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Foreword

In the early 1800s the U.S. Congress first asked the U.S. Army Corps
of Engineers (which was created in 1775) to improve navigation on our
waterways. From that beginning, the Corps began a program of public
works that has reshaped virtually all of the nation’s river basins and
coastal areas. Today we share in the benefits of those works: a reliable
water transportation network, harbors that help link our economy to
global markets, previously flood-prone land that is productive for urban
and agricultural uses, hydroelectric power, and widely used recreational
facilities.

Now, at the beginning of the twenty-first century, the Corps’ pro-
gram is under intense scrutiny. Traditional constituencies press the
Corps to complete projects that have been planned for many years and
campaign for new projects to serve traditional flood control and naviga-
tion purposes. At the same time, environmental and taxpayer groups ex-
press concerns about these projects in Congress and in the courts. Some
of these groups have exposed technical errors in analyses that have been
used to justify projects. For these critics, the Corps’ water project devel-
opment program must be reformed and the budget reduced or redirected.

Some of these same groups are pressing the administration,
Congress, and the agency itself toward a new Corps mission, broadly
described as environmental restoration. However, the concept of restora-
tion awaits more precise definition, and the science of ecosystem restora-
tion is in its infancy. Nevertheless, it is clear that restoration is a call for
water resources management that accommodates and benefits from,
rather than controls, annual and multiyear variability in the patterns and
timing of river flows and the extremes of flood and drought.

Meanwhile, the Corps is affected by a general trend in all federal
agencies toward smaller budgets and staffs. As demands for reform
mount, the Corps’ current staffing and organization may have to be re-
configured to provide improved and more credible planning reports.

As a result of this national debate over the Corps’ programs and the
quality of its planning studies, the U.S. Congress in Section 216 of the

Vil
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2000 Water Resources Development Act, requested that the National
Academies conduct a study of procedures for reviewing the Corps’ plan-
ning studies. In addition, Congress requested a review of the “methods
of analysis” used in Corps water resources planning.

In response to this request, the Water Science and Technology Board
of the National Academies’ National Research Council (NRC), in col-
laboration with the NRC’s Ocean Studies Board, appointed four study
panels to assess (1) peer review, (2) planning methods, (3) river basin and
coastal systems planning, and (4) resource stewardship and adaptive manage-
ment, along with a coordinating committee to follow these panels’ progress
and to write a synthesis report.

Our study panels and coordinating committee held several meetings
over the course of the study period beginning in 2001. We spoke with
dozens of Corps of Engineers personnel, visited several Corps projects,
and heard from different groups with interests in Corps projects. We
came away with an appreciation for the dedication of Corps personnel
and the complications and challenges they face in trying to be responsive
to local project sponsors and the nation’s taxpayers.

This is not the first study of the Corps by the National Academies.
However, past studies were often focused on specific projects or on par-
ticular planning aspects. The reports in this series address the agency’s
programs in a wider context. Because we appreciate the importance of
the U.S. Congress and the sitting administration in directing Corps pro-
grams, many of our recommendations are directed to them.

The Corps has a long history of serving the nation and is one of our
oldest and most recognized federal agencies, but it is today at an impor-
tant crossroads. The nation, through the administration and Congress,
must help the agency chart its way for the next century.

Leonard Shabman
Chair, Coordinating Committee
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Preface

The U.S. Army Corps of Engineers has a rich tradition of developing
and employing civil engineering methods to help meet the nation’s navi-
gation, flood protection, and other water resources-related needs. Its tra-
ditions are embodied in its motto “Essayons,” a French term meaning
“Let us try.” However, growing concerns over unanticipated environ-
mental consequences of Corps civil works projects, changing national
policies and preferences regarding the environment, and a congression-
ally expanded mission in the realm of ecosystem restoration left the
Corps at the end of the twentieth century seeking to address competing
demands in a complex and rapidly-changing world.

In response to this new challenge, Chief of Engineers Lt. General
Robert Flowers announced at the dedication of a Mississippi River diver-
sion project in Louisiana in March 2002 a set of new environmental op-
erating principles to guide the Corps in all of its work. These principles
include, among others, to achieve environmental sustainability; to recog-
nize the interdependence of life and the physical environment, seeking
balance and synergy among human development activities and natural
systems; to seek ways to assess and mitigate cumulative impacts on the
environment and bring systems approaches to the full life cycle of Corps
processes and work; and to build and share an integrated knowledge base
that supports a greater understanding of the environment and impacts of
Corps activities. These are sound principles for guidance but they pose
implementation and operations challenges. Sustainability is hard to de-
fine. Interactions among human activities and natural systems are com-
plex and synergies are elusive. Consequently, objectives are not always
clear and uncertainties about outcomes are frequently great. Knowledge
can and should be built upon, but understanding of natural systems is
often incoherent and diffuse.

It is just such conditions that led to the development of adaptive
management as a concept and approach to allow managers to take action
in the face of uncertainties, to enhance scientific knowledge and thereby

ix
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reduce uncertainties, and to craft management regimes that respond to,
and even take advantage of, unanticipated events. The Corps of Engi-
neers has been incorporating adaptive management into some of its ac-
tivities, particularly large-scale ecosystem restoration activities such as
those in the Everglades. However, the practice is young, and options for
its application in a wider range of Corps works are little explored. For
example, the Corps today finds itself in the middle of several pointed
planning and management controversies. In some instances reviewed in
this study, the Corps has been involved in planning or “reoperations”
studies that have extended over decades in an operating environment that
confounds clear and decisive management actions. Adaptive manage-
ment approaches offers one path forward.

Our panel assessed ways in which adaptive management might use-
fully be applied in Corps project planning and operations as part of a
broader study conducted in response to a directive from Congress in Sec-
tion 216 of the 2000 Water Resources Development Act. Section 216
directed the National Academy of Sciences to review the Corps’ peer
review procedures and its methods of analysis. In response, the National
Research Council (NRC) appointed four study panels and a coordinating
committee. Separate panel reports on review procedures within the U.S.
Corps of Engineers, analytical methods, and river basin and coastal sys-
tems planning were published in addition to this report on adaptive man-
agement. The coordinating committee prepared an overarching report,
based in part on the individual panel reports.

This panel held four meetings: the first and last meetings were con-
vened at the National Research Council in Washington, D.C.; the second
meeting at offices of the Corps St. Paul district office in Minnesota; and
the third meeting in West Palm Beach, Florida. At these meetings we
heard the perspectives and experiences related to adaptive management
of individuals from Corps of Engineers Headquarters and the St. Paul
and Jacksonville district offices. The St. Paul and West Palm Beach
meetings included open public sessions in which representatives of other
federal and state agencies participated. We also consulted with the New
Orleans district office, and sought the views of Corps staff members and
state and federal agency representatives on application of adaptive man-
agement in Louisiana coastal restoration.

In particular, we thank former Chief of Planning Dr. James Johnson,
Lynn Martin of the Institute for Water Resources, and Harry Kitch of
Corps Headquarters for their perspectives on Corps decision making and
adaptive management; Lisa Hedin, Don Powell, Jeff Gulan, Leon
Mucha, Dick Otto, Dan Krumholz, and Steve Tapp of the St. Paul district
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office for their views regarding Upper Mississippi River ecology and
management; Stuart Appelbaum of the Jacksonville District for sharing
his experiences in the Everglades Restoration; Claude Strauser of the St.
Louis district office for information on the Middle Mississippi River; and
Troy Constance of the New Orleans district office for information re-
garding coastal Louisiana. Other speakers and experts who provided
valuable input included Nick Aumen of the National Park Service;
Gretchen Benjamin of the Wisconsin Department of Natural Resources;
Mark Kraus of the National Audubon Society, Stephen Light of the Insti-
tute for Agriculture and Trade Policy; Kenneth Lubinski of the U.S. Geo-
logical Survey; John Ogden of the South Florida Water Management
District, and; Jon Porthouse of the Louisiana Department of Natural Re-
sources.

The panel owes a strong debt of gratitude to the NRC staff for its
professionalism and effectiveness in ensuring that our panel adhered to
its task statement, for providing discipline and experience in helping to
assemble the report and effectively responding to reviewers, and for pro-
viding background research support and organizing our meetings. In
particular, we thank Senior Staff Officer Jeffrey Jacobs of the Water Sci-
ence and Technology Board, who worked tirelessly on numerous drafts
and revisions. I, alone, count more than 100 e-mail messages from Jeff
since the beginning of the drafting process requesting editorial changes
and seeking additional clarity and intellectual rigor in our report. Senior
Project Assistant Jon Sanders and Research Associate Ellen de Guzman
ably assisted him. I also extend my deep gratitude to my fellow panel
members, who participated in our discussions in this study in a profes-
sional and collegial manner, and who approached their task statement
with great seriousness and intellectual curiosity. I appreciated the oppor-
tunity to work with these colleagues from several disciplines, many of
whom I would never have met in my usual professional research and
administration circles.

The report was reviewed in draft form by individuals chosen for di-
versity of perspective and technical expertise in accordance with the pro-
cedures approved by the NRC’s Report Review Committee. The purpose
of this independent review is to provide candid and critical comments
that will assist the institution in making its published report as sound as
possible and to ensure that the report meets institutional standards for
objectivity, evidence, and responsiveness to the study charge. The re-
view comments and draft manuscript remain confidential to protect the
integrity of the deliberative process. We thank the following for their
review of this report: John J. Boland, Johns Hopkins University; Jeanne
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N. Clarke, University of Arizona; Lt. Gen. Henry J. Hatch, consultant;
Kai N. Lee, Williams College; Daniel P. Loucks, Cornell University;
Robert Perciasepe, National Audubon Society, and; Timothy D. Search-
inger, Environmental Defense. Although these reviewers provided many
constructive comments and suggestions, they were not asked to endorse
the conclusions or the recommendations, nor did they see the final draft
of the report before its release. The review of this report was overseen
by Robert Wetzel of the University of North Carolina, and by Richard
Conway (retired) of the Union Carbide Corporation. Appointed by the
National Research Council, they were responsible for ensuring that an
independent examination of the report was carried out in accordance with
NRC institutional procedures and that all review comments were care-
fully considered. Responsibility for the final content of this report rests
entirely with the authoring committee and the NRC.

Conceptually and practically, adaptive management should provide a
useful path forward for the Corps as it seeks to achieve its environmental
restoration as well as economic development mandate. Yet, this is not a
well-trodden path—indeed there may be several paths to try. For the
Corps to meet these operational and organizational challenges, it may
have to extend its traditional rallying cry to “Essayons, observons, et
adaptons”—Ilet us try, observe, and adapt. Our panel gained an apprecia-
tion of the commitment of Corps of Engineers staff in meeting contem-
porary water resources needs, and we offer our report in the spirit of
helping the agency make the transition to a new era of water resources
planning and management.

Donald F. Boesch,
Chair
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Executive Summary

The U.S. Army Corps of Engineers has constructed much of the na-
tion’s inland navigation, flood management, port and harbor, and coastal
protection infrastructure. For much of the Corps’ history, the objectives
of its civil works program for water resources development have been to
construct and maintain channels and ports for commercial navigation,
reduce flood damages, protect beaches against erosion, and produce hy-
droelectric power (and more recently, to promote ecosystem restoration).
There have always been criticisms of Corps analytical methods and deci-
sion making, but the agency’s engineering and planning expertise was
long held in high regard by many observers. But the setting of U.S. wa-
ter resources management changed in the latter part of the twentieth cen-
tury. There were environmental consequences of previous economic
development projects, laws were passed to protect the environment and
endangered species, new concepts of ecosystem science and water man-
agement were developed, and there was increased recognition of long-
term risks and uncertainties within water resources management. In ad-
dition, challenges to the Corps’ analytical abilities became widespread
and many well-informed interest groups and citizens demanded a greater
voice in project design and decision making. The U.S. Congress also
gave the Corps a specific ecosystem restoration mission in the 1990s.
Furthermore, biological and ecological scientists increasingly noted that
hydrologic variability and extremes—which the Corps had been tradi-
tionally expected to reduce and control—are often essential to the health
of aquatic and coastal ecosystems. These scientific and social changes,
along with inadequacies of traditional water management frameworks
and approaches, prompted the search for water management and ecosys-
tem restoration strategies that can better respond to new knowledge and
to shifting social and economic preferences.

The concept of “adaptive management” has gained attention as hav-
ing the potential to help address these types of changes and challenges.
Adaptive management promotes flexible decision making that can be
adjusted in the face of uncertainties as outcomes from management ac-
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tions and other events become better understood. Careful monitoring of
these outcomes both advances scientific understanding and helps adjust
policies or operations as part of an iterative learning process. Adaptive
management also recognizes the importance of natural variability in con-
tributing to ecological resilience and productivity. It is not a “trial and
error” process, but rather emphasizes learning while doing. Adaptive
management does not represent an end in itself, but rather a means to
more effective decisions and enhanced benefits. Its true measure is in
how well it helps meet environmental, social, and economic goals, in-
creases scientific knowledge, and reduces tensions among stakeholders.

The foundations of adaptive management rest in many fields, but its
initial presentation as a natural resources management paradigm was in
the 1970s, when it was offered as a way to help managers take action in
the face of uncertainties, to reduce uncertainties, and to craft manage-
ment strategies capable of responding to unanticipated events. Adaptive
management is not a “one size fits all” or a “cookbook” process, as ex-
perience with the concept and its related procedures to date is limited and
evolving. There are multiple views and definitions regarding adaptive
management, but elements that have been identified in theory and in
practice are: management objectives that are regularly revisited and ac-
cordingly revised, a model(s) of the system being managed, a range of
management options, monitoring and evaluating outcomes of manage-
ment actions, mechanisms for incorporating learning into future deci-
sions, and a collaborative structure for stakeholder participation and
learning. These elements have been traditionally viewed and promoted,
to varying degrees, as essential to sound water resources management;
adaptive management offers a framework for their integration. Imple-
mentation of adaptive management also provides the potential to respond
in a timely manner to changing conditions, social objectives, and new
knowledge. It can therefore help avoid costly or irreparable mistakes and
unintended consequences.

The adaptive management concept is being used to varying degrees
to manage water resources in several locations in the United States. For
example, Congress has expressly required the use of adaptive manage-
ment in the Florida Everglades ecosystem restoration program. It is a
core concept of plans to restore Louisiana’s coastal ecosystems. The
Corps has employed various components of the adaptive management
framework in select areas, including the Upper Mississippi and the Mis-
souri River systems. Adaptive management promotes learning by ex-
perience; but learning from mistakes is difficult for both individuals and
organizations, and it may be tempting to subvert adaptive management
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approaches when inevitable mistakes and setbacks occur. Furthermore,
even in favorable circumstances, adaptive management will not eliminate
uncertainties inherent within natural resources management. Adaptive
management does not represent a panacea for addressing the multiple
social, economic, budgetary, and scientific challenges that attend water
and natural resources management. In fact, there are instances in which
adaptive management may not be appropriate, such as settings of pro-
nounced political conflict in which participants can find no common
ground. The approach, however, holds promise for helping the Corps
better accommodate shifting social preferences and new scientific
knowledge so that project operations can be adjusted to ensure progress
toward economic and environmental goals.

In an effort to better understand the adaptive management concept
and how it might be implemented to good effect within the Corps and its
project operations, the Corps requested the National Research Council to
convene a panel to provide advice on the subject (this report is part of a
multiple panel effort, explained in this report’s Foreword). The state-
ment of task that guided this study was:

The panel will review the Corps of Engineers’ efforts
in applying adaptive management concepts to project
and program planning and operations, identifying adap-
tive management’s potential and its limitations. The
panel will consider the range of Corps of Engineers’ re-
sponsibilities that relate to adaptive management con-
cepts, including ecosystem restoration, flood damage
reduction, and navigation enhancement. The panel will
review the Corps’ methods for implementing and practic-
ing adaptive management and will identify barriers to
implementing the concept. The panel will also recom-
mend ways in which adaptive management might be
usefully applied in Corps project planning and opera-
tions.

This report and the panel activity were part of a larger effort that in-
cluded multiple panels and a coordinating committee. The four study
panels considered different dimensions of Corps planning (peer review;
analytical methods; river basins and coastal systems; and adaptive man-
agement). The coordinating committee tracked progress of the panels
and wrote its own report (which includes a synthesis of the findings and
recommendations of the study panels). The chairs of the four study pan-
els were all members of the coordinating committee, which enhanced the
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coordinating committee’s communications with the study panels. Each
panel operated independently and in accord with National Research
Council guidelines. The coordinating committee also issued its own re-
port, and in doing so, it considered draft reports from the panels (in the
case of the panel on peer review, its final report was used; see NRC,
2002), as well as discussions among panels, panel chairs, and other coor-
dinating committee members.

NEW EMPHASES IN CORPS
WATER PROJECT PLANNING AND OPERATIONS

The Corps of Engineers began employing adaptive management ap-
proaches in the early 1990s. With support from its military and civilian
leaders, the Corps is moving forward with adaptive management in select
locales and with varying degrees of authorization and resources from the
Congress. But the Corps has no mandate from the U.S. Congress to im-
plement adaptive management principles throughout the agency and all
projects that could benefit from its use. Adaptive management is a
multi-disciplinary, evolving concept. Its implementation represents a
challenge for a construction- and operations-oriented agency like the
Corps of Engineers. Adaptive management’s core principles emphasize
concepts such as uncertainty, surprise, and resilience. These concepts
run counter to traditional engineering planning concepts of deterministic
systems, precision, and model predictions. Adaptive management
stresses the value of variability and extremes in sustaining healthy eco-
systems. The Corps, on the other hand, has long sought to reduce hydro-
logic variability by providing reliable navigation channels, reducing high
flows, and stabilizing coastal areas and beaches. Adaptive management
will thus entail changes in operational styles and in organizational ac-
countability.

The Corps manages a multi-billion dollar infrastructure that controls
a large portion of the nation’s hydrologic systems. The agency, like sev-
eral other organizations and sectors across the nation, is in the midst of a
shift from an emphasis on new project construction to an emphasis on
better management of existing infrastructure. The implementation of
adaptive management principles would entail changes to Corps guidance,
staffing, and procedures. It would also require the administration and
Congress to provide resources and additional legislative guidance and
clarity to the Corps. As it proceeds with implementing adaptive man-
agement, the Corps, together with the administration and the Congress,

Copyright © National Academy of Sciences. All rights reserved.



Adaptive Management for Water Resources Project Planning

http://lwww.nap.edu/catalog/10972.html

Executive Summary 5
should consider the following:

e Adaptive management practices can be relevant and useful
across a variety of scales and settings. In tracking experiences with
adaptive management, the Corps will benefit by a better understanding of
the settings in which an adaptive approach—which may not always be
appropriate—is merited and useful.

e Adaptive management may be particularly suited to large, com-
plex ecosystem restoration projects, which entail large degrees of risk
and uncertainty, multiple, and changing objectives, and phased compo-
nents. Adaptive management can be especially important in multi-phase
activities, as it can promote adaptation of ends and means based on les-
sons learned that lead to model improvements to support future deci-
sions.

e Adaptive management entails a spectrum of approaches. These
range from “passive” programs, which focus on monitoring and evaluat-
ing outcomes from a particular policy choice, to more formal and rigor-
ous “active” adaptive management, which designs management actions
to test competing models of system behavior so that models can be im-
proved for future decision making. Ever-improving guidance could help
provide advice concerning the degree to which adaptive management is
applicable to various types of projects. This could range from limited
monitoring programs (passive) to more formal (active) adaptive man-
agement programs with carefully-structured operational alternatives and
ecosystem models.

e Although adaptive management has been linked primarily with
natural resources management, it can be used to manage other types of
systems. For example, sectors such as trade and transportation employ
similar principles: a range of future outcomes are considered and prob-
abilities are weighed, small-scale pilot projects are tested, actions are
designed to be useful across a range of potential futures, reversible ac-
tions are favored over irreversible actions, results are monitored, and
policies are modified accordingly. Adaptive management concepts could
thus be useful within the Corps navigation and flood management pro-
grams, as well as to its efforts in ecological restoration.
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COMPONENTS OF ADAPTIVE MANAGEMENT
Evaluations and Operations

The Corps’ civil works program for water resources traditionally fo-
cused on constructing new projects. This focus has shifted because of
declining federal budgets for water development, declining public sup-
port, and a decreasing number of favorable project sites. As a result, op-
erations, maintenance, and modifications of existing infrastructure will
become an increasingly important part of the Corps’ work program. The
creation of operations schemes that meet today’s needs and preferences
and that can adjust to changing conditions will require careful monitoring
of project impacts, flexibility to make operational changes, closer coop-
eration with other agencies and with the public, and an increased empha-
sis on (re)allocating resources among stakeholders. Monitoring and
evaluation of project outcomes are core adaptive management principles.
Post-construction assessments could include the monitoring of ecologi-
cal, economic, or other relevant variables, as well as broader evaluations
of project or program effectiveness.

1. Post-construction evaluations should be a standard for adap-
tive management of Corps projects and systems.

Stakeholder Collaboration

The 1986 Water Resources Development Act (WRDA 1986)
changed the financial terms of stakeholder participation in Corps pro-
jects, mandating more stringent cost-sharing requirements for local spon-
sors of Corps projects. WRDA 1986 has resulted in local stakeholders—
most importantly, the co-sponsor—taking a greater interest in project
design and implementation. Co-sponsors typically have a preferred op-
tion and are naturally interested in timely completion and in limiting ex-
penditures. But Corps of Engineers water projects affect numerous par-
ties beyond a local co-sponsor, and these other stakeholders may have
legitimate and strong differences of opinion over project construction or
operations. In addition to these types of tensions, there may be resistance
among agencies, professionals, and other stakeholders to the adaptive
management concept itself. Others may perceive that adaptive man-
agement poses needless and careless risks to their livelihoods. Others
may perceive that adaptive management entails open-ended scientific
investigations that have little relevance to management decisions.
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Large, multipurpose projects affect many stakeholders that have dif-
ferent, often conflicting, expectations. Differences between stakeholders
are inherent and inevitable in nearly all resources management settings.
Adaptive management does not aim to eliminate such differences, but
rather to provide an orderly approach for identifying and discussing dif-
ferences. Adaptive management does not attempt to solve all problems
or resolve all disputes before its implementation. If stakeholders are
willing to negotiate and seek common ground on some initial steps—
even small ones—adaptive management can provide a process for col-
laborative discussions and learning, both among stakeholders and among
stakeholders and scientists. It represents the beginning of a process, not
a grand master plan that must be rigidly adhered to. Adaptive manage-
ment requires some degree of agreement between stakeholders, such as
agreement on questions or lines of inquiry to be pursued by an adaptive
approach. Adaptive management is not a substitute for willingness to
collaborate and compromise, and there may be settings in which adaptive
management is not possible. Properly executed, however, adaptive man-
agement can provide a process for resolving disputes, as well as social
learning of environmental, economic, and other systems.

Despite challenges that attend meaningful stakeholder collaboration,
it is an important part of adaptive management. Stakeholder and agency
involvement should begin in the initial stages of adaptive management
efforts and should include participation in periodic review of monitoring
results and management models. The Corps’ experiences with Shared
Vision Modeling, which involves stakeholders in assessing possible out-
comes through models of assumptions and key processes, is an example
of one potentially useful means for promoting stakeholder collaboration.

2. Stakeholder collaboration should be an integral component
in the adaptive management of Corps projects and systems.

Independent Expert Input

Results from modeling exercises, or results from economic or envi-
ronmental investigations, do not always provide findings upon which all
scientists and other interested parties fully agree. Such ambiguities can
hinder adaptive management’s iterative cycle of actions, observations,
evaluations, learning, and new actions. Furthermore, as illustrated in
reviews of adaptive management science programs in the Comprehensive
Everglades Restoration Plan, independent expert review can point out
inadequacies in modeling, monitoring, and assessment. Although such
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independent advice is useful and increasingly common in some circles,
the use of experts will not eliminate the uncertainties endemic to many
operating environments. Adaptive management will not obviate agen-
cies and decision makers from having to use their best judgment to make
decisions in the face of uncertainties. Independent experts can, however,
help validate underlying assumptions, overall logic, and planning meth-
ods and techniques, and can aid in resolving science-based disputes.

