
including conservation in domestic and municipal, industrial, and agricultural
water use, has declined in real terms since the 1960s. This fact also suggests
highly inadequate funding for research areas #1 and 2 in Table 4-6, which concern
the creation of water supply-enhancing technologies. These trends are unlikely to
change in the near future. Agricultural water users are unlikely to support research
that could lead to reductions in the allocations of water that they receive. Despite
the national trend away from supply augmentation as a means of resolving water
scarcity, agricultural users are for the most part wedded to the notion of protect-
ing existing supplies and augmenting supply as a general strategy for managing
scarcity. The federal government has not invested extensively in research on
supply-enhancing technology, preferring to leave such investment to the private
sector where returns can be fully captured. Thus, for example, the vast majority
of investment in desalting and water treatment and purification technologies is in
the private sector.

Two other research priorities from Table 4-6 are clearly in need of greater
support if future water supply problems are to be averted. First, topic #10 sug-
gests that many of our current drinking water systems are nearing the end of their
usable lifetimes, requiring research into their rehabilitation and replacement. As
shown in Figure 4-7H, around $3 million annually was devoted to this research
topic (subcategory VIII-J) in FY1999–2001, which ranges from only 6 percent to
9 percent of the total budget of Category VIII. (This subcategory was not included
in the earlier FCCSET survey, preventing a trends analysis). Research areas #12–14,
which deal with hydrologic measurement needs, are encompassed by subcategories
VII-A and VII-B, and are also underfunded relative to their importance in solving
future water resources problems. As shown in Figure 4-7G, funding for research
on new methods for hydrologic data acquisition has fallen by 75 percent since the
mid 1970s, while funds for network design have been cut by two-thirds in the
same time period.

On the basis of these analyses, it is concluded that more than half of the 43
water resources research priorities noted in Chapter 3 are currently grossly
underfunded. A continuation of past funding trends will result in substantial
underinvestment in a majority of the areas that have been identified as high-
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priority areas for the future. Clearly, the patterns of future investment in water
resources research will have to be rebalanced if future priorities are to be
addressed adequately.

Better Funded Research Areas

Research priorities #3–8, #11, and #15–18 in Table 4-6 fall into FCCSET
Categories II (water cycle) and V (water quality) and would appear to be receiv-
ing more appropriate absolute levels of funding relative to their importance.
Indeed, Categories II and V received a combined 50 percent of all water resources
research funding in FY2000, and almost all of the subcategories that overlap with
these research priorities are among the best funded in their major category. It
should be noted, however, that whether the specific projects noted in Table 4-6
(such as #15—forecasting the hydrologic water cycle over a range of time scales
and on a regional basis) are being funded is unclear given the broad nature of
some of the subcategories. The need to rebalance the pattern of investment men-
tioned in the section above suggests that total water resources research funding
levels should increase if the absolute level of funding for Categories II and V is to
be maintained.

Funding for Category XI, the protection and management of aquatic eco-
systems, makes up nearly one-fourth of total water-related FY2000 research
expenditures, providing confidence that research areas #9 and #24–27 are receiv-
ing support. In general, one way to evaluate the funding for Category XI is to
consider the societal risks and potential costs associated with the problems
researched. Conflicts between human and environmental uses of water are
increasingly costly—the estimated price tags for restoration of the Everglades
and the San Francisco Bay Delta (in the $10 billion range over perhaps 20 years)
easily top the list, but less costly conflicts appear virtually everywhere and not
just in the arid and semiarid West. Future climate change and altered bio-
geochemical cycles further threaten the health of aquatic ecosystems, and as long
as society values healthy, functioning ecosystems and the goods and services
they provide, the costs of managing and restoring aquatic ecosystems will be
heavy. In this light the current research expenditures appear appropriate. More-
over, the estimated value of healthy ecosystems in providing clean water is rarely
precisely known, but in the well-publicized case of New York City’s water supply,
$300 million invested in ecosystem protection via riparian land acquisition and
other activities may save several billion dollars that otherwise would be needed
for water purification infrastructure.

A second line of support for continued funding of Category XI comes from
the agency liaisons, who were asked to identify the major water issues confront-
ing the nation in the next five to ten years, irrespective of their agency’s mission.
The perspectives of the USGS, NSF, and EPA are particularly germane, as these
agencies provide 80 percent of the funding for Category XI and over half of total

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


170 CONFRONTING THE NATION’S WATER PROBLEMS

water-related research spending. Three of the four topics identified by USGS
would fall under Category XI (how to manage a river to restore or protect habitat,
understanding global cycles, and evaluating water resource sustainability for eco-
logical and withdrawal use). NSF identified a wide range of fundamental issues,
including holistic watershed analysis and enhanced understanding of aquatic eco-
systems. EPA’s strategic plan for water resources research includes a portfolio of
research focused on human and environmental health.

Budget expenditures within the four XI subcategories indicate distinct agency
emphasis on and a preponderance of funding for ecosystem fundamentals and
assessment. Support of research into biogeochemical cycles should perhaps be
considered for augmentation, and research into the ecological consequences of
climate change for freshwater systems currently receives less funding than do
other subcategories of XI. The observed dramatic increase in funding for aquatic
ecosystem protection and management appears to reflect a societal desire to main-
tain healthy aquatic ecosystems. This of course in no way negates the importance
of safe drinking water or adequate supplies for agriculture, but it does indicate a
recognition within funding agencies that society is willing to support the high
costs of current efforts to minimize harm to aquatic ecosystems and provide for
their repair.

Lower-Priority Research Areas

Finally, there are obviously many subcategories of water resources research
that are funded by the federal agencies but are not mentioned in Table 4-6 as
being priorities. These include almost all of the subcategories in Categories I
(nature of water), VIII (engineering works), IX (manpower, grants, and facilities),
and X (scientific and technical information). These make up only 14.5 percent of
the total water resources research budget. Categories VIII, IX, and X in particular
support continued operations of water resources infrastructure, education, and
information dissemination—activities that would not have been noted in NRC
(2001) as research priorities given the report’s topical focus. These subcategories’
absence in Table 4-6 should not be interpreted as a suggestion for further reduc-
ing their funding.

Appropriate Mix

Assessment of the nation’s portfolio in water-related research requires exam-
ining existing funding according to multiple and complex criteria. First, as dis-
cussed in Chapter 3, this should be partly based on the balance between research
that is long-term vs. short-term, fundamental vs. applied, investigator-driven vs.
mission-driven, and internal (agency scientists) vs. external (universities, con-
tractors). Furthermore, NRC (2001) identified 43 research priorities within three
categories—water availability, water use, and water institutions—and stressed
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the importance of addressing these three broad areas. Lastly, research activities
that incorporate one or more of the four themes presented in Chapter 3 (inter-
disciplinarity, broad systems context, uncertainty, and the importance of human
and ecosystem adaptation) are likely to be most effective in providing solutions
to society’s most critical water-related problems (see Chapter 1).

Short-term vs. Long-term Research

The terms “long-term vs. short-term,” “fundamental vs. applied,” “investiga-
tor-driven vs. mission-driven,” and “internal vs. external” are defined in Box 3-1,
which suggests that there are often positive correlations between research that is
longer-term, more fundamental, investigator-driven, and externally conducted.
Thus, the following analysis does not separately address each of these character-
istics, but rather tries to make generalizations based on information from the
federal agency liaisons about whether their research programs are short- or long-
term and about how much research is conducted internally vs. externally (see
Table 4-4).

It is tempting to try to determine the percentage of the total water resources
research budget that goes toward long-term vs. short-term research by consider-
ing the nature of the individual modified FCCSET categories. Unfortunately,
several of the largest categories include research that falls along the entire spec-
trum from short- to long-term and that addresses poorly understood phenomena
or processes that are relevant to applied water issues but require new knowledge.
Category II (water cycle) exemplifies research where a basic understanding of
processes such as evapotranspiration and runoff is critical to management of a
water supply, and where changing land use and climate add new complexities.
Category V (water quality management and protection) likewise involves new
understanding of contaminant transport, fate, and effect, and draws significant
support from NSF and USGS as well as EPA. Categories VI (planning) and VII
(resources data), both small slices of the overall funding, are supported by a
diversity of agencies. Category XI includes research that is relatively long-term
and applied, such as studies of aquatic habitat and the development of assessment
methods; it also includes knowledge-generating research motivated by the need
for aquatic ecosystem protection and management.

Several other categories clearly are primarily applied and require answers in
the shortest practical time frame. Category III (water supply augmentation and
conservation), funded primarily by USDA and USBR, is concerned with water
supplies for agriculture, urban consumption, and power generation. Category IV
(water quantity management and control), dominated by USDA followed by EPA
and DoD, emphasizes practical applications to, for example, agricultural water-
shed management and control of polluted runoff. Category VIII (engineering
works) is funded almost entirely by the Corps. Research in these three categories
is usually carried out internally or through highly targeted contracts and grants.
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Together these categories make up 17 percent of total water resources research
expenditures.

Long-term, basic research predominates in few categories. Research into
Category I (nature of water) is very fundamental, receives minimal funding
(almost exclusively from NSF), and arguably is not an urgent priority. Some
elements of Category XI, particularly NSF and USGS support of climate and
biogeochemical research, should be considered fundamental research. In these
categories, research can be characterized as primarily long-term and basic, and it
appears likely that half or more occurs at universities and other research institu-
tions. Despite all these inferences, it is difficult to conclude that a certain percent-
age of water resources research is short-term vs. long-term based on the modified
FCCSET categories alone.

A different approach relies on information provided by the five largest con-
tributing federal agencies regarding the percentage of their funding that is long-
term and basic vs. short-term and applied. NSF, USGS, EPA, DoD, and USDA
contributed 88 percent of the federal water resources research budget in 2000.
The information they provided about the percentage of their research that is short-
term vs. long-term and internal vs. extramural (Table 4-4) suggests that at least
one-fourth but less than one-half of water resources research reported by the fed-
eral agencies can be classified as research of a more basic and long-term nature,
likely taking place at universities and nonfederal research institutions. In the view
of the committee, between one-third and one-half of the total water resources
research portfolio should be allocated to longer-term, more fundamental,
investigator-driven research to ensure that critical knowledge will be available on
which to base water resources management in the next 10–15 years. Given the
current balance, this seems highly achievable with a relatively minor change in
emphasis. Considering the emerging problems of contaminants and pathogens
that occur at low concentrations, the challenge of reconciling the water demands
of humans and ecosystems, the uncertainties associated with climate change and
human alteration of biogeochemical cycles, and the pending exhaustion of surface
water supplies, there is reason for concern about whether the existing portfolio
can provide the needed critical knowledge.

There are several reasons why not enough of the current research portfolio is
focused on long-term and fundamental research. OMB examiners explained to
committee members that they are often not inclined to support long-term and
fundamental research because it does not have immediately usable or useful
results and it is hard to judge its effectiveness. Furthermore, the structure of
incentives to the agencies tends to be linked to the time scales of elected officials,
with the result that there is little emphasis on long-term research. OMB typically
supports this outcome by requiring that agencies stick to their stated missions
(which may or may not include long-term goals). It seems apparent then that the
structure of incentives at the federal level contains some bias against longer-term
research on topics in water resources, which likely permeates the development of
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longer-term research agendas within the federal agencies (although there are some
exceptions).

While it is true that the desire for institutional commitment, continuity in
personnel, and effectiveness of control favors internally conducted research over
externally conducted research, the disadvantages of temporal bias and reduced
flexibility should be considered. Research needed to adapt to new conditions
might be more difficult for an internally focused agency because resources are
tied up in maintaining existing research staff, who may not have the necessary
expertise in new and innovative fields. The increased involvement of academic
scientists through peer-reviewed grants would strengthen the overall water
resources research capacity by expanding the pool of researchers, by providing
more flexible research capacity, by placing greater emphasis on competitive
evaluation of projects in terms of national priorities and quality of research, and
by providing avenues through which the bias against longer-term research can be
counteracted. (It should be noted that some federal agencies conduct peer review
of internally conducted research projects.)

Water Availability, Water Use, and Water Institutions

In terms of whether the research portfolio adequately addresses the three
broad areas of water availability, water use, and water institutions outlined in
NRC (2001), both water use and water institutions are currently underfunded. For
reasons discussed above, almost every research priority listed under water institu-
tions belongs to a modified FCCSET category that has seen declining proportions
of the federal water resources research budget since the 1960s. Those research
priorities falling under water use have been similarly neglected with the excep-
tion of those within Category XI. While it is certainly not appropriate to suggest
that each of the three broad areas of water availability, water use, and water insti-
tutions should receive one-third of the annual budget, given that the 43 research
areas are of varying breadth and complexity, it is clear that the current distribu-
tion is out of balance. The committee does not believe it to be unreasonable that
10 percent of the total water resources research budget be allocated to combined
water use and institutional topics. Currently, and as discussed in detail in NRC
(2001), almost nothing in known about the determinants and extent of public
water uses, and very little is known about water use in other sectors. As discussed
previously, institutional topics are similarly under-studied.

Interdisciplinarity, Broad Systems Context, Uncertainty, and Adaptation

One of the categories experiencing a severe reduction in research funding
from the 1973–1975 levels is Category VI—water resources planning and other
institutional issues (see Table 4-2). Ironically, this is the synthesis category that
would support research questions with a strong interdisciplinary nature and with
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a broad systems context—key themes for the national water resources research
agenda proposed in Chapter 3. This is also the category that would best encom-
pass the significant present-day issues of human and ecological adaptation to
changing water resources conditions. As argued in Chapter 3, for multiple
research agencies to be able to tackle complex emerging water problems in a way
that will enhance our understanding beyond an incremental level, the themes of
interdisciplinarity, broad systems context, uncertainty, and adaptation must per-
meate future research in water resources. Although there are a few initiatives that
address interdisciplinarity (see Box 4-2 for an example), an increase in research
funding for Category VI with specific emphasis on the aforementioned four
themes is certainly warranted.

BOX 4-2
Interdisciplinary Initiatives Among the Federal Agencies

Federal agencies have markedly increased their emphasis on inter-
disciplinary research through new program initiatives, including single-
agency calls for proposals and multiagency partnerships. Several NSF
initiatives provide instructive examples of progress toward integration
across disciplines as well as an increased emphasis on synthesis science
and complex systems.

NSF’s Long-Term Ecological Research (LTER) network is perhaps
the longest-running experiment in interdisciplinary ecological research.
Now 20 years old and consisting of a network of 24 sites across diverse
ecosystems (including two urban sites), the LTER program has brought
together ecologists, ecosystem scientists, hydrologists, geochemists, and
other specialists and has led to extensive multidisciplinary collaboration
directed at understanding ecosystems and their response to human
activities. In FY2002 the LTER program had a funding level of $17.8 million
and it supported 1,100 scientists and students (NSF, 2002); the next ten
years are expected to emphasize “synthesis science” and incorporate
social science more than has previously been the case. Most LTER-funded
research has addressed scientific questions best described as funda-
mental and long-term.

The Water and Watersheds program, beginning in 1995, funded inter-
disciplinary projects that synthesized physicochemical, biological, and
social science expertise in addressing water and watershed issues. NSF,
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EPA, and USDA jointly provided funding over Water and Watersheds’ six
years of existence. A number of the funded studies utilized hydrologic
models, GIS land-use analysis, and field studies of physical, chemical,
and biological response variables to address topics such as nutrient run-
off and ecological status and trends. Those familiar with this program
generally saw it as successful, although perhaps not in its involvement of
social scientists. Furthermore, the program lacked sufficient support
within the agencies for its continuation. Most research activities were
motivated by applied issues, but required new knowledge and approaches.

NSF’s Biocomplexity Initiative, begun in 1999, emphasizes an inter-
disciplinary, complex systems approach to environmental research in
several areas, of which the programs in coupled human and natural sys-
tems and coupled biogeochemical cycles are most relevant to water
resources research. A recently established NSF Advisory Committee for
Environmental Research and Education indicates that support for this
initiative may extend for another decade or more, and it has expressed
the need for long-term, well-defined programmatic initiatives in order to
incorporate interdisciplinary research and address complex environmental
questions and problems (NSF, 2002). Biocomplexity in the environment
now encompasses a broad spectrum of NSF-funded research and in
2003 received about $30 million in total research awards. Most of the
research can be characterized as fundamental in nature, but with well-
articulated relevance to environmental concerns.

CONCLUSIONS AND RECOMMENDATIONS

Analysis of the survey budget data and narratives shows that the independent
research efforts conducted by various federal agencies to respond to funding man-
dates of the past only partially recognize the emerging water problems of the
future. One clear deficiency is the low and declining funding of research related
to water institutions and planning, despite the important role of the social sciences
in providing knowledge to help meet future demands for water for human and
environmental uses. The current national investment in water resources research
needs adjustments in its magnitude and mix to meet the challenges that lie ahead.

A quantitative analysis showed that real levels of total spending for water
resources research have remained relatively constant (around $700 million
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in 2000 dollars) since the mid 1970s. When Category XI (aquatic ecosystems) is
subtracted from the total funding, there is very high likelihood that the funding
level has actually declined over the last 30 years, even under assumptions of
significant data uncertainty. In particular, it is almost certain that funds in
Categories III (water supply augmentation and conservation), V (water quality
management and protection), VI (water resources planning and institutional
issues), and VII (resources data) have declined severely since the mid 1970s. Of
particular note is the severe reduction in funding for Category VI (water resources
planning and institutional issues). Although the historical data and those collected
as part of the present survey contain significant uncertainty, this was accounted
for using a likelihood framework as described in Appendix C.

Water resources research funding has not paralleled growth in demo-
graphic and economic parameters such as population, GDP, or budget out-
lays (unlike research in other fields such as health). Since 1973, the population
of the United States has increased by 26 percent, the GDP and federal budget
outlays have more than doubled, and federal funding for all research and develop-
ment has almost doubled, while funding for water resources research has remained
stagnant. This suggests that water resources research has not been accorded prior-
ity over the past 30 years. Given that the pressure on water resources varies more
or less directly with population and economic growth, and given sharp and inten-
sifying increases in conflicts over water, a new and expanded commitment will
have to be made to water resources research if the nation is to be successful in
addressing its water and water management problems over the next 10–15 years.

The topical balance of the federal water resources research portfolio has
changed since the 1965–1975 period, such that the present balance appears
to be inconsistent with current priorities (as outlined in Chapter 3). Research
on water demand, water law, and other institutional topics as well as on water
supply augmentation and conservation now garners a significantly smaller pro-
portion of the total water research funding than it did 30 years ago. In an absolute
sense these categories appear to be significantly underfunded. When the current
water resources research enterprise is compared with the list of research priorities
for the future, it becomes clear that significant new investment must be made in
these categories of research if the national water agenda is to be addressed
adequately.

Additional funds should be invested in high-priority topical areas that
are currently neglected, including water supply augmentation and conserva-
tion, monitoring, and several institutional topics. If enhanced funding to sup-
port research in these categories is not diverted from other categories (which may
also have priority), the total water resources research budget will have to be
enhanced.
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The current water resources research portfolio appears heavily weighted
in favor of short-term research. This is not surprising in view of the de-emphasis
of long-term research in the portfolios of federal agencies. It is important to
emphasize that long-term research forms the foundation for short-term research in
the future. A mechanism should be developed to ensure that long-term research
accounts for one-third to one-half of the portfolio.

OMB should develop guidance to agencies on reporting water resources
research by topical categories. Understanding the full and multiple dimensions
of the federal investment in water resources research is critical to making judg-
ments about adequacy. In spite of clearly stated OMB definitions of research,
agencies report research activity unevenly and inconsistently. In its discussions
with federal agency representatives, the committee learned that agencies fund
research through multiple budget accounts. Only projects that are specifically
funded through research accounts are counted as such and are reported to OMB
as research activities. Research funded through operational or “place-based”
projects such as the Everglades or the San Francisco Bay Delta is not reported to
OMB as research. Failure to fully account for all research activity undermines
efforts by the administration and Congress to understand the level and distribu-
tion of water resources research. This problem could be remedied if OMB required
agencies to report all research activity, regardless of budget account, in a consis-
tent manner.
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5

Data Collection and Monitoring

The long-term monitoring of hydrologic systems and archiving of the result-
ing data are activities that are inseparable from the water resources research enter-
prise of the nation. Data are essential for understanding physicochemical and
biological processes and, in most cases, provide the basis for predictive modeling.
Examples of water resources and other relevant data that are collected through a
variety of measurement devices and networks are:

• hydrologic storages and fluxes such as soil moisture, snow pack depth,
precipitation, streamflow, hydraulic head, recharge, and evapotranspiration

• land-ocean-atmosphere energy fluxes
• water, land, and air quality measures, including physical, chemical, bio-

logical, and ecological elements
• water and energy demand, consumptive use, and return flows
• terrain elevation and land use, and lake, stream, and river geometry

Data collection is the means by which these types of data are acquired for
multiple uses, including for flood warnings and other health and safety monitor-
ing activities, weather prediction, engineering design, commercial and industrial
applications, and scientific research. Monitoring is data collection with the more
targeted purpose of detecting and drawing attention to changes in selected
measures, particularly extreme changes. Monitoring data have multiple applica-
tions. They may serve as indicators of health and safety risks, as trip wires for
policy changes, or as the basis for research on variability and trends in hydrologic
and related phenomena.
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The full dimensions of the challenges and opportunities associated with data
collection and management for the hydrologic sciences have become evident in
recent years. These issues are especially important for federal agencies because
these agencies are instrumental in developing new monitoring approaches, in
validating their efficacy through field studies, and in managing nationwide moni-
toring networks over long periods.

This chapter is not a comprehensive assessment of water resources data
collection activities. Rather, it is intended to highlight the importance of data
collection and its role in stimulating and facilitating water resources research.
Thus, it relies upon a few specific examples from certain federal agencies. As a
consequence, not all data collection activities relevant to water resources research
are included (e.g., active disease surveillance and monitoring of land use are not
discussed), nor are all federal and state agencies that support or actively conduct
monitoring mentioned.

CHALLENGES IN MONITORING

There are important challenges facing federal agencies that collect and
manage hydrologic data. One of these challenges is related intrinsically to the
types of problems for which hydrologic data are being used. For example, the
analysis of problems related to floods and droughts requires specific information
about extreme events, which can be developed only after conducting decades or
even centuries of precipitation and streamflow monitoring across a variety of
different climatic and hydrologic settings. Similarly, an assessment of the impact
of global climate change on groundwater and surface water resources will require
basic monitoring systems capable of providing data for time periods of centuries.
With other problems, like nonpoint source contamination of streams resulting
from runoff laden with nitrate, pesticides, and sediment, hourly data may be
required because of the close association of stream contamination with the timing
of storms and resulting runoff processes. In this case, the greater challenge is
encompassing all relevant spatial scales, because the local variability in contami-
nant loading is related to changes in land use and farming practices. In general,
the broad spectrum of present and future scientific water problems nationwide
requires monitoring systems that function reliably over both large and small time
and space scales.

Unfortunately, as described in detail in later sections, observational networks
to measure various water characteristics have been in decline during the last
30 years because of political and fiscal instabilities (e.g., NRC, 1991; Entekhabi
et al., 1999). The following sections provide a detailed discussion of how several
national monitoring networks have fared over time. The funding situation for
monitoring networks is remarkably similar to that for research on improving data
collection activities (Category VII), which Chapter 4 showed as having declined
to a level that is only a fourth of its value in the mid 1970s. These facts point to
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the need for increased funding for in situ data networks as a necessary comple-
ment to water resources research activities.

Unquestionably, the complexity of monitoring has increased dramatically as
researchers have begun to sort out the interactions among physical, chemical, and
biological processes in water (Pfirman and AC-ERE, 2003). Before 1960, hydro-
logic monitoring in the U.S. Geological Survey (USGS) emphasized streamflows,
sediment transport, and groundwater levels. As problems of contamination
became more evident, monitoring expanded to examine basic water quality
variables. Now, monitoring encompasses a variety of anthropogenic compounds
in water and sediment, aquatic organisms, and other biological characteristics. In
just the past few years, advances in analytical techniques and the discovery of
new, ecologically significant families of contaminants have made the need for
comprehensive monitoring of aquatic systems even more evident.

Federal agencies are under significant pressure to respond to the increasing
need for chemical and biological monitoring of aquatic systems. The creation of
the National Water Quality Assessment (NAWQA) program of the USGS high-
lights the emerging importance of this type of monitoring, as well as its complex-
ity and potential costs. Yet, even this large program is only a first step in providing
the information necessary to support federal regulations related to water quality
(e.g., the Total Maximum Daily Load program), to support restoration of aquatic
ecosystems impacted by agriculture (e.g., the Neuse River basin), and to promote
the sustainability of water resources (e.g., the Rio Grande). The development of
the kind of enhanced chemical and biological monitoring that will be needed to
address such issues remains a challenge.