3. Independent experts should be periodically enlisted to pro-
vide advice on Corps adaptive management initiatives.

A CENTER FOR ADAPTIVE MANAGEMENT

The Corps of Engineers is a highly decentralized organization, with
most of its staff members employed in 41 district offices across the na-
tion. No mechanisms currently exist to facilitate comparison of adaptive
management efforts and experiences across Corps district offices or from
other organizations. Adaptive management practices should be tailored
to local circumstances, but a common understanding of adaptive man-
agement principles and “best practices” across the agency would also be
useful. Internal agency expertise is also important in ensuring that ad-
vice from external experts is put to best use. Agency-wide implementa-
tion of adaptive management will require a breadth of inter-disciplinary
expertise that, given political realities, budgetary limitations, and differ-
ences across Corps districts, would be difficult and impractical to repli-
cate at every Corps district office. Many Corps staff members are famil-
iar with adaptive management principles and many of them have exten-
sive experience in working with the concept in settings like the Florida
Everglades. The more important issue is that agency-wide guidance for
adaptive management (such as a “best practices” guide) is not being de-
veloped, lessons from the agency’s offices across the nation are not being
meaningfully and systematically shared, and staff are not specifically
charged to follow developments in the professional literature or adaptive
management experiences in the U.S. and around the world. Such a cen-
ter would not itself implement all adaptive management programs and
actions, but rather would assist Corps district offices in the design, im-
plementation, and review of adaptively managed projects and programs.
The Center would provide agency-wide guidance on adaptive manage-
ment concepts, supply training, facilitation, and assistance in developing
adaptive management schemes and monitoring designs, and facilitate
information sharing. A center could also promote collaborative relation-
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ships with other federal agencies that are pursuing adaptive management.
4. Congress should establish a Corps of Engineers Center for
Adaptive Management.

ROLES OF THE ADMINISTRATION AND THE CONGRESS

The Corps of Engineers operates at the behest of the administration
and the Congress. Four areas in which the implementation of adaptive
management requires support of the administration and the Congress are:
legislation and guidance; resources to initiate and sustain adaptive man-
agement efforts; interagency relations; and project authorization.

Legislation and Priorities

The Corps of Engineers is subject to a large body of legislation, ad-
ministration guidance, and congressional committee language. As addi-
tional laws and authorizations have been passed over the years, the con-
sistency of existing and new obligations has not been carefully evaluated.
In this setting, the Corps at times appears reluctant to move away from
pre-existing authorized purposes, even when it may have the legal au-
thority to do so. This accretion of potentially inconsistent authorizations
and legislation contributes to the decision making gridlock characteristic
of many U.S. river systems today. Such impasses must then be broken
by Congress or by the courts. A clearer sense of water policy priorities
from the administration and the Congress would provide the Corps a bet-
ter sense of limits and priorities within its efforts in adaptive manage-
ment. Some of this gridlock also originates in conflicting aims between
stakeholder groups. A line agency like the Corps of Engineers cannot
legitimately resolve such conflicts, the existence of which stymies its
management efforts.

5. The administration and the Congress should help resolve
conflicts and inconsistencies within the body of national water poli-
cies, and should clarify water management objectives that it wishes
the Corps to pursue.

Continuing Authorities

Existing authorities for most Corps projects prohibit the agency from
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unilaterally implementing marked changes to project operations. Typi-
cally, the Corps constructs a project, then turns over post-construction
operations and related activities to a local sponsor. Adaptive manage-
ment will require a shift in this paradigm, with greater attention and re-
sources devoted to post-construction monitoring, evaluation, and stake-
holder input. The agency does, however, have some “continuing authori-
ties” that allow for post-construction evaluations and operational adjust-
ments. Key continuing authorities are the Section 216 authority from
the 1970 Flood Control Act, the Section 1135 authority from the 1986
Water Resources Development Act, and the authorization for the Com-
prehensive Everglades Restoration Program. These authorizations allow
the Corps to review and modify existing operations in response to sig-
nificantly changed conditions, without additional congressional authori-
zation. These authorizations were not, however, designed explicitly to
promote adaptive management principles and an iterative cycle of post-
construction monitoring, evaluation, and operational adjustments.

6. Congress should provide a new study authority and direction
that will increase the Corps’ ability to monitor and evaluate post-
construction changes and periodically adjust operations of existing
projects in order to increase overall project benefits (the report from
the 216 studies coordinating committee provides more detailed recom-
mendations on a new study authority for the Corps).

Resources for Adaptive Management

Successful implementation of adaptive management will require re-
sources to support its various components, including monitoring and re-
lated science programs, support staff, and stakeholder participation.

7. Congress should allocate funding and personnel resources to
help support and sustain an adaptive management program within
the Corps.

Current policy guidance and budgeting procedures inhibit adaptive
management practices. In the case of new Corps projects, the Corps has
chosen to limit adaptive management expenditures to no more than three
percent of the overall project cost and to a limited duration. In addition,
most projects require a local sponsor to share in initial project costs and
assume full responsibility of all post implementation costs. Adaptive
management is a process that is different than traditional brick and mor-
tar civil works construction, and it will often entail benefits that extend
beyond the interests of a local project co-sponsor.
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8. The administration and the Congress should consider revis-
ing cost sharing formulas to promote the application of adaptive
management principles.

Interagency Relations

Effective adaptive management often requires the participation of
multiple federal and state agencies. Although there are examples of use-
ful efforts in interagency coordination (e.g., the Upper Mississippi River
Environmental Management Program), improvements in this realm are
necessary to move toward more comprehensive management regimes
that better link environmental monitoring, social and economic changes,
and policy decisions.

9. The administration should strengthen federal interagency
coordination mechanisms for large-scale water resources and coastal
management efforts at both the national and regional levels.
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INTRODUCTION

The U.S. Army Corps of Engineers constructed and operates much
of the nation’s water resources infrastructure for inland navigation en-
hancement, flood management, port and harbor channel maintenance,
and beach and coastal protection. The agency’s projects include flood
control levees, large hydropower and navigation facilities on the Colum-
bia, Mississippi, and Missouri rivers, and ecosystem restoration projects
(the largest of which is currently in the Florida Everglades). Much of
this infrastructure was built during the middle of the twentieth century.
At the time, the need for these projects to promote economic develop-
ment and human well-being by promoting navigation and commerce, by
preventing damages from floods, and by providing jobs, was generally
agreed upon. The Corps of Engineers was widely viewed as the con-
summate rational, expert-driven resources planning and management
agency. Some concerns were voiced—sometimes strongly—over poten-
tial environmental impacts of some projects, but those views tended to be
overshadowed by more direct economic concerns and needs. In the en-
suing decades, the nation’s social preferences broadened. Environmental
quality became more important to many citizens (as evidenced, for ex-
ample, by increases in many citizens’ willingness to pay for environ-
mental improvements, for example), and the Congress passed many
pieces of environmental legislation. Moreover, it became clear that
many water projects had produced unintended and not fully anticipated
environmental consequences.

The Corps’ traditional mission areas were broadened during the
1990s in connection with these shifting preferences. As a result of both
congressional guidance and its own initiatives, the agency today is in-
volved in ecological restoration efforts in many parts of the U.S. Mean-
while, traditional interests and users have largely remained in place.
Many U.S. river and coastal systems are thus currently experiencing deep

12
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and protracted conflicts over the goals and benefits of river management
and infrastructure operations, with the Corps at the center of many of
these controversies. Citizens and interest groups today tend to be better
informed about the economic, environmental, and analytical aspects of
federal water projects and planning studies. The Corps’ professional
judgment and analytical expertise is often called into question, and inter-
est groups demand a strong voice in decision making,.

In its efforts to address these tensions more effectively, the Corps is
exploring additional, more efficient means for incorporating principles of
“adaptive management” into its operations. Adaptive management is a
strategy that aims to create flexible resource management policies that
can be adjusted as project outcomes are better understood and as stake-
holder preferences change. Although its roots extend into many disci-
plines, adaptive management’s broad features are based on research con-
ducted by ecological scientists in the early and mid-1970s. The concept
gained greater currency in U.S. federal water and science agencies during
the 1990s. For example, congressional legislation mandates that the
Florida Everglades restoration project be managed under an adaptive
management rubric, the federal science and management program for the
Colorado River below Glen Canyon Dam is framed by adaptive man-
agement principles, and the Corps is promoting the concept as a guiding
principle in managing the Missouri River dam and reservoir system.
Adaptive management is interdisciplinary, has a strong theoretical com-
ponent, and represents a departure from traditional management ap-
proaches in many ways. The adaptive management paradigm views
management actions as flexible and amenable to adjustments. It empha-
sizes careful monitoring of economic and environmental outcomes of
management actions. It also seeks to engage stakeholders in a collabora-
tive “learning while doing” process.

This study was congressionally-mandated in Section 216 of the 2000
Water Resources Development Act (WRDA 2000). In that legislation,
Congress directed the National Academy of Sciences (part of “The Na-
tional Academies™") to review the Corps’ peer review procedures and its
methods of analysis (see Appendix A, Section 216 of WRDA 2000). In
response to that request, four study panels and a coordinating committee
were appointed (this report’s Foreword and Preface list all the study pan-
els and further explain the 216 study structure and process). The reports
from the panels and the report from the coordinating committee all stand

' The National Academies consists of the National Academy of Sciences, the National
Academy of Engineering, and the Institute of Medicine. The National Research Council is
the operating arm of The National Academies.
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as independent studies, and all of which were subjected to standard Na-
tional Research Council review procedures. The reports are collectively
referred to as the “216” studies. This is the report from the Panel on
Adaptive Management, which was charged to review and comment on
the Corps’ efforts at implementing the adaptive management concept,
and to recommend ways in which the Corps might effectively implement
adaptive management approaches (see Box 1.1). This report summarizes
the Corps’ experiences with the adaptive management concept, identifies
challenges and limitations associated with implementing the concept, and
provides recommendations on how adaptive management might be more
effectively implemented within the Corps’ activities and work program.

This panel held four meetings during the course of its study: a first
meeting in Washington, D.C. in May 2002, during which adaptive man-
agement was discussed with staff from Corps Headquarters and from the
Corps Institute for Water Resources, a second meeting in July 2002 at
the Corps St. Paul, Minnesota district office, a third meeting in Novem-
ber 2002 in West Palm Beach, Florida (where the panel discussed adap-
tive management in Florida’s Everglades National Park with Corps staff
and other experts), and a fourth and final meeting in February 2003 in
Washington, D.C. In addition to these meetings, panelists reviewed
Corps of Engineers documents and spoke with other Corps officials and
with several adaptive management and water resources experts.

BOX 1.1
Charge to the Panel on Adaptive Management
for Resources Stewardship

The panel will review the Corps of Engineers’ efforts in applying
adaptive management concepts to project and program planning and
operations, identifying adaptive management’s potential and its limita-
tions. The panel will consider the range of Corps of Engineers’ respon-
sibilities that relate to adaptive management concepts, including ecosys-
tem restoration, flood damage reduction, and navigation enhancement.
The panel will review the Corps’ methods for implementing and practic-
ing adaptive management and will identify barriers to implementing the
concept. The panel will also recommend ways in which adaptive man-
agement might be usefully applied in Corps project planning and opera-
tions.
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ADAPTIVE MANAGEMENT CONCEPTS AND RATIONALE
Conceptual Bases

Interest in the concept of adaptive management has developed in re-
sponse to perceived limitations of traditional natural resources manage-
ment approaches in the United States and around the world. Those limi-
tations have included a limited ability of organizations and policies to
cope with environmental changes and surprises, incomplete application
of ecosystem science principles to management decisions, and a limited
ability to resolve science-policy “gridlock” in large ecosystems, includ-
ing river systems, in a timely fashion. Interest in adaptive management
concepts may also reflect a burgeoning realization of the limits of sci-
ence and engineering to redress complex public policy problems. At the
beginning of the twentieth century, there was widespread optimism that
scientific advances were leading toward a world of increasing certainty
and precision, as well as greater social benefits through application of
scientific knowledge. During the twentieth century, scientists like Bohr
and Heisenberg challenged traditional paradigms with discoveries and
theorems that emphasized uncertainties, complexities, and the limits of
scientific knowledge (Peat, 2002). These contrasting paradigms are
today reflected in distinctly different scientific schools of thought. On
one hand, a Newtonian vision of the world is based on stability and
predictability of natural systems. On the other, the vision promoted by
Bohr and Heisenberg recognizes that change and surprises are the
essence of natural systems. Newtonian principles are appropriate when
working in stable systems and for designing civil engineering structures,
for example, but are not fully adequate when applied to complex,
dynamic ecosystems. The late Kenneth Boulding provided an eloquent
statement on these contrasting paradigms:

Prediction of the future is possible only in systems
that have stable parameters like celestial mechanics.
The only reason why prediction is so successful in celes-
tial mechanics is that the evolution of the solar system
has ground to a halt in what is essentially a dynamic
equilibrium with stable parameters. Evolutionary sys-
tems, however, by their very nature have unstable pa-
rameters. They are disequilibrium systems and in such
systems our power of prediction, though not zero, is very
limited because of the unpredictability of the parameters
themselves. If, of course, it were possible to predict the

Copyright © National Academy of Sciences. All rights reserved.



Adaptive Management for Water Resources Project Planning
http://lwww.nap.edu/catalog/10972.html

16 Adaptive Management for Water Resources Project Planning

change in the parameters, then there would be other pa-
rameters which were unchanged, but the search for ulti-
mately stable parameter in evolutionary systems is futile,
for they probably do not exist (Boulding, 1981).

Adaptive Management Applications

Changes and surprises cause managers in many fields to adjust
strategies as new information accumulates and as new practices are de-
veloped. The reality of changing conditions is especially relevant to pub-
lic works projects with life spans measured in decades, and to agencies
like the Corps of Engineers that construct and operate those projects.
Unintended consequences have often attended the operations of Corps
projects because of incomplete knowledge of ecological and economic
conditions and trends. As the world changes, or as unanticipated conse-
quences are revealed, organizations should adjust plans and operations to
deal with the new conditions and to incorporate improved understanding.
Adaptive management is a commonsense strategy for addressing the re-
ality of a changing and uncertain environment.

Recognition of the need to adjust management strategies can derive
from at least three broad sources. First, scientific advances can provide
better understanding of the complex linkages between human activities
and environmental impacts. The Corps has experienced such paradigm
shifts, one of the most famous being the abandonment of its “levees
only” strategy in the early twentieth century (Barry, 1997). Through
much of the nineteenth century and the early twentieth century, the Corps
of Engineers based its flood control program on the notion that levees
were, by themselves, adequate for controlling all floods, and that other
measures (e.g., upstream reservoirs) were not necessary. Devastating
floods along the lower Mississippi River in 1927 proved the inadequacy
of this policy and ultimately resulted in the Corps moving toward a
broader approach to manage flood risks (ibid.). Second, environmental
changes and variability affect the operations and impacts of Corps pro-
jects. For example, climatic variability may affect precipitation patterns,
which in turn may affect the parameters of dam and reservoir operations
(Rhodes et al., 1984). Human-induced changes may also affect local and
regional environments in ways that change project performance or man-
agement goals. Thirdly, shifts in social objectives and preferences may
challenge conventional operations schemes. In the United States, for
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example, the 1960s and 1970s marked a period of increasing concern
over environmental issues. The Corps is addressing these types of
change in many river systems across the U.S. (Table 1.1 lists examples
where new objectives may conflict with or limit full achievement of
original objectives).

Within the Corps civil works program, adaptive management appli-
cations have been mainly limited to environmental or ecosystem restora-
tion projects. In the context of Corps water resources projects, ecologi-
cal restoration generally entails re-establishing some degree of natural
hydrologic and related physical, chemical, and biological processes. It
may also entail re-establishing some level of biotic resources, with the
notion that the ecosystem being restored will eventually sustain itself
structurally and functionally. Because navigation and flood control pro-
jects also entail complex interactions and uncertain outcomes,

TABLE 1.1 Original and Subsequent U.S. Water Project and System
Management Objectives

Original objective(s)

Additional/new objective(s)

Upper Mississippi River: navigation

Middle Mississippi River: naviga-
tion, flood control

Lower Mississippi: navigation, flood
control

Columbia River: hydroelectric
power, navigation, flood control

Missouri River: navigation, flood
control, irrigation

Everglades: arable land, irrigation,
flood control

Coastal Louisiana: flood protection,
navigation, oil and gas develop-
ment

Glen Canyon Dam: hydroelectric
power

Kissimmee River: flood control

ecological and recreational benefits

ecological and recreational benefits
wetland restoration/preservation
salmon habitat and population res-

toration

ecological and recreational benefits

Everglades restoration, water sup-
ply

wetland restoration

recreation; endangered species
protection

wetlands restoration

Copyright © National Academy of Sciences. All rights reserved.



Adaptive Management for Water Resources Project Planning

http://lwww.nap.edu/catalog/10972.html

18 Adaptive Management for Water Resources Project Planning

adaptive management approaches hold promise for managing the full
array of Corps of Engineers projects. Moreover, as the types of social
benefits expected from Corps projects have broadened over time, an ap-
proach that periodically (re)evaluates project outputs and subsequently
adjusts operations policies is essential to ensure that project outputs and
social demands remain synchronized over time.

REPORT ORGANIZATION

Chapter 2 builds upon discussions in this introductory chapter and
further explores adaptive management theories and practices. It notes
the many disciplines from which contemporary adaptive management
concepts are derived, and lists the key components of adaptive manage-
ment programs. Chapter 3 describes internal and external factors that
affect the use of adaptive management approaches within the Corps of
Engineers. Examples of internal factors include organizational structure
and disciplinary expertise of Corps staff, while external factors include
congressional legislation and the Corps’ relationships with other federal
and state agencies. Chapter 4 presents case studies of efforts to imple-
ment adaptive management in large river and aquatic ecosystems. All
these case studies focus on Corps efforts, but a case study of the Colo-
rado River in Grand Canyon is also included for comparative purposes.
Chapter 5 offers several recommendations for ways in which the Corps
might successfully apply adaptive management. Chapter 6 presents a
brief epilogue.
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Adaptive Management Theories,
Frameworks, and Practices

INTRODUCTION

Formal development of adaptive management as an approach for
natural resources management can be traced back to the 1970s and to
research conducted at the International Institute for Systems Analysis
(ITASA) in Laxenburg, Austria (see Holling, 1978). As mentioned in the
previous chapter, adaptive management draws from concepts within
many different disciplines. Part of adaptive management’s philosophical
foundations, for example, lie within the field of industrial operations the-
ory (Johnson, 1999; see also Everett and Ebert, 1986). Although Holl-
ing’s seminal 1978 volume emphasizes ecosystem dynamics, it includes
references to macroeconomics (Hafele and Burk, 1976), decision theory
(Keeney, 1977), organizational behavior (Cyert and March, 1963), and
policy analysis (Brewer, 1975). Thus, even in its articulation by ecologi-
cal scientists in the late 1970s, adaptive management possessed strong
interdisciplinary roots. Adaptive management seeks insights into the
behavior of ecosystems that are utilized by humans, and it draws upon
theories from ecosystem sciences, economics and social sciences, engi-
neering, and other disciplines. Adaptive management incorporates and
integrates concepts such as social learning, operations research, eco-
nomic values, and political differences with ecosystem monitoring, mod-
els, and science. Applications of adaptive management principles within
the Corps of Engineers to date have focused on aquatic and hydrologic
systems. Although this report encourages the Corps to consider ways in
which adaptive management principles could be applied in other parts of
its work program, as applications within the agency to date have focused
on ecosystem restoration, these experiences are emphasized within this
report.

Adaptive management does not postpone actions until “enough” is
known about a managed ecosystem (Lee, 1999), but rather is designed to
support action in the face of the limitations of scientific knowledge and
the complexities and stochastic behavior of large ecosystems (Holling,

19
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1978). Adaptive management aims to enhance scientific knowledge and
thereby reduce uncertainties. Such uncertainties may stem from natural
variability and stochastic behavior of ecosystems and the interpretation
of incomplete data (Parma et al., 1998; Regan et al., 2002), as well as
social and economic changes and events (e.g., demographic shifts,
changes in prices and consumer demands) that affect natural resources
systems. Adaptive management aims to create policies that can help or-
ganizations, managers, and other stakeholders respond to, and even take
advantage of, unanticipated events (Holling, 1978; Walters, 1986). In-
stead of seeking precise predictions of future conditions, adaptive man-
agement recognizes the uncertainties associated with forecasting future
outcomes, and calls for consideration of a range of possible future out-
comes (Walters, 1986). Management policies are designed to be flexible
and are subject to adjustment in an iterative, social learning process (Lee,
1999).

Adaptive management is intended to increase the ability to fashion
timely responses in the face of new information and in a setting of varied
stakeholder objectives and preferences. It encourages stakeholders to
bound disputes and discuss them in an orderly fashion while environ-
mental uncertainties are being investigated and better understood. Man-
agement decisions are often difficult to change because managers are
subject to ordinary human failings, including a tendency to resist recog-
nizing and learning from their own errors. In a bureaucracy, this ten-
dency may be amplified. Adaptive management can help reduce deci-
sion-making gridlock by making it clear that decisions are provisional,
that there is often no “right” or “wrong” management decision, and that
modifications are expected. Adaptive management should help stake-
holders, managers, and elected officials and other decision makers rec-
ognize the limits of knowledge and the need to act on imperfect informa-
tion.

Some of the disappointments with past efforts in implementing adap-
tive management can be traced to confusion surrounding definitions.
There are many dimensions of adaptive management, and the ambigui-
ties inherent in adaptive management can result in policymakers, manag-
ers, and stakeholders developing unique definitions and expectations.
The term is complex and multidisciplinary, and participants in adaptive
management programs should strive to become familiar with the broad
literature on the topic. It should also be recognized that adaptive man-
agement is an evolving theory and practice and that experiences to date
are limited (Lee, 1999). The richness and potential of the concept, how-
ever, have drawn a great deal of attention, and its prospects for redress-
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ing complex public policy problems have generated a great deal of inter-
est. Complex natural resources management problems, including many
of those in which the Corps of Engineers is involved, defy simple solu-
tions, and some of the case studies examined in this report may require
an approach like adaptive management to reach agreeable, long-term
solutions.

A SPECTRUM OF ADAPTIVE MANAGEMENT PRACTICES

Scientific inquiry can be approached and knowledge can be gained in
many different ways. If these various means of inquiry are placed along
a spectrum, formal, laboratory experimentation lies near one of this spec-
trum, and unmonitored, unstructured learning lies near the other end (Ta-
ble 2.1). Table 2.1 lists examples of different modes of learning, and
shows that learning by adaptive management lies somewhere between

TABLE 2.1 Examples of Learning Modes

...that
accumulate
Each mode of makes and combines  to inform ac- into usable
learning observations... them... tivities... knowledge
Laboratory Controlled ob- replicated to enabling predic-  theory (it works,
Expeirmenta- servation to assure reli- tion, design, but range of
tion infer cause able knowl- control applicability
edge may be narrow)
Adaptive Man- systematic integrated as- informing strong inference
agement monitoring to sessment to model- (but learning
(quasi- detect sur- build system building to may not pro-
experiments prise knowledge structure de- duce timely
in the field) bate prediction or
control)
Trial and Error problem- extended to to solve or miti- empirical knowl-
oriented ob- analogous in- gate particular edge (it works
servation stances problems but may be in-

Unmonitored
Experience

casual observa-
tion

applied anecdo-
tally

to identify plau-
sible solutions
to intractable
problems

consistent and
surprising)

models of reality
(test is political,
not practical,
feasibility)

SOURCE: Modified from Lee (1999).
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formal laboratory science and a “trial and error” mode of learning.
Adaptive management is not simply a “trial and error” process, but rather
represents a more systematic “learning while doing” process (Lee, 1999).
Some degree of learning is inevitable in almost any management ap-
proach; adaptive management is structured to make that learning more
systematic and efficient, although this is questioned by some (Gunder-
son, 1999; see McLain and Lee, 1996).