Complexity in monitoring also arises because of the scales at which problems
are now manifested. For example, the study of hypoxia in the northern Gulf of
Mexico is inexorably linked to the Mississippi–Atchafalaya River Basin, which
drains an area of 3.2 million square miles (NSTC, 2000). New, scale-appropriate
techniques will be required to examine hydrologic conditions across watersheds
of subcontinental proportions. Unfortunately, such large-scale monitoring
approaches are in their infancy and are not sufficiently developed to meet even
immediate needs for some classes of problems. As will be discussed shortly, this
challenge to provide new kinds of data is also an opportunity for innovative
research related to space-borne and sensor technologies.

The increasing variety and quantity of information coming from monitoring
systems have created new problems of data warehousing and dissemination. Federal
and state agencies over time have developed important databases (e.g., the Envi-
ronmental Protection Agency’s [EPA] STORET and USGS’ NWIS) that are an
increasingly useful way to identify problems and research needs. However, as a
consequence of historical agency responsibilities and/or lack of national funding,
federal water resources data are spread among different federal and state agencies
with broadly different capabilities for supporting user needs and with different
resources for making important legacy data available to researchers. Taylor and
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Alley (2001) point out that many state agencies have backlogs of data waiting to
be summarized in electronic databases. (Indeed, one agency representative
reported that summer students were used to develop web sites that can disseminate
valuable historical data from research watersheds.) There is little consistency in
federal and state programs for recovering the costs of monitoring. Some monitor-
ing data (e.g., some stream discharge data) are freely available, while in other
cases (e.g., Landsat), Congress has mandated cost recovery for the data, which
makes using such data expensive in research and may limit their creative use.

An important aspect of improving hydrologic data collection is to take into
account the uncertainties associated with both data collection methods and the
design of data collection networks. Hydrologic forecasting relies heavily on
measurements of multiple hydrologic variables taken over long periods of time,
particularly because low-frequency but high-magnitude events can have near-
irreversible effects on water supply. As monitoring networks decrease in size and
density, uncertainty increases. Methods of rescuing and augmenting the available
data are needed to reduce the uncertainty of predictions. Similarly, methods of
validating and estimating the uncertainty of remotely sensed data are needed, as
these sources of data are becoming increasingly important in hydrologic analyses.

OPPORTUNITIES IN MONITORING

Hydrologists working in the United States can now take advantage of new
monitoring data and new technical approaches for monitoring hydrologic pro-
cesses. Important advances for the diagnosis and prediction of hydrologic
processes have come from remote sensing using products derived from observa-
tions that span a wide range of the electromagnetic spectrum (e.g., visible, infra-
red, microwave) (Owe et al., 2001). For example, Landsat satellites have provided
a significant record of land-cover conditions on the earth’s surface and an ability
to monitor land-use changes (e.g., Running et al., 1994), and they can measure
water clarity and chlorophyll in lakes (www.water.umn.edu). Remote sensing has
also been shown to provide significant information about hydrologic extremes,
such as drought, and to have the potential to enhance our ability to forecast these
events (e.g., Kogan, 2002). New satellite sensors (e.g., Advanced Microwave
Sounding Unit on the National Oceanic and Atmospheric Administration [NOAA]
15, 16, and 17 satellites) with the ability to penetrate cloud cover and produce
land surface moisture products with temporal resolutions of hours and spatial
resolutions of tens of kilometers promise to enhance our operational database that
supports water supply forecasts (Ferraro et al., 2002). Chlorophyll levels in fresh-
water lakes now are being mapped routinely by satellite. Furthermore, high-
resolution satellites are being used to map distributions of different types of
aquatic plant communities in wetlands and littoral areas of lakes, and aircraft-
mounted spectroradiometers are being used to map aquatic vegetation and water
quality conditions (e.g., turbidity, phosphorus, and chlorophyll a) in rivers.
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Radar altimeters, like TOPEX/Poseidon and Jason-1, which have been used
mostly for measuring changes in sea level, are also useful for measuring the stages
of large rivers and lakes (Birkett, 1995, 1998). The laser altimeters aboard ICESat,
although not particularly reliable at the present stage of development, have dem-
onstrated the potential to measure water-surface elevations for small waterbodies
on a regular basis. The Gravity Recovery and Climate Experiment (GRACE)
mission provides unprecedented capabilities to assess changes in water storage
over large regions (Rodell and Famiglietti, 1999, 2002). GRACE is anticipated to
provide monthly measurements of total water storage anomalies with a spatial
scale of longer than several hundred kilometers, and with an accuracy of a few
millimeters in water-height change.

Ground-based remote sensing monitoring systems have been developed that
are applicable to water resources investigations of regional water supplies. A
good example is the widespread national deployment of the WSR-88D weather
radar (NEXRAD). Each NEXRAD station monitors thousands of square
kilometers and provides almost continuous space-time estimates of precipitation
with kilometer resolution (e.g., Klazura and Imy, 1993). When properly cali-
brated, these systems can provide highly resolved estimates of precipitation for
complex storms or for regions where coverage by conventional gages is limited
(e.g., Seo et al., 2000).

Remote sensing will undoubtedly change the way that some hydrologic moni-
toring is carried out, although routine use of some of these technologies for water
resources research is still years away. In the meantime, the use of the remotely
sensed data for water resources research on regional and local scales will require
validation and adjustment with legacy monitoring measurements and, for many
applications, combined use with in situ measurements of longer records. For
example, it is expected that detailed monitoring of chemical and biological condi-
tions will still require sampling and laboratory analyses or in situ sensor measure-
ments, and likely some combination of both. Fortunately, technological advances
are being made in developing low-cost and reliable sensors and miniaturized in
situ instruments to measure a wide variety of chemical and biological contami-
nants in natural waters (ASLO, 2003).

In addition to requiring validation with legacy monitoring, profitable use of
remotely sensed data will require measurements of associated space-time obser-
vation uncertainty. Such efforts are required because remote sensors in many
cases do not directly measure the quantity of interest, because the data they
generate carry biases due to atmospheric and land surface interference, or because
their penetration depth into the land surface is shallow. In addition, regional and
local databases of remotely sensed data in most cases have short record lengths
that are often inadequate for the study of water supply variability, including
climate extremes. It should be noted that remote sensing systems for some crucial
water monitoring data—for example biological metrics of water quality like
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numbers and health of algae, invertebrates, fish, and aquatic and terrestrial
plants—are only now being developed.

Thus, although there is much progress with respect to remote sensing systems
measurement and monitoring, important in situ monitoring systems are in decline
without clear plans for transitioning to new or alternative technologies. Because
of the “stovepiping” within agencies, there is no overall coordination in operating
monitoring systems and in determining directions of new technological initiatives.

A new paradigm for data acquisition and management is offered by the
cyberinfrastructure view of information, which is a significant step for enabling
the next generation of research in science and engineering. The National Science
Foundation (NSF) is at the forefront of this important new initiative, which rec-
ognizes the ability of new developments in information technologies to change
the way data are collected, managed, and used (Atkins et al., 2003). The term
cyberinfrastructure refers to the variety of approaches (some new, some old) for
the creation, dissemination, and preservation of knowledge. The NSF vision is
“to use cyberinfrastructure to build more ubiquitous, comprehensive digital envi-
ronments that become interactive and functionally complete for research commu-
nities in terms of people, data, information tools, and instruments” (Atkins et al.,
2003). The development of these approaches is a bold step forward in the seam-
less integration of experimentation and data collection.

The most important implication of cyberinfrastructure for water resources is
that monitoring is not simply an isolated task but is part of an integrated informa-
tion strategy that more directly connects researchers with data and the actual
process of measurements. If properly executed, this strategy has the potential to
create a more uniform technological vision among federal agencies and to reduce
redundancies in data handling among federal agencies. In other words, there are
opportunities for government agencies concerned with monitoring to develop a
systemic approach to handling the explosion of new data and the operation and
maintenance of monitoring systems. Federal agencies are relatively independent
in their approaches and solutions to issues of monitoring and data management.

STATUS OF KEY MONITORING PROGRAMS

Addressing water resources concerns in the future will require increasingly
sophisticated monitoring data. Streamflow data, for example, are necessary to
(1) support important public policy decisions concerning towns located in the
floodplains of rivers like the Mississippi, (2) engineer structures to limit flood
damages from rivers like the Red River of the North, and (3) manage water
resources in important western rivers like the Colorado. Chemical, biological,
and sediment data are needed to evaluate the efficacy of attempts to restore water
quality and ecological health in the Chesapeake Bay, the Mississippi River sys-
tem, and the San Francisco Bay, which are being adversely affected by nonpoint
source contamination. Global climate change is predicted to have major impacts
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on rivers of the northwestern United States and the Prairie Pothole region of the
northern Great Plains (NAST, 2000) and will require new monitoring networks.

The following sections provide examples of the national decline in some
types of monitoring systems and the funding limitations that have stifled efforts
toward new national systems in groundwater and soil-moisture monitoring. The
lack of investment in hydrologic monitoring is hard to reconcile, given the soci-
etal cost and significance of problems affecting water resources now and in the
future. The reasons for the decline are many and speculative. It is possible that the
distributed nature of water resource problems and the long periods between
extreme events have obscured the need for monitoring systems (i.e., it is too early
to see the negative impacts of the cuts in monitoring). Alternatively, it may be
that the consequences of dismantling or substantially reducing monitoring systems
have been small to date because accumulated science and engineering knowledge
has been able to cope to some extent with the uncertainties of reduced observa-
tions. Another possibility that might account for the observed decline is that there
are likely fewer and less visible investments in large water resources structures
(e.g., dams, reservoirs, canals, and reclamation projects) that might require data.

The responsibilities for collecting, maintaining, and distributing hydrologic
data remain with federal agencies, and this situation is not likely to change, given
the nature of water resources data collection as a public good (see Chapter 1). The
dilemma of the federal agencies is how to simultaneously maintain legacy moni-
toring systems, respond to escalating needs for expanded monitoring of all kinds,
and take advantage of new opportunities in infrastructure development for
measurement and data management.

Streamflow

The USGS has been collecting streamflow information since 1889 and today
operates a national network of about 7,200 stream gages. The information
provided by the network is used for many purposes, including water resource
planning, daily water management, flood prediction and hazard estimation, water
quality assessment and management, aquatic habitat assessment and mitigation,
engineering design, recreation safety, and scientific research. Funding for the
network comes from the USGS and over 800 other federal, state, and local
agencies. This unique arrangement helps ensure streamflow information relevant
to local needs; however, it also means that the USGS does not have complete
control over the network, including the number or location of the individual
stream gages that constitute the network.

Stream gages with long periods of record are of great importance for estimat-
ing hydrologic extremes (floods and droughts) and for resource planning. These
gages are crucial to describing and understanding the effects of climate, land-use,
and water-use changes on the hydrologic system. However, maintaining stream
gages with a long period of record is not always a priority of many partner agen-
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cies. As a consequence, there has been an alarming loss of stream gages with 30
or more years of record over the last three decades, even though the total number
of stream gages in the network has remained relatively constant (Norris, 2000). In
the period 1990–2001, 690 stream gages with 30 or more years of record were
discontinued; nearly 170 of those were discontinued in 1995 alone.

The USGS has described the instability of the national stream gaging net-
work as being related to the current dominant funding process of stream gages
and has proposed plans to modernize, stabilize, and fill critical gaps in the net-
work (USGS, 1999; Hirsch and Norris, 2001). This plan, called the National
Streamflow Information Program (NSIP), would provide for a stable nationwide
backbone stream gage network that would be fully funded by the USGS to main-
tain for future generations the important long-term streamflow information at
critical locations. Stream gages required for local needs would supplement this
backbone network and would remain funded through the Cooperative Water Pro-
gram. In addition to providing a stable component to the national stream gaging
network, NSIP would also enhance the value of all streamflow information
obtained by the USGS by improving and modernizing data delivery, obtaining
more information during hydrologic extremes than is currently obtained, analyz-
ing streamflow information to provide insights on key characteristics (e.g., long-
term trends and their relationship to natural and anthropogenic features within
watersheds), and conducting research and development aimed at improving
instruments and methods in order to provide more accurate, more timely, and less
expensive streamflow information in the future. According to NRC (2004), the
NSIP program adequately takes into account both the spatial distribution (in terms
of value and need) of gages and the use of modeling to provide information about
ungaged locations. This is an ambitious program that would require a consider-
able long-term financial commitment from Congress and the executive branch.
So far, only minor additional funding has been appropriated for this program.

Groundwater Levels

Water-level measurements from observation wells are the principal source of
information about the effects of hydrologic stresses on groundwater systems. In
recent years, the USGS and many state and local agencies have experienced dif-
ficulties in maintaining long-term water-level monitoring programs because of
limitations in funding and human resources. A poll of USGS district offices and
62 state and local water management or regulatory agencies about the design,
operation, and history of long-term observation wells in their respective states
indicated that there are about 42,000 observation wells in the United States with
five years (a relatively short period) or more of water-level record data (Taylor
and Alley, 2001). About a quarter of those are monitored under the USGS Coop-
erative Water Program. The level of effort in collecting long-term water-level
data varies greatly from state to state, and many of the long-term monitoring
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wells are clustered in certain areas. Although difficult to track, the number of
long-term observation wells appears to be declining. For example, the number of
long-term observation wells monitored by USGS has declined by about half from
the 1980s to today (Alley and Taylor, 2001).

Groundwater-level data become increasingly valuable with length and conti-
nuity of record. Ease of access to the data and their timeliness also are valuable,
especially during periods of stress such as droughts. Although real-time surface
water data have been available through the Internet for nearly a decade, the avail-
ability of real-time groundwater data is relatively new within the USGS. Between
the years 2000 and 2003, real-time data for wells available through the Internet
went from fewer than 300 wells (mostly in south Florida) to nearly 700 wells.
Real-time data applications allow effective aquifer management, produce high-
quality data, and can be cost-effective. As the availability and reliability of real-
time groundwater data increase, so will their value to scientists and the public.

Despite the existence of thousands of observation wells across the nation,
most groundwater-level data collection is funded to address state and local issues.
Yet, there is evidence that more groundwater problems are becoming regional or
national in scale, as exemplified by interstate conflicts over groundwater sources
becoming salinized or overdrawn. A case in point is the High Plains aquifer,
which encompasses eight states in the central United States. In parts of Kansas,
New Mexico, Oklahoma, and Texas, current groundwater withdrawals, primarily
used for irrigation, are unsustainable because the natural recharge is low, result-
ing in a dramatic decline in groundwater levels (Alley et al., 1999). Given the
increasing reliance on groundwater sources (Glennon, 2002), it is important to
understand trends in groundwater levels and quality over large regions. Unfortu-
nately, there is no comprehensive national groundwater-level network with uni-
form coverage of major aquifers, climate zones, or land uses. In fact, data on
groundwater levels and rates of change are “not adequate for national reporting”
according to the report The State of the Nation’s Ecosystems (H. John Heinz III
Center, 2002). Data are not collected using standardized approaches at similar
spatial or temporal scales, and the long-term viability of the data collection efforts
is uncertain. Ideally, a comprehensive groundwater-level network is needed to
assess groundwater-level changes, the data from which should be easily accessible
in real time.

Soil Moisture

It has been long recognized that soil moisture in the first one or two meters
below the ground surface regulates land-surface energy and moisture exchanges
with the atmosphere and plays a key role in flood and drought genesis and main-
tenance (e.g., Huang et al., 1996; Eastman et al., 1998). Soil moisture deficit
partially regulates plant transpiration and, consequently, constitutes a diagnostic

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


188 CONFRONTING THE NATION’S WATER PROBLEMS

variable for irrigation design (e.g., Dagan and Bresler, 1988). High extremes of
soil moisture are associated with high potential for flooding and hazardous condi-
tions. As the “state variable” of the vadose zone, soil moisture plays a key role in
surface–subsurface water exchanges. Although the importance of soil moisture
for hydrologic science and applications cannot be overemphasized, there are few
long-term and large-scale measurement programs for soil moisture that provide
in situ profile data suitable for hydroclimatic analysis and design in the United
States (e.g., Hollinger and Isard, 1994; Georgakakos and Baumer, 1996) and
abroad (e.g., Vinnikov and Yeserkepova, 1991). Active and passive microwave
data from polar orbiting satellites or reconnaissance airplanes do provide esti-
mates of surface soil moisture with continuous spatial coverage. However, they
are limited in that they only measure soil moisture within the first few centimeters
of the soil surface, and they are reliable only when vegetation cover is sparse or
absent (e.g., Ulaby et al., 1996; Jackson and Le Vine, 1996).

This lack of long-term soil moisture data over vast areas of the United States
affects how well soil moisture is incorporated into hydrologic models for water-
sheds or large regions. At the present time, models must use estimates derived
from secondary sources of information or from other models, rendering predic-
tions pertaining to ecosystem behavior or surface water–groundwater interactions
subject to significant uncertainty. Even a few long-term monitoring networks of
soil moisture would substantially decrease the uncertainty in predicting processes
that critically depend on soil moisture levels (like flow, water chemistry, and
plant response). In a similar vein, the uncertainty of predictive models for manag-
ing water supply in western streams reflects the density of streamflow and rain-
fall monitoring networks, because the amount and the quality of data in areas
characterized by high spatial variability in precipitation determine how reliable
and precise such models can be.

The development of a national soil moisture monitoring network is an
essential element to conducting successful research on the physical, chemical,
and biological processes in the surface layer of the continental United States. The
U.S. Department of Agriculture (USDA) Natural Resources Conservation Service
has established a coordinated national network of in situ measurements of soil
moisture and soil temperature in support of agricultural needs (Soil Climate
Analysis Network or SCAN). Although this is a step in the right direction,
significant expansion of the network into nonagricultural areas together with a
long-term commitment for high quality data are necessary for water resources
analysis on climatic and regional scales. Furthermore, modeling and observa-
tional studies have shown substantial soil moisture variability over a range of
scales (e.g., Rodriguez-Iturbe et al., 1995; Guetter and Georgakakos, 1996;
Vinnikov et al., 1996; Lenters et al., 2000), and the development of a monitoring
plan for soil moisture on the basis of both remotely sensed and on-site data is a
requisite research endeavor that should account for such variability.
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Water Quality

Water quality monitoring has seen declining trends in funding similar to those
for streamflow and groundwater level monitoring. Both the EPA, through its Envi-
ronmental Monitoring and Assessment Program (EMAP), and the states, through
their delegated authority from EPA for the Clean Water Act, conduct some water
quality monitoring. Unfortunately, efforts are inconsistent from state to state and
are often inadequate, and some are in decline. Recent reports (e.g., GAO, 2000;
NRC, 2002a; Mehan, 2004) cite the need for consistent ambient water quality
data for purposes of Clean Water Act compliance. The current shortfalls and
future needs are illustrated below using USGS water quality programs as examples.

For some areas, USGS data are relied upon to establish trends in water quality
over time and to compare conditions across local jurisdictional boundaries.
Unfortunately, water quality monitoring networks within USGS have not received
additional funding since their inception and thus have been declining simply due
to the impacts of inflation. USGS surface water quality networks include the
Hydrologic Benchmark Network (HBN), operating since 1964, and the National
Stream Quality Accounting Network (NASQAN), operating since 1973. HBN
monitors small watersheds in areas relatively free from human impacts, from
water diversions, and from water impoundments, providing important baseline
data for understanding water quality impairments and needed improvements.
When it first began in 1964, HBN water quality sampling was quarterly to
monthly depending on location, but since 1997 there has been no water quality
sampling at the 52 watersheds (Mast and Turk, 1999). Beginning in 2003, limited
sampling resumed at 15 of the remaining 36 watersheds.1

NASQAN measures water quality in the nation’s largest river systems, and it
also includes many coastal drainages. At the program’s operational peak (in
1976), more than 500 locations were sampled either monthly or six times a year
for major ions, nutrients, trace metals, indicator bacteria, and periphyton. Now,
only 33 sites remain, with sampling at a frequency adequate for annual flux esti-
mates and with new capabilities for sampling some pesticides. These networks
now provide a fraction of the data they once produced (though some prior compo-
nents may be handled by the NAWQA program—see below).

Assessing water quality, both for trends over time and for causative factors,
is growing in importance for water resource management. The NAWQA program
provides data and information on the most important (defined by water use for
municipal supply or irrigated agriculture) river basins and aquifer systems (study
units). NAWQA comprehensively samples surface water and groundwater for
physical and chemical variables, and it produces data on aquatic communities of

1The program was reduced from 52 watersheds to 36 because USGS appropriations have been level
or declining for several years, while costs increase about 4 percent every year (Robert Hirsch, Chief
Hydrologist, USGS, personal communication, 2004).
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fish, insects, and algae. Originally NAWQA was designed for sampling 59 study
units, but by 2001 only 51 were sampled, and now because of funding constraints
only 42 study units continue to operate.

Within NAWQA, many sampling activities have been curtailed. For example,
between 1993 and 2001, more than 600 fixed-station surface water sites were
sampled, but now only about 150 sites continue to operate. These sites provide
the only continuous water quality trend sampling. Although thousands of bed
sediment and tissue data were collected from streams in the first years of sam-
pling, most of those sampling efforts cannot be repeated. Groundwater sampling
between 1993 and 2001 included more than 6,500 wells. There are not adequate
resources to sample those sites repeatedly for trends, and only 2,400 wells are
being resampled in urban, agriculture, and large aquifer networks, reducing sub-
stantially the density of the sampling network. Although the numbers of wells
may seem large, the trend network provides insight at an average of less than 60
wells per study unit (the median study unit area is 21,000 sq. mi.). The recent
National Research Council (NRC) report (NRC, 2002a) states that NAWQA can-
not decrease its number of study units further and still provide the national scope
of data called for by Congress.

Monitoring activities related to sediment are particularly crucial because it is
the most widespread pollutant in U.S. rivers (EPA, 2002). The USGS is the
principal source of fluvial-sediment data, providing daily suspended-sediment
discharge data at about 105 sites (sediment stations) in 2002. These data serve
traditional uses that include design and management of reservoirs and in-stream
hydraulic structures and dredging. In the last two decades, information needs
have expanded to include those related to contaminated sediment management,
dam decommissioning and removal, environmental quality, stream restoration,
geomorphic classification and assessments, physical–biotic interactions, the
global carbon budget, and regulatory requirements of the Clean Water Act
including the EPA’s Total Maximum Daily Load program.

An increasing need for fluvial-sediment data has coincided with a two-thirds
decline in the number of USGS sediment stations from the peak of 360 in 1982
(Gray, 2002) to about 105 sites now. Among the factors cited for the decline in
the number of USGS daily sediment stations was the need for less expensive and
more accurate fluvial-sediment data collected using safer, less manually inten-
sive techniques. Any decrease in sediment monitoring should be of particular
concern given that the physical, chemical, and biological sediment damages in
North America alone were estimated at $16 billion in 1998 (Osterkamp et al.,
1998). In its review of the NAWQA program, the NRC noted the serious need to
improve sediment monitoring (NRC, 2002a).

Box 5-1 discusses how the lack of reliable water quality monitoring data has
hampered efforts to sensibly plan for development in New Jersey and comply
with state laws. It exemplifies not only shortages in groundwater quality data, but
also in flow data.

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


DATA COLLECTION AND MONITORING 191

BOX 5-1
Water Quality Monitoring in the Pinelands National Reserve

In 2000, the New Jersey state legislature passed legislation authoriz-
ing the expenditure of $5 million for a study of the impacts of potential
groundwater withdrawals on the ecology of the Pinelands National
Reserve. The Pinelands National Reserve, an area of about 1 million
acres, occupies the southern third of the state and is underlain by the
Cohansey, an extensive groundwater aquifer. Development pressure in
the lands surrounding the preserve, including the suburbs of Philadelphia,
Pennsylvania, and Camden, New Jersey, the burgeoning Cape May
peninsula, and the Atlantic City region, are intense. Building and eco-
nomic activity in this area are increasingly limited by water availability;
the aquifers currently being utilized are already overpumped and salin-
ized. The Pinelands Reserve is protected by both state and federal legis-
lation that specifies the protection of “the natural ecological character of
the region” as the criterion for setting land-use policy. This large-scale
(multistate) study was authorized in order to determine whether exports
of water from the Pinelands watersheds to the surrounding developing
areas would negatively affect the aquatic ecosystems of the Pinelands.