A distinction is often made between adaptive management ap-
proaches that are “passive” and those that are “active.” Within “passive”
adaptive management, a single, preferred course of action, based on ex-
isting information and understanding, is selected. Outcomes of man-
agement actions are monitored, and subsequent decisions are adjusted
based on the outcomes. This approach contributes to learning and to
more effective management, but it is limited in its ability to enhance sci-
entific and management capabilities for conditions that go beyond the
course of action selected. By contrast, an “active” adaptive management
approach reviews information before management actions are taken. A
range of competing, alternative system models of ecosystem and related
responses (e.g. demographic changes; recreational uses), rather than a
single model, is then developed. Management options are then chosen
based upon evaluations of these alternative models (Table 2.2 provides
greater detail on “passive” and ‘“active” adaptive management ap-
proaches). All modes of adaptive management require outcomes of
management actions to be monitored. Learning is achieved by observing
system responses to management actions. A lack of concordance be-
tween observation and expectation should lead to a revised model(s) of
how the system functions and, ideally, to revised future management op-
tions and actions.

ELEMENTS OF ADAPTIVE MANAGEMENT

The theories and concepts of adaptive management themselves rep-
resent a work in progress. As mentioned, there is no accepted, clearly-
defined course of adaptive management, and there may be instances in
which adaptive strategies or a formal program may be inappropriate
(e.g., protracted political disputes; see Lee, 1999). There is no prototype
for its implementation, and no “cookbook”-type set of steps or building
blocks that will immediately constitute an adaptive management pro-
gram. It is context-specific, it involves feedback and learning between
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TABLE 2.2 Passive and Active Adaptive Management

PASSIVE Adaptive
Management

ACTIVE Adaptive
Management

Characteristics Related tot eh Nature of The Ecological Problem

Ongoing monitoring
Decision points

Choice at decisions points

Essential
Multiple
Best apparent management

choice is selected at
each decision point.

Characteristics Related to Internal Organization Chart

Analytic requirements

Social organization required

of the decision makers

Moderate to high; reliability
depends on quality of
monitoring and time-
series analysis.

Continuity of oversight;
timeframe may exceed
manager’s professional
tenure.

Characteristics Related to External Social Context

Goals and objectives

Uncertainty and learning

Goals and objectives should

be clearly defined.

Learning is a goal, but in-

formation at later deci-
sion points may be unre-
liable, owing to possible
confounding factors.

Essential
Multiple

A range of management
choices is explored
through modeling. Infer-
ences are made and the
best apparent alternative
chosen and applied later.

High, including experimental
design and statistical
analysis at end of ex-
periment when infer-
ences are made.

Organizations should nur-
ture curiosity, credit and
checking. Timeframe
may exceed manager’s
professional tenure.

Goals will include a balance
between management
goals and learning. Hy-
potheses to be tested
must relate to those
goals.

Learning is a goal, and
good experimental de-
sign should produce reli-
able new information for
later decisions.

SOURCE: Adapted from Anderson et al. (2003).

Copyright © National Academy of Sciences. All rights reserved.



Adaptive Management for Water Resources Project Planning

http://lwww.nap.edu/catalog/10972.html

24 Adaptive Management for Water Resources Project Planning

scientists, managers, and stakeholders, and it is likely to entail a mix of
progress and setbacks. But there is a rich literature on the topic, in-
formed by ecological and social scientists alike, and there have been
some efforts toward its implementation in the U.S. and abroad. Elements
of adaptive management that have been identified in theories and prac-
tice are:

1. Management objectives that are regularly revisited and accord-
ingly revised. Political differences among stakeholders, or competing
paradigms among cooperating scientists, are inherent and unavoidable.
Recognition and discussion of such differences should be part of adap-
tive management and its learning processes. But adaptive management
participants must have some level of agreement if adaptive management
is to be useful; a setting in which there is no agreement on goals, or
modes of progress, is likely to render potential adaptive management
applications ineffective. As Lee (1999) explained, “Unbounded conflict
can tear apart the social fabric, thwarting learning.” Participants in adap-
tive management programs must at least agree upon key research ques-
tions or lines of inquiry to be pursued by an adaptive approach (ibid.).
Some agreement on larger objectives could help better define program
direction; but if full agreement on ecosystem management goals existed
(an unusual condition), there would be a reduced need for adaptive ap-
proaches. Adaptive management is a means for bounding and addressing
disputes and differences. As adaptive management proceeds, not only
will ecosystem understanding by participants increase, but social and
political preferences are likely to evolve, and environmental and social
surprises may occur. Key questions, paths of inquiry, and programmatic
objectives should be regularly reviewed in an iterative process to help
participants maintain a focus on objectives and appropriate revisions to
them.

2. A model(s) of the system being managed. An explicit baseline
understanding of and assumptions about the system being managed will
help provide a foundation for learning (Holling, 1978; Lee, 1999; Wal-
ters, 1986). A system model(s) helps explain responses to management
actions and helps identify gaps in and the limits of scientific and other
knowledge (Box 2.1 discusses model construction and applications).
Model sophistication and complexity should be tailored to the decision at
hand. Active adaptive management employs multiple, quantitative mod-
els to generate hypotheses about the system (Walters, 1986; Walters and
Holling, 1990). These models contain clearly-defined variables that
characterize the state of the system and its rates and directions of change.
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BOX 2.1
Models And Adaptive Management

The adaptive management literature refers frequently to “models” for
use in scientific investigations and as aids in decision making. A model
represents and simplifies reality by showing relationships between the
objects of a theory, causal interactions, and the states of a system
(Pickett et al., 1994). Models are useful abstractions of the dynamics of
more-or-less complex systems and may be verbal, physical, graphical, or
quantitative. Scientists and engineers often construct models to test hy-
potheses of how a process or a system functions, as there are limits to
testing hypotheses on actual objects or structures. For example, the
Corps of Engineers has long used physical models to test assumptions
regarding river hydraulics, sediment transport, and environmental im-
pacts of barge passage. Models are, however, are simplifications of re-
ality and can rarely perfectly simulate real world conditions.

The ecosystem models referred to in this report are mainly numerical
models, in which elements and processes of a given ecosystem (e.g.,
river corridor, or a stand of trees) are quantitatively expressed in algo-
rithms contained within a computer program. They offer scientists the
opportunity to evaluate multiple ideas and hypotheses about distur-
bances, diseases, and other impacts on a given species or multiple spe-
cies, but are not a substitute for empirical tests of hypotheses. Numeri-
cal models provide an opportunity to see how ecosystems might respond
to a variety of human actions, and the better the model is able to simu-
late reality, the greater its credibility. Numerical models of ecosystems
are useful for adaptive management applications and programs, as they
allow scientists and stakeholders to observe how impacts vary across
multiple management actions. The value of numerical models should be
tempered with a clear understanding of model limitations and uncertain-
ties in model projections, as the lack of communication or lack of com-
mon understanding between model builders and users may result in con-
fusion and misinterpretation of model results.

Mathematical models of the managed system are often developed to help
understand systems behavior. But in poorly understood systems, or
when the scale or risks of the actions being considered do not justify the
expense of rigorous models, simple schematic diagrams can serve as use-
ful conceptual models. Adaptive management recognizes the need for
action in the face of uncertainty, and complete or perfect ecosystem
models (which are not likely to be perfected in any case) do not need to
be crafted in order to support decisions (Walters, 1997). Simple models
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can educate decision makers and participants by organizing information,
highlighting missing information that might be acquired by monitoring,
providing a framework for comparing alternatives, and forcing managers
to consider their understanding and assumptions of the system (Salafsky
et al., 2001). The focus should be on learning, not on getting ready to
learn (Lee, 1999). No matter what the setting or types of models used, it
is important that adaptive management participants understand model
assumptions and limits so that model results are not equated with reality.

3. A range of management choices. Even when an objective is
agreed upon, uncertainties about the ability of possible management ac-
tions to achieve that objective are common. That is, existing data rarely
point to a single “best” management policy. For each decision, the range
of possible management choices is considered at the outset in light of
stated objectives and the model(s) of system dynamics. This evaluation
takes into account the likelihood of achieving management objectives
and the extent to which each alternative will generate new information or
foreclose future choices. When possible, simultaneously implementing
two or more carefully monitored actions can allow for rapid discrimina-
tion among competing models. Within the field of water resources plan-
ning and management, Gilbert White for decades strongly encouraged
water managers and organizations to consider a broad range of alterna-
tives for addressing water resources problems and opportunities (White,
1961).

4.  Monitoring and evaluation of outcomes. Adaptive management
requires some mechanism for comparing outcomes of management deci-
sions. The gathering and evaluation of data allow for the testing of alter-
native hypotheses, and are central to improving knowledge of ecological,
economic, and other systems. Monitoring should focus on significant
and detectable indicators of progress toward management objectives.
Monitoring should also help distinguish between natural perturbations
and perturbations caused by management actions. Monitoring, in and of
itself, however, does not ensure progress, and monitoring should not be
equated with adaptive management. Monitoring programs and results
should be designed to improve understanding of environmental and eco-
nomic systems and models, to evaluate the outcomes of management
decisions, and to provide a basis for better decision making (ideally, in-
dependent estimates of the value of monitoring information and pro-
grams will be periodically conducted). Monitoring systems should be an
integral part of program design at the outset and not simply added post
hoc after implementation (Holling, 1978).

5. A mechanism(s) for incorporating learning into future decisions.
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Adaptive management aims to achieve better management decisions
through an active learning process. Objectives, models, consideration of
alternatives, and formal evaluation of outcomes all facilitate learning.
But there should be one or more mechanisms for feeding information
gained back into the management process. The political will to act upon
that information must also exist. Without a mechanism to integrate
knowledge gained in monitoring into management actions, and without a
parallel commitment and the political will to act upon knowledge gained
from monitoring—which will not eliminate all uncertainties—monitoring
and learning will not result in better management decisions and policies.
In addition, adaptive management organizations must likewise have
some degree of flexibility in order to adjust operations in light of new
information, environmental changes, and shifting social and economic
conditions and preferences (Gunderson, 1999).

6. A collaborative structure for stakeholder participation and
learning. The inclusion of parties affected by ecosystem management
actions in decision making is becoming a broadly-accepted management
tenet of natural resources management programs in the U.S. and around
the world (WCD, 2000). The Corps of Engineers, for example, has long
supported this notion, and stakeholder outreach is a part of Corps plan-
ning studies in many locales. Achieving meaningful stakeholder in-
volvement that includes give and take, active learning (through coopera-
tion with scientists), and some level of agreement among participants,
represents a challenge, but is essential to adaptive management. This
implies that some of the onus for adaptive management goes beyond
managers, decisions makers, and scientists, and rests upon interest
groups and even the general public. As mentioned, even though differ-
ences between stakeholders are inevitable, some agreement upon key
questions and areas of research is essential to adaptive management of
public projects (Lee, 1999). Stakeholders may also need to exhibit flexi-
bility and some willingness to compromise in order for adaptive man-
agement to be implemented effectively. As one expert in the field has
noted, “In a nutshell, if there is no resilience in the ecological system, or
flexibility among stakeholders in the coupled social system, then one
simply cannot manage adaptively” (Gunderson, 1999, emphasis added).

ADAPTIVE MANAGEMENT OF OTHER ENTERPRISES

The concept of adaptive management is not restricted to natural re-
sources or ecosystem management, as similar concepts have been applied
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in fields such as business, education (Dewey, 1938), engineering (de
Neufville, 2000; de Neufville and Odoni, 2003), geography (White,
1988), and public administration (Lindblom, 1979). Related concepts
and practices from these other disciplines include “learning by experi-
ence,” “ex post audits,” and “muddling through,” and designers of engi-
neering systems may refer to “flexible planning” rather than “adaptive
management.” Alternative forms of this concept have been and are being
applied in the broade area of strategic planning, which often emphasizes
adaptability in system development and management. The traditional
approach to developing infrastructure systems often centers on a “master
plan,” or a linear path to a selected, well-defined endpoint (NRC, 2003a).
In practice, developers first engage in a planning exercise in which they
lay out a desired end state for the system (the master plan, i.e., objec-
tives). Within the context of rigidity that characterizes some traditional
design practices, the view that designers should design and manage sys-
tems flexibly presents a challenge. But several concepts of flexible plan-
ning and engineering systems management have been developed that
frame the planning process as a series of choices with indeterminate con-
sequences (de Neufville, 2004).

Flexible Management of Engineering Systems

Practices for the planning, design, and management of large,
complex engineering systems are evolving in fundamental ways. Profes-
sional practice is in the middle of a transition that is reshaping design,
evaluation, and implementation of major civil engineering developments.
Individually, experts do not share a consensus on exactly how to describe
this evolution. Collectively, however, traditional norms of practice are
often viewed as insufficient in current settings and given current knowl-
edge (de Neufville and Odoni, 2003). Current and prospective Corps of
Engineers practice should be sensitive to these changes. In broad terms,
the evolution is from simplicity to complexity. Most major civil invest-
ments were traditionally designed and implemented primarily in terms of
single investments, for single purposes, on the basis of a single forecast
of future events, and with a narrow focus on construction (Table 2.3
summarizes practices that were fairly standard as of a generation ago, as
well as ways in which those practices are evolving).
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TABLE 2.3 Trends in the Evolution of Civil Engineering Design Practice

Nature of Change

Design Element From Traditional Broadening To

Scope Project System of projects

Purpose Single purpose Multiple and sometimes
conflicting objectives

Means Structural Nonstructural

Focus Construction Long-term Management

Risk Recognition Little Extensive

Engineering design practices are today more sophisticated than in a
previous era. Although its evolving nature precludes a precise definition,
its main contours can generally be described. Most fundamentally, it is
generally accepted that the interactions between projects are important,
and that designs should consider any single project as part of a larger
whole. These approaches are standard elements of today’s engineering
design textbooks (e.g., de Neufville, 1990). An important aspect of
evolving concepts of engineering practice is the way uncertainty is rec-
ognized and addressed. It is today widely appreciated that many conse-
quences of civil engineering investments cannot be precisely forecasted.
The example of the Florida Everglades (discussed in Chapter 4) is illus-
trative, as this project is set within a context of demographic and eco-
logical changes that are rapidly changing southern Florida. In this re-
gion, the nation is attempting something never done before, in the midst
of substantial scientific uncertainties about the effectiveness of solutions
that have been proposed. At the very least, it must be recognized that
even the best projections of future system performance will contain some
uncertainties.

Recognizing that the consequences of designs entail risks leads to an
important feature of current best practice in the design of engineering
systems. Promoters and developers of engineering and other projects are
responsible for managing inevitable uncertainties associated with those
projects. On the one hand, there is a need to take advantage of new op-
portunities for improving water resources systems performance through
advances in engineering, biophysical sciences, and social sciences. On
the other hand, proposed solutions should seek to minimize the potential
for negative consequences and seek to keep development options open
by, to the extent possible, proceeding incrementally and evaluating the
results of design and planning decisions. Whether the objective is to take
advantage of new opportunities or to insure against bad outcomes, the
goal is to create the capacity to respond appropriately as new situa-
tions—which may include unforeseen surprises—develop. Flexibility
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over the life of the project is essential to effective development and func-
tioning of civil engineering systems.

Adaptive Implementation, Staging, and Site Management

Adaptive management approaches are increasingly being seen as
useful in dealing with problems where the outcomes, and even goals, are
uncertain. Recent reports of National Research Council committees have
recommended the use of adaptive strategies and methods in addressing
Total Maximum Daily Load (TMDL) approaches to water quality man-
agement (NRC, 2001a), in the staged development of geological reposi-
tories for high-level radioactive waste (NRC, 2003b), and in clean-up of
hazardous waste sites at U.S. Navy facilities (NRC, 2003c¢).

Under the Clean Water Act, the Environmental Protection Agency
(EPA) is obligated to implement the TMDL program when ambient wa-
ter quality standards are not attained through the National Pollutant Dis-
charge Elimination System (NPDES) permit program. The maximum
discharge loads that can be tolerated, consistent with attaining water
quality standards, must be determined and allocated among sources.
There are uncertainties throughout this process, which over time could
result in changed requirements and even goals. Adaptive implementation
of TMDL plans has therefore been recommended, which involves a cy-
clical process in which TMDL plans are periodically assessed for their
achievement of water quality standards including designated uses (NRC,
2001a). If designated uses and goals are not being achieved after imple-
mentation, scientific data and information should be used to revise the
plan, thus ensuring that the TMDL program is not halted but progresses
while better information is collected and analyzed with the intent of im-
proving on initial TMDL plans.

Adaptive staging (as opposed to linear staging with a predetermined
path to a well-defined endpoint) was recommended as a promising ap-
proach to the development of geological repositories for high-level ra-
dioactive wastes, such the Yucca Mountain Project (NRC, 2003b).
Adaptive staging is a way to deal with uncertainties regarding not only
environmental factors, but also programmatic, safety, security, institu-
tional, regulatory, and societal variables throughout the construction, op-
eration, closure and post-closure phases of repository development.
Adaptive staging provides a flexible reference framework so that the ul-
timate path to success, and the endpoints themselves, are determined by
knowledge and experience gathered along the way. Adaptive staging is a
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deliberate, incremental decision-making and management process, fully
consistent with good engineering practices. It should reflect seven at-
tributes: commitment to systematic learning, flexibility, reversibility,
auditability, transparency, integrity, and responsiveness.

Adaptive site management is seen as a more effective alternative to
the traditional paradigm for hazardous site restoration, which involved a
linear, unidirectional path from site investigation, to remedial actions,
and eventually to site closure (NRC, 2003c). Adaptive site management
is viewed as: applicable to a variety of sites and stages of restoration,
providing for optimization of remedial measures, formalizing the use of
monitoring, incorporating public participation, dealing with uncertainty,
and stimulating development of innovative technologies (ibid.).

COMMENTARY

Although concepts of formal adaptive management for ecosystem
restoration date from the late 1970s, the concept evolved, broadened, and
gained currency in the 1990s, as natural resources policy makers and
managers alike began to embrace adaptive management. Planners, engi-
neers, and decision makers in other sectors and disciplines have also ad-
vocated approaches that seek to keep options open, that monitor and
evaluate outcomes, and that incorporate lessons learned into future deci-
sions. A lesson in the development and application of adaptive manage-
ment-type elements in these fields beyond natural resources management
is that scientists, engineers, and managers in engineering sectors are in-
creasingly recognizing the limits of linear, deterministic approaches and
predictive models. Adaptive management concepts and practices repre-
sent innovative, current thinking on resolving conflicting demands and
adjusting to changing social preferences and priorities.

Adaptive management can be applied in various forms, ranging from
less to more formal practices. Adaptive management entails a set of core
principles, each of which can be applied in more or less elaborate forms.
In deciding whether to adopt an adaptive management approach and
principles, or whether more “active” or “passive” approaches should be
adopted, decision makers should compare the costs and benefits of learn-
ing. Decision makers should weigh the likelihood of obtaining useful
results from monitoring and the costs of obtaining them. Although adap-
tive approaches may be complex and may thereby frustrate some partici-
pants, many contemporary public policy problems—including many
faced by the Corps—may require sophisticated approaches like adaptive
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management if lasting solutions are to be identified and established.

Adaptive management may entail resistance from some stakeholders,
management agencies, and elected officials. Stakeholders may be con-
cerned with the ambiguities of the approach or with possible threats to
existing structures and values, management agencies may feel that their
decisions and judgment are being second-guessed, and legislators may be
concerned with the costs of what may appear to be open-ended science
programs. The value of adaptive management will ultimately be gauged
by its ability to improve decision making by being responsive to envi-
ronmental and social changes, thereby enhancing environmental and
economic benefits. Adaptive management may entail a variety of de-
tailed and useful scientific and learning exercises (e.g., development of
alternative ecological and engineering models; scenario investigations by
participants) and administrative processes (e.g., meetings of stake-
holders). Maintaining a focus on economic and environmental goals and
objectives is important to helping coordinate scientific inquiry with man-
agement decisions and stakeholder discussions and learning.

The Corps has traditionally constructed its civil works projects based
on engineering principles founded upon a deterministic planning frame-
work. Over time, however, the Corps’ mission has shifted from the con-
struction of engineering projects to managing an existing infrastructure
and distributing benefits (e.g., stream flows and their associated benefits)
among multiple stakeholders. Successful execution of this latter mission
will require less reliance upon concepts related to linear, stable systems,
and greater reliance upon expertise in ecosystem dynamics and model-
ing, as well as economics and other social sciences. Over time, the limits
of a deterministic planning paradigm have been revealed, as have many
unanticipated consequences of Corps projects. The Corps has different
degrees of experience in the six elements of adaptive management identi-
fied in this chapter, and adaptive management would thus build upon
some existing concepts and practices. Yet the Corps has only limited
experience in integrating them within a formal adaptive management
framework. A Corps of Engineers 2003 draft report prepared in connec-
tion with its Upper Mississippi River feasibility study, for example,
demonstrates an understanding of adaptive management principles and
challenges regarding its implementation (Lubinski and Barko, 2003). As
the following chapter explains, constraints remain on the Corps’ ability
to implement adaptive management. Some of these constraints come
from Corps planning guidance and organizational traditions, others from
factors beyond the Corps, such as the influence of stakeholder groups
and guidance from the administration and the Congress.
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The Context of Corps Decision Making

The implementation of adaptive management within the Corps of
Engineers will occur within a framework of legislation, agency planning
guidance, a complex organizational structure, and agency tradition. Ef-
forts at managing adaptively will also be affected by evolving relation-
ships among the Corps, the administration and other parts of the execu-
tive branch, the U.S. Congress, and numerous interest groups. To better
understand the opportunities and barriers to adaptive management in the
Corps, this chapter reviews the Corps’ decision making processes, its
organizational dynamics, and external factors that influence the agency’s
missions and decision making.

PLANNING GUIDANCE

At the agency level, procedures for planning Corps of Engineers’
projects are prescribed in several documents. The most important are the
federal Principles and Guidelines for Water and Land Resources Imple-
mentation Studies (often referred to as the “Principles and Guidelines,”
or P&G), and the Corps Planning Guidance Notebook (or PGN; USACE,
2000a), also known as ER 1105-2-100 (http.//www.usace.army.mil/inet/
usace-docs/eng-regs/erl105-2-100/toc.htm). The Principles and Guide-
lines document was approved by the U.S. Water Resources Council
(WRC) in 1983. The Corps PGN provides direction on implementing the
Principles and Guidelines and other Corps policy guidance concerning
the planning of new water projects. Additional Corps planning guidance
is provided by Corps of Engineers Engineering Circulars (EC) and Engi-
neering Regulations (ER).

The Principles and Guidelines document was issued in 1983, five
years after publication of Holling’s 1978 volume, at a time when adap-
tive management concepts were somewhat novel. Moreover, many con-
cepts in the P&G are derived from the earlier Principles and Standards
planning guidance document, which was approved in 1973 (the 1983
revision also changed the status of the document from required standards
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to recommended guidelines). Much of the current Corps planning guid-
ance is thus based on concepts that pre-date the emergence of formal
adaptive management strategies. The planning guidelines prescribed by
the P&G are geared toward the planning of new civil works projects.
The P&G document defines a six-step planning process: 1) identify a
problem or opportunity, 2) inventory and forecast conditions, 3) formu-
late alternative plans, 4) evaluate the effects of the alternatives, 5) com-
pare alternative plans, and 6) select a recommended plan. This is the
classic, rational planning approach (Hays, 1959). The P&G allows the
use of these steps at various planning stages and in post-construction op-
erations decisions. Nevertheless, current Corps planning guidance is
based upon a traditional emphasis on pre-project design and siting, and
was not developed specifically to guide post-construction monitoring and
evaluation (Jacobs, 2002). The Corps has had little experience in, and
has received few administration or congressional requests for, the sort of
economic, environmental, and other evaluations of post-construction
outcomes of its water projects that would be essential to adaptive man-
agement.

The Principles and Guidelines document provides guidance for
evaluating municipal and industrial water supply, agriculture, urban
flood damage reduction, hydropower, transportation (inland and deep-
draft), recreation, and commercial fishing projects. The P&G relies
heavily on market-based economic models and forecasts, and relies heav-
ily upon model-based projections. The P&G recognizes that risks and
uncertainties attend water project planning, but risk and uncertainty
analyses are not accorded an integral position in the document’s recom-
mended procedures. Furthermore, there have been substantial scientific
advances in the fields of risk analysis, environmental economics, and
ecosystem dynamics and modeling since issue of the 1983 P&G docu-
ment. Finally, many benefits of adaptive management lie in the accu-
mulation of scientific knowledge and management experience, with the
aim of ultimately producing better resources management decisions.
These benefits, however, are not always immediately clear and are diffi-
cult to monetize (see Box 3.1).

Adaptive management’s emphasis on uncertainties, learning, and
flexible policies represents a departure from the Corps’ traditional plan-
ning approaches, and adaptive management principles have only begun
to be incorporated into the agency’s planning guidance. For example,
the Corps’ Planning Guidance Notebook makes only one direct reference
to adaptive management:
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Monitoring and adaptive management. Monitoring
may be necessary to determine if the predicted outputs
are being achieved and to provide feed back for future
projects. Cost shared post-implementation monitoring
will rarely be required. If cost shared post-implement-
ation monitoring is being considered, it must be clearly
defined, justified and the period of cost shared monitor-
ing shall not exceed five years following completion of
construction. The cost of monitoring included in the total
project cost and cost shared with the non-Federal spon-
sor shall not exceed one percent of the total first cost of
ecosystem restoration features. For complex specifically
authorized projects that have high levels of risk and un-
certainty of obtaining the proposed outputs, adaptive
management may be recommended. The cost of the
adaptive management action, if needed, will be limited to
3 percent of the total project cost excluding monitoring
costs (p. 3-25).

BOX 3.1
Valuing the Benefits of Adaptive Management

Many of adaptive management’s benefits come in the form of better
knowledge of ecosystem response to management actions. This im-
proved knowledge reduces uncertainties and should therefore improve
management decisions. Benefits of better future management decisions
will be realized in the future. These benefits, however, are difficult to
measure and translate into dollars, the standard metric of economic
analysis. The intangible nature of these benefits stands in contrast to the
direct, up-front costs of adaptive management programs, such as eco-
system monitoring programs, scientific staff, and institutional support.
Gaining political approval and funding for adaptive management may be
difficult if traditional, standard economic analysis cannot be or is not
done. Clear articulation of the benefits of adaptive management to
stakeholder groups, decision makers, and budgeters, may thus consti-
tute a challenge to persuading skeptics of the value of the concept. Fail-
ing to learn from past experiences may entail costs in the form of ineffi-
cient operations and protracted controversies that spring from policies
that have not been adjusted to changing conditions and social prefer-
ences.

Copyright © National Academy of Sciences. All rights reserved.




Adaptive Management for Water Resources Project Planning

http://lwww.nap.edu/catalog/10972.html

36 Adaptive Management of Water Resources Project Planning

Specific guidance regarding monitoring for small projects carried out
under the Corps programmatic authorities makes essentially the same
statement.

Despite the fact that the adaptive management concept is not widely
reflected in the agency’s planning guidance, many Corps staff have
knowledge of adaptive management principles, and some (especially in
the Corps Jacksonville district office) have direct experience with its im-
plementation. The following sections discuss implications of the Corps’
organizational structure, staffing, and other factors for promoting adap-
tive management practices.

INTERNAL ORGANIZATIONAL ISSUES
Adaptive Management Definitions and Applications

As part of this study, anecdotal evidence was gathered during meet-
ings and site visits with Corps staff involved in various aspects of adap-
tive management. Based on that information, it appears that adaptive
management principles are not being consistently employed throughout
Corps district offices. Given the agency’s decentralized structure, this is
not surprising; furthermore, adaptive management guidance should allow
flexibility so that programs can be tailored to local and regional settings.
Nevertheless, basic concepts should be consistently employed across
Corps projects and throughout the agency, as a lack of consistency of
definitions and practices can limit the effectiveness of adaptive manage-
ment efforts, as well as the ability of the organization to learn from ex-
periences across its district offices.

The Corps appears to view adaptive management primarily as a ve-
hicle for ecosystem restoration, which is understandable given the roots
of adaptive management and its applications to date. However, opportu-
nities for adaptive management applications in other mission areas may
be overlooked. There are other sectors, such as navigation and waterway
traffic management, in which adaptive management may be useful not
only in effecting changes to evolving conditions, but also in helping bet-
ter integrate project operations and program areas. Moreover, adaptive
management offers a framework for integrating programmatic areas such
as navigation and ecosystem restoration. Adaptive management would
encourage the consideration of navigation, ecosystem restoration, and
flood risk management as part of a single, holistic system.
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Decentralized Structure

The Corps’ organizational structure also affects its ability to imple-
ment adaptive management. The Corps is a highly decentralized organi-
zation, with 41 district offices, all of which function primarily independ-
ent of one another. These offices conduct Corps reconnaissance and fea-
sibility studies for new water resources projects, and they employ the
majority of the agency’s staff. One advantage of this structure is that
district offices may have greater flexibility to pursue innovative efforts
and novel actions tailored to local conditions and preferences. A draw-
back of this structure is that these offices are focused largely on planning
their own new projects and working closely with local project sponsors,
without benefiting from the knowledge and experience of colleagues in
other district offices. There are limited incentives and resources, and few
precedents or traditions, for district offices to seek information from one
another or from experts outside the organization, or to communicate les-
sons from their experiences throughout the organization. Although many
Corps district offices and personnel are pursuing adaptive management
activities, these experiences are not being explicitly shared throughout
the agency.

Human Resources and Staffing

Meeting the challenges associated with adaptive management is
likely to require not only a Corps staff that possesses broad, interdiscipli-
nary expertise and experience, but also input and assistance from organi-
zations and experts from outside the agency. As part of this study, or-
ganizational charts of the Corps St. Paul (MN), Omaha (NE), and Jack-
sonville (FL) district offices were reviewed, and this panel made site vis-
its to St. Paul and to Florida, where the panel spoke with Corps staff and
other experts involved in the Florida Everglades restoration project. This
section lists some observations based on these documents and meetings.

St. Paul District

Key positions related to adaptive management in the Corps St. Paul
district office are in the four branches under the Planning, Programs, and
Project Management Division. Most important is the Environmental and
Economic Analysis Branch, which has 18 professional positions, includ-
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ing the branch chief. There are nine natural scientists (of which eight are
biologists), three cartographers, two economists, one “multi-
disciplinarian,” one historian, and one archaeologist. Together the other
three branches have ten multi-disciplinarians, five program analysts,
three chiefs, one landscape architect, and one operations and manage-
ment program manager.

Omaha District

The Omabha district office is organized differently: there is no Plan-
ning, Programs and Project Management Division, and hence no Envi-
ronmental and Economic Analysis Branch. The Omaha office is divided
into four divisions: Engineering, Construction, Real Estate, and Opera-
tions. The Construction and Real Estate divisions appear to have no staff
related to project operations. In the Engineering Division, the two key
branches related to adaptive management are the Hydrologic Engineering
Branch and the Geotechnical and Engineering Sciences Branch. Both
are staffed primarily by engineers. In the Hydrologic Engineering
Branch the main exception is the Water Control and Water Quality Sec-
tion that includes a biologist, an ecologist, and a limnologist. The sec-
tions in the Geotechnical and Engineering Sciences Branch most relevant
to adaptive management have some geologists and chemists, but appar-
ently no biologists or social scientists.

The operations division is divided into project offices that corre-
spond to some of the Missouri River mainstem dams: Big Bend, Fort
Peck, Fort Randall, and Garrison. Although each of these offices has a
natural resources section, the emphasis in each case appears to be on
park management. Big Bend thus has a supervising natural resource spe-
cialist in the project office and a natural resource management specialist
and two natural resource specialists/rangers in the Natural Resources
Section. Fort Peck (divided into Fort Peck Lake and the Fort Peck Of-
fice) has a similar staffing arrangement, with an additional resources
specialist/ranger. At Fort Randall, the Natural Resources Section is
composed primarily of rangers, plus one natural resource specialist and
two natural resource specialists/rangers, versus four natural resource spe-
cialists and three natural resource specialists/rangers at Garrison. No
social scientists are listed. Elsewhere, no economists or lawyers were
included in the staff list; indeed, in the entire district office, the only pos-
sible social scientist was a geographer in the Applications and Planning
Branch under the Executive Office.
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Jacksonville District

Sections of the Jacksonville district office most relevant to adaptive
management are the Constructions-Operations, Planning, Restoration
Program, and the Regulatory divisions. The Constructions-Operations
Division contains the Comprehensive Everglades Restoration Plan
(CERP) Management Branch, while the four branches in the Planning
Division are Socio-Economic, Environmental, Plan Formulation, and
Ecosystem Restoration. The Restoration Program Division also has four
branches: South and Central Florida Restoration, RECOVER (Restora-
tion, Coordination and Verification), and Restoration Programs Man-
agement. The Regulatory Division divides Florida into four branches
within an overarching Enforcement Branch.

The Jacksonville district organizational chart reflects the Corps’
roles in the Comprehensive Everglades Restoration Program, as branches
such as the RECOVER and CERP Management Branches, which have
adaptive management-related functions, have been established. None-
theless, staffing and institutional gaps remain. With the exception of the
Socio-Economics Branch in the Planning Division, the social science
expertise that could help address issues related to Florida’s rapid popula-
tion growth is limited. Biologists are still based primarily in the Regula-
tory Division, although they also have a presence in the Planning Divi-
sion. The position of Chief in the CERP Management Branch was va-
cant in 2003 when this study was being conducted.

Summary

In many ways, adaptive management represents a departure from
traditional Corps planning approaches and disciplinary strengths. These
strengths have been in the realm of engineering expertise and the con-
struction and operation of civil works projects. The Corps is in the midst
of broad shift toward increased emphasis on operating a large, existing
infrastructure, which controls a large portion of the nation’s hydrologic
systems and distributes significant benefits. The Corps must maintain its
engineering expertise in order to safely operate this infrastructure. But
sound management of Corps projects today also calls for expertise in
fields such as ecology and economics.

Adaptive management is consistent with this broadening mission and
it represents a promising means for making better decisions under uncer-
tainty and facilitating stakeholder cooperation and input. It aims to fuse
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knowledge and understanding of economics and other social sciences,
engineering, and ecology. Much of the literature on the concept to date
has emphasized ecological sciences, but adaptive management requires
social sciences knowledge for project evaluation and related activities.
Given the importance of communicating with stakeholders on complex
and controversial topics, it could also entail the use of experts in topics
such as visualization and facilitation. Just as important as broadening
disciplinary expertise is the incorporation of these broader perspectives
within Corps decision making. Enlisting experts in social and ecological
sciences, or commissioning studies in these areas, is of little use if the
agency does not have the appropriate capacity to meaningfully incorpo-
rate these perspectives and knowledge into the project planning and
management cycle.

A review of adaptive management efforts and staffing arrangements
at three Corps district offices suggests that a broader range of personnel
and disciplinary perspectives should be included within all phases of pro-
ject management in order to implement adaptive management within the
agency. For example, some Corps staff members are occasionally in-
volved in projects and tasks that transcend their expertise, such as when
engineers are asked to conduct economic analyses or to facilitate public
meetings regarding controversial studies or projects. Moreover, there is
no evidence that adaptive management efforts in district offices are pro-
ceeding consistently in accord with a set of guiding principles, or with
the sharing of experiences and knowledge across district offices or
throughout the agency. Not every Corps office need employ experts
from a wide range of disciplines, but the Corps needs broader expertise
that its staff can turn to in implementing and sustaining adaptive man-
agement practices. A small center specializing in adaptive management
could house an interdisciplinary team to provide advice to all Corps of-
fices and to synthesize results of Corps adaptive management efforts
from across the nation.

FACTORS EXTERNAL TO THE CORPS
Congress and the Administration
Political Relations

The Corps of Engineers operates within constraints imposed by the
Congress and the administration. Since the first Rivers and Harbors bill
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of 1824, the Corps has been politically responsive to Congress (Clarke
and McCool, 1996; Maass, 1951). Members of Congress have long fun-
neled money and jobs to their home districts via Corps civil works pro-
jects, and have endorsed, supported, and reinforced structural modifica-
tions of waterways (Ferejohn, 1974; Maass, 1951). Congressional repre-
sentatives, however, often have opposing points of view and there are
indications that the Corps’ traditional breadth of support in the Congress
is diminishing. As a result, the Corps today often finds itself caught be-
tween opposing points of view held by different congressional represen-
tatives (see, for example, the Missouri River case study in Chapter 4).

The president wields great influence on the Corps, particularly
through the Office of Management and Budget (OMB), as all Corps
planning studies must ultimately receive OMB approval. Although
presidents have often deferred to congressional preferences with regard
to water project construction, there have been notable exceptions. In the
late 1970s, for example, President Jimmy Carter attempted to terminate
several proposed Bureau of Reclamation and Corps projects, only to in-
spire a vehement agency and congressional response. More recently, the
OMB, responding to instructions from President George W. Bush, killed
a long-standing proposal for a jetty project in North Carolina. Given the
influence of the Congress and the administration in setting program pri-
orities, budgetary constraints, and the like, successful implementation of
adaptive management programs will require support of the Congress and
the administration.

Priorities and Objectives

There are literally hundreds of public laws, congressional committee
reports, and executive branch guidance to which the Corps must respond.
Some of the objectives of these laws and reports lack clarity. Project
objectives, for example, are often framed in terms of qualitative goals
such as “restoring ecosystem health,” recognizing a “nationally signifi-
cant ecosystem,” or “protecting values.” Others are in tension with one
another, requiring the Corps to identify priorities and trade-offs. The
Corps also operates under the scrutiny of multiple stakeholders with
competing or mutually exclusive objectives, making it difficult for the
Corps to implement decisive management actions in either direction.

Adaptive management recognizes that stakeholder differences are in-
evitable, and it does not seek to eliminate those differences before pro-
ceeding. As mentioned, adaptive management does not aim to create a
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“master plan” to be rigidly adhered to. But without some agreement
upon and clarity of objectives, it can be difficult to determine whether
management actions are having desirable effects. This, in turn, can ob-
struct the feedback processes (e.g., learning, adjustment, subsequent ac-
tions) within adaptive management. Water resources experts have long
recognized the importance of flexibility within water resources program
objectives. As early as 1938, for example, the (former) National Re-
sources Committee noted the importance of establishing objectives (as
well as an adaptive approach) in one of its recommendations for more
efficient water management: “Adherence to a national over-all plan, re-
vised and adjusted year by year in light of new knowledge (assiduously
and continuously developed) and of shifting conditions” (National Re-
sources Committee, 1938). In a more recent example from the Upper
Mississippi River, the Upper Mississippi River Basin Association noted
the problems of multiple mandates and a lack of vision in a 1995 report:

The issue is not that the Upper Mississippi River
lacks programs, projects, studies, regulatory authorities,
and management activities with the potential for ad-
dressing many of the current problems. Rather, there is
no unifying principle or focus for integrating those efforts
(UMRBA, 1995).

A previous National Research Council committee noted the prob-
lems associated with an inability to distill clear management objectives
for Glen Canyon Dam and Colorado River management:

The Strategic Plan should recognize the limitations
of the current, pluralistic situation. It should present a
strategy for moving toward a set of common objectives
... The Center . . . should work with the Technical Work
Group to develop a revised set of management objec-
tives (NRC, 1999).

Finally, a National Research Council committee charged to review
Missouri River ecosystem science and adaptive management concluded
that a Missouri River Protection and Recovery Act should be passed to
“ensure clarity regarding authority . . . .” (NRC, 2002).

Rarely, if ever, will congressional representatives, stakeholders,
managers, and decision makers reach clear consensus on ultimate objec-
tives, or a “vision,” for managing large aquatic, river, or coastal systems.
In such instances, adaptive management, through advanced scientific
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knowledge and stakeholder dialogue, can be used as a vehicle to help
identify and clarify objectives as the program proceeds. Adaptive man-
agement should be used as a means to foster stakeholder collaboration,
identify and discuss differences, and adjust program goals and direction
in accord with new information and shifting preferences. Social goals
and priorities change over time. When objectives are established, as the
National Resources Committee noted in 1938, adjustments will eventu-
ally be required. In the process of establishing new objectives, disputes
between interest groups who favor the status quo, and those who favor
change, are virtually certain. Whatever course is chosen, discussion of
objectives and trade-offs should be a part of adaptive management, with
an understanding that clarification of objectives and priorities is impor-
tant, but that they are likely to require future review and revision. In lar-
ger systems, such as inter-state river basins, guidance from the admini-
stration and Congress may be necessary to clarify responsibilities and
resolve conflicts that a line agency like the Corps cannot unilaterally re-
solve.

Inter-Agency Relations

When adaptive management programs are initiated in large, complex
ecosystems, and as the geographic scale of management increases, more
management organizations and levels of government are likely to be-
come involved. Implementing adaptive management across organiza-
tional and political boundaries requires communication, cooperation, and
a means for clarifying responsibilities among federal, state, and local
governments with responsibility for the various places and activities in-
volved.

At the federal level, the Corps often interacts with the Environmental
Protection Agency, the Fish and Wildlife Service, the U.S. Geological
Survey, NOAA Fisheries, and the National Park Service, all of which
have different mandates and traditions. Interagency cooperation can be
problematic and may constitute an obstacle for adaptive management:
“Experimental management planning has floundered in complex institu-
tional settings like the Florida Everglades, Columbia River, and Upper
Mississippi River, where management, research, and policy change in-
volve collaboration among several agencies with complicated, overlap-
ping historical responsibilities and legal mandates” (Walters, 1997).
Clarification of agency lines of authority and responsibilities provided by
the administration and the Congress would be helpful in delineating
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agency programs and useful in promoting adaptive management. Adap-
tive management’s emphasis on collaboration also serves as a framework
for enhancing interagency cooperation.

Existing Authorities

Existing authorities for the Corps’ civil works program and projects
are often inimical to the execution of adaptive management principles.
More importantly, the present legal framework governing completed pro-
jects creates barriers to adaptive management. Since the Water Re-
sources Development Act of 1986, Corps civil works projects con-
structed for purposes other than navigation are authorized to require all
post-construction project-related responsibilities, including operations,
maintenance, repair and rehabilitation, to be carried out by a non-federal
sponsor. Federal direction and performance monitoring is covered in an
operating manual provided by the Corps to the sponsor, and the Corps
makes periodic inspections of projects to review compliance with manu-
als. Subsequent modifications of either project features or project opera-
tions typically require completion of a cost-shared study and authoriza-
tion of a project modification. If the Corps is to become more actively
involved in adaptive management, changes in existing authorities will be
required in order to give the Corps a greater role in post-construction
activities.

Exceptions to this rule are the “Section 1135” authority from the
1986 Water Resources Development Act, “Section 216 authority from
the 1970 Flood Control Act, and the Comprehensive Everglades Restora-
tion Project (CERP) authorized by the Water Resources Development
Act of 2000. These authorizations allow the Corps to review and modify
existing operations in response to significantly changed conditions with-
out seeking additional congressional authorization. In recognition of the
uncertainties inherent in this multiple-purpose environmental restoration
and water supply project, the Corps requested specific authorization for
adaptive management for the CERP. Consistent with this concept of life-
cycle project evolution, Congress authorized continuing federal partici-
pation in post construction project decision making, as well as a 50/50
cost sharing of project costs. The CERP authorization is a model for fu-
ture authorizations of projects with potentially significant ecological con-
sequences in the form of either project-provided services or adverse pro-
ject impacts, whether mitigated or unmitigated. A continuing project
authority that allows appropriate project modifications to achieve the
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original goals, or to adapt to evolving public values and new scientific
understandings of ecological processes, without the need to seek a new
project-specific authorization, would be an important step toward adap-
tive management of Corps projects.

Small Projects Authority

Several small project authorities allow the Corps to implement pro-
jects without the need to obtain a specific authorization from Congress.
Section 216 of the 1970 Flood Control Act authorizes the Corps to re-
view and modify existing operations in response to significantly changed
conditions, without seeking additional congressional authorization. Sec-
tion 1135 of WRDA 1986 (as amended in Public Law 99-662) authorizes
the Secretary of the Army to modify existing Civil Works project struc-
tures and operations to improve the quality of the environment in the
public interest. Modifications must be feasible and consistent with au-
thorized project purposes. Section 206 of WRDA 1996 authorizes the
Secretary to carry out projects for aquatic ecosystem restoration and pro-
tection if the Secretary determines that the project will improve the qual-
ity of the environment, is in the public interest, and is cost-effective.
Corps policy governing these projects affirms the primacy of ecological
justifications, as opposed to any recreational or other economic justifica-
tion.

Although these authorities allow for some degree of flexibility and
adjustments to management actions, they were not explicitly designed to
help the Corps implement adaptive management approaches. These au-
thorities also lack the specificity required to adequately consider con-
temporary planning approaches (e.g., nonstructural alternatives) and re-
alities (e.g., a greater emphasis on better management of existing infra-
structure vs. more new project construction). Corps policy, however,
narrows even these limited openings by restricting monitoring to no more
than three years (this policy also appears to erroneously equate adaptive
management with ecosystem monitoring). The Corps does not require
periodic evaluation of completed projects to determine whether structural
modifications or operational changes are needed to improve project per-
formance. Instead, Corps policy and management philosophy for these
small projects parallels its guidance for specifically authorized non-
navigation projects (with the exception of the Comprehensive Everglades
Restoration Project). The agency's objective is to plan and implement
projects in partnership with a non-federal entity. After construction,
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Congress typically expects the Corps’ job to be done; the non-federal
partner is expected to assume responsibility for all project activities and
costs, including future capital expenditures. A new authority that directs
the Corps toward a greater emphasis on flexible, adaptive management
strategies would be useful in backing the agency’s efforts in adaptive
management. The new authority should not represent a “blank check,”
but rather should contain some specificity that helps the Corps balance
its environmental, flood management, and navigation-related responsi-
bilities (the report from the 216 studies coordinating committee reviewed
this issue in greater detail and provides specific provisions regarding a
new study authority).

Budgeting and Financial Issues

The Corps budget for operations is controlled by the administration
and the Congress, which have traditionally placed a higher priority on
expenditures for capital works construction than for science-based man-
agement or project evaluations. Furthermore, most projects require both
individual authorization and annual appropriations. Authorized pro-
grams may thus in reality be funded at well below authorized levels.
When money is available for ongoing programs such as adaptive man-
agement, expenditures are limited in other ways by the Corps’ governing
legislation and regulations. Total expenditures may be limited, cost-
sharing (25 percent or 35 percent) by non-federal partners is typically
required (NRC, 1999), and non-federal sponsors may be required to as-
sume all costs for post-construction operation and maintenance. Cost-
sharing requirements for Corps of Engineers projects, many of which
were specified in the 1986 Water Resources Development Act, may be
hindering progress toward adaptive management in at least some loca-
tions. In the Upper Mississippi basin, for example, the Corps is in the
midst of a feasibility study for the Upper Mississippi River-Illinois Wa-
terway. Within the study, the Corps is considering a variety of possible
ecosystem restoration projects. Some of these options would entail cost-
sharing arrangements with private land holders. The Upper Mississippi
River basin states, however, often view these financial obligations as a
constraint. For example, the states feel that “measures to address the
ongoing and cumulative impacts of the navigation project should be 100
percent federally funded” (UMRBA and GLC, 2003). Chapter 4 in-
cludes details of the Upper Mississippi and other adaptive management
programs in which the Corps has participated.
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Stakeholder Participation

Passage of the 1986 Water Resources Development Act (WRDA 86)
had great implications for stakeholder participation in Corps projects, as
it mandated more stringent cost-sharing requirements for local sponsors
of Corps projects. WRDA 86 has resulted in local stakeholders—most
importantly, the paying co-sponsor—taking a greater interest in project
design and implementation. Increased stakeholder participation, how-
ever, provides both opportunities and limitations with regard to adaptive
management. For example, project co-sponsors typically have a specific
project in mind, and thus naturally seek timely construction in order to
minimize costs. Local sponsors may not wish to provide additional re-
sources for post-construction monitoring, or discuss prospective opera-
tional changes with other stakeholders, that would contribute to adaptive
management. The willingness to consult with other stakeholders de-
pends on the ability of these others to disrupt activities (in the case, of
the Corps and a local co-sponsor). Local sponsors may view participa-
tion of other stakeholders as a way to engage in constructive, open dis-
cussions aimed at reducing tensions and objections.