During initial discussions about the scope of the research, the scien-
tists involved (from the state Pinelands Commission, the New Jersey
Division of the U.S. Geological Survey, and Rutgers University) decided
that it was important to study watersheds across the range of aquifer and
land-use conditions in the Pinelands. Thirty-five (35) subbasins were ini-
tially identified as potential intensive study areas. They represented the
range of aquifer thicknesses (from less than 100 feet to over 500 feet),
current rates of pumping (from 0 to 740 megagallons per year), land uses
(from nearly complete forest cover to mixtures of developed and agricul-
tural land with little forest cover), amounts and types of wetland, and
stream lengths. Despite the large range of existing conditions in the
subbasins, all but two of the subbasins were excluded from consideration
as intensive study sites because they lacked the long-term monitoring
data of both groundwater flow and water quality necessary to calibrate
hydrologic, chemical, and ecosystem water balance models. Two other
subbasins had partial records from continuous-flow monitors, and 15
subbasins had partial, discontinuous records from low-flow gages. Only
nine subbasins had water quality monitoring data, and for only one of
these was there a long-term continuous record.

One of the subbasins with both long-term continuous flow and water
quality records, McDonald’s Branch, is situated in the center of the region,
is small and forested, has variable aquifer thickness, and lacks some of
the wetland types of importance to the study. The other subbasin with

continued
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Water Use

Estimating the demands for water and amounts withdrawn from various
surface-water and groundwater sources is of critical importance to water resources
management. Since 1950, the USGS has compiled and disseminated estimates of
water use for the nation at five-year intervals. Most of the data are collected,
however, not by the USGS but by the individual states to support their water-use
permitting and registration programs. Although matching funds for the analysis
and aggregation of water use data are often available through the USGS Coopera-
tive Water Program, some states make little effort in this area. Thus, the quality
of water use data varies considerably from state to state. Unfortunately, because
of funding limitations, the USGS had to reduce the scope of reporting on a nation-
wide basis in 2000 for several categories of water use. Reductions in national
scope included (1) eliminating estimates of commercial use and hydroelectric
power (which is counter to recommendations in the Envisioning report [NRC,
2001]), (2) providing information for mining, livestock, and aquaculture only for
large-use states, (3) eliminating estimates of consumptive use and public deliv-
eries, and (4) compilation at the county, but not watershed, level.

In a recently completed NRC review of the USGS National Water Use Infor-
mation Program (NWUIP) (NRC, 2002b), basic questions about the nature of
water use, the water use information needed in the United States, and the USGS
role in generating and disseminating that information were considered. Major
recommendations contained in the NRC report include the following:

• The NWUIP should be elevated to a water use science program (rather
than a water use accounting program), emphasizing applied research and tech-

long-term continuous water flow and water quality data, the East Branch
Bass River, is much larger, with some urbanized land within the basin;
however, it lacks some of the major aquatic communities that are the
focus of the study. Thus, the lack of continuous water flow and water
quality monitoring data from all but two of the subbasins prevented the
research team from studying the range of conditions that would best
answer the critical management questions posed by the legislation. More-
over, the team was constrained to use two subbasins that are not strictly
comparable, in that each lacks an important component of the hydro-
ecological system that is the target of this large-scale investigation.

BOX 5-1 Continued
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niques development in the statistical estimation of water use and the determinants
and impacts of water-using behavior.

• To better support water use science, the USGS should build on existing
data collection efforts to systematically integrate datasets, including those main-
tained by other federal and state agencies, into datasets already maintained by the
NWUIP.

• The USGS should systematically compare water use estimation methods
to identify the techniques best suited to the requirements and limitations of the
NWUIP. One goal of this comparison should be to determine the standard error
for every water use estimate.

• The USGS should focus on the scientific integration of water use, water
flow, and water quality to expand knowledge and generate policy-relevant infor-
mation about human impacts on both water and ecological resources.

• The USGS should seek support from Congress for dedicated funding of a
national component of the recommended water use science program to supple-
ment the existing funding in the Cooperative Water Program.

* * *

The preceding section discussed some of the important data collection net-
works relevant to water resources research, but the discussion was not intended to
be exhaustive. For example, both public health data collection (e.g., active dis-
ease surveillance) and monitoring of climate variables like precipitation were not
discussed. This should not be interpreted as implying that they are less important
types of data. Indeed, Box 5-2 discusses how federally funded monitoring for
climate indices is routinely used to manage water resources in the Florida
Everglades.

CONCLUSIONS AND RECOMMENDATIONS

Monitoring efforts are inseparable from the research efforts described in other
chapters of this report. Furthermore, they are critical to addressing water resources
problems related to floods and droughts, agricultural sustainability, global climate
change, and other high priorities for water resources research (as expressed in
Chapter 3). Indeed, the continuing need for high-quality, long-term in situ data
was the only water resources-related issue expressed unanimously by 13 state
government representatives who addressed the committee in January 2003 (see
Appendix D).
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BOX 5-2
Real-Time Water Management in South Florida

The South Florida Water Management District (District) is one of the
largest nonfederal water management agencies in the country with far-
reaching authority over water use and environmental protection from
Orlando to Key West. The area is blanketed by a mammoth series of
federal water projects constructed by the U.S. Army Corps of Engineers
primarily in the 1950s and 1960s. In recent years the District has devel-
oped unique approaches to operating federal facilities to achieve envi-
ronmental benefits that were not valued when the project was first built,
but without compromising the water supply and flood control requirements
of the original project.

Lake Okeechobee is at the heart of the water management system in
South Florida, storing floodwater from the upstream watershed and sup-
plying water for agriculture, urban populations, and the Everglades. It is
also an indispensable natural resource that contains a contiguous 90,000-
acre wetland system supporting thousands of wading birds and numerous
endangered species, as well as supporting the sport fishing that is critical
to the local economy. The need to manage this resource for competing
and sometimes conflicting objectives has led the District to consider the
results of the latest federally supported climate research in the process of
making operational decisions. Both seasonal and multiseasonal climate
outlooks produced monthly by the Climate Prediction Center of the
National Weather Service have been incorporated into operations of the
regional water management project. The District’s approach links local
and global climate indices to on-the-ground hydrologic information to
make weekly adjustments in water control for Lake Okeechobee. Many
institutions around the country have active research programs, but few
have been successful in implementing climate forecast information into
day-to-day operations. Further, the District has taken the important step
of revising the official water control manuals to formalize the routine
employment of information provided by climate research programs asso-
ciated with the National Oceanic and Atmospheric Administration and
others. Without assistance from several federal research entities, the
successful implementation of climate-based operations in south Florida,
and the public’s acceptance of using innovative operational planning
methods that employ forecasts, would not have been possible.
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The challenges to the monitoring of water resources are formidable and
include a sizable increase in the number of features to be monitored, as the variety,
scope, and complexity of problems expand, especially with respect to biological
issues; a major expansion in the range of time/space scales that must be addressed
by data collection and monitoring as new, major problems develop; and difficul-
ties in making the increasingly large amounts of data available quickly and effi-
ciently. The following conclusions and recommendations address the need to
match these challenges, as well as emerging water resources problems, with new
investments for basic data collection and monitoring.

Key legacy monitoring systems in areas of streamflow, groundwater,
sediment transport, water quality, and water use have been in substantial
decline and in some cases have been nearly eliminated. These systems provide
data necessary for both research (i.e., advancing fundamental knowledge) and
practical applications (e.g., for designing the infrastructure required to cope with
hydrologic extremes). Despite repeated calls for protecting and expanding moni-
toring systems relevant to water resources, these trends continue for a variety of
reasons.

The consequences of the present policy of neglect associated with water
resources monitoring will not necessarily remain small. New hydrologic prob-
lems are emerging that are of continental or near continental proportions. The
most obvious are the likely impact of global climate change on water resources;
hypoxia in the Gulf of Mexico, related to nutrient loading from the Mississippi
River; and the questionable sustainability of the water supply for western and
southern regions given population increases and recent interest in restoring aquatic
ecosystems (e.g., the Florida Everglades and the Mississippi River basin). The
scale and the complexity of these problems are the main arguments for improve-
ments to the in situ data collection networks for surface waters and groundwater
and for water demand by sector. It is reasonable to expect that improving the
availability of data, as well as improving the types and quality of data collected,
should reduce the costs for many water resources projects.

Notwithstanding the overall decline in legacy monitoring systems, there
are some positive developments that bear on hydrologic monitoring. For
example, the NEXRAD system provides unprecedented spatial resolution of rain-
fall distribution. Efforts have continued to support environmental earth-surface
observations with new generations of satellites. Other NASA research missions
(e.g., IceSat, TOPEX/Poseidon, GRACE) give positive early indications of their
potential as monitoring tools for hydrologic systems. Although these new satel-
lite-based measuring systems have important applications to hydrologic research,
they are not yet ready to replace legacy monitoring systems. Moreover, for chemi-
cal, biological, and groundwater monitoring, in particular, new in situ and remote
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sensing technologies capable of replacing wells or field sample collections are
still in development.

Increases in strategic investments for monitoring are necessary to avoid
or at least reduce costs attendant with future water resource or health crises.
Investments are required but are not by themselves sufficient to ensure that the
data necessary to attack 21st century problems will be available to researchers
and policy makers alike. Federal agencies need to adopt a research perspective
toward monitoring and data collection that better integrates monitoring with the
research efforts described in other chapters of this report. There is also a strong
need for cooperation among agencies concerned with collecting, storing, and
managing hydrologic data, particularly from research watersheds and legacy
monitoring systems. The NSF cyberinfrastructure initiative is an example of a
visionary approach for creating comprehensive digital environments linking
people and data. It is recommended that an interagency task force concerned with
information technology and data management be established and that it develop a
non-NSF federal cyberinfrastructure community.
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6

Coordination of Water Resources Research

The provision of adequate supplies of clean water is not only a basic need. It
is a matter of national security and the underpinning of the nation’s economy as
well as its ecological functioning. The strategic challenge for the future is to
ensure adequate quantity and quality of water to meet human and ecological
needs. The growing competition among domestic, industrial–commercial, agri-
cultural, and environmental needs is approaching water gridlock in many areas.
Research is a key component to effectively and efficiently addressing the water
resources problems that are quickly becoming today’s headlines.

The multiple and looming water crises in virtually every region of the nation
suggest that the approximately $700 million currently spent on water resources
research is not sufficiently focused or is not effectively addressing national needs.
Without a clearer national water strategy, there is no adequate way to entirely
address this issue. Beyond the total investment, there are both topical and opera-
tional gaps in the current water resources research portfolio. Although the federal
agencies appear to be performing well on their mission-driven research, most of
this work focuses on short-term problems, with a limited outlook for crosscutting
issues, for longer-term problems, and for the more basic research that often por-
tends future solutions. As a result, it is not clear that the sum of individual agency
priorities adds up to a truly comprehensive list of national needs and priorities.

The many state agencies that the committee heard from (see Appendix D)
made clear that while some water issues are local, others are becoming increasing
common across the country or are of such a scale that the individual states are not
equipped to address them. That is, not all problems are local, even though they
might appear to be. This misperception has proved to be a significant barrier to
coordinating the federal water resources research enterprise. Furthermore, many
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of today’s most pressing (and expensive) problems, and particularly tomorrow’s
problems, require broader perspectives because they often go beyond the ability
and authority of any one federal agency, both in their scale/size and scope.

This chapter summarizes those factors that encourage or discourage effective
coordination of large-scale research programs, the roles and benefits of coordina-
tion, and the recent history of coordinating water resources research. It concludes
with a description of three possible options to achieve coordination.

ENCOURAGEMENTS/DISCOURAGEMENTS OF COORDINATION

During its third meeting, the committee heard from a panel of representatives
associated with coordinating large research programs, including programs for
highway research through the Transportation Research Board of the National
Research Council (NRC), the U.S. Department of Agriculture’s Agricultural
Research Service, the National Earthquake Hazard Reduction Program (NEHRP),
and the U.S. Global Change Research Program (USGCRP). The panelists were
asked to comment on which factors or conditions encourage research coordina-
tion and which inhibit it in order to help shed light on an effective model for
coordination of water resources research.

Several factors stood out as virtually imperative to successful research coor-
dination. First, a strong sense of the relevance of the research, particularly to
decision makers like Congress, is important. Much of the success of the USGCRP
was attributed to this factor. A second factor is the availability of sufficient
resources to implement coordination. In the case of the Transportation Research
Board, stakeholders themselves contribute funds that allow for a coordination
mechanism—a circumstance that would be difficult or impossible to reproduce in
the water community. A third important facet is a clear legal mandate with broad
congressional support, such as the mandates of NEHRP and USGCRP. For
example, the NEHRP representative noted that the devastating earthquakes in
China in 1975 (Haicheng) and 1976 (Tangshan) contributed to support for U.S.
legislation authorizing NEHRP in 1977. The National Earthquake Protection Act
mandated tasks for four agencies and a two- to three-year reauthorization cycle.

Other facilitating conditions noted by the panel included having research
agendas based on scientific objectives and related to agency missions and man-
dates—obviously a challenge for research areas like water resources that involve
multiple federal agencies. Furthermore, strong leadership despite political changes
was cited as important. Several administrative factors were cited, including having
the participating agencies play complementary roles, engaging external review
panels, and making the agenda-setting process transparent. One panelist felt that
placing a coordination committee in an agency that could foster scientific
exchanges and professional networks between committee meetings was most
effective.
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Additional factors the panelists said encouraged coordination included
specific tasks and deadlines, which, for example, characterized the multiagency
Gulf of Mexico hypoxia task force (see NSTC, 2003, and P.L. 105 383, section
640 (b), for example). Mechanisms for ensuring accountability of the coordina-
tion process are also important, for example by documenting successes. One
panelist pointed out that interagency communication and wide dissemination of
research results were important to help ensure stakeholders that they were
benefiting directly from their support for research.

The panelists also commented on those factors that discourage coordination
of research. A primary deterrent is that fact that different agencies utilize differ-
ing budgeting processes (see Box 6-1). Indeed, even with programs like NEHRP,
the participating federal agencies have separate authorizing or allocation commit-
tees and separate Office of Management and Budget (OMB) examiners. Another
frequently mentioned factor is that participants in coordination meetings often do
not have decision-making power, and higher-level individuals either are not
interested or are not available. A third hindrance, suggested by anecdotal infor-
mation, is strong agency territoriality regarding particular research topics. Other
factors that were identified as working against coordination included the inability
to move money across allocation categories (see Box 6-1), lack of sufficient
resources and/or staff, and vague planning for coordination. Given that coordination
requires additional staff time and funds that could otherwise be used for research
or other activities, the benefits of coordination need to be obvious and substantial.

None of the panelists characterized their own programs as having an ideal
coordination mechanism. Some of the challenges mentioned included the impor-
tance of paying attention to both long-term and emerging issues, and filling gaps
when research needs fall between agency missions. One panelist indicated that
addressing a gap is more difficult than reducing duplication, that latter often being
addressed in response to stakeholders’ mistrust of government’s management
abilities. Another panelist said that agencies have different definitions of
“research” that need to be explicitly stated and clarified. For example, some
agencies include technology transfer and training in their concept of research
while others do not. Coordination itself can be interpreted differently, with some
groups perceiving it as only occurring within the federal government, while others
include externally conducted research as well.

Further challenges mentioned by the panelists included initiating and main-
taining effective relationships with stakeholders and identifying societal issues.
Concerns were raised about the difficulties of understanding what data exist, link-
ing databases from separately designed and operated data collection programs,
and managing large datasets.

It is important to note that several impediments to coordination of water
resources research are institutional arrangements unlikely to be changed by a
recommendation from this committee. Examples include the structure of OMB,
the appropriation/allocation structure, and federal accounting and fiscal control
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BOX 6-1
Budget Issues that Deter Coordination of
Research Across the Federal Agencies

Agency research budgets are assembled each year by starting with a
“base” defined as those elements that change only marginally from year
to year, and then adding “above base” initiatives that may or may not be
supported at the departmental or OMB level. Agencies carefully guard
their base. Hence, in the context of interagency coordination, an agency
would be unlikely to willingly give up a portion of its base to another
agency, even if that other agency would apply the funds to a higher
national priority. Such trade-offs are expected to occur at the OMB program
director’s level, but integration across agencies in OMB, which is largely
built along the structure of the departments and agencies, can be difficult.

Further, the structure of the congressional appropriations process dis-
courages the shifting of money between agencies that are funded through
different spending bills. Each appropriation bill comes out of its own sub-
committee on the House Appropriations Committee and out of a corre-
sponding subcommittee on the Senate Appropriations Committee. The
agencies funding most of the research on water resources span multiple
appropriations subcommittees, as shown in Table 6-1. As a consequence
of this fragmentation of water resources research funding, the reality of
the appropriations process is that new research directions would most
likely have to be funded with new money rather than out of base appro-
priations. Practically speaking, there is no fungible pot of money repre-
senting water resources research funding for all agencies.

TABLE 6-1 Subcommittee Jurisdiction of the House and Senate
Appropriations Committee Responsible for Each Federal Agency Doing
Water Resources Research

Agency Appropriations Subcommittee

Army Corps of Engineers Energy and Water
Environmental Protection Agency Housing and Urban

Development (HUD) and
Independent Agencies

Bureau of Reclamation Energy and Water; Interior
Department of Energy (civilian) Energy and Water
National Aeronautics and Space Administration HUD and Independent Agencies
National Science Foundation HUD and Independent Agencies
National Oceanic and Atmospheric Administration State, Justice, Commerce
U.S. Department of Agriculture Agriculture
U.S. Geological Survey Interior
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requirements. These realities were kept in mind as the coordination models and
methods described later in this chapter were developed.

Finally, it is clear that there must be sufficiently strong incentives for agencies
to consider coordinating their research agendas. The dominant incentive may be
cost savings, time savings, insights and/or knowledge gained by leveraging assets
with other agencies, or anticipation of meeting mandated or other high-priority
needs that would be difficult to meet without a partnership. Whatever the driving
force is, it must clearly outweigh the many potential disadvantages. It is easy to
understand why it may take a national or natural crisis to effect change for a task
as complex and challenging as coordinating water research to meet long-term
national needs.

PURPOSES OF COORDINATION

From a federal perspective, the most compelling need for coordination among
agencies conducting water resources research is a strategic planning function: to
make deliberative judgments about the allocation of funds and scope of research;
to minimize duplication where appropriate (although sometimes more than one
agency approach to the same problem can be productive); and to present to
Congress and the public a coherent strategy for federal investment. Further, coor-
dination can encourage more interdisciplinarity in the framing and conduct of
research. In the absence of coordination, other more conventional activities can
still add substantial value to current research management, such as more effective
leveraging of research methods and capabilities. For example, agencies could
increase the use and value of existing field research facilities by jointly sponsor-
ing field experiments, technology development, and management of demonstra-
tion projects. More widespread use of interagency personnel exchanges would
improve understanding of the missions and goals of other agencies.

National Agenda Setting and Strategic Planning

Chapter 3 introduced thinking about public investments in research as being
analogous to a diversified financial portfolio, which is built on the premise that a
diverse mix of holdings is the least risky way to maximize return on investments.
In the context of water resources, a diversified research portfolio would capture
the following desirable elements of a national research agenda: it would have
multiple national objectives related to increasing water availability, to understand-
ing water use, and to strengthening institutional and management practices; it
would include short-, intermediate-, and long-term research goals supporting
national objectives; the research would encompass agency-based, contract, col-
laborative, and investigator-driven research; it would address national and region-
specific problems; and data collection would be in place to support all of the
above.
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In practice, the President and Congress implicitly define the balance among
all these elements and subelements through the annual budget and appropriations
processes. However, they are unable to do so explicitly because they lack
(1) information about the size and shape of the whole portfolio, (2) measures of
the individual research elements, (3) a consensus view of national priorities, and
(4) guidance on what might constitute a productive balance of research elements.
Thus, the goal of coordinating water resources research is to enable the
collection of information about the level and types of research and to advise
OMB and Congress on a preferred shape of the entire portfolio, and in par-
ticular, a long-term research agenda to address national priorities in water
resources.

Note that a well-conceived vision of national priorities would not require
revision each year; every three to five years would likely suffice. However,
whether all the elements of the research portfolio are being adequately worked on
would need to be assessed at least biannually to provide a basis for subsequent
adjustments. This is not a trivial task. As described in Chapter 4, simply charac-
terizing the dimensions of the research portfolio is very difficult to do under
current budgeting practices. Furthermore, once the portfolio is characterized,
appropriate performance measures need to be defined, capturing for example dif-
ferences between short- and longer-term research. Indeed, performance metrics
for research portfolios are now an active area of engagement among many federal
agencies, stimulated in large measure by the Government Performance and
Results Act.

To perform these functions, the coordinating body would bring together
agency perspectives, an interdisciplinary perspective from the technical commu-
nity, and a perspective that overarches the missions of the agencies. The latter
point is critical. Unlike most areas of research, a significant portion of federally
funded water resources research is conducted by scientists within the agencies,
not by the external university-based or industry-based research community. As a
consequence, the current portfolio of research, such as it is, conforms largely to
the bounds set by agency missions, which may or may not comprehensively
address national needs.

Data Sharing and Technology Transfer

The setting of data standards and the facilitation of data sharing are among
the most critical value-added functions of coordination. One of the best examples
of these functions is the Federal Geographic Data Committee (FGDC). The FGDC
has brought together federal agencies, state and local governments, and the pri-
vate sector to set numerous and sometimes complex standards for the collection,
access, display, and storage of geospatial data including topographic, hydro-
graphic, transportation, and cadastral (i.e., property boundaries) data layers
(FGDC, 2004). Similarly, the Advisory Committee on Water Information and
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related activities such as the National Water Quality Monitoring Council promote
compatible methods and standards for data to facilitate the sharing of data among
agencies and as a consequence have improved data utilization.

Coordination also can facilitate technology transfer from research organiza-
tions to user communities. Over the last several decades, coordination mecha-
nisms through the USGS Federal-State Cooperative Program and the National
Water Quality Assessment program have been effective vehicles for conveying
state-of-the-art surface water and groundwater modeling tools, water quality
monitoring methods, and water management approaches.

A BRIEF REVIEW OF COORDINATION OF
FEDERAL WATER RESOURCES RESEARCH

Over the last half century, Congress has occasionally opted for temporary,
stand-alone bodies—most notably, the National Water Commission (see Chap-
ter 2)—to consider national water issues and suggest both policy and research
agendas. In retrospect, these mechanisms have had relatively little influence on
the national research agenda. First, they rarely have had a constituency among the
chief architects of agency budgeting. Second, there rarely is a ready-made imple-
menting body to translate recommendations into tangible actions. Similarly, there
are weaknesses associated with permanent, stand-alone coordination bodies. They
are relatively easy to undercut, ignore, and disband. The demise in 1981 of the
Water Resources Council illustrates this point and offers the further lesson that
the operations of permanent coordinating bodies need to be carefully circum-
scribed to avoid political entanglements. Finally, Congress (or federal agencies)
has often turned to the NRC, as is the case with this committee, to articulate a
national water research agenda as viewed largely by the research community (e.g.,
NRC, 1981, 1991, 2001). There is evidence that some of these NRC efforts have
had an impact on budgeting and program focus within agencies. For example, the
report on the state of the hydrologic sciences (NRC, 1991) led to the creation of a
new grants program administered by the National Science Foundation (NSF).
However, because of the sporadic nature of such counsel, follow-up on recom-
mendations and assessment of outcomes is difficult and, consequently, rarely
done.

For the last 20 or so years, coordination of water resources research has
occurred largely as an occasional exercise among the federal agencies and as an
advisory activity to the Office of Science and Technology Policy (OSTP), with
OMB staff involved but not in a leadership role. The basic concept is for agency
representatives to get together to discuss emerging needs and share information
about current programs. Even within this limited definition, coordination among
agencies has occurred only sporadically over the last several decades, despite
repeated calls for more coordination among the agencies (see Chapter 2).
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After a hiatus of several years, OSTP has reconstituted an interagency group
to examine water resources research priorities and needs. Since May 2003, the
Subcommittee on Water Availability and Quality (SWAQ) of the National
Science and Technology Council (NSTC) has been meeting on a regular basis.
SWAQ has articulated an ambitious mission and agenda, included as Appendix E,
built on the observation that the nation’s research needs have fundamentally
shifted with the advent (in the mid 1990s) of the “Third Era” of water resources,
characterized most notably by a focus on in-stream water needs, surface water
and groundwater interactions, and demands for improved biological and other
monitoring needs. In general terms, a concept paper, written by the SWAQ’s
co-chairs and included in Appendix E, outlines potential areas of cooperation
among agencies. According to its charter, the SWAQ may seek and receive advice
from the President’s Council of Advisors on Science and Technology (PCAST)
and other outside groups. To date, that interaction has not occurred. It remains to
be seen whether sufficient incentives are in place for SWAQ to realize its ambi-
tious agenda, particularly pertaining to recommending budget priorities that could
lead to reallocation of funding among agencies. As currently configured, SWAQ
has few resources and staff to do much beyond analysis of gaps in specific
research areas.