Adaptive management experts and practitioners today widely recog-
nize the importance of open and vigorous stakeholder participation
(Shindler and Cheek, 1999). The issue of involving interest groups in
water management decisions reflects a long-standing, ever-present ten-
sion between expert/science-based decision-making and democ-
ratic/citizen-based decision making. For much of the agency’s history,
the Corps and the nation adhered to an expert-based model of decision
making (Hays, 1959). But in today’s operating context, the complexities
and uncertainties of natural resources management—and thus the limits
of purely expert/science-based decision making—are better understood,
and interest groups today seek a greater role in environmental and natural
resources management.

Interest groups, agencies, and other participants may resist the im-
plementation of adaptive management approaches. They may perceive
that adaptive management puts their interests at risk. Furthermore, mul-
tipurpose projects have multiple stakeholders with different and often
conflicting expectations. Professional planners and managers may feel
that adaptive management implies a lack of confidence, and would reveal
only bad news regarding deterministic projections of project perform-
ance. Such tensions are often inherent in natural resources management
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programs, and adaptive management is not an elixir that will resolve all
of them. But by promoting discussions within a collaborative frame-
work, adaptive management promotes the search for common ground
and goal definition and refinement.

Although there may be limits to the value of stakeholder participa-
tion (Kenney, 2000), such participation in water management is increas-
ingly promoted in the U.S. and around the world (Box 3.2). The ap-
proach is seen by many as a vital component of sound water resources
decision making and is today widely viewed as a staple of resource man-
agement programs. The Corps has promoted stakeholder participation
via public meetings and “listening sessions” across the nation. Resolving
competing interest group demands, and balancing its federal interest re-
sponsibilities with a desire to be responsive to the public, represents a
never-ending tension and challenge to the Corps.

The Corps recognizes the importance and value of stakeholder par-
ticipation, and deserves credit for its strong efforts in convening public
meetings and other fora to promote stakeholder input. But stakeholder
involvement represents challenges, as well. Stakeholder opinions may
vary widely and be narrowly based on a single issue, and some stake-
holders may support policies and actions that are not scientifically or le-
gally feasible. Responding to some stakeholder opinions may pose in-
consistencies with the Corps’ federal stewardship responsibilities.
Stakeholder participation has both positive and negative implications for
adaptive management efforts. A review of these experiences and their
implications would be useful in developing agency-wide guidance for
stakeholder participation in adaptively managed projects (the 216 study
report on analytical methods also discusses the issue of stakeholder par-
ticipation, devoting an entire chapter to this topic).

COMMENTARY

The ability to implement adaptive management within the Corps of
Engineers is affected by factors both within and outside the organization.
Within the organization, adaptive management represents a departure
from the Corps’ traditional culture, as well as from the planning methods
embodied in the Principles and Guidelines. Factors beyond the Corps,
notably the roles of Congress and the administration, and stakeholder
groups affected by Corps projects, also affect implementation of adaptive
management. Congress and the administration ultimately control the
purse strings on Corps programs. Progress toward adaptive management
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BOX 3.2
Experiences in Stakeholder Participation

The value of stakeholder participation in water resources manage-
ment decisions has been demonstrated within Australia’s Murray-Darling
Basin Commission (MDBC). The MDBC has promoted stakeholder in-
volvement through multiple means and programs, including the creation
of an Independent Community Engagement Panel (which reports to a
Ministerial Council) and the commissioning of an independent Stake-
holder Profiling Study, which included interviews with hundreds of citi-
zens (Nancarrow and Syme, 2001). The MDBC’s views on the impor-
tance of stakeholder input are reflected in a comment on the Stakeholder
Profiling Study: “It is undeniable that sustainable natural resources man-
agement is inextricably linked with the views and attitudes of community
stakeholders—successful natural resource initiatives rely not only on sci-
entific evidence but community awareness, acceptance and involvement”
(http://www.mdbc.gov.au/whatson/stake-h.html). The MDBC's efforts in
communicating with stakeholder groups may also have created the foun-
dation for an agreement known as “The Cap,” which imposed a limit on
additional water that could be diverted from the rivers in the Murray-
Darling basin, and included an independent audit of the agreement’s ef-
fectiveness.

Within the U.S., the Deschutes Resources Conservancy provides an
example of broad-based participatory partnership, as well as one in-
volved in large-scale adaptive management. A sub-basin of the Colum-
bia River system, Oregon’s Deschutes River Basin covers 10,700 square
miles. Its population of about 150,000 in the mid-1990s includes several
towns, five Bureau of Reclamation dams serving 11 irrigation districts or
companies, and the Warm Springs Native American Reservation. Aris-
ing from an initiative of the Confederated Tribes of Warm Springs and
Environmental Defense, the Conservancy was created in 1996. It de-
scribes itself as the “first non-profit corporation to bring together State,
Federal, Tribal and local government representatives with private stake-
holders to carry out basin wide ecosystem restoration.” Recognized by
Congress, which authorized one million dollars annually over the first five
years on a cost-sharing basis, it operates by consensus while giving pri-
ority “to voluntary, market-based economic incentives for ecosystem res-
toration.” To date over twenty restoration projects have been supported
(see EDF, 1995, and http://www.deschutesrc.org/about/about.htm; ac-
cessed January 29, 2004, for additional information)

Stakeholder involvement requires careful consideration of who
should be stakeholders and how those stakeholders should be involved.
To identify key stakeholders, the World Commission on Dams recom-

Continues
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Continued BOX 3.2

mended analysis based on a “recognition of rights” and an “assessment
of risks” approach at the commencement of the decision-making process
(WCD, 2000). Such an analysis would identify existing rights, broadly
defined to include human rights along with property, resource access
and livelihood rights. It would also consider constraints that might restrict
involvement of certain key stakeholders, along with capacity building
where necessary.

There is emerging agreement on principles for stakeholder involve-
ment. Although the process may vary from case to case, it is fundamen-
tal that it be agreed upon by stakeholders and the project authority rather
than superimposed by the latter on the former. The World Commission
on Dams suggested that a stakeholder forum be convened for that pur-
pose once key stakeholders have been identified. From the start, stake-
holders should know what the objectives of their involvement are, the
nature of their influence, how decisions will be made, and what mecha-
nisms exist for conflict resolution.

with the Corps and with regard to its projects can only be as fast as Con-
gress and the administration will allow. Citizens and interest groups also
play important roles. Many influential groups have a strong interest in
retaining status quo management practices and the current patterns of
distribution of benefits from the nation’s river and coastal systems.
Adaptive management’s promise of long-term benefits through increased
knowledge and better management can be a hard sell in a nation and po-
litical system geared toward realizing short-term returns. Although pro-
gress toward enhancing economic or environmental benefits has to date
been limited in the Corps’ initial forays into adaptive management, some
of these efforts represent steps in the right direction, recognizing that
none can at this point be regarded as fully successful.

A shift toward adaptive management is consistent with recognizing
inevitable changes in the settings and objectives of Corps projects, uncer-
tainties in the outcomes of Corps projects, an increasing pace of social,
economic, and scientific changes, and the importance of devising strate-
gies to cope with and benefit from change. In many instances, manage-
ment and outputs of Corps projects have not reflected changing eco-
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nomic and social values in the U.S.; one manifestation of this problem is
increasing criticisms and tensions surrounding many Corps projects. If
the Corps is to be properly prepared to meet water management objec-
tives in the twenty-first century, the agency, with support of the Congress
and the administration, must devise management approaches that can
better adjust to changing conditions. The basic requirement for adaptive
management to establish management objectives (see Chapter 2) may
initially appear to be in conflict with the notion of ever-changing social
values and priorities. This need not be the case, however, as adaptive
management programs should include periodic reassessment of objec-
tives based on both shifting social priorities and on new environmental
and economic information. Clearer advice from the administration and
the Congress with regard to water management priorities and direction
would be useful in instances in which a line agency like the Corps is un-
able to duly resolve conflicts or identify preferred alternatives.

Another reason why the Corps is correct to move toward an adaptive
management paradigm is that the future roles of the agency will be vastly
different than its past roles. The Corps of the future will not be the na-
tion’s dam-building agency as it was during the 1950s and 1960s. It is
unlikely that many more large U.S. federal dams will be constructed.
But the Corps will continue to operate a multi-billion dollar infrastruc-
ture that controls a large portion of the nation’s hydrologic systems. The
agency today is thus in a transition from a past, construction-based mode
to a future, management-based mode. In a management-based setting,
the alternative to proactive, science-based, collaborative water manage-
ment is reactive management, with fixed policies and practices not de-
signed for evaluation and change. The latter is likely to lead to organiza-
tional rigidity and increasing conflict. Although it is by no means a
panacea for resolving conflict, restoring degraded ecosystems, or elimi-
nating uncertainties associated with complex decisions, adaptive man-
agement currently represents the most promising path for the Corps to
better manage its existing infrastructure.
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Case Studies of Adaptive Management

This chapter reviews some of the Corps’ initial efforts in implement-
ing adaptive management principles, most of which were initiated during
the mid-1990s. These case studies include the Florida Everglades, the
Missouri River Dam and Reservoir System, the Upper Mississippi River,
and coastal Louisiana. A case study of the Adaptive Management Pro-
gram at the Glen Canyon Dam and Colorado River ecosystem, in which
the Corps is not involved, is included for comparative purposes, as there
is a relatively long record of applying adaptive management principles to
managing the Colorado River. A case study on the Columbia River, the
site of one of the earliest adaptive management applications in a large
U.S. river system (Lee, 1993), was considered but not included. Al-
though the Corps has responsibilities for navigation and dam operations
on the Columbia River, it has had only a relatively small role in formal
adaptive management efforts, which mainly involved the Northwest
Power Planning Council (renamed the Northwest Power and Conserva-
tion Council in 2003) and federal and state resources agencies. The set-
tings of these case studies vary in terms of spatial scale, biophysical fea-
tures, inter-agency relations, economic activities, and stakeholder prefer-
ences. Lessons from experiences in this breadth of settings may reveal
general principles regarding potential barriers, useful management ac-
tions, or inter-agency relations that merit consideration in establishing
and managing adaptive management programs.

FLORIDA EVERGLADES

The Everglades ecosystem (Figure 4.1) stretches from Florida’s Lake
Okeechobee southward to the Florida Reef Tract. The pre-settlement
ecosystem featured the slow movement of surface waters to the south
and the west, which eventually emptied into the Atlantic Ocean and the
Gulf of Mexico. This low-relief, marshy ecosystem is often referred to a

52

Copyright © National Academy of Sciences. All rights reserved.



Adaptive Management for Water Resources Project Planning
http://www.nap.edu/catalog/10972.html

Case Studies of Adaptive Management

Figure 4.1 Greater Everglades Ecosystem.
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“river of grass,” a term coined by Marjorie Stoneman Douglas in her fa-
mous book on the Everglades ecosystem. Her book was published in
1947, the same year Everglades National Park was established. The eco-
system experienced significant human-caused alterations as early as the
mid-eighteenth century, when parts of it were drained to promote agri-
culture and settlement. In 1907 the Everglades Drainage District was
created (Blake, 1980) and by the early 1930s, 440 miles of drainage ca-
nals had been constructed in the Everglades (Lewis, 1948). Concerns
about ecological degradation of the Everglades were raised as early as
the 1920s, and by the time Stoneman wrote her book, the ecosystem had
been extensively altered. These ecological changes continued in the late
1940s, when huge floods in 1947-48 across south Florida led Congress to
establish the “Central and Southern Florida Project for Flood Control and
Other Purposes.” This initiative led to accelerated ecological changes in
the Everglades, as the project entailed levees, water storage, improve-
ments of conveyance channels, and large-scale pumping to supplement
drainage. All these projects helped channel water away from the Ever-
glades in an effort to reduce floods, support agriculture, and promote set-
tlement. The project also entailed the construction of a 100-mile perime-
ter levee separating the Everglades from coastal urban development.
These hydrological changes were substantial and have been linked to, for
example, declines in avian species and the listing of dozens of animal
and plant species as federally threatened or endangered.

In response to these declining ecological trends in the Everglades,
the federal Water Resources Development Act of 1992 authorized a
comprehensive review of the Central and Southern Florida Project. In
1993, the Corps of Engineers and the South Florida Water Management
District began a Comprehensive Review Study (known as the “Restudy”)
to determine the feasibility for modifications to improve the sustainabil-
ity of South Florida (USACE and SFWMD, 2002). The Restudy led to
publication of the Comprehensive Everglades Restoration Plan (CERP),
a document that was approved in the Water Resources Development Act
of 2000. Congress approved the comprehensive plan with an estimated
cost of some $7.8 billion (1999 dollars) as a framework for planning pro-
jects to restore a major portion of the historic Everglades, including Ev-
erglades National Park, while meeting other water-related needs (e.g.,
water supply, flood management) of South Florida through 2050. In ap-
proving the plan, Congress included adaptive management (referred to as
adaptive assessment) as an authorized activity, at a cost of $100 million,
and provided for a 50/50 split of these costs between the federal govern-
ment and the State of Florida. This authorization is notable for two rea-
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sons. First, adaptive management was recognized explicitly as a water
management approach for the first time in a civil works project authori-
zation. Secondly, the Corps was authorized to share in the costs of all
operations and maintenance costs of CERP, including the costs of "adap-
tive assessment and monitoring."

The Comprehensive Restoration Plan was developed by the Corps of
Engineers in partnership with the South Florida Water Management Dis-
trict, and with participation of several federal and state agencies and ex-
tensive public and stakeholder involvement. Its purpose is “to restore,
preserve, and protect the South Florida ecosystem while providing for
other water-related needs of the region, including water supply and flood
protection (WRDA 2000, Title IV, Section 601(b), Public Law No. 106-
541).” The plan is to be implemented to ensure protection of water qual-
ity, restore some degree of pre-settlement hydrologic conditions (includ-
ing reductions of freshwater flows to several estuaries), improve envi-
ronmental conditions of the South Florida ecosystem, and achieve and
maintain benefits to the natural and human environments (as described in
the plan) for as long as the project is authorized (http://www.evergla-
desplan.org; accessed January 28, 2004). The plan is designed to provide
over 1,100,000 acre-feet of additional water annually to the environment
and human uses. About seventy percent of the water would be devoted
toward environmental objectives, and the remainder would be devoted to
economic purposes—Ilargely for domestic use by the additional six mil-
lion residents expected to inhabit the region served by the project by
2050 (USACE, 1999).

The Comprehensive Everglades Restoration Plan is not based on a
traditional Corps feasibility study, but is largely a conceptual plan en-
compassing 68 individual projects. Major components of the plan in-
volve sophisticated technical aspects, including large-scale use of aquifer
storage and recovery for multiyear subsurface retention of captured sur-
face water (NRC, 2001a), and subsurface seepage barriers to prevent loss
of the captured water to the system as it is being stored and delivered
(these techniques are not well-tested on this scale). Because of the plan’s
size and complexity, it will take many decades to implement, and con-
gressional authorizations to construct and operate the plan’s major ele-
ments will depend upon submission of detailed feasibility-level studies
for individual projects. Additional modeling and design is underway to
provide detailed project recommendations, and pilot projects are being
developed to address technical uncertainties. Adaptive management will
be critical to the plan’s evaluation and improvement. Key aspects of the
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plan include additional water storage and water supply, improved water
quality, and increased connectivity within the components of the hydro-
logic system. These features include more natural hydropatterns, includ-
ing wet and dry season cycles; natural recession rates; surface water
depth patterns; and, in coastal areas, salinity and mixing patterns charac-
teristic of the natural system.

Adaptive Management in the Restoration Plan

The Programmatic Regulations for the Comprehensive Everglades
Restoration Plan contain definitions regarding adaptive management
within the plan:

Adaptive management means the process of improving
understandings of the natural and human systems in the
South Florida ecosystem, specifically as these under-
standings pertain to the goals and purposes of the Plan,
and to seek continuous improvement of the Plan based
upon new information resulting from changed or unfore-
seen circumstances, new scientific or technical informa-
tion, new or updated models, or information developed
through the assessment principles contained in the Plan,
or as future authorized changes to the Plan are inte-
grated into the implementation of the Plan.

Assessment means the process whereby the actual per-
formance of implemented projects is measured and in-
terpreted based on analyses of information obtained
from research, monitoring, modeling, or other relevant
sources (68 Fed. Reg. 218, 64,199-64,249).

According to the proposed regulations, the purposes of the adaptive
management program are to: (a) assess responses of the system to im-
plementation of the plan; (b) determine whether or not these responses
match expectations, including the achievement of the expected perform-
ance level of the plan, the interim goals and the targets for achieving
progress towards other water-related needs of the region provided for in
the plan; (¢) determine if the plan, system or project operations, or the
sequence and schedule of projects should be modified to achieve the
goals and purposes of the plan or to increase benefits or improve cost
effectiveness; and (d) seek continuous improvement based upon new in-
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formation resulting from changed or unforeseen circumstances, or new
scientific or technical information. Adaptive management activities are
to be carried out by interagency and interdisciplinary scientific and tech-
nical teams organized under the Restoration Coordination and Verifica-
tion program, or RECOVER (http://www.evergladesplan.org/pm/reco-
ver/recover.cfm; accessed January 28, 2004). These teams are estab-
lished by the Corps of Engineers and the South Florida Water Manage-
ment District to assess, evaluate, and integrate projects, with the goal of
achieving system-wide goals and purposes. Adaptive management ac-
tivities constitute only some of the many tasks within RECOVER. The
RECOVER teams are not decision-making bodies. They make recom-
mendations to the Corps and to the South Florida Water Management
District, the latter which both implements and manages the project. The
regulations indicate that these organizations are to use reports from RE-
COVER, reports of an independent scientific review panel (to be con-
vened by the National Research Council), or other appropriate informa-
tion for improving the plan by modifying its operations, goals, physical
components, or the sequence of their implementation. An Initial Resto-
ration Plan update (ICU) is planned, in which the plan is to be reconsid-
ered and redefined.

The General Accounting Office (2003) reviewed interagency science
coordination related to the restoration of the South Florida ecosystem.
From 1993 through 2002, federal and state agencies spent $576 million
to conduct mission-related scientific research, monitoring, and assess-
ment. However, the GAO found that the “key tools needed for effective
adaptive management have not yet been developed, including (1) a com-
prehensive monitoring plan for key indicators of ecosystem health and
(2) mathematical models that would allow scientists to simulate aspects
of the ecosystem and better understand how the ecosystem responds to
restoration actions” (GAO, 2003). It was further noted that: “without
such tools, the process of adaptive management will be hindered by the
fact that scientists and managers will be less able to monitor key indica-
tors of restoration and evaluate the effects created by particular restora-
tion actions” (ibid.).

Even more recently, adaptive monitoring and assessment within the
Comprehensive Restoration Plan was reviewed by the National Research
Council Committee on Restoration of the Greater Everglades Ecosystem
(CROGEE). The report from that committee concluded that: (1) the
monitoring needs must be better prioritized; (2) system-wide indicators
of ecosystem status should be developed to add to the present more nar-
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rowly defined indicators; (3) region-wide assessment of external human
and environmental drivers (such as population growth, land-use changes,
water demand and sea level rise) is needed; (4) monitoring, modeling and
research should be integrated to promote learning within an adaptive
management framework; and (5) the process for scientific feedback to
the restoration plan needs more consideration (NRC, 2003a). A 2003
draft monitoring and assessment plan from RECOVER (http://www.ev-
ergladesplan.org/pm/recover/aat.cfm; accessed January 28, 2004) repre-
sents some progress in addressing these concerns.

Summary

Adaptive management in the Comprehensive Everglades Restoration
Plan is currently more of a concept rather than a fully-executed manage-
ment strategy. As outlined in the programmatic regulations governing
the implementation of CERP, adaptive management is broadly defined.
It is being applied to all aspects of performance, including progress to-
ward achieving non-environmental outputs such as domestic water sup-
ply and maintenance of flood protection. The plan’s ultimate restoration
objectives are broadly and generally defined. To date, specific interim
performance measures have not been developed, nor is it clear how the
RECOVER teams will establish appropriate interim performance meas-
ures. The focus of the adaptive management effort is to relate outcomes
and plan activities. There is, however, little explicit consideration of fac-
tors outside the plan (the external human and environmental drivers iden-
tified by CROGEE; NRC, 2003) that may influence ecological or other
outcomes and that such factors must be considered within adaptive man-
agement. Some of these factors, such as prospective future changes in
precipitation patterns, the direction and magnitude of which are not
clearly understood, may be beyond the ability of managers to immedi-
ately prepare for. But other, more immediate factors such as population
growth and associated increased water demands, are currently influenc-
ing outcomes and may be amenable to ameliorative actions.

An adaptive management approach in the Comprehensive Restora-
tion Plan is an ambitious undertaking. Substantial investments in scien-
tific activities have been made. However, reviews by the General Ac-
counting Office and the National Research Council Committee on Resto-
ration of the Greater Everglades Ecosystem emphasized that significant
improvements in the monitoring program, including priority setting and
development of more comprehensive indicators of outcomes, are still
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required. This is essential because monitoring and ongoing assessment
plays a central role not only in measuring outcomes, but also in refining
attainable goals and modifying plans to achieve them. A review of the
plan illustrates the remaining challenges in fully integrating modeling,
monitoring, and research into a framework that emphasizes learning for
refining models, and in developing institutional mechanisms to ensure
that knowledge gained is effectively applied in adaptive management.
The Comprehensive Restoration Plan is on the leading edge of the
Corps’ efforts to apply adaptive management in ecosystem restoration.
These early evaluations of progress and shortcomings not only provide
the opportunity for mid-course correction, but also serve as important
lessons learned for adaptive ecosystem restoration in other parts of the
nation.

MISSOURI RIVER DAM AND RESERVOIR SYSTEM
The Pick-Sloan Plan

The most important and lasting water development project on the
Missouri River was the Pick-Sloan Plan. Passed as part of the 1944
Flood Control Act, the Pick-Sloan Plan represented a merger of plans
prepared by the Corps and the U.S. Bureau of Reclamation. The Corps’
plans focused on navigation enhancement and flood control through sev-
eral dams on the Missouri’s mainstem. The Corps’ plans were being co-
ordinated and promoted by the Corps’ Missouri River Division Engineer,
Colonel Lewis Pick. The Bureau’s plans focused on irrigation and hy-
dropower, and were developed in large part by the Bureau’s regional di-
rector, Glenn Sloan. The Bureau’s plans called for some ninety dams
and reservoirs across the basin, along with hundreds of irrigation projects
that would have doubled the basin’s irrigated acreage (Carrels, 1999).
Both plans were presented to Congress at a time when the creation of a
basin-wide Missouri River authority was being considered. The proposal
to create a basin-wide authority was decidedly unpopular with both the
Corps and the Bureau, but there was pressure from President Franklin
Roosevelt to create a single plan for basin development. To forestall the
creation of a new basin-wide authority, Pick and Sloan and their respec-
tive agencies agreed to combine their plans. Congress approved the
combined plan, directing the Corps to build the mainstem dams and the
Bureau to provide water to irrigated agriculture. Prior to the passage of
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the Pick-Sloan legislation, the Corps constructed one large dam on the
Missouri River—Fort Peck Dam in Montana—which was built in the
1930s. Under Pick-Sloan, the Corps built five additional mainstem dams
in the 1950s and 1960s. In addition to these six mainstem dams, the Bu-
reau of Reclamation built Canyon Ferry Dam (also in Montana). There
are today seven dams and reservoirs along the Missouri River (see Figure
4.2, in which the three largest reservoirs are labeled).

Fort Peck Dam

The Missouri River Basin
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FIGURE 4.2 Missouri River Basin. SOURCE: Modified from NRC (2003).
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Current Setting

The Missouri River dam and reservoir system supports a variety of
uses, including recreation, fisheries, hydroelectric power generation, and
flood control. The river also supports commercial navigation on a 735-
mile stretch from the river’s mouth at St. Louis upstream to Sioux City,
Iowa. Water releases from the system’s most downstream dam—Gavins
Point—are scheduled to support a 9-foot navigation channel. Navigation
is among the most controversial issues in current discussions of system
operations. It was expected that the mainstem dams constructed as part
of Pick-Sloan were going to generate substantial navigation benefits.
But commercial traffic levels on the Missouri River have fallen well
short of 1950 projections, peaking in 1977 at 3.3 million tons, with a
fairly steady decline since then, to near 1.6 million tons in 1997
(USACE, 2000b). In comparison, barges on the Upper Mississippi carry
more than 80 million tons per year (USACE, 2000b). Commercial navi-
gation generated a modest (when compared with other benefits) level of
$7 million of benefits in 1995 (USACE, 1998). Most of those navigation
benefits are concentrated in the downstream sections of the navigable
channel. The Corps maintains this 9-foot navigation channel pursuant to
the 1945 Missouri River Bank Stabilization and Navigation Project.
Since passage of this legislation, recreational use of the mainstem lakes
has become much more important to upper basin economies. According
to Corps data, recreation on the mainstem lakes increased from less than
5 million visitor hours in 1954 to more than 60 million visitor hours in
fiscal year 2000 (USACE, 2000a). Annual recreational benefits for the
region are estimated by the Corps at over $80 million annually (USACE,
1994).

Authorized purposes of the dams and reservoirs include flood dam-
age reduction, water supply and irrigation, navigation, hydropower, fish
and wildlife, and recreation. Some of the values of these authorized pur-
poses have changed greatly since the Pick-Sloan era. The appropriate
balance of these sometimes competing uses are central to the current de-
cision making context for the Missouri River dams and reservoirs, and
figure prominently in the Corps’ ability to implement an adaptive man-
agement framework for the river and its basin. Management protocols
for the Missouri River include many federal laws, one of which is the
Endangered Species Act (ESA) of 1973. There have been significant
post-settlement changes to riverine ecology: of 67 native fish species on
the mainstem river, 51 are currently listed as rare, uncommon, or de-
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creasing (NRC, 2002). One fish species (the pallid sturgeon) and two
bird species (the least tern and the piping plover) are listed under the fed-
eral Endangered Species Act. In addition to these legal responsibilities,
many stakeholder groups representing a wide and sometimes conflicting
variety of preferences and values are intensely interested in management
of the river. Interest groups that compete for Missouri River benefits
include the basin states, navigation interests, environmental groups,
floodplain farmers, river communities, and Native American tribes.

The Corps Master Manual

The six mainstem dams and reservoirs that the Corps operates on the
Missouri River comprise the core of North America’s largest reservoir
storage system. The operations guidelines for this system are embodied
in the Corps’ Missouri River Master Water Control Manual, or “Master
Manual,” the first version of which was issued in 1960 by the Corps’
Omaha office, which codified operations practices developed over the
previous decades (Ferrell, 1996). The Master Manual does not define
specific operating priorities for the system, but it does provide general
guidance for addressing possible conflicts between uses. The Master
Manual is supplemented by a more detailed Annual Operating Plan
(AOP), which is also prepared by the Corps. In response to drought con-
ditions across the Missouri River basin in the late 1980s, and because of
strong differences of opinion on how the reservoirs should be operated,
the Corps began revising the Master Manual. To date, the Corps has not
yet produced a revised version of the Master Manual, a situation that re-
flects the complex and contentious political and legislative setting along
the Missouri River.

Implementing Adaptive Management

The Corps has been involved with habitat restoration efforts on the
Missouri since the mid-1970s. In cooperation with the U.S. Fish and
Wildlife Service and with state conservation agencies, the Corps has im-
plemented projects to mitigate the loss of natural resources resulting
from bank stabilization and channelization of the river system. Formal
authorization of the mitigation program dates to the 1986 Water Re-
sources Development Act. The stated goal of the mitigation project was
to restore five to ten percent of the habitat lost from the bank stabiliza-
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tion and navigation project (Ferrell, 1996; USGS, 1997). Mitigation con-
tinues through experimental modifications of river structures, such as
dikes, and enhancement of river flow through side channels and into
backwater areas. Under the 1986 authorization, mitigation has been
completed at nine sites, is underway at nine others, and nine additional
sites have been targeted for acquisition (NRC, 2002). The emphasis in
this mitigation project has been on terrestrial habitat, not on restoring
pre-settlement ecosystem processes such as overbank flooding and cut-
and-fill alleviation (see NRC, 2002, for more detailed advice on imple-
menting adaptive management within Missouri River dam and reservoir
system operations).

More substantial efforts at restoration that would adjust river flows
to more closely mimic pre-settlement hydrologic patterns, however, have
not received acceptance among all stakeholders, particularly among agri-
cultural and navigation interests. In its Final Missouri River Biological
Opinion issued in late 2000, the U.S. Fish and Wildlife Service (FWS)
recommended an adaptive management program for managing river
flows. The Fish and Wildlife Service recommended altering the current
and steady year-round flows (approximately 32,000 cubic feet per sec-
ond) to allow for more seasonal flows, a proposal that sparked intense
debate, from hearings along the river to testimony presented to the U.S.
Congress. Communities and some interest groups along the lower river,
and elected officials from the State of Missouri, are concerned about po-
tential impacts of high spring flows on agriculture and of low summer
flows on navigation traffic. In contrast, upper basin state interests and
their political leaders call for changes in order to avoid lowering up-
stream reservoirs in the summer that would harm the recreation industry
there. Environmental groups call for restoration of some degree of sea-
sonal flows that are fundamental to habitat restoration and to protecting
endangered species.

The Corps released a draft Environmental Impact Statement (EIS)
for revision of its Master Manual in August 2001. In that document, the
Corps explained potentially useful efforts to move toward adaptive man-
agement of the Missouri River dam and reservoir system. Successful
implementation of the concept, however, is constrained by the conflicts
embodied within an array of federal laws, congressional authorizations,
administration guidance, the Corps’ own internal guidance, and differ-
ences of stakeholder opinion. Faced by the inconsistencies within this
body of water policy, the Corps has been reluctant to depart from tradi-
tional authorizations (namely the 1945 Missouri River Bank Stabilization
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and Navigation Project that authorizes a nine foot navigation channel),
even when it has the legal authority to do so. As a result, the status quo
remains in place and the impasse between conflicting objectives must be
broken by Congress or by the courts.

The Corps has embraced the spirit of adaptive management in some
of its recent Missouri River system planning documents. Conflicts and
inconsistencies among statutory responsibilities, court orders, agency
opinions, and stakeholder preferences continue to confound adaptive
management actions on the Missouri River mainstem. A series of events
as this report went to press illustrate these legal, political, and social en-
tanglements. In July 2003, a federal district court ordered the Corps to
temporarily lower Missouri River flows from mid-July to early Septem-
ber in order to comply with the Endangered Species Act. The flow re-
ductions ordered were consistent with flow targets issued in a 2000 Bio-
logical Opinion from the U.S. Fish and Wildlife Service—from 25,000
cubic feet per second (cfs) at Gavins Point Dam to no more than 21,000
cfs until August 15, and to not more than 25,000 from August 15 to Sep-
tember 1. These flow reductions were relatively moderate in both dura-
tion and scale and posed relatively low risks for users along river (e.g.,
power plant cooling stations; drinking water supplies). They also offered
an opportunity to examine ecosystem responses to changes in flow. Yet
rather than reducing flows from Gavins Point Dam, the Corps opted to
contest the court order. The Corps argued that the order was inconsistent
with an earlier injunction issued by a different federal district court that
ordered the Corps to operate the river in accordance with its Master
Manual. The court found, however, that the Corps' refusal to lower the
river as ordered was inconsistent with their obligations pursuant to the
Endangered Species Act, and held that the Corps was in contempt of
court. The Corps ultimately lowered flows consistent with the FWS flow
targets—for three days at the end of the flow period suggested by the
FWS. In December 2003, the U.S. Fish and Wildlife Service issued an-
other Biological Opinion that maintained the Corps would violate the
Endangered Species Act if the agency refused to lower summer water
flows to benefit the endangered pallid sturgeon, and that a “spring rise”
was not required because the Corps dam operations are not jeopardizing
the least tern and the piping plover. Whatever the correct explanation for
the events during the Summer of 2003, they at least forestalled an oppor-
tunity to apply adaptive management actions to managing the Missouri
River Dam and Reservoir System and to restore some degree of pre-
settlement processes.
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Summary

Missouri River management is legally complex and highly politically
charged, and efforts to adjust status quo operations are strongly con-
tested. In this instance, reasons for the Corps' reluctance to lower river
levels to uphold its obligations pursuant to the ESA might include a lack
of support from the administration and the Congress to make such
changes, political influence of influential constituents, or an inertia that
favors traditional authorities over more contemporary statutes. Although
detailed investigation of these issues was beyond the scope of this study,
a previous National Research Council report considered these issues in
some detail, and concluded that clarification from the U.S. Congress re-
garding Missouri River objectives was essential to better management:
“Support of the U.S. Congress is ultimately needed to help establish
goals for the use and management of the Missouri River system. Con-
gress must also identify the necessary authorities to do so” (NRC, 2002).

The Corps has embraced the spirit of adaptive management in some
of its recent guidance (e.g., its 2001 revised draft environmental impact
statement; USACE, 2001b) for Missouri River management. Some ele-
ments of adaptive management do exist in the basin. For example, the
Missouri River Basin Association (MRBA) has recently convened work-
shops that engaged basin stakeholders to discuss prospects for adaptive
management, ecosystem monitoring, and more effective stakeholder par-
ticipation on Missouri River management issues. The MRBA, which is a
coalition of governor-appointed representatives from each of eight Mis-
souri River Basin states (Iowa, Kansas, Missouri, Montana, Nebraska,
North Dakota, South Dakota, and Wyoming) and the Executive Director
of the Mni Sose Tribal Water Rights Coalition, has also been considering
adaptive management efforts in other U.S. river systems, such as the
Colorado River and the Upper Mississippi River, and how they might
inform adaptive management for the Missouri. The U.S. Geological
Survey sponsors the Columbia (MO) Environmental Research Center,
which conducts research on large river floodplains and the effects of
habitat alterations on aquatic and terrestrial ecosystems. State fish and
wildlife agencies across the basin have also formed the Missouri River
Natural Resources Committee, which aims to promote environmental
stewardship based on ecological principles. A Missouri River Roundta-
ble, with federal agencies as members, has also been created. Despite
these and other positive developments across the basin, the Corps re-
mains frustrated in its efforts to revise its Master Manual. As events in
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the Summer of 2003 demonstrated, water management tensions in the
Missouri are often resolved in courts. Support from the administration
and Congress will be essential to creating an integrated and coherent
adaptive management program for Missouri River management.

UPPER MISSISSIPPI RIVER
The Navigation System

The Upper Mississippi River begins at Lake Itasca, Minnesota, and
ends at Cairo, Illinois, at the confluence of the Mississippi and the Ohio
rivers (Figure 4.3). The Upper Mississippi River—Illinois Waterway
(UMR-IWW) system also includes the Illinois River, which flows from
near Chicago downstream to its confluence with the Mississippi at Graf-
ton, Illinois. In the 1930 Rivers and Harbors Act, Congress authorized a
9-foot channel navigation project for the Upper Mississippi River. Pur-
suant to that act, the Corps constructed a series of locks and dams on the
river. The dams created navigation pools that provided sufficient depth
to support a 9-foot channel. There are today 29 locks and dams on the
Upper Mississippi River, most of them constructed in the 1930s, and the
Corps still maintains a 9-foot navigation channel. Commercial barge
traffic carries grain (downstream), coal (upstream and downstream), and
fertilizer and petroleum (upstream; NRC, 2001b), and several other
products including scrap metal, sand and gravel, and vegetable products.
The Upper Mississippi River supports many other uses, including the
Upper Mississippi River National Wildlife and Fish Refuge (the longest
such refuge in the United States), which supports a vibrant hunting, sport
fishing, and boating enterprise.

Ecosystem Monitoring and Science

The Upper Mississippi River Environmental Management Program
(EMP) was established as part of the Water Resources Development Act
of 1986. The EMP originally had three components: 1) habitat rehabili-
tation and enhancement projects (HREPs), 2) Long Term Resource
Monitoring Program (LTRMP), and 3) Computerized Inventory and
Analysis (USACE, 1997). The Corps has overall management responsi-
bility for the EMP. The LTRMP is today overseen by the U.S. Geologi-
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cal Survey, in cooperation with the five Upper Mississippi River System
states (Illinois, lowa, Minnesota, Missouri, and Wisconsin). In 1999 the
LTRMP became part of the Upper Midwest Environmental Science Cen-
ter (UMESC) in La Crosse, Wisconsin. In a review of the EMP, the
Corps stated that “ . . . the EMP has come to be the single most important
and successful program authorized by the Federal government for the
purposes of understanding the ecology of the UMRS and sustaining its
significant fish and other resources” (ibid.).

The LTRMP’s primary mission is to analyze and report upon eco-
logical conditions and trends of the Upper Mississippi River. The
UMESC gathers ecological data through field, laboratory, and remote
sensing methods, and the center has published hundreds of scientific and
technical documents. In 1999 the UMESC issued a report that reviewed
the ecological status and trends of the entire Upper Mississippi River
system (USGS, 1999). The report represented a landmark of sorts, as it
was the first time that the LTRMP data and historical observations were
summarized in a single report. The report found that “Historical obser-
vations and research findings together make it clear that the reaches have
been changed by human activity in ways that diminished their ecological
health,” but also concluded that “the ecological potential of the UMRS
remains great” (USGS, 1999).

Although there is no congressional mandate to manage the Upper
Mississippi River according to adaptive management principles, the
Corps has been varying the heights of some Upper Mississippi’s naviga-
tion pools in an effort to reintroduce a degree of natural variability to the
ecosystem and thereby improve ecological conditions. The Corps began
these efforts with several small-scale (on the order of a few inches of
pool drawdown) efforts in 1996-1999. Drawdowns were conducted in
Pool 8 (formed by Lock and Dam Number 8 at Genoa, Wisconsin) dur-
ing 2000 and 2001. The fluctuations were relatively modest: in 2000,
pool height was initially dropped six inches at the upper end, and in 2001
the height was dropped three inches. Some adaptive management ele-
ments were embodied in these actions, including citizen involvement (in
establishing the magnitude of the drawdowns) and monitoring of the re-
sults of management actions. A review of these actions could yield in-
sights into the responses of both ecosystems and human uses, and may
thus hold lessons in the Corps’ abilities and constraints in implementing
adaptive management.
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Outcomes

As one of the nation’s large environmental monitoring programs that
includes the Corps, it is important to ask how resources devoted to the
EMP and LTRMP have proven informative and useful. Since the EMP’s
establishment in 1986, the most important management issue on the Up-
per Mississippi River has been the prospect of extending several locks
(just north of St. Louis) in an effort to relieve occasional waterway traffic
congestion. Formal investigations by the Corps into the economic justi-
fication for these extensions dates back to the late 1980s and continues
today. Current plans call for a report with a final recommendation to be
released in late 2004. During the course of the Corps’ feasibility study,
the U.S. Department of Defense requested the National Research Council
to form a committee to investigate the economics and related analyses
within the ongoing study. That committee’s report stated:

Although there has been some systematic research into
the environmental effects of human and social activities
on the Upper Mississippi River [the EMP] , the under-
standing of the complex ecosystem dynamics in the
UMR-IWW system is limited in many areas . . . charac-
terization of the current environmental system is insuffi-
cient, as it is in the early stages of scientific validation.
Systemwide research should be conducted on the fol-
lowing topics: (1) cumulative effects of the existing navi-
gation system on river ecology, (2) environmental effects
of recent navigation system improvements, (3) cumula-
tive effects of increased towboat passage, and (4) site-
specific effects of future construction activities (NRC,
2001b).

The NRC report also concluded, “The EMP research effort should be
enhanced to improve the assessment of the current navigation system’s
cumulative effects on the environment, and broadened to include studies
of the impacts of barge traffic on river ecology.” Despite possible past
constraints on the EMP (which this panel did not investigate), the 1999
U.S. Geological Survey’s “Status and Trends” report noted that sufficient
data now have been collected so that the EMP could provide useful in-
formation for future river management decisions on the Upper Missis-

sippi.
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Summary

There is no federal legislation requiring adaptive management prin-
ciples to be used in managing the Upper Mississippi River and its flood-
plain ecosystem. Nonetheless, some elements of an adaptive manage-
ment program, such as the extensive ecosystem monitoring program
managed by the Upper Midwest Environmental Sciences Center, are in
place (although the monitoring program is not specifically designed to
support adaptive management). The Corps, working in cooperation with
the U.S. Department of the Interior, is also striving to introduce adaptive
management concepts to management of the Upper Mississippi River
ecosystem, and a recent Corps draft report demonstrates a good under-
standing of key concepts and implementation challenges (Lubinski and
Barko, 2003). To its credit, the Corps and some of its fellow federal
agencies, and some state resources management agencies, took the initia-
tive to implement experimental drawdowns of navigation pools. Those
drawdowns were heavily constrained, however, and thus of a small mag-
nitude.

One observation is that the Corps will be unable to implement adap-
tive management principles unilaterally; cooperation from federal and
state agencies and stakeholders will be required, especially in large eco-
systems like the Upper Mississippi. The Upper Mississippi experience is
important because it shows that formal management actions with river
systems can be framed with stakeholder input and can improve scientific
knowledge. The Upper Mississippi also shows the importance of the
physical and social settings in which adaptive management is imple-
mented. The Upper Mississippi River National Wildlife and Fish Refuge
contains large expanses of publicly-owned backwater and floodplain ar-
eas, which allows the Corps some latitude in varying river flows and sur-
face elevations. The drawdowns were implemented in a region where
many inhabitants view the Mississippi River as a valuable ecological
resource that supports important economic and leisure activities. More-
over, the Corps communicated closely with stakeholders before and dur-
ing these drawdowns and has used stakeholder preferences to limit the
extent of the drawdowns. This has led stakeholders to develop a degree
of trust in the Corps and to a realization that adaptive management-type
experiments can entail only limited impacts on activities such as boating.
This trust could be important if a larger drawdown(s) is proposed in the
future.

A fuller understanding of these positive and innovative efforts must
be framed in terms of other adaptive management principles and the
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condition of the Upper Mississippi River ecosystem. It is important to
note that adaptive management entails not only procedural components,
such as monitoring and adaptation, but also substantive dimensions. For
example, a traditional tenet of adaptive management is the promotion of
ecosystem resilience. In the 1978 landmark volume on adaptive man-
agement, C.S. Holling stated:

The concept of resilience, in which the different distinct
modes of behavior are maintained because of, rather
than despite, variability, is suggested as an overall crite-
rion for policy design. The more that variability in par-
tially known systems is retained, the more likely it is that
both the natural and management parts of the system
will be responsive to the unexpected (Holling, 1978).

Resilience refers to an ecosystem’s ability to recover from disturbances
and to be self-sustaining without human intervention (Gunderson, 2000).
The benefits of resilience are difficult to identify and estimate, however,
which poses challenges to its implementation for a constructions and op-
erations-oriented agency like the Corps. On the Upper Mississippi River,
ecological conditions and trends suggest that ecological resilience has
been compromised by the lock and dam and navigation pool system and
that most key indicators suggest that conditions are not improving. For
example, the 1999 USGS report noted the following in regard to flood-
plain forests:

. . . the UMRS retains its ability to regenerate early suc-
cessional forest communities only in the Unimpounded
Reach, where water levels fluctuate. Forests in pooled
reaches apparently are limited by water-level regulation
for commercial navigation and show little ability to reset
in response to disturbance. The navigation dams likely
will limit the health and diversity of forests within the Im-
pounded Reaches for the foreseeable future (USGS,
1999).

Despite the noted ecological importance of water level fluctuations, ef-
forts at restoration along the Upper Mississippi have emphasized restora-
tion of highly managed habitats, rather than the restoration of hydrologic
and related geochemical and biological processes that contribute to eco-
logical resilience.

The roles and influence of the administration and Congress on the
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Upper Mississippi are of great importance. In the 1986 Water Resources
Development Act (WRDA 1986), the Upper Mississippi River Manage-
ment Act stated that the river was to be recognized as “a nationally sig-
nificant ecosystem and a nationally significant commercial navigation
system” (P.L. 99-662). Despite this stated importance of ecological
well-being, maintenance of the nine-foot navigation channel remains the
prevailing authorization on the Upper Mississippi River. As pointed out
in the 1999 U.S. Geological Survey report, the navigation pools and re-
duced variability in Mississippi River flows and river levels have nega-
tively impacted river ecology: “Historical observations and research find-
ings together make it clear that the reaches have been changed by human
activity in ways that diminished their ecological health” (USGS, 1999).
The WRDA 1986 legislation does not provide clear guidance to the
Corps on how to appropriately balance traditional economic values
(navigation) and environmental values. Lacking clear direction on how
to appropriately balance these values, the Corps abides by the congres-
sional mandate to provide a minimum nine-foot channel, and implements
environmental restoration and protection programs such that this channel
depth is not compromised. Environmental groups are generally dissatis-
fied with this operational regime, claiming that the balance called for in
the WRDA 1986 has “ . . . never been reflected in national policy . . .”
and that “ . . . some balance between these competing needs must be
sought” (League, 2003). The 1930 channel authorization does not re-
quire strict and permanent maintenance of a 9-foot channel, however,
and the exploration of alternative operational regimes would allow the
Corps more flexibility to implement adaptive management actions and
increase ecosystem resilience. At the same time, some stakeholder
groups and some citizens have demonstrated a reluctance to allow the
Corps to enact substantial navigation pool drawdowns. Adaptive man-
agement could provide a framework for stakeholders and the Corps and
other federal agencies to explore the relations and trade-offs between
Upper Mississippi River ecology, navigation, recreation, and other uses
in a more systematic fashion.

COASTAL LOUISIANA
Multiple Corps Responsibilities

For over a century the Corps has played a large role in coastal Lou-
isiana through its flood control and navigation mission relative to the
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Lower Mississippi River. The establishment of a system of levees along
the lower river in the 1930s to both prevent flooding of adjacent lands
and to confine to the river to its channel and thus enhance navigation,
was consistent with a mandate to protect citizens and infrastructure from
flooding and to facilitate economic development. The impact of these
measures in isolating the Mississippi River Deltaic Plain from the river,
and thus its sustaining source of freshwater and sediments, were unap-
preciated at the time. In the aftermath of the historic 1927 flood, the
Corps was also directed to regulate the river flow from the Mississippi
and Red rivers down the Atchafalaya River to the Gulf of Mexico and to
construct and manage spillways to alleviate the risk of overtopping of
levees. In the later half of the twentieth century, the federal interest was
expanded to include a number of relatively deep navigation channels,
such as the Mississippi River-Gulf Outlet and Calcasieu Ship Channel,
connecting inland ports and waterways with the Gulf of Mexico. These
channels caused salt water to intrude into previously freshwater bays,
bayous, and wetlands. The network of flood protection levees was also
extended to afford communities protection from storm surges and back-
water flooding. The Corps regulatory programs also played a role in the
dramatic environmental changes in coastal Louisiana, permitting exten-
sive channelization of coastal wetlands mainly related to oil and gas ex-
ploration, development, and transportation.

Wetland Loss

As a result of the cumulative effects of these and other alterations of
the coastal landscape, and the disruption of the processes that created and
sustain the delta and adjacent coastal environments and natural proc-
esses, the marshes, swamps, bays and barrier islands that comprise
coastal Louisiana experienced dramatic changes during the latter half of
the twentieth century. The rate of net loss of Louisiana’s coastal wet-
lands has been estimated at 25 to 35 square miles per year during various
segments of this half-century (Louisiana DNR, 1999), posing threats to
the productivity and biological resources of the coastal ecosystems, the
safety of residents, and the infrastructure supporting this population and
important industries such as oil and gas production.