At the present time, coordination of a national water resources research
agenda among the federal agencies and other interested parties, including the
states and industry, is ad hoc and fragmented, to the extent that it exists at all. If
agency missions were sufficiently inclusive and broadly viewed, interagency
coordination would certainly suffice. However, the committee’s view is that
agency efforts to look beyond their own missions and define long-term national
research priorities are necessary but not sufficient. Indeed, Congress and OMB
closely scrutinize agency budgets specifically to avoid so-called “mission creep.”
The absence of a sustained, independent, broad, and long view of water research
priorities means that both the administration and Congress are deprived of vital
information to guide funding priorities.

OPTIONS FOR IMPROVED ANALYSIS,
STRATEGIC PLANNING, AND COORDINATION

Based on these past and ongoing experiences, the committee has concluded
that an effective and sustainable coordinating body needs to draw from a con-
stituency or community of experts that goes beyond the agencies themselves, but
that is integrated to the extent possible into existing processes. If the coordinating
body is made up only of agency representatives, the overarching national per-
spective will likely devolve to the sum of agency wish lists. However, indepen-
dence from agency agendas needs to be balanced by close interaction with agency
leaders who have unique and valuable perspectives on national needs as seen
through the lens of their missions. Further, agencies need to feel that they have a
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positive stake in the outcome from coordination and not simply and reflexively
assume a defensive posture. Thus, the coordinating body will need to strike a
balance between independence and integration into existing institutions.

The coordinating body should have a clear mandate from Congress, which
plays a critical role in the agenda-setting and funding process. Congress confer-
ring legitimacy on a coordination process elevates its importance within the
executive branch and its relevance to outside constituencies. The coordinating
body also needs a reliable means to tap into stakeholder groups and other con-
stituencies to learn of their needs, and to communicate potential new directions
for which feedback is desired.

Past experiences also suggest that an effective coordination mechanism
should be synchronized with the schedule of the federal budgeting and appropria-
tions processes to maximize impact. An effective coordination mechanism should
be cyclical and sustainable in order to provide the flexibility that will be needed
to address future unknown problems. During “on years,” the coordination body
could focus on adjusting the national research portfolio. During “off years,” the
focus would be on assessing the effectiveness of implementation, thus allowing a
determination of the value added by the coordination effort. Sustainability derives
from a demonstrated ability to add value to the agenda-setting and budgeting
process.

Several options were considered to provide coordination among the multiple
research and user communities and advise the Congress and OMB on the key
long-term priorities of a national water resources research agenda. Each of the
options discussed below would increase the likelihood that at least some of the
basic functions of data collection, information sharing, and national priority
setting might be implemented.

Option 1: Existing NSTC Subcommittee

Option 1 is a slight variation on the status quo as of this writing. The NSTC
was formed in 1993 as a successor to the Federal Coordinating Committee for
Science, Engineering, and Technology. Members of the council include almost
every cabinet secretary and major agency head. Beneath the NSTC are several
standing committees whose members include senior leadership from the agencies.
The relevant NSTC committee for water research is the Committee on Environ-
ment and Natural Resources (CENR); a subcommittee within CENR is devoted
to water issues.

For most of the last decade, the water resources research subcommittee has
been dormant. However, as described earlier, the SWAQ was revived in 2003 and
appears to be functioning effectively as a forum for agency representatives to
share information about their respective programs. The SWAQ’s activities have
not yet extended beyond information exchange among agencies, although its
charter explicitly calls for the SWAQ to provide advice on national agenda setting.
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As of this writing, the SWAQ plans to release two reports in 2004: an overview of
water availability and use that identifies knowledge gaps, and a report on the
linkage between land use and water quality.

This coordination option has its attractions. Arrangements are already in
place, and agency roles and responsibilities are well defined. In the past, this
mechanism has been used to direct and analyze a “data call” from OMB to the
agencies when specific budget and program information has been sought to sup-
port an administration initiative. In principle, this function could be expanded to
collect consistent and comparable information from the agencies every two years
or so about the nature and extent of their research activities (for example, in a
manner similar to the survey in Box 4-1); the effort could be timed to coincide
with the annual budgeting and appropriations processes.

This option also could include a competitive grants program located within
the NSF. A competitive grants program would serve two important functions: to
increase the proportion of long-term research and to address topical gaps in the
current water resources research portfolio. This program would require new (but
modest) funding. To be effective in meeting its purposes and to address the gaps
noted in Chapter 4, funding would be needed on the order of $20 million per
year for research related to improving the efficiency and effectiveness of
water institutions, and $50 million per year for research related to challenges
and changes in water use. Along with everyone else, scientists within the fed-
eral agencies would be allowed to compete for those funds and indeed would
have an incentive to demonstrate their capacity to conduct interdisciplinary and
systems-based research. This would provide existing agencies with a positive
incentive to participate in a program of this sort, although it represents a depar-
ture from current practice. The competitive grants program would give Congress
and OMB latitude to pursue new lines of research without necessarily disrupting
mission-driven programs requiring sustained, long-term funding.

Option 1 also has significant shortcomings. After many iterations during
previous administrations, this approach has yet to demonstrate that it can be an
effective forum for looking beyond agency missions to fundamental research
needs. In the absence of new funding, the tendency of program managers is to
protect their agencies’ interests. Incentives and rewards for agency-to-agency
coordination and higher-level agenda setting are usually too meager to merit
attention by any means. To make this mechanism more effective than the current
NSTC apparatus, the OMB budget coordination function would need to be
strengthened and made explicit in the charter of the SWAQ. Otherwise, agencies
would have little incentive to participate in any meaningful way or abide by rec-
ommendations that might have an adverse effect on their own budgets. Further,
without new funding, the SWAQ would not have the resources or the staff needed
to actually carry out a budget data call and subsequent analysis.

Another weakness of this approach is that the SWAQ lacks connections—
formal or informal—to states, stakeholders, and other users. Few members of
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Congress know of its existence. Its primary audience is OMB and the agencies.
As such, the SWAQ is invisible to the public at large as well as the research
community outside of the federal agency leadership; as yet, it has conducted no
outreach activities.

Option 2: A “Third Party” Water Research Board Model

A second option involves Congress authorizing a neutral third party called
the Water Research Board to carry out the following functions:

• do a regular survey of water resources research using input from federal
agency representatives

• advise OMB and Congress on the content and balance of a long-term
national water resources research agenda every three to five years

• advise OMB and Congress on the adequacy of mission-driven research
budgets of the federal agencies

• advise OMB and Congress on key priorities for fundamental research that
could form the core of a competitive grants program administered by NSF or a
third party (identical to that described above under Option 1)

• engage in vertical coordination with states, industry, and other stake-
holders, which would ultimately help refine the agenda-setting process

In contrast to Option 1, a Water Research Board would place the outside research
and user communities on equal footing with agency representatives. An advantage
of this mechanism is that a national research agenda would reach beyond agency
missions to include the views of broad-based research and user communities.

The Water Research Board could exist, for example, as a standing committee
or commission consisting of prominent individuals, with term limits, from one or
more national professional scientific societies or trade associations concerned
with water resources research (e.g., the American Society of Civil Engineers, the
American Geophysical Union, Sigma Xi, the Water Environmental Foundation).
It could be organized and operated in a manner similar to which the NRC selects
and manages its standing boards and committees. The Water Research Board
would ideally report to OMB, OSTP, and the Congress on a cycle compatible
with the budget and appropriations processes. In return, OMB would gain a cred-
ible source of advice on a regular basis that it could use to improve the efficiency
with which the federal agencies fund and conduct water resources research. Con-
gress would similarly be assured that the advice being given to OMB integrated
the interests of a community that extended well beyond the agencies. Agencies
would have the opportunity to make a case for their own research agendas and
build a constituency beyond their traditional interests. This option, of the three
proposed, is the most likely to provide a credible and unbiased view of research
needs and priorities to Congress and the administration. Further, the indepen-
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dence from the agencies afforded by this option makes it possible to focus the
competitive grants program on longer-term research needs, particularly those
needs falling outside the areas of interest of the agencies such as water use and
water institutions.

A disadvantage of Option 2 is that it may engender resentment from the
agencies by requiring their regular participation in the survey exercise and if it
draws resources away from the agencies’ mission-driven research. Indeed, as with
the SWAQ under Option 1, a Water Research Board would require modest fund-
ing both for the competitive grants program and for its own operation. Ideally,
this would be provided by Congress, but it may be drawn from agency base
budgets. It is also possible that such a mechanism would create pressure for new
funding that OMB and Congress would prefer to avoid. Further, OMB may be
reluctant to establish a formal advisory body, preferring instead to work within
the NSTC framework and gather stakeholder views informally through normal,
ad hoc channels. Finally, this option suffers from the fact that OMB would be
under no obligation to take the advice given by the Water Research Board, thus
limiting its potential effectiveness.

Option 3: OMB-led Model

A hybrid model of a Water Research Board described in Option 2 would be
led by OMB and formally tied to the budget process. OMB is the only federal
agency in a position to implement budget-based coordination and “crosscutting”
programmatic functions. In this model, OMB would chair a committee of senior-
level agency officials; a working group of staff to these senior officials could
provide the background material and suggested agenda items for the senior-level
group. This group could also establish and receive the views of a federal advisory
committee made up of leading scientists, state and local officials, representatives
from the business community, environmental groups, labor, and any other relevant
stakeholders. However, at its root, this option is an OMB-led coordination mecha-
nism that would place agency budget exercises at the center of its activities and
most directly address congressional concerns about the coherence of the federal
investment.

It is legitimate to ask why OMB should perform this function for water
resources research and not for many other areas of research that cut across agency
lines. While there clearly are other multiagency research areas, water resources
research stands out as particularly in need of repair because of the sheer volume
of agency players, the critical importance of water in the economy, and the his-
tory of fragmentation and compartmentalization of research activities by agency
mission instead of by broader national and regional needs. Another reason for
singling out water resources research as an area worthy of OMB’s special atten-
tion is their inability to accurately estimate the magnitude and character of federal
investment in this area or find another entity to do so on a sustained and unbiased
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basis. There is precedence for highly successful OMB-led coordination in the
realm of the geosciences. OMB has played a leading role in implementing various
integrated budget activities, like Bulletin 17, governing the estimation of flood
frequency for use in evaluating proposed flood control projects and federal flood
insurance (IACWD, 1982), and Circular A-16, governing the collection of
geospatial data (OMB, 2002).

OMB works with the OSTP to review the research components of all of the
agencies as a routine part of the budget process. In practice, active coordination
of research and development budgets across agencies rarely occurs outside of a
formal “crosscutting” exercise like USGCRP. Further, OMB staff participate in
nearly all of the subcommittees and committees of the NSTC and PCAST. Both
NSTC and PCAST are managed by OSTP.

In this option, the committee of senior-level officials—under OMB’s direc-
tion—would perform the same functions as those listed in Option 2 for the Water
Research Board. The difference is that in this case, OMB would run the process,
so that it would feed more directly into their activities. Like Option 2, this option
provides a structured process to solicit a wide range of views and then synthesize
a national research agenda. It is tied to budget and policy processes, and it would
be a credible convener of scientific, federal, state, and private sector interests. An
OMB-led committee would require a modest budget and structure for agenda
setting and for administering the competitive grants program, and as with both
other options, agencies might end up footing the bill unless new money is appro-
priated. OMB and Congress would be assured of a credible infusion of advice on
national priorities, with an integration of views from a much broader range of
stakeholders than would be the case through the NSTC option described in
Option 1.

However, OMB clearly would be challenged to manage the increase in staff
and funding required to meet the objectives of a Water Research Board as
described in Option 2. OMB’s interest in rising to the challenge would depend on
perceived gains, from both a budget and program perspective. Those gains would
not necessarily be obvious from the perspective of an agency budget examiner.
Hence, for Option 3 to be viable, support for the process would need to be strong
and clearly communicated by senior management to budget staff.

A strength of Option 3—its close connection to the budgeting process—is
also a potential weakness because of conflicts of interest. Depending on its agenda
at any given time, OMB may not have an interest or incentive to give the com-
mittee of senior-level agency officials free reign to advise on a research agenda in
an objective manner in the same way that an independent, external committee
could (Option 2), but rather might insist that the committee of senior-level agency
officials hew to an administration position. In other words, the quest for an
unbiased accounting of national water research needs might not necessarily align
with other objectives such as balancing the budget or supporting other lines of
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research. A congressional mandate and ongoing oversight could partially miti-
gate this potential shortcoming.

ISSUES OF VERTICAL COORDINATION

Regardless of the chosen mechanism for coordination of water resources
research, it will be important to ensure two-way communication between the
generators and sponsors of research (primarily the federal agencies) and the users
of such research (e.g., state and local governments). In this regard, it is worth
mentioning the potential role for the Water Resources Research Institutes in help-
ing achieve this vertical coordination. The Water Resources Research Institute
system, described in Chapter 2, provides an existing, well-organized mechanism
for articulating state-based research needs and for bringing together water man-
agers, stakeholders across a wide cross section of the public, and academic
researchers and academic institutions throughout each state. Each institute con-
venes advisory groups of managers, academics, and stakeholders to formulate
and periodically review the research agenda of that state, and it uses a peer-review
system for competitively awarded research funds. The institutes also are required
to maintain an information transfer program, which links research with the user
public in a two-way flow of information. Because the institute system has been in
existence for nearly 40 years, these linkages are well established. The institute
system can provide an effective means of communication between, for example,
a national-level Water Research Board and the state and regional water resources
research needs. A review of the Water Resources Research Institutes completed
five years ago (Vaux, 2003) corroborates the view that the institutes are capable
of shouldering the task of interlocutors between state and local research needs
and federal agencies and funders.

CONCLUSIONS AND RECOMMENDATIONS

Coordination of water resources research is more than gathering representa-
tives of federal agencies together in a room several times a year to exchange
notes. As conceived here, coordination includes national research agenda setting,
leadership in tackling large and complex multiagency research efforts targeted at
emerging problems, sustained attention to the composition of the research port-
folio and identification of gaps, and a competitive grants program that addresses
national research needs unaddressed by agency missions.

Coordination of the water resources research enterprise is needed to make
deliberative judgments about the allocation of funds and scope of research, to
minimize duplication where appropriate, to present Congress and the public with
a coherent strategy for federal investment, and to facilitate the large-scale
multiagency research efforts that will likely be needed to deal with future water
problems. This report has documented the need for coordination to reach beyond
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agency-defined research priorities to a broader community of interest and exper-
tise in national water research. A data collection effort that would enable Con-
gress and OMB to understand the full dimensions of the federal water resources
research portfolio is also a necessity. Finally, the case has been made for a com-
petitive grants program focused on heretofore ignored national water resources
research priorities.

Any one of the three options presented in this chapter could be made to work
in whole or part to meet these needs; each has strengths and weaknesses that
would need to be weighed against the benefits and costs that could accrue from
moving beyond the status quo. Option 1 has the distinct advantage of currently
being in existence and having the full support of OMB and OSTP. However, the
NSTC process lacks a historical record of success, visibility outside of the execu-
tive branch, and support beyond the participating agencies. By definition, its role
is limited by its composition and its narrowly scoped mission. From a budget
perspective, the NSTC process would be an unlikely source of advice to Congress
and OMB on reallocating existing water resources expenditures.

As described in Option 2, a Water Research Board associated with an
objective, third-party organization would represent a marked improvement in
representation and consensus-building beyond the Option 1 mechanism. Further,
the independence from the agencies afforded by this option makes it possible to
focus the competitive grants program on those research needs falling outside the
areas of interest of the agencies. But it is possible that what would be gained in
breadth, independence, and objectivity would be lost in detaching the coordi-
nation mechanism from existing government arrangements. Unless explicitly
directed otherwise by Congress, OMB might attach no particular imperative to
the Water Research Board’s recommendations.

Option 3 has the advantage of being an OMB-led venture from the start, and
it would be naturally tied to routine executive branch schedules for budget devel-
opment and review. As with Option 2, OMB would have the advantage of an
expert and representative body that would enable it to tackle an area of the budget
that has hitherto escaped an effective national focus. However, an OMB-led effort
would lack the independence that would be provided in Option 2 without over-
coming the financial hurdles, and it might suffer from internal conflicts of interest.

In the end, decision makers will choose the coordination mechanism that
meets perceived needs at an acceptable cost in terms of level of effort and fund-
ing. It is possible that none of the options is viable in its entirety. However, it may
be possible to partially implement an option, which in itself would be an improve-
ment over the status quo. For example, the initiation of a competitive grants
program targeted at high-priority but underfunded national priorities in water
resources research could occur under any one of the options and in lieu of the
other activities listed above.

The coordination problem—broadly conceived—is eminently solvable, but
it is unlikely to be solved without a concerted effort by leaders in Congress and

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


214 CONFRONTING THE NATION’S WATER PROBLEMS

the administration. However, with the strategic application of national-level
leadership, modest resources, and a sharp focus on national water resources
research needs for the 21st century, the opportunity for substantially improving
on the status quo is within reach.
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Appendix A

Modified FCCSET
Water Resources Research Categories

All of these categories apply to the in-house work of the agencies as well as what
the agencies fund externally.

I. NATURE OF WATER
Category I deals with fundamental research on the water substance.

A. Properties of water—Study of the physical and chemical properties of
pure water and its thermodynamic behavior in its various states.

B. Aqueous solutions and suspensions—Study of the effects on the properties
of water of various solutes, surface interactions, colloidal suspensions,
etc.

II. WATER CYCLE
Category II covers research of a basic nature on the natural processes involving
water. It is an essential supporting effort to applied problems in later categories.
Routine sampling and data collection are excluded.

A. General—Studies involving two or more phases of the water cycle such
as hydrologic models, rainfall-runoff relations, surface water and ground-
water relationships, watershed studies, etc. Note: This subcategory generally
includes research activities at the subcontinental scale or smaller. Water
cycle studies on a global scale should be included under II-M.
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B. Precipitation—Investigation of spatial and temporal variations of precipi-
tation, physiographic effects, time trends, extremes, probable maximum
precipitation, structure of storms, etc. Research on temporal variation in
precipitation at decadal and longer scales and the influence of ocean pro-
cesses in driving this variability would also be in this subcategory. This
subcategory also includes studies of how changes in land use/land cover
affect precipitation.

C. Snow, ice, and frost—Studies of the occurrence and thermodynamics of
water in the solid state in nature, on spatial variations of snow and frost,
on formation of ice and frost, on breakup of river and lake ice, on glaciers
and permafrost, on the theory and use of satellites for monitoring snow
cover, etc.

D. Evaporation and transpiration—Investigation of evaporation from lakes,
soil, and snow and of transpiration in plants; methods for estimating actual
evapotranspiration; and energy balances. Research on new space approaches
for monitoring atmospheric fluxes of water vapor with particular emphasis
on evaporation and transpiration would be included.

E. Streamflow and runoff—Study of the mechanics of flow in streams and
overland flow; flood routing; bank storage; space and time variations
(includes high- and low-flow frequency); droughts; and floods. Note:
Studies dealing primarily with the natural chemical or biological aspects
of streams should be incorporated in II-K and XI-A, respectively. Studies
concerned with contamination of streams should be included in V-B.

F. Groundwater—Study of the mechanics of groundwater movement; multi-
phase systems; sources of natural recharge; mechanics of flow to wells
and drains; subsidence and other properties of aquifers; etc. Note: Studies
dealing primarily with the natural chemical or biological aspects of
groundwater should be incorporated in II-K and XI-A, respectively.
Studies concerned with the fate and transport of pollutants in ground-
water should be included in V-B.

G. Water in soils—Studies of infiltration, movement, and storage of water in
the zone of aeration, including soil. This section should include new tech-
nologies that are evolving for monitoring soil moisture, for example using
space-based platforms.

H. Lakes—Study of the hydrologic, hydrochemical, and thermal regimes of
lakes; water level fluctuations; currents and waves. This section should
include information on the natural physical and chemical processes that
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affect lake-water chemistry. Note: Studies dealing primarily with biological
aspects of lakes should be in XI-A, while those involved with the fate and
transport of contaminants in lake systems should be considered in V-B.

I. Water and plants—Understanding the role of plants (including crops) in
the hydrologic cycle; water requirements of plants; interception. Note:
Studies of water conservation by using more water-efficient plants in agri-
culture should be in III-F, while studies on controlling the growth on
phreatophytes should be in III-B.

J. Erosion and sedimentation—Studies of stream geomorphology; the ero-
sion process; prediction of sediment yield; sedimentation in lakes and
reservoirs; stream erosion (aggradation and degradation); sediment trans-
port; sheet and rill erosion from farm, forest, range, and other land uses;
relationship between urbanization and sedimentation; etc.

K. Chemical processes—Understanding chemical interactions between water
and its natural environment; chemistry of precipitation. Include both
surface water and groundwater studies.

L. Estuaries—Studies dealing with physical/chemical processes and special
problems of the estuarine environment, including the effect of tides on
flow and stage, deposition of sediments, and seawater intrusion in estuaries.
Note: Studies dealing primarily with biological aspects of estuaries should
be incorporated in XI-A. Studies involved with the fate and transport of
contaminants in estuaries should be considered in V-B.

M. Global water cycle problems—Studies by U.S. researchers on global
water cycle problems (including those brought about by climate change)
that influence water resources in the United States. Examples might
include estimates of river discharges to oceans on a worldwide basis, and
effect of man-made impoundments or land-use changes on the global
water cycle. Note: Studies that focus primarily on the effects of climate
change on aquatic ecosystems should be reported in XI-C.

III. WATER SUPPLY AUGMENTATION AND CONSERVATION
As water use increases we must pay increasing attention to methods for augment-
ing and conserving available supplies. Category III is largely applied research
devoted to this problem area. Note: There is overlap with other categories. For
example, pollution control and treating impaired waters for reuse (V) may serve
to augment available supplies. Better planning and management of water resources
(VI) and improved engineering works (VIII) may also have the effect of increas-
ing the utility of water resources. Only if the primary goal of the project is to
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augment supplies should it be classified in III. If the primary objective is to
control flow, it should go under IV.

A. Saline water conversion—Research and development related to methods
of desalting seawater and brackish water.

B. Water yield improvement—This subcategory embraces research on a
variety of techniques to recover some part of the water returned to the
atmosphere by evaporation or transpiration or other losses. This includes
studies on increasing streamflow or improving its distribution through
land management; determining hydrologic response to artificially induced
rainfall; water harvesting from impervious areas; phreatophyte control;
reservoir evaporation suppression.

C. Use of water of impaired quality—Research on using water of impaired
quality. This includes, for example, understanding the agricultural use of
water of high salinity (and issues of crop tolerance to salinity), the use of
poor-quality water in industry, and the use of “gray” water by municipalities.
Note: Treatment of impaired waters for subsequent reuse as a higher-
quality source is considered in V-D.

D. Conservation in domestic and municipal use—Developing methods for
reducing domestic water needs without impairment of service; demand
management. (This does not include temporary water restrictions imposed
during droughts.)

E. Conservation in industrial use—Developing methods for reduction in both
consumption and diversion requirements for industry.

F. Conservation in agricultural use—Studies on more efficient irrigation
practices, including chemical control of evaporation and transpiration;
development of lower-water-use plants and crops; methods of applying
irrigation and timing issues; methods for control of deep seepage; etc.

IV. WATER QUANTITY MANAGEMENT AND CONTROL
Category IV includes research directed to the management of water, exclusive of
conservation, and the effects of related activities on water quantity. Routine
sampling and data collection are excluded. Note: The choice between II and IV is
dependent on whether the research is directed toward understanding basic pro-
cesses (II) or evaluating man’s control efforts (IV). Also, it is recognized that
water quantity management and control (IV) can result in changes in water
quality.
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A. Control of water on the surface—Study of the effects of land manage-
ment on runoff (e.g., reshaping of the land surface by terraces, constructed
wetlands, and other structures and by extending the role of vegetation in
influencing runoff); land drainage; seepage control; effect of control
programs and devices on the stage and time distribution of streams, lakes,
and estuaries; control of noxious weeds and objectionable plant growth in
surface channels.

B. Groundwater management—Study of artificial recharge of groundwater
aquifers, conjunctive operation, and their relation to irrigation. Note:
Research in this subcategory is supported by, but should be differentiated
from, more general research on groundwater (II-F), chemical processes
(II-K), and reclaimed wastewater (V-D) (which may be a useful source for
groundwater recharge).

C. Effects on water of man’s non-water activities—Understanding the impact
of urbanization, transportation systems, logging, grazing, mining, tradi-
tional agriculture, etc., on water yields and flow rates (that is, the quantity
and time distribution of water). Note: This subcategory is different from
IV-A because it focuses on basic understanding of effects, not on manage-
ment actions.

D. Watershed activities—This subcategory refers narrowly to methods of
controlling erosion to reduce sediment load of streams and to conserve
soil. Note: The broader connotation of watershed protection that includes
research on structural management measures (BMPs) that may protect
water resources from detrimental changes in water quantity and quality is
found in IV-A and V-G, respectively.

V. WATER QUALITY MANAGEMENT AND PROTECTION
Increasing quantities of municipal, industrial, agricultural, and other wastes con-
taining physical, chemical, and biological pollutants are entering surface waters
and groundwater. Category V deals with methods of identifying, describing, and
controlling this pollution. Included also are studies on the fate of contaminants in
the environment and the effects of contamination on various uses of water
resources. Routine sampling and data collection are excluded.

A. Identification of pollutants—Development of techniques for identifica-
tion, detection, and quantification of physical, chemical, and biologic
pollutants in water. This should encompass both traditional pollutants as
well as emerging contaminants like toxins, microbial pathogens, pharma-
ceutical compounds, pesticide metabolites, and other compounds in trace
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amounts that may have reproductive or endocrine effects and affect human
and aquatic health in diverse ways.

B. Sources and fate of pollution—Research to determine the sources of pollu-
tants in water, the nature of the pollution from various sources, the fate
and transport of pollutants from source to stream or groundwater, and the
transformation of pollutants due to physical, chemical, or biological action.

C. Effects of pollution on water resources—Studies of the effect of pollutants
(singly or in combination) on different uses of water: municipal, indus-
trial, agricultural, recreational, and propagation of aquatic life and wild-
life (as sometimes assessed via ecological risk assessment). This also
includes studies on the cause of eutrophication in fresh and marine waters.
Note: Research on how waterborne pollutants affect human health should
be reported in V-H.

D. Waste treatment processes—Research on physical, chemical, and biologi-
cal treatment processes to remove or modify impurities in wastewater,
including new types of waste; research on treatment methods for more
complete removal of pollutants that will facilitate water reuse for domestic,
agricultural, or industrial purposes; research on treatment processes for
remediating contaminated groundwater.

E. Ultimate disposal of wastes—Studies on the disposal of residual material
resulting from treatment of contaminated waters. Such wastes include the
material removed from municipal, industrial, and agricultural waters dur-
ing treatment, the waste brines from desalination or oil fields, radioactive
waste concentrates, wash waters from filters at drinking water treatment
plants, etc. This includes disposal to both land areas and receiving water-
bodies including groundwater.

F. Water treatment and distribution—Development of more efficient and
economical methods of water treatment for municipal, industrial, agricul-
tural, or recreational uses. This includes alteration of water quality to pre-
vent deterioration during storage and distribution.

G. Water quality control—Research on methods to control surface water and
groundwater quality by all methods (except waste treatment, which is in
V-D) such as production modification or substitution, process changes,
improved agricultural practices for preventing pollution from pesticides
and other agricultural chemicals; other structural management measures
(BMPs) to protect water resources from water quality changes brought
about by various land-use practices (nonpoint source pollution control).
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This also includes management of waters to improve water quality such
as flow augmentation and supplemental aeration. Thus, it complements
IV-A, IV-D, and VI-F.

H. Effects of waterborne pollution on human health—Chemical and micro-
bial risk assessment methods development and underlying research such
as statistical, exposure, and dose-response studies. This includes both labo-
ratory and field research that contributes knowledge to human health risk
assessments for both general and susceptible subpopulations (e.g., chil-
dren, the elderly, immune-compromised groups).

VI. WATER RESOURCES PLANNING AND OTHER INSTITUTIONAL
ISSUES
The problems of achieving an optimal plan of water development are becoming
increasingly complex. Category VI covers research devoted to determining the
best way to plan, the appropriate criteria for planning, and economic, legal, and
institutional aspects of water resources management, as well as other contribu-
tions from the social sciences. It does not include economic, legal, and social
analyses that represent an integral phase of research activities conducted under
the other major categories.

A. Techniques of planning—Application of systems analysis to project plan-
ning; treatment of uncertainty; probability studies; decision support systems.

B. Evaluation process—Development of methods, concepts, and criteria for
evaluating project costs and benefits; estimating project life and other eco-
nomic, social, and technological parameters into the future; research on
discount rates and planning horizons.

C. Economic issues—Studies of the role of prices and markets in managing
water resources (including price and income elasticities, water markets
and quasi-markets, the value of water in alternative uses, the costs of
providing water via different technologies, and techniques of cost alloca-
tion); cost sharing; and repayment policy. This subcategory includes
research on economic methodologies that may increase the effectiveness
and breadth of water-related economic institutions.

D. Water demand—Research on the water quantity and quality requirements
of various water-use sectors, both diversion and consumption, excepting
environmental uses (in XI-A).

E. Water law and institutions—Studies of state and federal water laws,
including groundwater laws, with an emphasis on changes and additions
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that will encourage greater efficiency in use and other issues. This sub-
category also includes investigation of institutional structures and con-
straints that influence decisions on water at all levels of government.

F. Nonstructural alternatives—Exploration of methods to achieve water
development aims by nonstructural methods. This includes research on
nonstructural practices that might be part of water resources and water-
shed management, including land acquisition, conservation easements,
zoning and development ordinances, septic system siting requirements
and inspection, economic incentives, incentives to reduce impervious
cover, and public education and outreach.

G. Risk perception and communication—Research focused on the ways in
which people perceive water-related risks and how that impacts public deci-
sion making, as well as alternative ways of communicating about such risk.

H. Other social sciences—Studies in anthropology, geography, political
science, psychology and sociology related to water. Such studies include
those focused on different value structures and cultural norms, experience
with processes for obtaining stakeholder input, and cultural, ethical, and
religious facets associated with water and its use.

I. Water resources policy—Research focused on the determinants of water
resources policy and on methods for generating policies based on sound
scientific concepts. This subcategory also includes ex post studies of how
past projects and policies have performed.

VII. RESOURCES DATA
Category VII includes research oriented to data needs and the most efficient
methods of meeting these needs. This category contains only that research
primarily devoted to improving strategies for establishing field data collection
programs, data acquisition methods, and data evaluation, processing, and dis-
semination. (This includes waterborne disease surveillance systems.) It does not
include research on new monitoring techniques for individual parameters (such
research would be categorized in II, III, IV, V, or VI). Finally, no funds reported
in this category are for data collection as such.

A. Network design—Studies of data requirements and of the most effective
methods of collecting the data.

B. Data acquisition—Research on new and improved instruments and tech-
niques for collection of water resources and related data, including auto-
mation, telemetering equipment, and remote sensing.
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C. Evaluation, processing, and publication—Studies on effective methods of
processing and analyzing data, on compiling such data and information
into databases, and on the most effective form and nature of published
data, including web sites and maps.

VIII. ENGINEERING WORKS
To implement water development plans requires engineering works. Category
VIII describes research that has as its prime objective the development of
improved technology for designing, constructing, and operating these works.
Works relevant to a single specific goal, such as water treatment or desalination,
are included elsewhere if an appropriate category exists.

A. Structures—Research on the design and construction criteria and techniques
for all structures associated with the development of water resources or
the control of surface water or groundwater. Included are dams, locks,
bridges, conduits, lined tunnels, floodwalls and levees, water supply
intakes, wells, pipelines, and reservoirs.

B. Hydraulics—Studies of the static and dynamic behavior of water as it
influences design theory for spillways, penstocks, conduits, tunnels,
canals, rip-rap, breakwaters, floodwalls, wells and well systems, and other
similar structures.

C. Hydraulic machinery—Design and performance of hydraulic machinery
and equipment including gates, valves, pumps, turbines, and similar
facilities. Includes associated control facilities, generators, transmission
systems, and power system operation to the extent each is unique to
problems of water utilization.

D. Soil mechanics—Research on the design theory, criteria, techniques, and
engineering properties of soils as related to the design, construction, and
performance of cut slopes, earth foundations for water resources engi-
neering works, embankments, and rockfill structures.

E. Rock mechanics and geology—Study of the behavior of rock masses and
rock foundations, engineering characteristics, and structural properties of
rock materials, and design techniques applicable to foundations for large
structures—for application specifically to water resources engineering
works.

F. Concrete—Research on cementing materials, aggregates, and other con-
crete components; engineering characteristics of concrete construction
methods and techniques that pertain to water resources engineering works.

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


226 APPENDIX A

G. Materials—Study of miscellaneous materials other than soil, rock, concrete,
and concrete components, and study of detection, measuring, and materials
testing techniques and equipment. Areas included are bituminous materials,
chemical materials, metals, paints and corrosion, and plastics or synthetic
materials associated with water or structures for water control.

H. Rapid excavation—Research on the mechanical, chemical, and nuclear
explosive techniques and equipment for rapidly excavating and moving
large volumes of earth or rock—for application specifically to water
resources engineering works.

I. Fisheries engineering—Research and development of techniques and
design of facilities to attract and pass fish past dams and other water
control structures. Development of methods for improving the design,
maintenance, and functioning of fish spawning areas.

J. Infrastructure repair and rehabilitation—Research on how to extend the
life and maintain the safety of existing water structures (e.g., dams, pipe-
lines, aqueducts, etc.).

K. Restoration engineering—Research on the restoration of natural flows
and mitigation of ecological impacts via reversal of engineering works,
including dam removal, modification of existing structures, etc.

L. Facility protection—Research on structural and nonstructural means of
protecting water-related facilities from terrorism or other threats.

IX. MANPOWER, GRANTS, AND FACILITIES
Trained personnel are an essential ingredient of research on water resources and
the planning and design of water development projects. Category IX describes
plans for support of education and training. It also includes grant and contract
programs for which allocation to other categories is impossible.

A. Education—extramural—Support of education in water resources and
water-related fields at universities. This includes training and facilities
grants in the field of water resources, but it does not include grants made
under any of the other research categories listed above.

B. Education—in-house—Government employee training programs.

C. Capital expenditures for research facilities—This subcategory includes
estimates of the capital cost of research laboratories, field stations, etc.,
needed in the current fiscal year.
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D. Grants, contracts and research act allotments—Allotments to University
Water Resources Research Institutes under P.L. 88-379; OWRT, HEW,
NSF, CSRS, and other grants that cannot be distributed to other categories.

X. SCIENTIFIC AND TECHNICAL INFORMATION
Development of adequate manual or mechanized procedures for acquisition,
storage, retrieval, and dissemination of scientific and technical information is a
vital and integral part of a successful research program. This category includes all
separately identifiable activities involved in the handling of recorded knowledge
resulting from basic or applied research in the water-related aspects of the
physical, life, and social sciences. Such activities include the planning and per-
formance of functions related to:

A. Acquisition and processes—Identification, acquisition, storage, or exchange
of documents in full size or reduced form, and the organization or arrange-
ment of these documents for retrieval.

B. Reference or retrieval—Selected search and retrieval of an organized
document collection in response to specific user request.

C. Secondary publication and distribution—Selective review, indexing, sub-
ject classification, coding, abstracting, announcing, listing, or distribution
of documents or their bibliographic surrogates to provide services such as
current awareness or selective dissemination of information systems,
abstract bulletins, and topical bibliographies.

D. Specialized information center services—Activities described under sub-
categories A, B, and C where performed by a separate functional element
whose mission includes additional subject area technical competence to
critically review, digest, analyze, evaluate, or summarize scientific and
technical information in specially defined areas, or to provide advisory or
other services.

E. Translations—Conversion, to or from English, of scientific or technical
documents in whole or part, where performed as a separate or specific
activity.

F. Preparation of reviews—Preparation of state-of-the-art critical reviews
and compilation in specified technical subject areas, where performed as
a separate activity exclusive of the output of subcategory D.
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XI. AQUATIC ECOSYSTEM MANAGEMENT AND PROTECTION
Increasing water demands for human use, the effects of changing land-use prac-
tices on receiving waters, an expanding list of contaminants, and climate change
and alteration of global biogeochemical cycles challenge the effective manage-
ment and protection of aquatic ecosystems. Biological diversity and ecosystem
processes of lakes, wetlands, and rivers are increasingly at risk, with the potential
degradation of ecosystem goods and services and loss of species. Most prior
research has focused on a narrow view of water quality for human use and direct
harm to sensitive species. Research under Category XI is directed to understand-
ing aquatic ecosystem management and protection in coupled, complex systems,
including studies of long duration and large spatial scale.

A. Ecosystem and habitat conservation—Research to gain improved under-
standing of the coupling of hydrologic and ecological processes, such as
the ecological outcomes expected from particular flow regimes, hydro-
periods, and geochemical conditions. It also includes research into all
aspects of aquatic ecosystem structure and function, including water
requirements of aquatic and related terrestrial ecosystems, ecosystem
response to degradation, procedures for restoration, and response of the
biota to management alternatives. Note: Research on restoration strate-
gies may overlap with IV-D, V-G, and VIII-K. The decision as to where to
categorize activities should depend on the primary goal (i.e., water
quantity control vs. ecosystem restoration).

B. Aquatic ecosystem assessment—Research into methods and models to
assess the status of aquatic ecosystems, and development of indicators
and indices of ecological integrity to identify locations where restoration
is appropriate, to provide a means of monitoring long-term trends in eco-
system status, and to quantify trends in improvement or deterioration over
time in response to human actions. This subcategory includes efforts to
develop metrics of the monetary value of ecosystem services.

C. Effects of climate change—Research to determine the complex direct and
indirect pathways by which climate change will impact freshwater eco-
systems and their biological productivity, including changes in water
quantity and quality, biogeochemical cycles, and food webs.

D. Biogeochemical cycles—Research to understand and predict the cycles
of C, N, P, S and other elements at the global scale; to understand the
sources, fluxes, transformations, and fate of these elements; and to under-
stand how humans have affected the global cycling of these elements and
the resulting impacts on climate, biological production, and ecosystem
processes. Note: Applied research into the local fate and transport of pol-
lutants including nutrients should be reported under V-C.

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


229

Appendix B

Survey Data from Federal Agencies
and Nonfederal Organizations
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TABLE B-1 Funding Levels for Water Resources Research for all the Federal
Agencies, and Levels for EPA, NSF, and DOI for FY1999–2001 (data in the
thousands of dollars; not adjusted for inflation)

    All Federal Agencies                 EPA

Research Category   1999   2000   2001   1999   2000   2001

I. Nature of Water
A. Properties of water 680 1087 1251
B. Aqueous solutions 6919 10066 11008
Subtotal 7599 11153 12259

II. Water Cycle
A. General 10635 14209 10290
B. Precipitation 14369 14693 14831
C. Snow, ice, and frost 5090 4964 5122
D. Evaporation and transpiration 8590 9390 9498
E. Streamflow and runoff 4961 5332 5449
F. Groundwater 15541 16286 19776 100 281 389
G. Water and soils 9816 10047 10365
H. Lakes 7561 10661 11412 800 4437 5270
I. Water in plants 10214 14487 12406
J. Erosion and sedimentation 14765 14577 15343
K. Chemical processes 9882 12762 10912
L. Estuaries 3459 11404 13669 8596 10338
M. Global water cycle problems 12143 12024 12073
Subtotal 127026 150835 151147 900 13314 15997

III. Water Supply Augmentation and Conservation
A. Saline water conversion 4699 4439 3719
B. Water yield improvement 3131 3784 4764
C. Use of water of impaired quality 856 1353 1128
D. Conservation in domestic and 110 7 20

municipal use
E. Conservation in industrial use 375 296 426
F. Conservation in agricultural use 4224 4577 4796
Subtotal 13394 14456 14853

IV. Water Quantity Management and Control
A. Control of water on surface 22391 24480 23333
B. Groundwater management 4420 3227 5485
C. Effects on water of man’s 3353 4378 4526

nonwater activities
D. Watershed activities 11114 13544 13839 6716 8990 9421
Subtotal 41278 45629 47183 6716 8990 9421
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  NSF  USGS  USBR

  1999   2000   2001   1999   2000   2001   1999   2000   2001

680 1087 1251
6305 9551 10474 614 515 534
6985 10638 11725 614 515 534

503 3059 662 1741 1741 1648
7824 7643 7627 269 232 168

811 749 949 1113 1230 1133
3068 3504 3221 705 686 747 103 361 293

291 357 369 2112 2039 1981 235 336 279
1534 1598 2077 10631 10977 13479 202 225 48
2454 2994 2837 1065 954 1078

861 370 849 1854 1819 1907
3223 6492 3763

421 512 540 5148 4217 4314 223 551 638
3898 7187 5123 5574 4988 5478

661 186 537 2382 2206 2228
8012 7652 7563 1417 1043 1249

33561 42302 36118 33742 31900 35242 1032 1705 1426

4699 4439 3719
131 30 45 23 135 121
81 535

106 2 14

54 356

372 32 950 4722 4574 3840

158 1126 170 381 391 399 2037 2712 2657
100 1115 95 436 433 452 192 26 159
292 835 190 194 260 316

155 107 106
705 3183 561 1011 1084 1167 2229 2738 2816

continued
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V. Water Quality Management and Protection
A. Identification of pollutants 28055 27433 34754 11226 9966 10323
B. Sources and fate of pollution 63604 61622 67469 3785 4497 4713
C. Effects of pollution on water 33152 30999 31661 6541 5399 4265

resources
D. Waste treatment processes 23535 23845 26344
E. Ultimate disposal of wastes 4567 4753 4845
F. Water treatment and distribution 8761 11623 11692 6699 9182 9273
G. Water quality control 17677 18922 25919 3213 5887 4826
H. Effects of waterborne pollution 10961 12472 17777 4628 2212 6200

on human health
Subtotal 190311 191669 220460 36092 37143 39600

VI. Water Resources Planning and Other Institutional Issues
A. Techniques of planning 2286 2194 991
B. Evaluation process 1998 1729 470 455 439
C. Economic issues 1687 881 935
D. Water demand 641 746 593
E. Water law and institutions 1035 40 45
F. Nonstructural alternatives 250 286 311
G. Risk perception and 1526 2583 1061 331 465 110

communication
H. Other social sciences 88 233 280
I. Water resources policy 1360 1141 391
Subtotal 10871 9834 5077 786 904 110

VII. Resources Data
A. Network design 1866 1990 1990 295 262
B. Data acquisition 3750 4033 4962 750
C. Evaluation, processing, and 2693 2656 2335

publication
Subtotal 8309 8679 9286 295 262 750

TABLE B-1 Continued

    All Federal Agencies                 EPA

Research Category   1999   2000   2001   1999   2000   2001
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3795 5228 4945 3884 3753 4392 207 202 251
9935 12267 12501 13571 13460 12977 169 296 164
1539 784 984 13869 13377 14295

3333 4639 5311 646 845 895
845 1021 984 1758 1698 1762

1428 1988 2276
1805 1182 1168 146 95 333 772 825 668

765 1128 1124

23444 28237 29292 33228 32383 33759 1794 2168 1978

1023 762 30
1023 762 30
1206 333 314 36 98 166

206 333 314 150 138
1000

25 60 84
75 845 109 42 14

136 240
1149 930 203 49 60 168
5682 4102 1240 150 138 152 232 418

84 137 146 400 467 619
84 137 146 1602 1622 1856 79 145 40
72 117 125 1 40 55

240 391 417 2002 2089 2475 80 185 95

  NSF  USGS  USBR

  1999   2000   2001   1999   2000   2001   1999   2000   2001
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VIII. Engineering Works
A. Structures 8912 10321 8918
B. Hydraulics 106 224 142
C. Hydraulic machinery 574 882 735
D. Soil mechanics 1619 1130 1982
E. Rock mechanics and geology
F. Concrete 576 340 483
G. Materials 1570 1671 1232
H. Rapid excavation
I. Fisheries engineering 20143 39757 32469
J. Infrastructure repair and 3303 3734 2792 230

rehabilitation
K. Restoration engineering
L. Facility protection 150 59 199
Subtotal 36953 58118 48951 230

IX. Manpower, Grants, and Facilities
A. Education—extramural 2187 4973 7925
B. Education—in-house 22 32 31
C. Capital expenditures for research 2060 19171 17873 187

facilities
D. Grants, contracts, and research 3818 3818 4218

act allotments
Subtotal 8087 27994 30047 187

X. Scientific and Technical Information
A. Acquisition and processing 15 15 15
B. Reference and retrieval 15 15 15
C. Secondary publication and 135

distribution
D. Specialized information center 751 824 1332

services
E. Translations
F. Preparation of reviews 179 315 352
Subtotal 960 1168 1849

XI. Aquatic Ecosystem Management and Protection
A. Ecosystem and habitat conservation 59932 61813 63639 12472 10016 12242
B. Aquatic ecosystem assessment 59940 62139 60619 31869 28056 27082
C. Effects of climate change 13446 9593 16611 3069 5328
D. Biogeochemical cycles 21331 24891 22485 147 98 124
Subtotal 154648 158436 163354 47557 38170 44776

Total Water Resources Research 599436 677971 705336 92576 98970 110654

TABLE B-1 Continued

    All Federal Agencies                 EPA

Research Category   1999   2000   2001   1999   2000   2001
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106 224 142
574 882 735

716 384 1292 96 116 133

49 52 95
253 244 182

2000 2000 2000 443 457 769
275 148 497 117 113 228

150 59 199
1141 591 1988 2000 2000 2000 1638 2088 2284

1337 3049 6112

2060 4860 3604 14124 14269

3818 3818 4218

3397 7909 9716 3818 17942 18487

135

751 824 1332

157 293 330
908 1116 1797

10260 13006 11274 15837 15486 15970 270 201 354
10791 15468 13552 13360 14336 14561 254 316 444

5454 5848 6354 2624 2395 2368
14365 18069 14383 2840 2840 2808
40869 52391 45563 34661 35057 35707 524 517 798

117303 150892 139365 111226 123108 129371 12171 14207 13655

  NSF  USGS  USBR

  1999   2000   2001   1999   2000   2001   1999   2000   2001
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TABLE B-2 Funding Levels for Water Resources Research for the USDA for
FY1999–2001 (data in the thousands of dollars; not adjusted for inflation)

          USDA Total    ARS

Research Category   1999   2000   2001   1999   2000   2001

II. Water Cycle
A. General 2919 2933 2495 2919 2668 2330
B. Precipitation 2363 2658 2446 2363 2658 2446
C. Snow, ice, and frost 971 997 1099 971 997 1099
D. Evaporation and transpiration 3889 4009 4401 3889 4009 4401
E. Streamflow and runoff 1196 1465 1674 1196 1465 1494
F. Groundwater 2754 2880 3453 2754 2880 3453
G. Water and soils 4847 4649 5000 4576 4399 4845
H. Lakes 644 650 0 644 650
I. Water in plants 6441 7445 8093 6441 7445 8093
J. Erosion and sedimentation 8596 8797 9351 6672 6880 7121
K. Chemical processes 160 337 61 60 60 61
L. Estuaries 16 16 166 16 16 166
M. Global water cycle problems 1474 2089 2021 1474 2089 2021
Subtotal 36270 38925 40260 33975 36216 37530

III. Water Supply Augmentation and Conservation
A. Saline water conversion
B. Water yield improvement 2977 3619 4598 2977 3619 4598
C. Use of water of impaired quality 775 953 963 775 953 963
D. Conservation in domestic and

municipal use
E. Conservation in industrial use 318 292 65 210 210
F. Conservation in agricultural use 4218 4570 4788 4054 4344 4684
Subtotal 8288 9434 10414 8016 9126 10245

IV. Water Quantity Management and Control
A. Control of water on surface 10805 11108 11198 1275 809 798
B. Groundwater management 3672 1628 4749 3672 1628 4598
C. Effects on water of man’s 2867 3283 4020

nonwater activities
D. Watershed activities 4243 4447 4312 3963 4447 4312
Subtotal 21587 20466 24279 8910 6884 9708
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            CSREES    ERS  USFS