The causes of rapid wetland loss and change in the characteristics of
associated estuarine environments are multiple and complexly inter-
related. The changes accompanied and followed pervasive physical and

Copyright © National Academy of Sciences. All rights reserved.



Adaptive Management for Water Resources Project Planning

http://lwww.nap.edu/catalog/10972.html

74 Adaptive Management for Water Resources Project Planning

hydrological alteration of the estuarine-wetland complex itself at a num-
ber of scales. The large-scale navigation channels mentioned above fa-
cilitated more extensive and vigorous tidal exchange and interconnection
of previously isolated hydrological basins. Extensive canals were
dredged through the wetlands to afford access to oil and gas exploration
and production sites and corridors for transportation of product via pipe-
lines. In addition to the direct losses of wetland due to dredging, the ma-
terial removed was typically side cast as spoil banks that interrupt the
natural inundation and drainage of the wetlands. Still other wetlands
were affected by impoundments associated with failed agricultural con-
version or with water-level management to provide waterfowl habitat.
The net direct and indirect consequences of these physical and hydro-
logical alterations were greater intrusion of tides, storm surges, salinity,
and impoundment of water on wetland surfaces that causes mortality or
prevents recruitment of emergent plants.

The human-induced changes that began even earlier (i.e. closure of
distributaries along the lower river such as Bayou Lafourche and the pre-
vention of flood-induced crevasses and seasonal overbank flooding) led
to a longer-term problem for the Deltaic Plain wetlands. The periodic
supply of sediments, fresh water, and nutrients from the Mississippi
River has historically built and sustained the wetlands in the face of very
high rates of relative sea-level rise due to subsidence of the thick layer of
Holocene sediments on which the wetlands sit. In addition, it now ap-
pears that withdrawals of oil, gas, and associated formation waters during
the last half of the twentieth century caused accelerated subsidence in
some regions of the coastal zone. The only portions of the Louisiana
coastal zone that have had only minor losses of wetlands or that have
actually gained wetlands are adjacent to the mouth of the Atchafalaya
River, which receives thirty percent of the combined flow of the Missis-
sippi-Red river system. These wetlands have received the fluvial subsi-
dies that have been interrupted elsewhere. Scientific consensus suggests
that whatever the cause, channelization of wetlands, subsidence, or even
accelerated sea-level rise due to global warming, reconnection to the flu-
vial supply of sediments and other materials that build and sustain the
coastal wetlands must be the foundation for maintaining and restoring
coastal Louisiana’s ecosystems (Boesch et al., 1994).
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Role of the Corps in Wetland Restoration

In recent decades, the Corps has been the lead agency in efforts to
address some of the effects of these actions through projects justified on
the basis of their net economic development benefits, rather than for eco-
system restoration. These include the placement of materials dredged
from river channels to create or protect wetlands and controlled diver-
sions of Mississippi River waters into adjacent estuaries and wetland at
Caernarvon and Davis Pond, the former into the Breton Sound Basin and
the latter into the Barataria Basin (Figure 4.4). The latter projects aim to
restore salinity gradients to benefit economically important estuarine
oyster habitat.
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The role of the Corps of Engineers in the restoration of coastal Lou-
isiana ecosystems expanded significantly with passage of the Coastal
Wetlands Planning, Protection and Restoration Act of 1990 (CWPPRA,
PL-101-464). Although this act is national in scope, it established a pri-
ority for Louisiana wetland restoration projects. CWPPRA provides a
dedicated federal revenue stream of approximately $35 million per year
for restoration projects selected and managed by a federal-state Task
Force (the Corps receives the appropriations and chairs the Task Force).
To date, there have been 141 different CWPPRA projects across coastal
Louisiana (USGS, 2003), most of which have been demonstrations or
relatively small projects involving shoreline protection, hydrological res-
toration, or wetland creation.

The federal agencies represented on the CWPPRA Task Force and
the State of Louisiana realized, however, that although the CWPPRA
projects have been increasingly integrated within the hydrological basins
along the coast, the approach was still piecemeal and inadequate in scale
to significantly reduce, much less, reverse the rate of wetland loss across
the state. The funding level for CWPPRA did not allow consideration of
the large and expensive diversions of river water into the surrounding
wetlands that experts thought would be needed to effectively address the
problem. The Task Force and the state produced a much more compre-
hensive and ambitious strategy, Coast 2050: Toward a Sustainable
Coastal Louisiana (Louisiana Coastal Wetlands Conservation and Resto-
ration Task Force and the Wetlands Conservation and Restoration Au-
thority, 1998; http.//www.mvn.usace.army.mil/prj/lca/; accessed May 4,
2004), which included more than 80 projects and actions to achieve ob-
jectives for each of the hydrological basins along the coast.

The feasibility and benefits of many of the approaches included in
the 2050 Plan are highly speculative. Consequently, the Corps of Engi-
neers, with co-sponsorship by the State of Louisiana, is currently under-
taking the Louisiana Comprehensive Coastwide Ecosystem Restoration
Feasibility Study, or LCA Study for short. The LCA study builds on the
2050 Plan, but seeks to provide more rigorous analysis of design alterna-
tives, benefits and costs within each of three subprovinces along the
coast (Figure 4.4). Led by the New Orleans District office, the Corps is
preparing a report to Congress that will seek authorization under the Wa-
ter Resources Development Act for a comprehensive program to address
wetland loss in coastal Louisiana. The authority would be for an um-
brella program, much like the Comprehensive Everglades Restoration
Project, under which specific projects would be subsequently authorized
and funded.
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Various forms of adaptive management have been employed in sev-
eral previous projects implemented by the Corps for economic develop-
ment, for CWPPRA projects, and in the development of the Louisiana
Comprehensive Coastwide Ecosystem Restoration report. River diver-
sions at Caernarvon and Davis Pond have been monitored to determine
the effects on salinity distribution and to address concerns about the in-
troduction of harmful substances or other undesirable effects. Although
not specifically designed to support adaptive management, interpreta-
tions of the monitoring data at Caernarvon (Lane et al., 1999) have con-
tributed to quantifying nutrient removal and wetland growth rates in
ways useful to the design of future diversions and the operational regi-
men for this diversion. For example, analysis of results from the estuar-
ies and wetlands receiving the Caenarvon diversion have led to the reali-
zation that significant restoration benefits could be achieved through
pulsed releases lasting several weeks while avoiding undesired salinity
lowering on oyster grounds lower in the estuary. This is now being
tested by more closely monitoring experimental releases within an adap-
tive management framework.

The LCA Study is explicitly applying adaptive management, within
the Corps’ existing authorities, as a means of refining the design and op-
eration of specific projects and learning by doing within the envisioned
umbrella program that will extend over several decades. An adaptive
management approach is particularly suited to the emerging strategy be-
cause of the multiple, but similar, water diversion and control compo-
nents that are being considered, and because of the uncertainties involved
not only in project performance, but in other important variables (e.g.,
variations in river flow, impacts of hurricanes, etc.).

GLEN CANYON DAM AND
THE COLORADO RIVER ECOSYSTEM

One of the notable and sustained adaptive management efforts in the
United States is the Glen Canyon Adaptive Management Program
(AMP). Founded in 1995 to help meet the monitoring requirements es-
tablished in the 1992 Grand Canyon Protection Act, the AMP is building
upon the extensive scientific program of the former Glen Canyon Envi-
ronmental Studies (or GCES, which was conducted in two phases, 1982-

Copyright © National Academy of Sciences. All rights reserved.



Adaptive Management for Water Resources Project Planning

http://lwww.nap.edu/catalog/10972.html

78 Adaptive Management for Water Resources Project Planning

1988 and 1988-1996). The Adaptive Management Program is focused
on the Colorado River ecosystem in the Grand Canyon (Figure 4.5). The
Secretary of the Interior’s designee administers the AMP. The Grand
Canyon Protection Act of 1992 mandates operation of the dam to “. . .
protect, mitigate adverse impacts to, and improve the values for which
Grand Canyon National Park and Glen Canyon National Recreation Area
were established.” An Environmental Impact Statement (U.S. Bureau of
Reclamation, 1995), conducted in response to concerns over the down-
stream effects of the operations of Glen Canyon Dam, established the
AMP to provide advice to the U.S. Secretary of the Interior on a continu-
ing basis.

An Adaptive Management Work Group (AMWG) includes represen-
tatives of roughly two dozen groups with interests in the Grand Canyon
and in Glen Canyon Dam operations (these groups include federal and
state agencies, environmental groups, Indian tribes, and power and rec-
reation interests). A Technical Work Group (TWG), composed mainly
of representatives of the AMWG stakeholders, advises the AMWG on
scientific and technical matters. The program also features a science
center, composed of full-time staff, known as the Grand Canyon Moni-
toring and Research Center (GCMRC) in Flagstaff, AZ. The center is
responsible for monitoring Colorado River ecology to help improve un-
derstanding of the downstream effects of Glen Canyon Dam operations.
And, according to the 1995 environmental impact statement that de-
scribed the structure and operations of the AMP, it is also to include an
independent review panel(s) (U.S. Bureau of Reclamation, 1995). Al-
though the Corps of Engineers is not a participant in the Adaptive Man-
agement Program, the preeminence and lengthy experience with adaptive
management in the Grand Canyon should be of interest and value to the
Corps.

The AMP is based on recognition that operations of Glen Canyon
Dam have significantly altered downstream ecology of the Colorado
River in the Grand Canyon. Section 1802 (a) of the AMP has imple-
mented some adaptive management program components to good effect.
The Grand Canyon Monitoring and Research Center has taken the lead in
informing stakeholders about the goals of and uncertainty involved with
adaptive management. Through activities ranging from meetings to raft-
ing trips, stakeholders have developed informal relations and lines of
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communication. Experimental flows have been conducted, the most no-
table being a controlled flood in March 1996 when high water flows
were released from the dam to simulate the spring rise that, in pre-dam
conditions, transported sediment and helped restore beach habitat. An-
other experiment in the summer of 2000 involved low water flows in an
effort to enhance conditions for native fish species. These experiments
were extensively monitored and the results used in subsequent delibera-
tions about dam operations.

The AMP is, however, struggling with the constraints inherent to
most adaptive management efforts.  Different values and priorities
among stakeholders have stymied the creation of a set of clearly stated
management objectives. As noted in a 1999 National Research Council
report, the AMP has “not produced a scientific and stakeholder-based
consensus regarding the desired state of the ecosystem.” Further, the
range of possible experimental actions is limited by political and eco-
nomic conditions. For instance, some recommended experiments in
2001 were postponed because of increased energy demand on the West
Coast. Finally, and importantly, the independent review component of
the program has never been fully and formally implemented. Lessons
from the Adaptive Management Program that may be useful for the
Corps include: the value of a congressional act in keeping focused on
ecosystem recovery, the difficulties in forging consensus among stake-
holders, the uncertainties and disagreements associated with some eco-
system monitoring results, the limitations of science to help establish
management actions, and the potential value of (as well as some resis-
tance to) independent review in addressing controversial or sophisticated
issues.

COMMENTARY

The Corps has implemented some adaptive management principles
and programs, with degrees of support from the U.S. Congress ranging
from no specifically authorized capacity, to resources for monitoring and
science programs, all the way to explicit authorization of adaptive man-
agement in the Florida Everglades. A review of the case studies pre-
sented in this chapter yields several observations and some commonal-
ities.

Adaptive management is often implemented in river and aquatic eco-
systems that are experiencing ecological decline, sharp differences of
opinion among stakeholder groups, and an inability to make significant
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departures from the status quo. Many parties, however, view the concept
with skepticism; defenders of the status quo naturally resist new man-
agement directions, managers may interpret its implementation as indi-
cating failure of their past decisions, some may view it as a vehicle to
help circumvent environmental and other standards or for taking only
minimal actions, and budgeteers may be concerned that it implies a blank
check for an endless stream of monitoring and science-based programs.
Whatever perspectives are held, successful implementation of adaptive
management will require sustained participation. In addition to these
barriers, actions taken under an adaptive management framework may
not yield an abundance of positive and clearly understood results.

Paradoxically, however, these conditions may actually enhance the
chances of the usefulness and success of adaptive management. Legisla-
tors should recognize that declining ecological conditions must eventu-
ally be addressed in order to conform with environmental statutes such as
the Endangered Species Act. Stakeholders who wish to see management
changes may welcome the prospects presented by adaptive management.
In any event, the settings of declining environmental quality and political
gridlock have often resulted from conflicts that have obstructed efforts to
employ adaptive management-like principles and to adjust to emerging
realities of shifting and broadening social preferences.

Decisive management actions and ecological recovery have, for the
most part, not been realized, but given that it has often taken decades to
arrive at the current situation, the way forward will require patience
(whether adaptive management is used or not). Increased social prefer-
ences and attendant legislation aimed toward restoration of some degree
of natural ecological processes and sustainability offer opportunities for
adaptive management actions. Initiating communications among stake-
holders is of great importance to the Corps and to the adaptive manage-
ment process. The backing of the administration and the Congress, in
terms of resources, as well as legislative authority, is crucial in encourag-
ing sustained stakeholder participation in such efforts. In the Missouri,
Congress has not established a formal adaptive management stakeholder
group or larger program, or a formal basin-wide science program. By
contrast, support from the administration and the Congress has been in-
strumental to the significant adaptive management programs in the Ever-
glades and the Grand Canyon. Federal resources have been important to
improving knowledge of ecological conditions in the Everglades, the
Grand Canyon, the Louisiana Coastal Area, and within the Upper Missis-
sippi River’s Environmental Management Program. Sustained support
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from Congress for monitoring on the Upper Mississippi has helped syn-
thesize and improve scientific knowledge of the Upper Mississippi River
system. Congressional legislation mandating the Everglades restoration
effort, establishing the Coastal Wetlands Planning, Protection and Resto-
ration Act, and creating a Grand Canyon Protection Act have legitimated
efforts toward improving ecological conditions. Beyond the provision of
resources, the administration and the Congress should help provide
clearer direction to the Corps when the agency is obliged to respect legis-
lation and administration guidance that reflects internal inconsistencies.
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Prospects for Adaptive Management in the Corps

This chapter identifies changes to Corps operating policies, pro-
grams, and organizational structure that could be useful in promoting
adaptive management practices within the agency and within its existing
and future water projects. As discussed, some of these changes can be
initiated and promoted by the Corps, but others will require direction and
guidance from the Congress, and the assistance and support of the ad-
ministration, the Congress, and the states.

COMPONENTS OF ADAPTIVE MANAGEMENT
Evaluations and Operations

The Corps’ civil works program for water resources traditionally fo-
cused on constructing new projects. But because of declining budgets
for federal water development, declining public support, and a decreas-
ing number of favorable project sites, this traditional focus is in a state of
flux. This changing context suggests that in the future, operations and
maintenance of existing infrastructure will become an increasingly im-
portant part of the Corps work program. Identifying operation schemes
that meet today’s needs and preferences and that can be adjusted to
changing conditions will require monitoring of project impacts, flexibil-
ity to make operational changes, and close cooperation with other agen-
cies and with the public. As discussed in Chapter 2 and elsewhere in this
report, monitoring and evaluation of project outcomes are core adaptive
management principles. These post-construction assessments could in-
clude the monitoring of ecological, economic, or other relevant variables,
as well as broader evaluations of project or program effectiveness. Post-
construction evaluations should be a standard for the adaptive man-
agement of Corps projects and systems (Recommendation 1).

83
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Stakeholder Collaboration

The Corps continues to gain experience with the concept and prac-
tice of adaptive management, and in some places—such as the Upper
Mississippi—the agency’s responsiveness to stakeholder input may be
enhancing public trust in the agency. There is much to be learned about
how to successfully incorporate the concept, and the Corps should con-
tinue to move forward in its collaborative efforts. The agency could, for
example, publicize examples where stakeholder-driven adaptive man-
agement actions led to beneficial effects that were largely unanticipated,
and seek to learn from past experiences throughout the agency. Stake-
holder and agency involvement should begin at the start of adaptive
management programs and should include stakeholder participation in
periodic review of monitoring results and management models. The
Corps’ experiences with Shared Vision Modeling, which involves stake-
holders in assessing possible outcomes through models of assumptions
and key processes, provide similar examples of useful approaches.

Resources and related support from the administration and Congress
have been fundamental to establishing adaptive management programs in
Florida’s Everglades and in the Colorado River below Glen Canyon
Dam. This type of support from the administration and the Congress has
also been essential in promoting ecosystem monitoring and inter-agency
collaboration on the Upper Mississippi River. A lack of this type of sup-
port for broad, meaningful stakeholder participation may be contributing
to decision making gridlock on the Missouri River. The administration
and the Congress should ensure that adequate resources are provided to
promote sustained, meaningful stakeholder collaboration within adaptive
management initiatives. Stakeholder collaboration should be an inte-
gral component in the adaptive management of Corps projects and
systems (Recommendation 2).

Independent Expert Review

In addition to differences of opinion among stakeholders, the com-
plexities of ecosystems may yield variations in scientific results and dif-
ferences of scientific opinion. Ecosystem monitoring programs and
physical, biological, and economic models do not always yield results
that are interpreted the same way by all scientists and other interested
parties. Such ambiguities can hinder adaptive management’s cycle of
actions, observations, evaluations, learning, and new actions. Moreover,
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as recent critiques of the adequacy of the science programs supporting
adaptive management in the Comprehensive Everglades Restoration Plan
illustrate, independent review can point out inadequacies in modeling,
monitoring, and assessment that may result from inertia or inadequate
interagency coordination. Although such independent advice is useful
and increasingly common in some circles, the use of experts will not
eliminate the uncertainties that are endemic to most management deci-
sions. Agencies and decision makers will often have to use their best
judgment in adaptive management programs; however, independent ex-
perts can validate the assumptions and reasoning involved. Independent
experts should be periodically enlisted to provide advice on Corps
adaptive management initiatives (Recommendation 3).

A CENTER FOR ADAPTIVE MANAGEMENT

Sound U.S. water resources management in the future will generally
require organizations with a broader mix of disciplinary expertise than
was employed in twentieth century water resources decision making.
Demands for traditional Corps programs in navigation, flood risk man-
agement, and coastal protection will continue. Much of the infrastructure
to serve these needs has been constructed, and the construction of large
amounts of new infrastructure does not appear likely because of, among
other reasons, declining civil works appropriations (USACE, 2001). If
the Corps is to make a successful transition to focusing on better man-
agement of existing infrastructure, it will need to effectively integrate
environmental, social, and economic considerations and changes into
operational decisions.

Engineers and engineering concepts will be important in supporting
management policies and actions; but the Corps’ future engineering
needs will continue to broaden to encompass fields such as systems
analysis, operations research, environmental engineering, and decision
support systems. Previous studies of the Corps of Engineers (e.g., NRC,
1999b), reviews of other U.S. water management organizations (Jacobs
and Wescoat, 2002), and assessments of water management organiza-
tions in the developing nations (Scudder, 1994) all suggest that better
integration of economic and environmental considerations into water
resources projects requires adequate staff expertise in environmental and
social sciences. Not only should the Corps ensure that is has access to
this type of expertise in order to implement adaptive management, but
these experts should be meaningfully included at all stages of project
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management and planning. If adaptive management concepts and prac-
tices are to be consistently and comprehensively implemented through
the Corps, and if adaptive management programs are to continually im-
prove, the Corps must have a nucleus of interdisciplinary expertise to
track lessons within the agency, stay abreast with current practices, and
enhance the flow of knowledge within the agency and between the Corps
and external experts. This is not to suggest that the Corps lacks knowl-
edge of adaptive management and must recruit new staff members.
Many Corps staff members are familiar with adaptive management tech-
niques and many staff members have experience in working with the
concept in settings like the Florida Everglades. The issue is that agency-
wide guidance for adaptive management (such as a “best practices”
guide) has not been developed, lessons from Corps district and division
offices are not being meaningfully shared among these offices and
through the agency, and staff are not specifically tasked to follow devel-
opments in the professional literature or adaptive management experi-
ences in the United States and around the world. These organizational
components and documents are essential if adaptive management is to be
effectively implemented within the Corps. If adaptive management con-
cepts are to be adequately developed and promoted, the Corps will need
to have a cadre of staff dedicated to these tasks on a full-time basis. The
Corps of Engineers will also need a stronger and more focused effort in
staying abreast of conceptual developments in the professional scientific
literature, and in tracking experiences across the United States, around
the world, and within the Corps. If more attention and resources are not
devoted to a more systematic process for implementing adaptive man-
agement through the agency, information essential for useful adaptive
management applications will not be systematically gathered, analyzed,
and applied.

One alternative for ensuring more systematic progress with adaptive
management would be to establish interdisciplinary adaptive manage-
ment teams within each Corps District office. A limitation of this option
is that it is not yet known how many staff, and what types of expertise,
can most effectively implement and sustain adaptive management prac-
tices through the Corps. This option thus poses the possibility of devot-
ing too many staff (in a period of tight budgets) to adaptive management
efforts. In addition, the resources required for this effort are likely be-
yond current budgetary limits. Another option would be to assemble a
team of experts from outside the Corps to convene adaptive management
workshops at Division and District offices. This would not require the
hiring of new staff, and the expert team could be quickly assembled and
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the workshops convened in a relatively short time period. Although such
workshops could complement the development of adaptive management
within the Corps, they would not ensure sustained, long-term progress
within the agency—which is essential if adaptive management is to be
useful to the Corps. External experts may also have limited knowledge
of Corps planning guidance and project operations, which may limit the
effectiveness of advice provided in a short-term, workshop setting.

Yet another alternative would be to establish a Center for Adaptive
Management within the Corps. The Center would be a small, interdisci-
plinary group with expertise in adaptive management principles and ap-
plications. It should work with Corps district or division offices in help-
ing understand ways in which adaptive management concepts and ac-
tions can be implemented. It would not itself implement adaptive man-
agement of specific projects, but rather would assist Corps district-level
staff in the design, implementation, and review of adaptively-managed
projects and programs. Examples of specific tasks for the Center might
include:

e develop agency-wide guidance on adaptive management ap-
proaches and best practices;

e supply training, facilitation, and assistance to district planners
and managers in developing adaptive management schemes and monitor-
ing designs;

e cvaluate progress, limitations, and successes of adaptive man-
agement programs, such as those in the Everglades, the Missouri River,
and coastal Louisiana, with the objective of improving approaches and
outcomes;

o facilitate sharing of information concerning adaptive manage-
ment throughout the agency. The Center should also seek to develop
collaborative relations with agencies beyond the Corps working with
adaptive management (e.g., U.S. Department of the Interior), and ;

e review outcomes of stakeholder participation in adaptive man-
agement.

Potential drawbacks to concentrating expertise within a center exist,
such as a possible over-reliance on the center to implement adaptive
management, or a lack of familiarity within the center of local conditions
important to adaptive management efforts. The Corps could, however,
employ a modest amount of resources to considerable benefit by employ-
ing adaptive management concepts and experience consistently through-
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out the organization. Based on the foregoing considerations, this third
alternative is the preferred choice.

Congress should establish a Corps of Engineers Center for
Adaptive Management (Recommendation 4). The Center should be
initially established for a relatively short (e.g., five years) term, with its
progress and effectiveness periodically evaluated. Periodic review and
evaluation can be especially important in helping better understand the
level of resources and staff necessary to promote useful adaptive man-
agement applications through the agency. The Center for Adaptive
Management should be operated and funded according to adaptive man-
agement principles: it should start as a modest and carefully planned ef-
fort that should be periodically evaluated and adjusted accordingly.

ROLES OF THE ADMINISTRATION AND CONGRESS
Legislation and Priorities

As illustrated in this report’s case studies, the Corps often operates in
contexts of internally-inconsistent legislation and operating authorities,
or without a clear process for re-setting management objectives and pri-
orities. As new laws and authorizations have been added to the Corps'
list of responsibilities over the years, the degree to which new obligations
are consistent with pre-existing obligations has not been carefully evalu-
ated, nor have existing objectives been revisited and adjusted accord-
ingly. This has resulted in some situations in which existing project au-
thorizations are not fully consistent with new project authorizations. For
example, 1930 and 1945 authorizations to provide nine-foot navigation
channels on the Mississippi and Missouri Rivers, respectively, have not
been adjusted to incorporate subsequent authorized purposes and shifting
social preferences and priorities.