  1999   2000   2001   1999   2000   2001   1999   2000   2001

265 165

180

271 250 155

1924 1917 2230
100 277

371 792 500 1924 1917 2230

108 82 65
164 226 104
272 308 169

8466 9221 9254 1064 1078 1146
151
290 2867 3283 3730

280
8746 9221 9695 3931 4361 4876

continued
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V. Water Quality Management and Protection
A. Identification of pollutants 1112 1007 1013 365 466 155
B. Sources and fate of pollution 7394 8710 10290 6213 7502 8814
C. Effects of pollution on water

resources 980 1851 2162 914 1206 1565
D. Waste treatment processes 1408 1467 2411 639 781 538
E. Ultimate disposal of wastes 1964 2034 2099 1964 2034 2099
F. Water treatment and distribution 634 453 143 634 453 143
G. Water quality control 11726 10915 18903 6915 6072 9106
H. Effects of waterborne pollution

on human health
Subtotal 25218 26437 37021 17644 18514 22420

VI. Water Resources Planning and Other Institutional Issues
A. Techniques of planning 53 404 54 53 53 54
B. Evaluation process 275 275 275
C. Economic issues 420 420 420
D. Water demand 270 257 258 92 92 93
E. Water law and institutions
F. Nonstructural alternatives 220 220 220
G. Risk perception and communication 260
H. Other social sciences
I. Water resources policy
Subtotal 1238 1836 1227 145 145 147

VII. Resources Data
A. Network design 712 744 780 712 744 780
B. Data acquisition 88 89 90 88 89 90
C. Evaluation, processing, and 283 178 180 283 178 180

publication
Subtotal 1083 1011 1050 1083 1011 1050

IX. Manpower, Grants, and Facilities
A. Education—extramural 974 554
B. Education—in-house
C. Capital expenditures for research

facilities
D. Grants, contracts, and research

act allotments
Subtotal 974 554

TABLE B-2 Continued

          USDA Total    ARS

Research Category   1999   2000   2001   1999   2000   2001
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747 541 858
1181 1208 1476

66 645 597
769 686 1873

4811 4843 9797

7574 7923 14601

351
275 275 275
220 220 220 200 200 200
178 165 165

220 220 220
260

611 893 880 880 200 200 200

974 554

974 554

            CSREES    ERS  USFS

  1999   2000   2001   1999   2000   2001   1999   2000   2001
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TABLE B-2 Continued

          USDA Total    ARS

Research Category   1999   2000   2001   1999   2000   2001

XI. Aquatic Ecosystem Management and Protection
A. Ecosystem and habitat conservation 11923 13786 14845
B. Aquatic ecosystem assessment 110 110 110
C. Effects of climate change
D. Biogeochemical cycles 3203 3147 4289
Subtotal 15236 17043 19244

Total Water Resources Research 108920 116126 134049 69773 71896 81100
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            CSREES    ERS  USFS

  1999   2000   2001   1999   2000   2001   1999   2000   2001

1080 2119 2244 10843 11667 12601
110 110 110

89 315 3203 3058 3974
1080 2208 2559 110 110 110 14046 14725 16575

18043 22037 28078 1003 990 990 20101 21203 23881
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TABLE B-3 Funding Levels for Water Resources Research for DoD and DOE
for FY1999–2001 (data in the thousands of dollars; not adjusted for inflation)

           DoD Total               Corps

Research Category   1999   2000   2001   1999   2000   2001

II. Water Cycle
A. General 3098 4348 3790 3098 4348 3790
B. Precipitation
C. Snow, ice, and frost 950 719 666 950 719 666
D. Evaporation and transpiration
E. Streamflow and runoff
F. Groundwater
G. Water and soils
H. Lakes
I. Water in plants
J. Erosion and sedimentation 377 500 500 377 500 500
K. Chemical processes
L. Estuaries
M. Global water cycle problems
Subtotal 4425 5567 4956 4425 5567 4956

III. Water Supply Augmentation and Conservation
A. Saline water conversion
B. Water yield improvement
C. Use of water of impaired quality
D. Conservation in domestic and

municipal use
E. Conservation in industrial use
F. Conservation in agricultural use
Subtotal

IV. Water Quantity Management and Control
A. Control of water on surface 8950 8867 8724 8950 8867 8724
B. Groundwater management
C. Effects on water of man’s

nonwater activities
D. Watershed activities
Subtotal 8950 8867 8724 8950 8867 8724
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  ONR              SERDP   DOE

  1999   2000   2001   1999   2000   2001   1999   2000   2001

400 500

400 500

203 100

203 100
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V. Water Quality Management and Protection
A. Identification of pollutants 2851 2977 2730
B. Sources and fate of pollution 2500 3743 3388
C. Effects of pollution on water 7994 7455 7462 4000 5031 4939

resources
D. Waste treatment processes 10298 9944 10427
E. Ultimate disposal of wastes
F. Water treatment and distribution
G. Water quality control
H. Effects of waterborne pollution on

human health
Subtotal 23643 24119 24007 4000 5031 4939

VI. Water Resources Planning and Other Institutional Issues
A. Techniques of planning 782 692 680 782 692 680
B. Evaluation process
C. Economic issues
D. Water demand
E. Water law and institutions
F. Nonstructural alternatives
G. Risk perception and communication 1068 981 817 1068 981 817
H. Other social sciences
I. Water resources policy
Subtotal 1850 1673 1497 1850 1673 1497

VII. Resources Data
A. Network design
B. Data acquisition 1162 1312 1314 1162 1312 1314
C. Evaluation, processing, and 1679 1659 1242 1679 1659 1242

publication
Subtotal 2841 2971 2556 2841 2971 2556

TABLE B-3 Continued

           DoD Total               Corps

Research Category   1999   2000   2001   1999   2000   2001
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2851 2977 2730 2100 1200 1300
2500 2754 2218 989 1170 24900 17300 21700

3994 2424 2523

10298 9944 10427 7850 6950 7300

2500 2754 2218 17143 16334 16850 34850 25450 30300

  ONR              SERDP   DOE

  1999   2000   2001   1999   2000   2001   1999   2000   2001
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TABLE B-3 Continued

           DoD Total               Corps

Research Category   1999   2000   2001   1999   2000   2001

VIII. Engineering Works
A. Structures 8912 10321 8918 8912 10321 8918
B. Hydraulics
C. Hydraulic machinery
D. Soil mechanics 807 630 557 807 630 557
E. Rock mechanics and geology
F. Concrete 527 288 388 527 288 388
G. Materials 1317 1427 1050 1317 1427 1050
H. Rapid excavation
I. Fisheries engineering 17700 37300 29700 17700 37300 29700
J. Infrastructure repair and 2681 3473 2067 2681 3473 2067

rehabilitation
K. Restoration engineering
L. Facility protection
Subtotal 31944 53439 42680 31944 53439 42680

X. Scientific and Technical Information
A. Acquisition and processing 15 15 15
B. Reference and retrieval 15 15 15
C. Secondary publication and

distribution
D. Specialized information center

services
E. Translations
F. Preparation of reviews 22 22 22
Subtotal 52 52 52

XI. Aquatic Ecosystem Management and Protection
A. Ecosystem and habitat conservation 6759 6385 6078 6759 6385 6078
B. Aquatic ecosystem assessment 1630 1595 1961 1630 1595 1961
C. Effects of climate change
D. Biogeochemical cycles
Subtotal 8389 7980 8039 8389 7980 8039

Total Water Resources Research 82094 104668 92511 62399 85528 73391
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  ONR              SERDP   DOE

  1999   2000   2001   1999   2000   2001   1999   2000   2001

15 15 15
15 15 15

22 22 22
52 52 52

2500 2754 2218 17195 16386 16902 34850 26053 30900
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TABLE B-4 Funding Levels for Water Resources Research for NOAA and
NASA for FY1999–2001 (data in the thousands of dollars; not adjusted for
inflation)

         NOAA Total   NWS

Research Category   1999   2000   2001   1999   2000   2001

II. Water Cycle
A. General 1374 1128 695 505 523 566
B. Precipitation 1913 2160 2590 530 550 572
C. Snow, ice, and frost 745 769 775 150 169 170
D. Evaporation and transpiration 575 580 586 175 180 186
E. Streamflow and runoff 377 385 396 277 285 296
F. Groundwater 20 25 30
G. Water and soils 150 150 150
H. Lakes 3152 3135 3136
I. Water in plants 150 150 150
J. Erosion and sedimentation
K. Chemical processes
L. Estuaries
M. Global water cycle problems 240 240 240
Subtotal 8696 8722 8748 1637 1707 1790

III. Water Supply Augmentation and Conservation
A. Saline water conversion
B. Water yield improvement
C. Use of water of impaired quality
D. Conservation in domestic and 4 5 6

municipal use
E. Conservation in industrial use 3 4 5
F. Conservation in agricultural use 6 7 8
Subtotal 13 16 19

IV. Water Quantity Management and Control
A. Control of water on surface 60 73 85
B. Groundwater management 20 25 30
C. Effects on water of man’s

nonwater activities
D. Watershed activities
Subtotal 80 98 115
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OOAR   NOS  NASA

  1999   2000   2001   1999   2000   2001   1999   2000   2001

869 605 129 1000 1000 1000
1383 1610 2018 2000 2000 2000

595 600 605 500 500 500
400 400 400 250 250 250
100 100 100 750 750 750
20 25 30 300 300 300

150 150 150 1300 1300 1300
3152 3135 3136 250 250 250

150 150 150 400 400 400

250 250 250
400 400 400

240 240 240 1000 1000 1000
7059 7015 6958 8400 8400 8400

4 5 6

3 4 5
6 7 8

13 16 19

60 73 85
20 25 30

80 98 115
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V. Water Quality Management and Protection
A. Identification of pollutants 2880 3100 9800
B. Sources and fate of pollution 1350 1349 1736
C. Effects of pollution on water 2229 2133 2493

resources
D. Waste treatment processes
E. Ultimate disposal of wastes
F. Water treatment and distribution
G. Water quality control 15 18 21
H. Effects of waterborne pollution on

human health
Subtotal 6474 6600 14050

VI. Water Resources Planning and Other Institutional Issues
A. Techniques of planning 428 336 227
B. Evaluation process 245 253 165
C. Economic issues 25 30 35
D. Water demand 15 18 21
E. Water law and institutions 35 40 45
F. Nonstructural alternatives 5 6 7
G. Risk perception and communication 10 18 25
H. Other social sciences 88 97 40
I. Water resources policy 162 151 20
Subtotal 1013 949 585

VII. Resources Data
A. Network design 125 130 195 120 120 180
B. Data acquisition 235 228 266 160 160 160
C. Evaluation, processing, and 408 412 483 200 200 265

publication
Subtotal 768 770 944 480 480 605

IX. Manpower, Grants, and Facilities
A. Education—extramural 850 950 1259 50 150 200
B. Education—in-house 22 32 31 22 32 31
C. Capital expenditures for research

facilities
D. Grants, contracts, and research

act allotments
Subtotal 872 982 1290 72 182 231

TABLE B-4 Continued

         NOAA Total   NWS

Research Category   1999   2000   2001   1999   2000   2001
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2880 3100 9800
1350 1349 1736

729 915 927 1500 1218 1566

15 18 21

744 933 948 5730 5667 13102

428 336 227
245 253 165
25 30 35
15 18 21
35 40 45

5 6 7
10 18 25
88 97 40

162 151 20
1013 949 585

5 10 15 250 250 250
5 12 20 70 56 86 500 500 500

208 212 218 250 250 250

218 234 253 70 56 86 1000 1000 1000

800 800 1059

800 800 1059

OOAR   NOS  NASA

  1999   2000   2001   1999   2000   2001   1999   2000   2001
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XI. Aquatic Ecosystem Management and Protection
A. Ecosystem and habitat conservation 2411 2933 2876
B. Aquatic ecosystem assessment 1926 2258 2909
C. Effects of climate change 1899 950 2161
D. Biogeochemical cycles 476 437 581
Subtotal 6712 6578 8527

Total Water Resources Research 24628 24715 34278 2189 2369 2626

TABLE B-4 Continued

         NOAA Total   NWS

Research Category   1999   2000   2001   1999   2000   2001
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91 558 476 2320 2375 2400
536 875 739 1390 1383 2170
929 850 1581 970 100 580 400 400 400
476 437 581 300 300 300

2032 2720 3377 4680 3858 5150 700 700 700

11159 11965 12255 11280 10381 19397 10100 10100 10100

OOAR   NOS  NASA

  1999   2000   2001   1999   2000   2001   1999   2000   2001
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TABLE B-5 Funding Levels for Water Resources Research for DHHS for
FY1999–2001 (data in the thousands of dollars; not adjusted for inflation)

         DHHS Total

Research Category   1999   2000   2001

V. Water Quality Management and Protection
A. Identification of pollutants
B. Sources and fate of pollution
C. Effects of pollution on water resources
D. Waste treatment processes
E. Ultimate disposal of wastes
F. Water treatment and distribution
G. Water quality control
H. Effects of waterborne pollution on human health 5568 9132 10453
Subtotal 5568 9132 10453

Total Water Resources Research 5568 9132 10453

Copyright © National Academy of Sciences. All rights reserved.

Confronting the Nation's Water Problems:  The Role of Research
http://www.nap.edu/catalog/11031.html

http://www.nap.edu/catalog/11031.html


APPENDIX B 255

NIEHS ATSDR   NCI

  1999   2000   2001   1999   2000   2001   1999   2000   2001

2671 6128 7109 2837 2404 1844 60 600 1500
2671 6128 7109 2837 2404 1844 60 600 1500

2671 6128 7109 2837 2404 1844 60 600 1500
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TABLE B-6 Funding Levels for Water Resources Research for All the
Nonfederal Organizations Queried, and Levels for WERF, AWWARF, and
TNC for FY1999–2001 (data in the thousands of dollars; not adjusted for
inflation)

        Nonprofit Total

Research Category   1999   2000   2001

I. Nature of Water
A. Properties of water 25
B. Aqueous solutions 49
Subtotal 74

II. Water Cycle
A. General 222 118 256
B. Precipitation 23 28 59
C. Snow, ice, and frost 32 34 61
D. Evaporation and transpiration 6 9 60
E. Streamflow and runoff 211 36 372
F. Groundwater 92 99 569
G. Water and soils 6 6 18
H. Lakes 15
I. Water in plants 20
J. Erosion and sedimentation 320 457 564
K. Chemical processes 220 269 1390
L. Estuaries 21
M. Global water cycle problems 25
Subtotal 1132 1056 3430

III. Water Supply Augmentation and Conservation
A. Saline water conversion 45
B. Water yield improvement 736 581 593
C. Use of water of impaired quality 470 423 353
D. Conservation in domestic and municipal use 204 560
E. Conservation in industrial use
F. Conservation in agricultural use 772 978
Subtotal 1206 1980 2529

IV. Water Quantity Management and Control
A. Control of water on surface 350 184 77
B. Groundwater management 272 22 121
C. Effects on water of man’s nonwater activities 10
D. Watershed activities 8
Subtotal 622 206 216
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WERF            AWWARF   TNC

  1999   2000   2001   1999   2000   2001   1999   2000   2001

200 100
350

200 100 350

470 75
350

470 75 350

200 100
250

200 100 250

continued
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V. Water Quality Management and Protection
A. Identification of pollutants 1561 2482 3495
B. Sources and fate of pollution 1438 1449 1275
C. Effects of pollution on water resources 3189 1222 1152
D. Waste treatment processes 2589 3307 3384
E. Ultimate disposal of wastes 1230 850 604
F. Water treatment and distribution 2553 1910 3747
G. Water quality control 1198 1943 3169
H. Effects of waterborne pollution on human health 1509 1289 754
Subtotal 15267 14452 17580

VI. Water Resources Planning and Other Institutional Issues
A. Techniques of planning 1021 834 1580
B. Evaluation process 514 313 200
C. Economic issues 450 180 168
D. Water demand 103 52 181
E. Water law and institutions 333 33
F. Nonstructural alternatives 399 402 331
G. Risk perception and communication 1317 1014 1261
H. Other social sciences 455
I. Water resources policy 13 13 15
Subtotal 3817 3141 4224

VII. Resources Data
A. Network design 28 76 64
B. Data acquisition 260 462 126
C. Evaluation, processing, and publication 25 289 455
Subtotal 313 827 645

VIII. Engineering Works
A. Structures 317 429 504
B. Hydraulics 892 923 1089
C. Hydraulic machinery 100 60
D. Soil mechanics 2 33
E. Rock mechanics and geology 8
F. Concrete 100
G. Materials
H. Rapid excavation
I. Fisheries engineering 15
J. Infrastructure repair and rehabilitation 550 1142 913
K. Restoration engineering 5
L. Facility protection 200 150
Subtotal 1879 2796 2757

TABLE B-6 Continued

        Nonprofit Total

Research Category   1999   2000   2001
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300 700 1700 861 1360 1315
300 100 338 450 203

2300 800 700 350
2000 2500 1900
1000 500 400 230 350 150

200 2346 1760 3360
100 500 800 200 750

500 300 1300 500 75
6000 5500 6100 5425 4620 5853

840 650
300 200 175 300

450 150

300

300 700 500
455

300 300 200 2165 600 1755

200
200 375
200 200 375

200

100

100

100 200 450 650 250

200 150
200 100 400 450 850 400

continued

WERF            AWWARF   TNC

  1999   2000   2001   1999   2000   2001   1999   2000   2001
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IX. Manpower, Grants, and Facilities
A. Education—extramural 2217 3060 3788
B. Education—in-house 188
C. Capital expenditures for research facilities
D. Grants, contracts, and research act allotments
Subtotal 2405 3060 3788

X. Scientific and Technical Information
A. Acquisition and processing 20 20 40
B. Reference and retrieval 20 2 2
C. Secondary publication and distribution
D. Specialized information center services
E. Translations
F. Preparation of reviews 37 3
Subtotal 40 59 45

XI. Aquatic Ecosystem Management and Protection
A. Ecosystem and habitat conservation 9161 9905 9614
B. Aquatic ecosystem assessment 903 1148 1286
C. Effects of climate change 15
D. Biogeochemical cycles 100
Subtotal 10064 11053 11015

Total Water Resources Research 36745 38630 46303

TABLE B-6 Continued

        Nonprofit Total

Research Category   1999   2000   2001
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500 9050 9300 9500

500 9050 9300 9500

6900 6700 6800 8760 6345 9083 9050 9300 9500

WERF            AWWARF   TNC

  1999   2000   2001   1999   2000   2001   1999   2000   2001
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TABLE B-7 Funding Levels for Water Resources Research for the four largest
WRRIs for FY1999–2001 (data in the thousands of dollars; not adjusted for
inflation)

             Nevada

Research Category   1999   2000   2001

I. Nature of Water
A. Properties of water
B. Aqueous solutions
Subtotal

II. Water Cycle
A. General 14
B. Precipitation
C. Snow, ice, and frost
D. Evaporation and transpiration
E. Streamflow and runoff 29
F. Groundwater
G. Water and soils
H. Lakes
I. Water in plants
J. Erosion and sedimentation
K. Chemical processes
L. Estuaries
M. Global water cycle problems
Subtotal 14 29

III. Water Supply Augmentation and Conservation
A. Saline water conversion
B. Water yield improvement 136 37
C. Use of water of impaired quality
D. Conservation in domestic and municipal use
E. Conservation in industrial use
F. Conservation in agricultural use
Subtotal 136 37

IV. Water Quantity Management and Control
A. Control of water on surface 9 12
B. Groundwater management 6 61
C. Effects on water of man’s nonwater activities
D. Watershed activities
Subtotal 15 73
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 Texas   Utah          Pennsylvania

  1999   2000   2001   1999   2000   2001   1999   2000   2001

25
25 24
50 24

20 118 118 179 90 57
18 23 28 41

32 34 61
50 6 9 10
40 11 16 31 20 172
45 92 99 174

8 6 6 10
10 5
20
15 320 457 549
18 220 269 1372
21
25

290 288 310 511 630 746 2150

45
600 502 464 42 129

348 353
204 210

772 978
600 1826 2050 42 129

150 75 65
25 22 16 35
10

8
150 75 108 22 16 35

continued
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V. Water Quality Management and Protection
A. Identification of pollutants 12
B. Sources and fate of pollution 77 73 124
C. Effects of pollution on water resources 117
D. Waste treatment processes
E. Ultimate disposal of wastes
F. Water treatment and distribution
G. Water quality control 133 50 144
H. Effects of waterborne pollution on human health
Subtotal 327 123 280

VI. Water Resources Planning and Other Institutional Issues
A. Techniques of planning 29
B. Evaluation process
C. Economic issues
D. Water demand
E. Water law and institutions
F. Nonstructural alternatives
G. Risk perception and communication
H. Other social sciences
I. Water resources policy
Subtotal 29

VII. Resources Data
A. Network design
B. Data acquisition
C. Evaluation, processing, and publication
Subtotal

VIII. Engineering Works
A. Structures
B. Hydraulics
C. Hydraulic machinery
D. Soil mechanics 2 13
E. Rock mechanics and geology
F. Concrete
G. Materials
H. Rapid excavation
I. Fisheries engineering
J. Infrastructure repair and rehabilitation
K. Restoration engineering
L. Facility protection
Subtotal 2 13

TABLE B-7 Continued

             Nevada

Research Category   1999   2000   2001
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40 400 422 428
15 419 533 668 304 393 165
30 422 422 422
20 76 67 53 513 740 1411

54
10 57 27 150 150 150
16 743 911 1123 222 282 336

5 209 289 374
136 1904 2222 2673 1611 1987 2538

120 116 104 86 65 701 724
39 13

18 180
120 103 52 61

33 33
399 402 331

5 617 714 748 8

15 13 13
33 311 1287 1298 1226 65 881 732

28 76 64
37 106 113 223 156 13
25 89 80
90 271 257 223 156 13

40 113 126 66 204 303 198
60 892 923 1029
60
20

8

15
492 463

5

492 651 1025 1049 1095 204 303 198

 Texas   Utah          Pennsylvania

  1999   2000   2001   1999   2000   2001   1999   2000   2001
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TABLE B-7 Continued

             Nevada

Research Category   1999   2000   2001

IX. Manpower, Grants, and Facilities
A. Education—extramural
B. Education—in-house
C. Capital expenditures for research facilities
D. Grants, contracts, and research act allotments
Subtotal

X. Scientific and Technical Information
A. Acquisition and processing
B. Reference and retrieval 20
C. Secondary publication and distribution
D. Specialized information center services
E. Translations
F. Preparation of reviews 37 3
Subtotal 20 37 3

XI. Aquatic Ecosystem Management and Protection
A. Ecosystem and habitat conservation
B. Aquatic ecosystem assessment
C. Effects of climate change
D. Biogeochemical cycles
Subtotal

Total Water Resources Research 497 243 398
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 Texas   Utah          Pennsylvania

  1999   2000   2001   1999   2000   2001   1999   2000   2001

100 1010 1052 422 588 619 1695 1462 2117
188

100 1010 1052 422 588 619 1883 1462 2117

20 20 40
2 2

20 20 40 2 2

40 94 88 57 17 17 17
20 759 1009 1092 144 139 174

15 100
75 853 1097 1149 161 156 291

870 3456 4763 5891 6853 7567 4777 5733 8192
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Appendix C

Likelihood of Differences in U.S. Water
Resources Research Funding Levels

Between the Mid 1970s and the Late 1990s

ANALYSIS GOALS AND METHODS

As stated in Chapter 4, the historical research funding data and those collected
as part of the present assessment effort contain significant uncertainty. It is thus
appropriate to cast any comparison between funding levels in different eras in a
likelihood framework. The specific question addressed in this appendix is: How
likely is it that the level of water resources research funding in the late 1990s is
greater or less than the analogous level of the mid 1970s?

This question was examined for the total water resources research funding
and for the funding in each major Federal Coordinating Council of Science, Engi-
neering, and Technology (FCCSET) category under a number of assumptions,
considered as most reasonable by the committee. These assumptions regard the
character of data uncertainty. In particular, it was assumed that the annual data
contain measurement errors that are independent from year to year, that the distri-
bution of errors in averages of annual values can be well approximated by a
normal distribution, that the standard deviation of the errors in averages of annual
values ranges in all cases from 25 percent of the average to 50 percent of the
average, and that there are no significant systematic biases in the annual funding
data.

The available funding data consist of annual funding estimates as a total and
by major FCCSET category for 1973, 1974, and 1975 (early period) and 1999,
2000, and 2001 (recent period). In all cases of analysis, averages of the annual
values in the early period and averages of the annual values in the recent period
were obtained. A total of 10,000 samples were generated from the assumed
normal distributions that have as means the respective averages of the early and
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recent periods and as standard deviations values that are first 25 percent (best
guess) and then 50 percent (high value) of the respective mean. The differences
between the members of each pair (the mid 1970s average minus the late 1990s
average) were computed in each funding case, and the cumulative histograms of
the differences were plotted on normal probability paper. The cumulative prob-
ability value for which the difference was less than zero (1970s funding minus
1990s funding < 0) was also computed and designated in the cumulative distribu-
tion plots.

The cumulative probability plots and information on them may be used to
answer the posed question. If the zero-level cumulative probability value men-
tioned above is near 50 percent (say within 10 percent up or down), then it is
doubtful that differences in funding levels are significant. If it is significantly
lower than 50 percent then there is high likelihood that the late 1990s funding
level is indeed lower than the mid 1970s level. If it is significantly greater than 50
percent then there is high likelihood that the late 1990s funding level is higher
than the mid 1970s level. Results and significant findings for total water resources
funding and for funding in each major FCCSET category are presented below.
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TOTAL WATER RESOURCES RESEARCH

It is evident from Figure C-1 that the likelihood that the means are different
under the stated conditions of uncertainty is small, since the values on either side
of 0 (zero) are close to 50 percent. This makes zero the median and mean of the
distribution of differences.

FIGURE C-1 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for total
water resources research (WRR) funding.
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CATEGORY I (NATURE OF WATER)

As shown in Figure C-2, it is very clear that the likelihood that the late 1990s
funding is greater than the mid 1970s funding is very high, independent of the
level of standard deviation assumed.

FIGURE C-2 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for
Category I funding.
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CATEGORY II (WATER CYCLE)

As shown in Figure C-3, the late 1990s level funding is significantly higher
than the mid 1970s level funding, especially for a best-guess standard deviation
level (25 percent of mean).

FIGURE C-3 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for
Category II funding.
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CATEGORY III (WATER SUPPLY AUGMENTATION
AND CONSERVATION)

As shown in Figure C-4, the likelihood that the late 1990s level funding is
higher than the mid 1970s level funding is very small in both cases of uncertainty
depicted, and one concludes that funding has declined substantially in the late
1990s with respect to the mid 1970s for this category.

FIGURE C-4 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for
Category III funding.
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CATEGORY IV (WATER QUANTITY MANAGEMENT
AND CONTROL)

As shown in Figure C-5, this is another case for which the mid 1970s funding
level and the late 1990s funding level are not significantly different.

FIGURE C-5 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for
Category IV funding.
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CATEGORY V (WATER QUALITY MANAGEMENT
AND PROTECTION)

As shown in Figure C-6, for this category, the mid 1970s funding is higher
than the late 1990s funding with high confidence.

FIGURE C-6 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for
Category V funding.
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CATEGORY VI (WATER RESOURCES PLANNING
AND OTHER INSTITUTIONAL ISSUES)

For this category, Figure C-7 shows that the mid 1970s funding is higher
than the late 1990s funding with high confidence.

FIGURE C-7 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for
Category VI funding.
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CATEGORY VII (RESOURCES DATA)

As shown in Figure C-8, for Category VII the mid 1970s funding is higher
than the late 1990s funding with high confidence.

FIGURE C-8 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for
Category VII funding.
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CATEGORY VIII (ENGINEERING WORKS)

For this category, the assumed uncertainty makes a difference, as shown in
Figure C-9. If it is assumed at the high value (standard deviation equal to 50 percent
of the mean), the funding levels in the early (mid 1970s) and recent (late 1990s)
periods cannot be distinguished with high confidence. However, if the best guess
of uncertainty (25 percent is used to compute standard deviation) is assumed
valid, the late 1990s funding is significantly higher than the mid 1970s funding.

FIGURE C-9 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for
Category VIII funding.
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CATEGORY IX (MANPOWER, GRANTS, AND FACILITIES)

As shown in Figure C-10, in this case, the late 1990s funding level is sub-
stantially higher than the mid 1970s funding level with high confidence.

FIGURE C-10 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for
Category IX funding.
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CATEGORY X (SCIENTIFIC AND TECHNICAL INFORMATION)

As shown in Figure C-11, for this category, the mid 1970s funding is higher
than the late 1990s funding with high confidence.

FIGURE C-11 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for
Category X funding.
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CATEGORY XI (AQUATIC ECOSYSTEM MANAGEMENT AND
PROTECTION)

For this category, Figure C-12 shows that the late 1990s funding is much
higher than the mid 1970s funding with high confidence (note that for the 25
percent uncertainty case, the zero-level cumulative probability distribution of the
differences is 100 percent, as the entire curve lies on the negative x-axis half).

FIGURE C-12 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for
Category XI funding.
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TOTAL WATER RESOURCES RESEARCH FUNDING MINUS
CATEGORY XI (AQUATIC ECOSYSTEM MANAGEMENT AND

PROTECTION) FUNDING

When funding for Category XI is subtracted from the total water resources
research funding, the late 1990s funding is lower than the mid 1970s funding with
high confidence, even when the uncertainty in funding levels is 50 percent (see
Figure C-13).

FIGURE C-13 Cumulative frequency distributions of 10,000 samples of generated differ-
ences between means of years 1973, 1974, 1975 and of years 1999, 2000, 2001 for the
total water resources research funding minus Category XI funding.
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Appendix D

Summary of State Perspectives

On January 9, 2003, the Committee on Assessment of Water Resources
Research met in Tucson, Arizona, and heard eight presentations about individual
state’s water resources research needs and water issues.  Subsequently, five
additional states were contacted to fill out the geographical representation of the
submissions.  The goal of the exercise was twofold.  First, the committee wanted
the states to have an opportunity to express their needs with respect to water
resources research, since they are often the primary user of the results of federally
funded research activities.  Second, the committee used the information to con-
firm that the research needs found in Envisioning the Agenda for Water Resources
Research in the Twenty-first Century actually reflect current thinking at the state
level.  The 13 individuals and their state affiliation are listed below.

1. Rita McGuire, Arizona Center for Public Policy
2. Steve Macaulay, California Department of Water Resources
3. Karl Dreher, Idaho Department of Water Resources
4. Derek Winstanley, Illinois State Water Survey
5. Steve Kahl, Maine Water Resources Research Institute
6. Mark Smith, Massachusetts Department of Environmental Affairs
7. Mark Buehler, Metropolitan Water District of Southern California
8. Jamie Crawford, Mississippi Department of Environmental Quality
9. Roger Patterson, Nebraska Department of Natural Resources

10. Peggy Barroll, New Mexico Office of the State Engineer
11. Barry Norris, Oregon Water Resources Department
12. Andrew Zemba, Pennsylvania Office of Water Management
13. Bill Mullican, Texas Water Development Board
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Each individual was asked to provide input on three water issues, as listed in
boldface below.  Instead of presenting the individual responses of each, what
follows are brief summaries of all of the responses.  For a transcript of a complete
state response or a copy of the PowerPoint presentations, contact Laura Ehlers at
lehlers@nas.edu.

1. Provide a brief description of your organization’s responsibilities.

The 12 contributing organizations include state agencies responsible for water
administration, public water supply, planning, and data gathering as well as agen-
cies responsible for water and public policy research and an agency responsible
for providing metropolitan water supplies.

2. Speaking from the perspective of your state and its water management
institutions, what are the most important issues that you are likely to face in the
next 10–15 years?  Please do not discuss short-term operational problems.

In many instances it was difficult to distinguish a state’s water issues from the
water resources research that is needed to address them.  Nonetheless, it was clear
that important issues span a wide range of topics.  Those issues/topics that were
mentioned by more than one state include

• continuing need for better data collection
• meeting the goals of the Endangered Species Act
• dealing with future climate change
• how to manage groundwater mining
• how to take surface water–groundwater interactions into account when

setting policy
• dealing with droughts and floods
• capturing recharge
• various water quality issues, particularly emerging contaminants and

pathogens

Other issues of concern to the states include interstate compact compliance issues,
adjudication of water rights, dam safety/aging structures and finding cost-effective
ways to deal with infrastructure, vegetation management, land subsidence due to
water withdrawals, sedimentation of reservoirs, growing water demand, treat-
ment and disposal of brine from desalination plants, exotic species invasions, and
Total Maximum Daily Loads and the general problem of nonpoint source pollution.

3. What kinds of research would be most helpful in providing the knowledge
and technology needed to address these long-term issues?
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Below are abridged responses listed by the category of research.  No attribution is
given for the contributing agency because in a number of instances the same or
very similar suggestions were made by multiple agencies.  However, in other
instances, the comment reflects the views of only one agency representative.  Note
that almost all of the state representatives mentioned the need for better hydro-
logic data, even though it was explained that the committee and this report are not
considering data collection per se to be a research activity.  It is acknowledged in
Chapter 5 that research efforts are often limited by the availability of high-quality
data.

Data Collection
• Better and more reliable stream gaging is needed.
• Better basic hydrologic data are needed, especially in real time.
• Research is needed on how to improve stream gaging, e.g., by using

remote sensing and tomographic methods.
• Soil moisture data collection, as well as research to improve this, is

needed.
• Monitoring of land subsidence was voiced as important but currently

neglected.
• The extent and location of impervious surfaces need to be determined.

Endangered Species
• Better science is needed to understand the water needs of listed endan-

gered species, both aquatic and terrestrial.  This comment was made by a large
number of the participating state representatives, although each mentioned a dif-
ferent species.

Surface Water–Groundwater Interactions
• A better understanding of surface water–groundwater interactions is

needed to help the states answer such questions as:

1. What have been the consequences of ignoring the long-term effects of
developing groundwater that is connected to fully appropriated surface water?

2. Is there an economic/ecological time horizon for consideration of
interference with surface water, or is the establishment of hydraulic connection
without regard to time and percent of interference sufficient to determine injury
to senior rights?

3. What methods are available, or could be developed, to give rapid
reasonable estimates of return flow and consumptive uses?

It was suggested that a comprehensive survey of surface water–groundwater inter-
actions along major aquifer systems would be useful.
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Tools to Aid in Water Management
• Better hydrologic models are needed, for both surface water and

groundwater.
• Research is needed on coupling climate models to models used to predict

surface water availability.
• Improved models are needed for predicting surface water availability (run-

off forecasting) at different time scales.
• Models that could provide an assessment of worst-case drought and flood

scenarios would be useful.
• Research is needed on real-time water management decision making.
• Research is needed on how to accomplish water transfers.
• Research is needed on how to implement and make successful programs

on water demand management.  For example, what are the tools needed to pro-
mote the adoption of conservation practices?

• Planning is needed for aging dam structures.
• A better understanding is needed on how to mitigate sabotage of water

systems.

Water Conservation/Recharge/Drought
• Research is needed on wastewater reuse, particularly the required treatment.
• Research is needed on recycling and effective use of gray water and

stormwater.
• Research is needed to develop more low-water-use crops.
• Social science research is needed on the severity of drought impacts and

what institutional responses should be.
• Research is needed to better understand and quantify recharge, to develop

recharge monitoring techniques, and to understand the effects of human activity
on groundwater recharge (e.g., benefits of stormwater best management practices).

Water Quality
• Research is needed on the water quality impacts of wastewater effluent.
• Models of the fate and transport of surface water and groundwater pollut-

ants need to be developed, particularly for nonpoint sources of pollution.
• Research is needed on desalination and the environmental impacts of brine

disposal.
• More information is needed on potential point-of-use devices.
• Research is needed on alternate methods of preventing sedimentation of

reservoirs.
• Research is needed on the economic and environmental impacts of nutrient

pollution and on alternative nondischarge uses of nutrients.
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Vegetation
• Research is needed on vegetation management and how it affects over-

land flow and groundwater recharge.
• Research is needed on the use of remote sensing to address vegetative

management and stream gaging, particularly in ephemeral streams.
• Information is needed on the long-term impacts of invasive species (e.g.,

aquatic weeds) and how to prevent, control, and eradicate unwanted vegetation.
• Research is needed on how landscape changes brought about by human

activity affect water quantity and quality.

COMMITTEE OBSERVATIONS

The following observations were made by the committee following the presentations:

• States are no longer receiving federal money for collecting hydrologic
data or receiving the data itself that can be applied to local problems.  Thus, basic
data collection has become an unfunded mandate for the states.

• State representatives feel that where the federal government owns a great
deal of land (notably in the West), it needs to take the lead research role.

• Data collection at the federal level is also needed for consistency purposes.
• Meeting human water supply needs while meeting environmental needs

will present challenges in almost all regions of the country.
• The Water Resources Research Institutes provide broad advantages and

increase the stature of basic data but receive low federal funding.
• Many of the states’ representatives expressed disaffection with the federal

water resources research enterprise.  Thus, there need to be better linkages
between the federal programs that generate and fund research and the state users
of such research.
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Appendix E

Charter of the Subcommittee on
Water Availability and Quality

Committee on Environment and
Natural Resources National Science and

Technology Council

A. Official Designation

The Subcommittee on Water Availability and Quality (Subcommittee) is hereby
established by action of the National Science and Technology Council (NSTC)
Committee on Environment and Natural Resources (Committee).

B. Purpose and Scope

The purpose of the Subcommittee is to advise and assist the Committee and the
NSTC on policies, procedures, plans, issues, scientific developments, and research
needs related to the availability and quality of water resources of the United States.
For the purpose of this Subcommittee, water resources are defined as fresh and
brackish water in the atmosphere, streams, lakes, unsaturated zone, aquifers, and
estuaries. The Subcommittee will focus on science issues and policy related to
needed improvements in technology and research that will advance the goal of
ensuring a safe and sustainable supply of water in the United States for human
and ecological needs.

C. Functions

To advance its goal, the Subcommittee will carry out the following functions:

1. Facilitate communication and coordination among federal agencies and
representatives from nonfederal sectors on issues of science, technology, and
policy related to water availability and quality.
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2. Advise the Committee on significant recent developments in science and
technology related to the assessment and enhancement of water availability and
quality.

3. Determine needs for additional research, monitoring, and technology
development.

4. Develop a plan for a coordinated multiagency effort to provide the needed
research, monitoring, and development.

5. Recommend budget priorities that will target federal spending toward the
most critical needs for ensuring safe and sustainable water supplies for human
and ecological uses.

6. Provide reviews and analyses of federal policies and programs that affect
water availability and quality.

7. Advise the Committee on linkages between the availability and quality of
water and the nation’s economic and strategic security.

8. Assess periodically (a) priorities for research and development of systems
related to enhancement of water supplies, and (b) research and development of
systems related to monitoring and forecasting water flow and quality and their
effect on aquatic life.

D. Membership

Members of the Subcommittee will be from the following agencies:

Council on Environmental Quality
Office of Management and Budget
Office of Science and Technology Policy
National Aeronautics and Space Administration
National Oceanic and Atmospheric Administration
National Park Service
National Science Foundation
Tennessee Valley Authority
U.S. Agricultural Research Service
U.S. Army Corps of Engineers
U.S. Bureau of Reclamation
U.S. Department of Energy
U.S. Department of Health and Human Services
U.S. Environmental Protection Agency
U.S. Fish and Wildlife Service
U.S. Forest Service
U.S. Geological Survey
U.S. Natural Resources Conservation Service
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E. Private Sector Interface

The Subcommittee may seek advice from the President’s Committee of Advisors
on Science and Technology (PCAST) and will recommend to the Assistant to the
President for Science and Technology the nature of additional private-sector
advice needed to accomplish its mission. The Subcommittee may also interact
with and receive ad hoc advice from various nonfederal groups as consistent with
the Federal Advisory Committee Act, such as the Advisory Committee on Water
Information.

F. Duration

The Subcommittee shall serve for a duration of 5 years, until September 30, 2007.
The charter, however, may be renewed by the Committee and the chairman of the
NSTC at their discretion.

G. Approval

By my signature below, I hereby approve the formation of the Subcommittee on
Water Availability and Quality, subject to the terms in this charter, as a function
of the Executive Branch consistent with the public interest and with its lawful
duties.

Director, Office of Science and Technology Policy Date
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THE CHALLENGE OF THE “THIRD ERA OF WATER RESOURCES”

A paper presented to the Subcommittee on Water Availability and
Quality (SWAQ) by its co-chairs, May 5, 2003

(Revised June 10, 2003)

Science and technology has always been crucial to the proper development
and protection of our nation’s water resources. We would propose that since about
the middle of the 1990’s the nation has entered into a “third era of water
resources.” And it is the realities of that third era that must form the basis of our
science and technology agenda. So, what are these three eras?

The first era spans the time from the first development of cities, industry, and
irrigated agriculture up to about 1972. During this era the resource was developed
through the building of dams for purposes of water supply, navigation, hydro-
electric power generation and flood control. The key science question behind
these projects was about the amount of water, or power, that could reliably be
delivered from these projects. Groundwater development only became a signifi-
cant factor in water development after the invention of center pivot irrigation
systems and high-capacity submersible pumps in the middle of the 20th century.
In only a few cases did groundwater development lead to long-lasting or far-
reaching impacts during this era. The science question in groundwater develop-
ment was about the amount of water that could be extracted from a set of wells
without unduly affecting neighboring users. Waste from industry and cities were
generally discharged to rivers with little or no treatment. At the end of this era
public concern over pollution was growing rapidly and causing scientists to
address difficult questions about how multiple sources of pollution along a river
were each affecting water quality or the biota. The goal of this science was to
assign responsibility appropriately and to make decisions about the most effec-
tive means of improving water quality. This latter task was difficult given the
state of scientific understanding, monitoring technology, and computational
capability at the time, and results were often contended in legal proceedings,
leading to major logjams in solving the nation’s water pollution problems.

The second era starts in 1972 and runs to the middle 1990s. During this era
there were very few new water storage projects built. Any expansions in deliveries
of surface water came about by simply extracting more from the infrastructure
already built. In those areas where water use was growing, the West and the
South primarily, this resulted in growing stresses on the total supply for the users
and in significant impacts on the aquatic community, as these off-stream diver-
sions left little water in the rivers during dry periods. Groundwater use increased
rapidly due to better technology and because of the limits on surface-water sup-
plies. However, during the same period, contamination of groundwater became a
concern and a focus for remediation. The Clean Water Act resulted in major
enhancements in treatment of municipal and industrial waste. It was a period of
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very active development of treatment technology, but little attention was paid to
the science of water quality, because the Clean Water Act placed its focus for the
first two decades on application of technology to clean up point sources.

The third era began in the mid 1990s and can be expected to run for many
more years. Many regions of the nation are now facing clear and intense conflict
among the major categories of use: urban, industrial, agricultural, and ecological.
Because large-scale water transfers or building of additional reservoirs are
unlikely, the interests in most regions are actively involved in some kind of
renegotiation over the uses of the existing supplies. The key science question is
now not how much water can we reliably deliver from the river, but rather how
much water do we need to leave in the river for ecosystem functions. There is
interest in new systems for storing water, but these are primarily systems for
capturing surface water in times of high flow and storing it in aquifers to be
extracted months or years in the future during times of need. These systems
represent an important emerging technology, but one whose performance is not
well known at this time. Groundwater development is increasing rapidly because
of the limitations on further surface-water sources. What is becoming more
apparent is that withdrawal of groundwater can have significant impacts on sur-
face water and on aquatic ecosystems over time scales of decades and spatial
scales of tens of miles. Understanding groundwater and its connection to surface
water thus becomes a crucial science need for wise management of the resource.
Finally, in the area of water quality, the improvements due to the technology-
based approach have been significant, and yet problems remain for the water
quality and the aquatic biota. These problems are significantly related to land
uses, particularly agricultural and urban land management practices. Future deci-
sions about land use and land management practices must be based on a predic-
tive understanding, supported by empirical data, of the relationship between those
activities and the water quality and biological end points. These impacts must be
understood at the scale of the local watershed, but also at scales of major river
basins with impacts persisting hundreds of miles or more downstream from their
sources.

SCIENCE AND TECHNOLOGY FOR THE THIRD ERA OF
WATER RESOURCES

The era of plentiful, clean water supplies and pristine, biologically diverse
aquatic resources has been replaced by an era of highly developed water resource
management and regulatory and voluntary programs to restore and maintain
water quality. Science and technology generated via federal research have enabled
both the utilization of water resources and the information and technologies
needed to guide related public policy and economic development needs. The
United States, and the world at large, are now in a “third era of water resources”
characterized by:
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• increasing competition and conflict among users of increasingly scarce
water resources, often leading to technical and policy gridlock because of the
conflict over values, protracted litigation or regulatory actions, and the scientific
uncertainties

• federal budget realities coupled to policy, and program performance
expectations requiring scientifically based information and technology to inform
decision making at all scales of government from federal to local. This informa-
tion must fully explain the costs, effectiveness, and benefits of actions to provide
water, prevent water quality impairment, and to restore water quality in impaired
systems

• a shift from relying exclusively on “command and control” approaches to
solve problems to approaches that harness market forces, provide flexibility and
efficiency, and that build on principles of sustainable water quantity, water
quality, and economic development

• a recognized shift from industrial and wastewater treatment discharges as
the major cause of water quality impairment to nonpoint source runoff, atmo-
spheric deposition, and groundwater inflows as the major pathways for contami-
nation of water resources

• a scarcity of freshwater and increasing costs to store, extract, purify, and
distribute water suitable for irrigation, drinking, basic sanitation, and aquatic
habitat maintenance

URGENT AND NATIONAL PRIORITIES FOR THE THIRD ERA

The federal water science and technology programs exist to meet the nation’s
water availability and quality needs. These programs will be challenged by the
emerging Third Era. The SWAQ will structure its work to see to it that the pro-
grams do not simply continue to pursue the issues of the past. Rather, we will
work together to explore how the agencies can effectively make the significant
progress, during the next five years, on some of the most urgent problems posed
by the Third Era. The SWAQ has selected two issues for initial consideration and
special study. Both are compelling, interagency, national, and policy-relevant
priorities. Both will require a realignment of current priorities and may require
new resources. The work of the SWAQ will not be limited to these two issues, but
they are suggested by the co-chairs as initial topics for consideration.

1. Quantifying the future availability of freshwater in light of both with-
drawal uses and ecosystem uses:

A very common problem in the Third Era is that the existing infrastructure
for storing and delivering water for uses such as agricultural, urban, or industrial
needs is now being called upon to support healthy biotic communities in rivers
and associated lakes, wetlands, and floodplains. Also, groundwater development
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is causing declines in groundwater storage and this is resulting decreased base-
flow in streams and increased water temperatures during critical times in the
summer. Answering questions of future availability of freshwater requires an
ability to predict at least four major types of variables. (1) There is a need to
estimate the future economic demands for water for withdrawal uses (agriculture,
urban, and industrial). The complexities of this process involve forecasting of
changes in technology, economic activity, and the response of the legal and
political system to shifting water from one type of use to another. (2) There is a
need to estimate the response of the biological community to changes in stream-
flow and stream temperature, clarity, and chemistry. This question is often pivotal
to addressing instream flow needs. (3) There is a need to estimate the degree to
which aquifer storage is changing and will change in the future (given various
land and water use patterns) and then how these changes in groundwater will
affect the flow, temperature, and chemistry of streamflow. (4) There is finally a
need to estimate how surface-water flow is changing as a result of water manage-
ment activities, land-use change, climate change, diversions, and storage.

Scientific tools and data that are needed to respond to the questions of water
availability include new approaches to estimating of groundwater recharge, dis-
charge, and storage at a regional scale. This will demand the use of improved
sensors such as ground-based and space-based gravity methods as well as tracer
methods (using isotopes, heat, or man-made chemicals as tracers) and improved
groundwater and groundwater–surface-water models. Efforts are needed to
explore new water-using technologies and the economic and social barriers to
their adoption by citizens, communities, industry, and farmers.

Traditional science and engineering of river management has focused on the
question: “How much water can we reliably extract from this river or aquifer,
given the systems of reservoirs, diversions and wells?” The new question is “How
much water do we need to leave in the river or aquifer to support the biota?”
Without scientifically defensible answers to this kind of question, regional water
management decisions will remain gridlocked in a manner that serves neither the
withdrawal users nor the ecosystem. The recent article in Science magazine
regarding the Klamath River Basin gives a prime example of this gridlock, but
many other examples exist nationwide (e.g. the California Bay Delta, Everglades,
Grand Canyon, Platte River, Appalachacola-Chattahoochie-Flint, to name a few).
The science that is needed is improved understanding of the stressor–response
relationship between the physics and chemistry of managed river systems and the
response of the biota. In order to move forward with resolution of these conflicts
there needs to be research leading to improved models that can be used to diag-
nose the cause of current problems and predict the future state of the biota. The
science needs to consider the wide range of factors that can affect the biota:
including: streamflow, water temperature, sediment concentrations, water chem-
istry, riparian vegetation, groundwater development impacts on surface water flow
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and temperature, geomorphology, physical barriers, harvest, invasive species, dis-
ease, and dissolved gases.

In short, improving the scientific basis for water availability planning can
only be done through an integrative effort involving surface-water and ground-
water hydrology, climatology, water chemistry, water engineering and economics,
and the biological responses of ecosystems to ongoing environmental change.

2. Assessing and predicting the effectiveness of land use practices and water-
shed restoration on water quality and ecosystem health.

Even though the nation has made great strides in reducing urban and indus-
trial sources of pollution, the quality of many water bodies still does not support
the level desired from the standpoints of protecting human health and healthy
biotic communities. For example we know that

1. Many river, lake, estuarine, and near-coastal systems (e.g., Gulf hypoxia)
are impaired by nutrient enrichment and that the primary sources for these
nutrients are from agricultural and urban uses and from atmospheric nutrient
inputs.

2. Pathogenic organisms are common in our nation’s waters, and they
threaten recreational water use and safe drinking water supplies. Sources include
sewer overflows, leaky sanitary sewers, malfunctioning septic tanks, animal pro-
duction facilities, pets, and wildlife.

3. Sediment originating from erosion of the landscape continues to create
problems in aquatic systems. It causes direct harm to fish and shellfish, and often
carries toxic metals or organic chemicals.

4. Mercury is a significant problem to the higher-level organisms in the
aquatic food chain (fish and fish-eating birds and mammals, including humans
who subsist on fish). The source of this mercury is often atmospheric, and the
likely effectiveness of control strategies is poorly known at this time.

A common characteristic of most of these water quality problems is that they
require significant interventions in land use practices at watershed or large river-
basin scale. These interventions, commonly called “best management practices”
(BMPs), ecosystem restoration practices, and watershed management action
programs are expected to yield their results very slowly. Because these practices
involve changing the movement of water, chemicals, and sediment through soil
and through groundwater and over long distances within a watershed, the desired
outcomes may take decades to emerge. Documenting the effectiveness of these
measures on water quality or biological end points is confounded by the signifi-
cant temporal variation that comes from the natural variation between seasons
and between wet years and dry years. Science and technology must find the
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“signal” of effectiveness amidst the considerable natural “noise” of the watershed
system. The challenge to the water science and technology community is to
demonstrate and ultimately predict the costs, effectiveness, and the benefits of the
various strategies that are being deployed to restore or improve the nation’s
aquatic systems.

HOW SWAQ WILL ADDRESS THESE URGENT AND
NATIONAL PRIORITIES FOR THE THIRD ERA

We propose that the SWAQ undertake a review that describes the impor-
tance of these two problem to the nation’s economic development and ecosystem
conditions, the status of knowledge, current research efforts and then describe the
kind of research and development needed to move the science forward to resolve
these kinds of problems. Special attention will be given to data needs, integrated
modeling needs, and the needs for new sensors that can contribute to this overall
effort.

Getting the metrics right: measuring, modeling and the adaptive
management feedback loop

Actions taken to improve water quality or ecosystem health must be viewed,
in part, as experiments. We are engaged in a process of adaptive management
where we take actions that should move us in the right direction, but also recog-
nize that there is great uncertainty about how well those actions will succeed in
producing the desired outcomes. Any good experimental design demands a
rigorous measurement plan, data analysis plan, hypothesis tests, and reporting of
results in the peer reviewed literature. The SWAQ will explore how well the
nation is positioned to conduct adaptive management of water, with the complete
feedback loop from design, to action, to data, to results, and back to design and
action. The SWAQ will pose the following kinds of questions as it pursues the
two issues proposed above for initial study:

1. What are the metrics required to assess the costs, effectiveness, and
benefits of approaches to meet the goals of the new strategies for water availability
and quality?

2. Do existing sampling networks, statistical designs, and data collection
programs use appropriate metrics, or can they be modified or expanded upon to
measure across this integrated question of costs, effectiveness, and benefits?

3. What new technologies are needed to observe and measure the important
variables in a cost-effective and timely manner, to serve the needs of adaptive
management at local, regional, and national scales?
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4. What is the most cost-effective way to use the current network of experi-
mental watershed and groundwater study sites and related research programs to
address the integrated questions of the Third Era?

5. What alternative experimental designs, survey approaches, and network-
based approaches are needed to answer integrated questions and what institutional
arrangements (including a role for the private sector) are required to implement
targeted but large-scale “experiments”?

6. Is it possible to link existing models in order to link controls (such as
BMPs) to ambient water quality to biological water quality (ecological end points)
to economic benefits (such as monetized ecosystem goods and services)?

7. Are linked models credible? What is the best way to include social science
algorithms?

8. What new models are required and what data collection is needed to test
and implement the models?

ON-TIME DELIVERY OF VERIFIED TECHNOLOGIES

The Third Era is different from the first two water resources eras in that a
robust private sector that develops, markets, and deploys technologies to meet
water resources needs exists, and the capability and capacity are apparently avail-
able to further respond. The federal research community’s role needs to shift
from a development role to one of catalyzing the marketplace by identifying
unmet needs. Another vital role is the issue of demonstration of performance and
third-party verification. Put simply, as vendors offer leading edge technologies
for remote sensing, monitoring, measurement, water treatment and desalination,
and nanotechnology-based hardware, then users and buyers need data on the per-
formance of the approaches. There are a number of models for this approach to
draw from, and range from Cooperative Research and Development Agreements
(CRADAs) to technology demonstration and verification programs. Specific
issues that must be addressed are the following:

• Identification of a “hot needs” list for technologies needed to enable solu-
tions to the SWAQ agenda

• An alignment of the focus of current technology research, development,
demonstration, and verification programs with the SWAQ special emphasis areas

Action Items: The co-chairs propose the following:

1. Propose the concepts in this paper to the SWAQ and seek consensus on
the specific initial topics both in number and scope.

2. Develop an action plan for the SWAQ that reflects the respective priorities
and roles of the member agencies.
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3. Characterize the content and expected results of the action plan and for-
mally transmit reports with recommendations to the Committee on Environment
and Natural Resources (CENR).

4. Complete first drafts of these two reports by the end of September.
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Appendix F

Federal Agency and
Nongovernmental Organization Liaisons

U.S. Department of Agriculture
Dale Bucks, Agricultural Research Service
Lisa Duriancik, Cooperative State Research, Education, and Extension Service
Carol Jones, Economic Research Service
Sheryl Kunickis, Natural Resources Conservation Service
Mike O’Neill, Cooperative State Research, Education, and Extension Service
Doug Ryan, U.S. Forest Service

U.S. Department of Commerce—National Oceanic and Atmospheric Administration
Gary Carter, National Weather Service
Richard Lawford, Office of Oceanic and Atmospheric Research
Donald Scavia, National Ocean Service

U.S. Department of Defense
Linda Chrisey, Office of Naval Research
Andrea Leeson, Strategic Environmental Research and Development Program
David Mathis, U.S. Army Corps of Engineers

U.S. Department of Energy
Teresa Fryberger, DOE headquarters
Henry Shaw, Lawrence Livermore National Laboratory
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U.S. Department of the Interior
Mary Jo Baedecker, U.S. Geological Survey
Shannon Cunniff, U.S. Bureau of Reclamation
Chuck Hennig, U.S. Bureau of Reclamation

U.S. Department of Health and Human Services
Lorrie Backer, Centers for Disease Control and Prevention
Aaron Blair, National Cancer Institute
John Bucher, National Institute of Environmental Health Sciences
Robert Spengler, Agency for Toxic Substances and Disease Registry

U.S. Environmental Protection Agency
Anthony Maciorowski, Office of Water
John Reyna, Office of Research and Development
Molly Whitworth, Office of Research and Development

National Aeronautics and Space Administration
Jared Entin

National Science Foundation
Nick Clesceri, Engineering Directorate
Douglas James, Geosciences Directorate

General Accounting Office
Steve Elstein
Brenda Patterson

Office of Management and Budget
Jason Freihage

Water Environment Research Foundation
Jamie Montgomery

American Water Works Association Research Foundation
Chris Rayburn

The Nature Conservancy
Brian Richter

Water Resources Research Institutes
John Warwick, Nevada
Dave DeWalle, Pennsylvania
Ellen Weichert, Texas
Jan Urroz, Utah
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Acronyms

AEC Atomic Energy Commission
ARS Agricultural Research Service (USDA)
AAAS American Association for the Advancement of Science
AHPS Advanced Hydrologic Prediction Service
ASLO American Society of Limnology and Oceanography
ATSDR Agency for Toxic Substances and Disease Registry (DHHS)
AWWARF American Water Works Association Research Foundation

BLM U.S. Bureau of Land Management (DOI)
BMPs best management practices

CALFED California Bay Delta Authority
CDC Centers for Disease Control and Prevention (DHHS)
CENR Committee on Environment and Natural Resources
CERCLA Comprehensive Environmental Response, Compensation, and

Liability Act
Corps U.S. Army Corps of Engineers
COWRR Committee on Water Resources Research
CSREES Cooperative State Research, Education, and Extension Service

(USDA)
CRADA Cooperative Research and Development Agreement
CWA Clean Water Act

DHHS U.S. Department of Health and Human Services
DoD U.S. Department of Defense
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DOE U.S. Department of Energy
DOI U.S. Department of Interior

EDRP Exposure-Dose Reconstruction Program
EMAP Environmental Monitoring and Assessment Program
ENSO El Niño Southern Oscillation
EPA U.S. Environmental Protection Agency
ERS Economic Research Service (USDA)
ESTCP Environmental Security Technology Certification Program (DoD)

FCCSET Federal Coordinating Council for Science, Engineering, and
Technology

FCST Federal Council for Science and Technology
FGDC Federal Geographic Data Committee
FHA Federal Housing Administration
FWS U.S. Fish and Wildlife Service (DOI)

GAO U.S. General Accounting Office
GDP gross domestic product
GIS Geographic Information Systems
GLERL Great Lakes Environmental Research Laboratory (NOAA)
GLHHERP Great Lakes Human Health Effects Research Program
GRACE Gravity Recovery and Climate Experiment

HBN Hydrologic Benchmark Network
HUD U.S. Department of Health and Urban Development
HHS U.S. Department of Health and Human Services

LTER Long-Term Ecological Research

MTHM Metric tons heavy metal

NASA National Aeronautics and Space Administration
NAST National Assessment Synthesis Team
NASQAN National Stream Quality Accounting Network
NAWQA National Assessment Water Quality program
NCEA National Center for Environmental Assessment
NCER National Center for Environmental Research
NCI National Cancer Institute
NEHRP National Earthquake Hazard Reduction Program
NERL National Exposure Research Laboratory
NEXRAD Next Generation Weather Radar
NHEERL National Health and Environmental Effects Research Laboratory
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NIEHS National Institutes of Environmental Health Science
NIH National Institutes of Health
NOAA National Oceanic and Atmospheric Administration
NOS National Ocean Service (NOAA)
NRC National Research Council
NRMRL National Risk Management Research Laboratory
NSB National Science Board
NSF National Science Foundation
NSDI National Spatial Data Infrastructure
NSIP National Streamflow Information Program
NSTC National Science and Technology Council
NWS National Weather Service (NOAA)
NWTRB U.S. Nuclear Waste Technical Review Board
NWUIP National Water-Use Information Program

OGP Office of Global Programs (NOAA)
OMB U.S. Office of Management and Budget
ONR Office of Naval Research (DoD)
OOAR Office of Oceanic and Atmospheric Research (NOAA)
ORD Office of Research and Development (EPA)
OSTP Office of Science and Technology Policy
OWRR Office of Water Resources Research (formerly DOI)

PCAST President’s Council of Advisors on Science and Technology
PHS U.S. Public Health Service

RCRA Resource Conservation and Recovery Act
R&D Research and development

SERDP Strategic Environmental Research and Development Program
SDWA Safe Drinking Water Act
STAR Science Targeted to Achieve Results (EPA)
SWAQ Subcommittee on Water Availability and Quality

TMDL Total Maximum Daily Load
TNC The Nature Conservancy
TSPA Total System Performance Assessment
TVA Tennessee Valley Authority

USBR U.S. Bureau of Reclamation (DOI)
USDA U.S. Department of Agriculture
USFS U.S. Forest Service (USDA)
USGS U.S. Geological Survey (DOI)
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USGCRP U.S. Global Change Research Program

WERF Water Environment Research Foundation
WRB Water Research Board
WRRIs Water Resources Research Institutes
WSTB Water Science and Technology Board
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Biographical Sketches of
Committee Members and Staff

Henry J. Vaux, Jr., chair, is a professor of resource economics, emeritus, at the
University of California and associate vice president emeritus of the University
of California system. He is currently affiliated with the Department of Agricul-
tural and Resource Economics at the University of California, Berkeley. In
addition to serving as associate vice president, Agriculture and Natural Resources,
he previously served as director of the University of California Water Resource
Center. His principal research interests are the economics of water use and water
quality. Prior to joining the University of California, he worked at the Office of
Management and Budget and served on the staff of the National Water Com-
mission. He received a Ph.D. in economics from the University of Michigan.
Dr. Vaux served on the NRC Committee on Western Water Management and the
Committee on Ground Water Recharge, and he was chair of the Water Science
and Technology Board from 1994 to 2001.

J. David Allan is a professor in the School of Natural Resources and Environ-
ment at the University of Michigan. He received a B.S. from the University of
British Columbia and a Ph.D. from the University of Michigan. Dr. Allan is a
member of the Ecological Society of America, the North American Benthological
Society, and the American Society of Limnology and Oceanography. He has
served on the board of editors of Freshwater Biology and the Journal of the North
American Benthological Society. He serves as an advisor to American Rivers and
The Nature Conservancy. His current research examines the influence of land use
and landscape setting on the ecological status of streams and rivers, flow variabil-
ity and its influence on the biological community, and indicators of stream eco-
system condition.
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James Crook is an independent environmental engineering consultant specializ-
ing in the area of water reuse. He has previous experience in state government
and consulting engineering arenas, where he developed and executed a broad
range of engineering services for water and wastewater agencies in the public and
private sectors in the United States and abroad. Dr. Crook developed California’s
first comprehensive water reuse criteria, has authored numerous technical papers
and reports, and is an internationally recognized expert in the area of water recla-
mation and reuse. He was the principal author of water reuse guidelines published
by the U.S. Environmental Protection Agency and U.S. Agency for International
Development and was the American Academy of Environmental Engineers’ 2002
Kappe Lecturer. He has served on the Water Science and Technology Board and
several National Research Council committees. Dr. Crook received his B.S. in
civil engineering from the University of Massachusetts and his M.S. and Ph.D. in
environmental engineering from the University of Cincinnati.

Joan G. Ehrenfeld is a professor in the Department of Ecology, Evolution, and
Natural Resources at Rutgers University. She is also the director of the New
Jersey Water Resources Research Institute. She received her B.A. from Barnard
College, Columbia University, magna cum laude with honors in biology, her M.A.
in biology from Harvard University, and her Ph.D. in biology from City Univer-
sity of New York. Dr. Ehrenfeld is associate editor for the journal Restoration
Ecology and has served on the editorial board of Wetlands. Her research is cen-
tered on the overlap between ecosystems ecology and plant ecology, emphasizing
wetland ecology and exotic species invasions. She is involved in research in a
wide variety of ecosystems in New Jersey, including the Pinelands, the hardwood
forests of the northwestern hills, and the red maple swamps of the northeastern
Piedmont province. Her teaching includes lecture courses on general ecology,
wetland ecology, ecosystems ecology and global change, research methods in
ecology, and restoration ecology.

Konstantine P. Georgakakos is the managing director of the Hydrologic Research
Center in San Diego, California. He is also an adjunct full professor with the
Scripps Institution of Oceanography of the University of California, San Diego,
and an adjunct full professor with the Department of Civil and Environmental
Engineering of the University of Iowa. Previously, he was an associate professor
at the University of Iowa and with the Iowa Institute of Hydraulic Research, as
well as a research hydrologist with the National Weather Service. He holds M.S.
and Sc.D. degrees from the Massachusetts Institute of Technology. Honors and
awards include the Presidential Young Investigator Award from the National Sci-
ence Foundation and the NRC-NOAA Associateship Award from the National
Research Council. He is the primary author of several software packages pertain-
ing to real-time flow prediction, which are in various stages of implementation
for operational use by the U.S. Army Corps of Engineers and the National
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Weather Service. He is a consultant for the United Nations Food and Agriculture
Organization, and he served as associate editor of the ASCE Journal of Engineer-
ing Hydrology and the Journal of Hydrology. He was elected the U.S. Expert in
Hydrologic Modeling for the World Meteorological Organization Commission
for Hydrology (1997–2000).

George R. Hallberg is a principal with the Cadmus Group, Inc., in Watertown,
Massachusetts, conducting environmental research, regulatory analysis, and
management services in the public sector. Previously he was associate director
and chief of environmental research at the University of Iowa’s environmental
and public health laboratory and at the Iowa Department of Natural Resources.
Dr. Hallberg is a long-time participant in NRC activities, including chairing the
WSTB Committee on Opportunities to Improve the USGS National Water Quality
Assessment Program. He has served on EPA’s National Advisory Council for
Environmental Policy and Technology and on the Office of Water’s Management
Advisory Group. Awards include the EPA Administrator’s Award for Excellence
in Pollution Prevention, the Soil Conservation Award from the Iowa Department
of Agriculture and Land Stewardship, and the Distinguished Service Award from
the Geological Society of America. His research interests have included environ-
mental monitoring and assessment, agricultural-environmental impacts, fate and
transport, contaminant occurrence and trends in drinking water, and health effects
of environmental contaminants. Dr. Hallberg received a B.A. in geology from
Augustana College and a Ph.D. in geology from the University of Iowa.

Debra S. Knopman is a senior engineer at RAND and associate director of
RAND Science and Technology. Her expertise is in hydrology, environmental
and natural resources policy, systems analysis, and public administration. From
1997 to 2003, she was a member of the Nuclear Waste Technical Review Board,
which has oversight of the Yucca Mountain scientific and engineering program,
and she chaired the Board’s Site Characterization Panel. From 1995 to 2000, she
served as director of the Center for Innovation and the Environment at the
Progressive Policy Institute in Washington, D.C. She served as deputy assistant
secretary for Water and Science at the Department of Interior from 1993 to 1995.
Prior to 1993, she worked for the U.S. Geological Survey and the U.S. Senate
Environment and Public Works Committee. She has a B.A. in chemistry from
Wellesley College, an M.S. in civil engineering from the Massachusetts Institute
of Technology, and a Ph.D. from the Department of Geography and Environ-
mental Engineering at Johns Hopkins University. She is the 2001 recipient of the
Johns Hopkins University Alumni Association’s Woodrow Wilson Award for
Distinguished Government Service.

Lawrence J. MacDonnell is an environmental and natural resources attorney
with the firm of Porzak, Browning & Bushong in Boulder, Colorado. His practice
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emphasizes water law and the Endangered Species Act. He is active in several
nonprofit organizations involved in community-based conservation in Colorado.
Between 1983 and 1994, he served as the initial director of the Natural Resources
Law Center at the University of Colorado School of Law, where he also taught
courses in environmental and natural resources law. He has published and spoken
widely. His most recent book is From Reclamation to Sustainability: Water, Agri-
culture, and the Environment in the American West. He is a past president of the
Colorado Riparian Association. Dr. MacDonnell served on the NRC Committee
on the Future of Irrigation, and the Committee on Riparian Zone Functioning and
Strategies for Management. He received his B.A. from the University of Michigan,
his J.D. from the University of Denver, and his Ph.D. from the Colorado School
of Mines.

Thomas K. MacVicar is a private consultant specializing in the water resources
of south Florida. He has been president of MacVicar, Federico & Lamb, Inc.,
since its inception in 1994. Prior to beginning his consulting practice, he spent
16 years on the staff of the South Florida Water Management District. From 1989
to 1994, he was second in command of the 1,500-employee agency with direct
responsibility for all water resource issues in a 16-county jurisdiction from
Orlando to Key West. His firm is currently involved in numerous complex water
resource-related processes for both public and private sector clients. Mr. MacVicar
participated in the multiyear process to develop the Comprehensive Everglades
Restoration Plan on behalf of the Florida Department of Agriculture and Con-
sumer Services and a broad cross section of agricultural landowners, businesses,
and associations. He currently serves as chair of the Miami-Dade County Flood
Management Task Force, created by the County Commission in response to back-
to-back floods in 1999 and 2000. He received a B.A. in political science from the
University of South Carolina, a B.S. in agricultural engineering from the University
of Florida, and an M.S. in water resource engineering from Cornell University.
Mr. MacVicar was a member of the NRC Committee on the Future of Irrigation
in the Face of Competing Demands.

Rebecca T. Parkin is an associate professor in the Department of Environmental
and Occupational Health with a joint appointment in the Department of Epidemi-
ology and Biostatistics in the School of Public Health and Health Services at The
George Washington University. She is also the associate dean for research and
public health practice for the school and the scientific director of the Center for
Risk Science and Public Health at the university. Previously, Dr. Parkin was
director of Scientific, Professional and Section Affairs at the American Public
Health Association and the assistant commissioner of the Division of Occupa-
tional and Environmental Health at the New Jersey Department of Health. Her
areas of expertise include environmental epidemiology, public health policy, and
risk assessment and communication. She has been a member of the NRC’s Water
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Science and Technology Board. Dr. Parkin received her A.B. in sociology from
Cornell University; her Certificate in Science, Technology and Policy from
Princeton University; and her M.P.H. in environmental health and Ph.D. in epide-
miology from Yale University.

Roger K. Patterson is director of the Nebraska Department of Natural Resources.
He was appointed by Governor Mike Johanns in January 1999. Prior to his
appointment with the State of Nebraska, he spent 25 years with the Bureau of
Reclamation, working in several of the western states. His last assignment with
the Bureau of Reclamation was as regional director of the Mid-Pacific Region in
Sacramento, California. Mr. Patterson has been honored with numerous awards
throughout his career, among them the 1995 Presidential Rank Distinguished
Executive Award, the highest award bestowed on a federal career employee. In
1999, Mr. Patterson received the DOI’s Distinguished Service Award for achieve-
ments in addressing engineering, environmental, and public concerns as regional
director of the Mid-Pacific Region. He is a graduate of the University of Nebraska
with degrees in civil and sanitary engineering. In addition to being agency
director, Mr. Patterson is chair of the Nebraska Boundary Compact Commission
and is the state representative to the Missouri River Basin Association, the State
Environmental Trust Board, the Blue River Compact, the Republican River
Compact, and the Upper Niobrara River Compact.

Franklin W. Schwartz is a professor and the Ohio Eminent Scholar in hydro-
geology at The Ohio State University. Dr. Schwartz’s research interests encom-
pass field and theoretical aspects of mass transport, contaminant hydrogeology,
and watershed hydrology. He is coauthor of the texts Physical and Chemical
Hydrogeology, published in 1990 and 1998, and Foundations of Ground Water,
now in production. He has received various awards recognizing his contributions
to hydrogeology, including the O. E. Meinzer Award, the Excellence in Science
and Engineering Award, and the M. King Hubbert Science Award. He was elected
as a fellow of the American Geophysical Union in 1992. In addition to his teach-
ing and research, Dr. Schwartz acts as a consultant to government and industry,
and he acts in various advisory capacities. He has served on various NRC panels
and as a member of the Water Science and Technology Board. He received his
Ph.D. in geology from the University of Illinois.

Amy K. Zander is a professor in the Department of Civil and Environmental
Engineering at Clarkson University. She received a B.S. in biology and M.S. and
Ph.D. degrees in civil engineering from the University of Minnesota. Her areas of
expertise include drinking water treatment, treatment process design, membrane
systems in environmental separations, life cycle assessment, and industrial ecol-
ogy. Dr. Zander has received numerous awards for her research and teaching,
including the 2003 Samuel Arnold Greeley Award from the American Society of
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Civil Engineers for the paper that makes the most valuable contribution to the
environmental engineering profession, the 2000 Association of Environmental
Engineering and Science Professors/McGraw Hill award for Outstanding Teach-
ing in Environmental Engineering and Science, and the 2001 Boeing Outstanding
Educator Award. Prior to her academic career Dr. Zander was a water quality
specialist with the Texas Water Commission, 1984–1986, and an engineer with
James M. Montgomery Consulting Engineers in 1989. Dr. Zander served on the
NRC Committee on Small Water Supply Systems.

Laura J. Ehlers is a senior staff officer for the Water Science and Technology
Board of the National Research Council. Since joining the NRC in 1997, she has
served as study director for nine committees, including the Committee to Review
the New York City Watershed Management Strategy, the Committee on Riparian
Zone Functioning and Strategies for Management, and the Committee on Bio-
availability of Contaminants in Soils and Sediment. She received her B.S. from
the California Institute of Technology, majoring in biology and engineering and
applied science. She earned both an M.S.E. and a Ph.D. in environmental engi-
neering at the Johns Hopkins University. Her dissertation, entitled RP4 Plasmid
Transfer Among Strains of Pseudomonas in a Biofilm, was awarded the 1998
Parsons Engineering/Association of Environmental Engineering Professors award
for best doctoral thesis.
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