The accretion of potentially inconsistent authorizations and legisla-
tion can contribute to the management gridlock that characterizes many
U.S. river systems (some of the gridlock can also be attributed to con-
flicting stakeholder goals and preferences). These impasses must be
broken either by Congress or by the courts. In August 2003, for exam-
ple, a federal district court in Minnesota resolved this type of legal ambi-
guity on the Missouri River, affirming a July 2003 injunction that or-
dered the Corps to reduce summer flows on the Missouri River in order
to comply with the Endangered Species Act. Situations in which the lim-
its of the Corps’ obligations and authorities are not clear can hinder the
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agency’s adaptive management efforts. A clearer sense of water policy
priorities from the administration and Congress would provide the Corps
a better sense of limits and priorities within its adaptive management ef-
forts. A line agency like the Corps of Engineers cannot legitimately re-
solve such conflicts; but because the Corps often finds itself in the midst
of such conflicts, its attention to and resources for other, more appropri-
ate actions (such as adaptive management) are diverted. The admini-
stration and the Congress should help resolve conflicts and inconsis-
tencies within the body of national water policies, and should clarify
water management objectives that it wishes the Corps to pursue
(Recommendation 5).

Continuing Authorities

Legal authorities that govern Corps project operations present barri-
ers to the agency’s move toward adaptive management. The Corps is
currently tasked to construct projects that are often tailored to the inter-
ests of a local project sponsor. Post-construction operations of Corps
projects are often turned over to a non-federal sponsor. Adaptive man-
agement will entail a broadening operational and management emphasis
within the Corps. New Corps projects will continue to be constructed,
but adaptive management will require a stronger emphasis on post-
construction monitoring, evaluation, stakeholder participation, and op-
erational adjustments and changes. Examples of “continuing authorities”
that allow the Corps to review and modify project operations without
seeking additional congressional authorization include the authorization
for the Comprehensive Everglades Restoration Program, a “Section
1135 authority from the 1986 Water Resources Development Act, and a
“Section 216 authority from the 1970 Flood Control Act.

These existing authorities, however, were not explicitly designed to
promote adaptive management principles and ongoing, iterative proc-
esses of monitoring, evaluation, and operational adjustments. If adaptive
management is to be meaningfully implemented within the Corps, a
stronger and more explicit continuing authority(s) will help reorient the
agency from a traditional emphasis on project construction, to a broader
program that includes post-construction monitoring, stakeholder partici-
pation, and operational adjustments. Thorough and comprehensive (en-
vironmental, economic, and social) evaluation of post-construction out-
comes is essential to ensuring efficient project operations. Existing cur-
rent authorities do allow for some degree of this; but they lack specificity
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and they were primarily enacted before the Corps began implementing
adaptive management principles. A new continuing authority for the
Corps should emphasize the importance of the type of adaptive manage-
ment principles discussed in this study (see Chapter 2).

Congress should provide a new study authority and direction
that will increase the Corps’ ability to monitor and evaluate post-
construction changes and periodically adjust operations of existing
projects in order to increase overall project benefits (Recommenda-
tion 6). The new authorization should require periodic appraisal of pro-
ject effectiveness and operational modifications. Congress should also
appropriate sufficient funding (with appropriate cost sharing by co-
sponsors) for post-construction monitoring and evaluation of environ-
mental and economic objectives and subsequent outcomes. These rec-
ommendations do not assume any change in the present division of re-
sponsibilities regarding operation and maintenance. They do assume
stakeholder participation in post-construction adaptive management ac-
tivities (see also the report from the 216 Study coordinating committee
for additional details regarding a new Corps of Engineers study author-

ity).

Resources for Adaptive Management

Funding of Corps of Engineers projects is governed by cost-sharing
formulae that typically require resources from a local sponsor; these local
sponsors are often—and understandably—reluctant to support studies
and operations that do not address their specific needs. The cost-sharing
nature of Corps projects, however, may inhibit adaptive management
practices, as sponsors for adaptive management programs (vs. specific
projects) may be difficult to identify. Although cost-sharing arrange-
ments offer some advantages, successful implementation of adaptive
management in the Corps may require adjustments to the cost-shared
nature of Corps projects. Current policy guidance and budgeting proce-
dures also inhibit adaptive management practices. In addition, most pro-
jects require a local sponsor to share in the initial costs of the project and
in most cases assume full responsibility of post implementation costs.

Adaptive management represents a process that is qualitatively dif-
ferent than traditional civil works construction, and in some ways repre-
sents a paradigm shift for the Corps, as well the administration and Con-
gress. Adaptive management will entail changes in operational styles,
organizational accountability, and appropriations. Implementation of
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adaptive management for existing projects does not represent a tradi-
tional Corps of Engineers “project.” Furthermore, even though some
components of adaptive management will entail new costs, adaptive
management efforts should also seek to build upon previous and existing
investments. Adaptive management will also often entail benefits that
extend (spatially) beyond a local water project, which runs counter to the
current process in which the Corps works closely with a specific cost-
sharing local sponsor. In addition, under current authorization-
appropriation procedures, federal funds are allocated to the Corps pri-
marily on a project-by-project basis. The process of appropriating fed-
eral funds to the Corps of Engineers may thus need to be revisited if
adaptive management is to be efficiently implemented and sustained.
The administration and the Congress should thus consider developing
new cost sharing formulas in order to effectively apply adaptive man-
agement principles to new and existing projects.

In addition to the willingness of the Corps, cooperation from other
arms of the executive branch (including the Council on Environmental
Quality and the Office of Management and Budget) and the Congress to
support adaptive management concepts is also necessary. It may be pos-
sible to obtain a general concurrence regarding the need to accommodate
uncertainty by “learning while doing.” Stronger commitments to adap-
tive management, however, may be stymied because of concerns that it
may entail rising costs over time in a political environment that encour-
ages firm cost estimates. Longer-term cost savings and benefits that
adaptive management aims for through monitoring, analysis, and com-
munication are often not readily apparent in its implementation stages.
Reviews of previous adaptive management efforts demonstrate that the
failure to conduct and maintain adequate monitoring is a principal reason
why adaptive management fails (Walters, 1997). Congress should thus
allocate funding and personnel resources to help support and sustain
an adaptive management program within the Corps (Recommenda-
tion 7).

As this section has described, current policy guidance and budgeting
procedures inhibit adaptive management practices. In the case of new
Corps projects, the Corps has chosen to limit adaptive management ex-
penditures to no more than three percent of the overall project cost and to
a limited duration. In addition, most projects require a local sponsor to
share in initial project costs and assume full responsibility of all post im-
plementation costs. Adaptive management is a process that is different
than traditional brick and mortar civil works construction, and it will of-
ten entail benefits that extend beyond the interests of a local project co-
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sponsor. The administration and the Congress should thus consider
revising cost sharing formulas to promote the application of adaptive
management principles (Recommendation 8).

Interagency Relations

Even though interagency cooperation poses many challenges, some
interagency water management programs or collaborations mandated by
Congress have been useful. The Upper Mississippi Environmental Man-
agement Program (EMP), created in the 1986 Water Resources Devel-
opment Act, is operated with the cooperation of the Corps and the U.S.
Fish and Wildlife Service and the U.S. Geological Survey. The EMP has
sponsored wetland restoration projects and, through its ecosystem moni-
toring component, provided much of the scientific basis for the 1999 Up-
per Mississippi River ecological status and trends report (USGS, 1999).
The interagency cooperation brokered through the EMP has helped the
Corps, the U.S. Department of the Interior, and state agencies in the Up-
per Mississippi River initiate experimental drawdowns. The interagency
Louisiana Coastal Wetlands Conservation and Restoration Task Force
operating under the Coastal Wetlands Planning, Protection and Restora-
tion Act has planned and implemented numerous smaller restoration pro-
jects and, together with the state, produced the more comprehensive 2050
Plan. The Departments of the Army, Interior, Commerce, Agriculture,
and the Environmental Protection Agency are represented on the Task
Force and these same agencies are involved in the Louisiana Compre-
hensive Coastwide Ecosystem Feasibility Study. On the other hand, re-
cent criticisms from the General Accounting Office regarding the inade-
quacy of interagency coordination in the Comprehensive Everglades
Restoration Plan demonstrate that conflicts in agency priorities and limi-
tations of interagency decision making can be significant obstacles in
even well-funded programs. Beyond programs in which the Corps par-
ticipates, in 1995 Congress created the Adaptive Management Program
for managing the Colorado River in the Grand Canyon. The AMP has
convened agencies, tribes, and interest groups for discussions on science-
based management of the Colorado River ecosystem. In some instances,
federal and state legislative action may be needed to create institutions to
promote ecosystem restoration.

Inter-agency arrangements for natural resources management are not
cure-alls and have not always resulted in expected improvements in, for
example, ecological conditions. They have, however, provided fora for
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dialogue, have helped improve scientific understanding, and have en-
couraged communication among stakeholder groups. In some settings,
memoranda of agreement may be useful to assign authority and respon-
sibility among agencies, and to establish a dispute resolution proce-
dure(s). Particularly in complex, inter-jurisdictional ecosystem restora-
tion projects, participation of other federal and state resource manage-
ment agencies may be essential, either because of their stewardship re-
sponsibilities or their capacity to contribute to monitoring and assess-
ment needed for adaptive management. Although the Corps has a great
deal of expertise germane to adaptive management, the agency likely
does not possess the collective scientific expertise necessary to imple-
ment and sustain the multifaceted components of adaptive management.
Complexities of program execution and the limitations of the Corps’ re-
sources will require the Corps to collaborate with other agencies if adap-
tive management is to be efficiently pursued. Examples of federal agen-
cies with whom the Corps should collaborate include the Environmental
Protection Agency, the National Park Service, NOAA Fisheries and the
U.S. Fish and Wildlife Service, and the U.S. Geological Survey. The
administration should strengthen federal interagency coordination
mechanisms for large-scale water resources and coastal management
efforts at both the national and regional levels (Recommendation 9).

BROADER OPPORTUNITIES FOR IMPLEMENTING
ADAPTIVE MANAGEMENT

Several areas of activity beyond the Corps’ construction and ecosys-
tem restoration programs offer opportunities for implementing adaptive
management. These include smaller projects conducted under existing
congressional authority, management of existing water resource infra-
structure (especially dam reauthorization and deauthorization), and per-
mitting activities. In these cases, adaptive management approaches may
facilitate improvement of individual projects and development of an ex-
panding knowledge base for improving future project operations.
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Small Projects Authority

Small project programs are excellent candidates for experimentation
and concerted learning in connection with adaptive management efforts.
The Corps has the ability to change administration of these programs to
allow for cost-shared modifications in project features based on long-
term monitoring results of physical project outputs and ecological out-
comes. Such changes would require no additional congressional author-
ity. These changes could generate important demonstrations of the value
of adaptive management and provide a basis for seeking additional con-
gressional authority to revisit completed and ongoing projects that could
benefit from adaptive management. Such settings would also allow the
Corps to gain experience with smaller-scale and less controversial pro-
jects, lessons from which could be valuable in their efforts in more con-
troversial situations.

Managing Existing Infrastructure

Effective operations of existing dams and other water resource infra-
structure in the United States presents a challenge and an opportunity to
the Corps and other federal water management agencies, as well as state
and local governments and non-governmental organizations. Three key
issues in management of this infrastructure could benefit from manage-
ment criteria or guidelines that incorporate adaptive management: (1)
monitoring and evaluating dam and project performance; (2) retrofitting,
redesigning and operating dams to improve infrastructure safety and pro-
ject performance; and (3) decommissioning, where warranted by costs
and benefits. The Corps, with its varying involvement in design, permit-
ting, construction, and operation of many of these structures, is the logi-
cal agency to assume the necessary responsibilities.

Passage of the Dam Safety and Security Act in 2002 points to in-
creased congressional concern for dam safety issues. The Federal Emer-
gency Management Agency (FEMA) coordinates federal dam safety ef-
forts, helps finance research, coordinates technology transfer, and assists
states with their dam safety programs (which cover approximately 95
percent of dams listed in the National Inventory of Dams). FEMA is not
responsible, however, for improving dam safety technology or the engi-
neering and science on which that technology is based. That would be a
logical responsibility for the Corps, in cooperation with other organiza-
tions.
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A promising area of application of adaptive management involves
dam decommissioning and de-authorization. Although a dam cannot be
incrementally removed, adaptive learning based upon the experiences
with past dam removals should be used to refine the criteria and ap-
proaches for removals, and to improve methods for post-removal mitiga-
tion. As the Corps Inventory of Dams describes, over 75,000 dams have
been erected on U.S. waterways, many of which are outdated, unsafe,
and no longer active. Some of these structures have also caused signifi-
cant impacts on river ecosystems. In recent years, the decommissioning
and removal of dams has become more common. Hundreds of U.S.
dams were removed in the 1990s, and removal of many more is being
considered. Not all of these are small structures. A seminal case was the
Quaker Neck Dam on North Carolina’s Neuse River, where the Corps
worked with the U.S. Fish and Wildlife Service and other federal and
state agencies to remove a dam that had blocked migratory fish routes
since 1952. In addition to ecological impacts, maintenance of Quaker
Neck Dam had become hazardous and expensive. After the Corps de-
signed alternative means of providing cooling water to the related power
plant, a cooperative effort resulted in dam removal in 1997-98.

Permitting Activities

Adaptive management could also be usefully applied to the Corps'
permitting activities. For example, the Corps is responsible for evaluat-
ing applications for wetland fill permits under Clean Water Act section
404. Corps regulations prohibit any filling unless appropriate and practi-
cable steps have been taken to minimize adverse impacts on aquatic eco-
systems. When the Corps issues a permit, it requires that discharges to
wetlands be avoided or minimized to the extent practicable. Remaining
impacts must be mitigated, often through compensatory mitigation, in
which other wetlands are created or restored. An previous NRC commit-
tee concluded that compensatory mitigation was not fulfilling its goal of
achieving no net loss of wetlands because clear performance standards
were not being defined within permits and performance was not being
monitored (NRC, 2001a). Although detailed evaluation of the regulatory
program is beyond this report’s scope, adaptive management principles
could help the Corps improve its wetland mitigation program. Perform-
ance goals could be set in permits, and permitees could be required to
implement a monitoring program focused on wetland functions. Alterna-
tively or additionally, the Corps could conduct a retrospective study(s) of

Copyright © National Academy of Sciences. All rights reserved.



Adaptive Management for Water Resources Project Planning

http://lwww.nap.edu/catalog/10972.html

96 Adaptive Management for Water Resources Project Planning

mitigation projects, and use the results to improve design of future miti-
gation efforts. Adaptive management principles could also be used to
guide permitting decisions and mitigation requirements in which cumula-
tive impacts are an issue, such as where multiple permits are issued for
the same water body.

COMMENTARY

The Corps should begin to develop a framework for adaptive man-
agement guidance throughout the organization. Without agency-wide
guidance, the Corps’ current adaptive management efforts are more
likely to proceed in fits and starts. Moreover, the failure to better docu-
ment and share lessons from initial experiences represents lost opportuni-
ties. In developing operational guidance for adaptive management, the
Corps should provide guidance concerning the degree to which adaptive
management is applicable to various projects. Some Corps programs
could benefit simply from periodic, adaptive re-evaluation. Passive
adaptive management could be applied to projects not easily replicated or
otherwise based on robust models of performance. A more active adap-
tive management approach, exploring multiple project or operational al-
ternatives, could be used where there is a high level of uncertainty about
the outcomes of these alternatives.

In many ways, adaptive management represents a paradigm shift for
the Corps. Given the usual inertia in large organizations like the Corps,
the approach will not be systematically implemented throughout the
agency immediately. As the Corps proceeds with its efforts in adaptive
management, a Center for Adaptive Management that tracks adaptive
management experiences within the Corps, shares lessons throughout the
organization, and develops general adaptive management definitions and
principles, would be valuable. The Corps should also shift its traditional
orientation from primarily constructing new projects, to closer monitor-
ing and evaluation and more efficient operations of existing projects.
The Corps should seek the advice of experts from outside the agency as
it moves forward with adaptive management.

Beyond the Corps, support for adaptive management from the Con-
gress and the administration is essential. The Corps should have more
authority and flexibility in the area of post-construction activities, such
as ecosystem monitoring and project evaluation. The Corps also oper-
ates in confusing legal settings where it is obligated to uphold dozens, if
not hundreds, of pieces of legislation and other guidance. In these set-
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tings, the agency often appears reluctant to depart from the status quo,
but lacks clear direction from the administration and Congress on the
appropriate way forward. Nevertheless, the Corps is attempting some
adaptive management activities, such as navigation pool drawdowns,
habitat restoration projects, and ecosystem monitoring. These are steps
in the right direction, and small steps can be useful in learning more
about ecological responses, building interagency partnerships, and estab-
lishing trust with stakeholder groups. But for larger gains from adaptive
management to be realized, the Congress and the administration must
step forward and resolve internally-inconsistent legislation and guidance,
establish or invigorate interagency fora, commit support to science-
based, collaborative programs, and adjust traditional authorization and
appropriations processes.
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Epilogue

The U.S. Army Corps of Engineers has long experienced successes
in designing and constructing federal water resources projects, and the
agency enjoyed a long period during which its engineering expertise and
decisions were respected and often deferred to. The setting of federal
water resources planning and management, however, changed markedly
during the late twentieth century. Federal spending on water projects
declined markedly, public scrutiny and concerns over environmental im-
pacts continued to increase, and project management assumed a more
interdisciplinary character. Paradoxically, it was often great Corps suc-
cesses that contributed to economic development and growth of support-
ing social institutions, which now understandably resist change.

New water resources projects will continue to be implemented, some
of which will continue to provide traditional benefits related to naviga-
tion and flood control; however, given the large degree of influence that
Corps civil works projects exert on the nation’s hydrologic systems,
management of the infrastructure has become a more important issue.
Moreover, present and future civil works projects are being and will be
constructed to achieve a broader range of objectives, especially ecosys-
tem restoration. The Corps has made some changes in response to these
shifting conditions, but the pace and the scale of these changes have
challenged the ability of a large organization like the Corps to fully adapt
to them.

If the Corps is to adjust successfully to this contemporary setting, it
will need to change from an agency geared almost exclusively to con-
structing new projects, to one that with broader concerns and that empha-
sizes the importance of managing an existing water control infrastructure
in a context of broadening social objectives. As this report has ex-
plained, the adaptive management approach provides a basis for antici-
pating and adjusting to present uncertainties and future changes. Adap-
tive management does not represent a panacea for solving all water con-
flicts and management challenges, and it may eventually be replaced by
different, more promising management paradigm, but it currently holds
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good prospects for helping the Corps adjust to future challenges and un-
foreseen changes. The nation will continue to need credible engineering
expertise to help manage its existing water control infrastructure. If the
Corps is to provide that expertise, its planning orientation, functions, and
activities will require the types of changes to the adaptive type of ap-
proaches recommended in this report.

If the Corps is to develop the approaches and capabilities required
for twenty-first century water resources management, it will need assis-
tance from the administration and from the Congress. The Corps must
have the resources and authorities to apply its knowledge and capabilities
to today’s complex water management problems, including interactions
with the public and other agencies. The administration and the Congress
must provide clearer advice regarding national priorities within a large
body of overlapping and potentially conflicting laws and authorities that
often encumbers Corps decision making. The administration and the
Congress must provide resources for the execution of new Corps activi-
ties—such as evaluating ecological and economic outcomes of project
operations—that are essential to sound water management according to
contemporary principles and knowledge. This type of support will be
essential to refocusing and strengthening the Corps’ management capa-
bilities, and to helping the agency support the sound water management
practices that will be of continued importance to the nation.
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AMP
AMWG
AQP
CAC
CERP
CIA
CROGEE

CWPPRA

EIS
EMP
FEMA
GAO
GCMRC
GDP
HREP
ITASA

LCA study

LTRMP
MDBC
NCEAS

NRC

OMB

P&G
RECOVER
SFWMD
TMDL
TWG
UMESC

Acronyms

Adaptive Management Program

Adaptive Management Working Group

annual operating plan

community advisory committee

Comprehensive Everglades Restoration Plan

computerized inventory and analysis

Committee on Restoration of the Greater
Everglades Ecosystem

Coastal Wetlands Planning, Protection and
Restoration Act

environmental impact statement

Environmental Management Program

Federal Emergency Management Agency

U.S. General Accounting Office

Grand Canyon Monitoring and Research Center

gross domestic product

habitat rehabilitation and enhancement project

International Institute for Applied Systems
Analysis

Louisiana Comprehensive Coastwide
Ecosystems Restoration Feasibility Study

Long Term Resource Monitoring Program

Murray-Darling Basin Commission

National Center for Ecological Analysis and
Synthesis

National Research Council

Office of Management and Budget

Principles and Guidelines

Restoration, Coordination, and Verification

South Florida Water Management District

total maximum daily load

technical working group

Upper Midwest Environmental Science Center
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UMRBA Upper Mississippi River Basin Association
UMR-IWW Upper Mississippi River-Illinois Waterway
USACE U.S. Army Corps of Engineers

WRC Water Resources Council

WRDA Water Resources Development Act
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Water Resources Development Act 2000
Public Law No. 106-541, of the 106th Congress

SEC. 216. NATIONAL ACADEMY OF SCIENCES STUDY.
(a) DEFINITIONS—In this section, the following definitions apply:

(1) ACADEMY—The term “Academy” means the National Academy of
Sciences.

(2) METHOD—The term “method” means a method, model, assump-
tion, or other pertinent planning tool used in conducting an economic or
environmental analysis of a water resources project, including the formu-
lation of a feasibility report.

(3) FEASIBILITY REPORT—The term “feasibility report” means each
feasibility report, and each associated environmental impact statement
and mitigation plan, prepared by the Corps of Engineers for a water re-
sources project.

(4) WATER RESOURCES PROJECT—The term “water resources pro-
ject” means a project for navigation, a project for flood control, a project
for hurricane and storm damage reduction, a project for emergency
streambank and shore protection, a project for ecosystem restoration and
protection, and a water resources project of any other type carried out by
the Corps of Engineers.

(b) INDEPENDENT PEER REVIEW OF PROJECTS—
(1) IN GENERAL—Not later than 90 days after the date of enactment of
this Act, the Secretary shall contract with the Academy to study, and

make recommendations relating to, the independent peer review of feasi-
bility reports.
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(2) STUDY ELEMENTS—In carrying out a contract under paragraph
(1), the Academy shall study the practicality and efficacy of the inde-
pendent peer review of the feasibility reports, including—

(A) the cost, time requirements, and other considerations relating to
the implementation of independent peer review; and

(B) objective criteria that may be used to determine the most effec-
tive application of independent peer review to feasibility reports for each
type of water resources project.

(3) ACADEMY REPORT—Not later than 1 year after the date of a con-
tract under paragraph (1), the Academy shall submit to the Secretary, the
Committee on Transportation and Infrastructure of the House of Repre-
sentatives, and the Committee on Environment and Public Works of the
Senate a report that includes—

(A) the results of the study conducted under paragraphs (1) and (2);
and

(B) in light of the results of the study, specific recommendations, if
any, on a program for implementing independent peer review of feasibil-
ity reports.

(4) AUTHORIZATION OF APPROPRIATIONS—There is authorized
to be appropriated to carry out this subsection $1,000,000, to remain
available until expended.

(c) INDEPENDENT PEER REVIEW OF METHODS FOR PROJECT
ANALYSIS—

(1) IN GENERAL—Not later than 90 days after the date of enactment of
this Act, the Secretary shall contract with the Academy to conduct a
study that includes—

(A) a review of state-of-the-art methods;

(B) a review of the methods currently used by the Secretary;

(C) a review of a sample of instances in which the Secretary has ap-
plied the methods identified under subparagraph (B) in the analysis of
each type of water resources project; and

(D) a comparative evaluation of the basis and validity of state-of-the-
art methods identified under subparagraph (A) and the methods identi-
fied under subparagraphs (B) and (C).
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(2) ACADEMY REPORT—Not later than 1 year after the date of a con-
tract under paragraph (1), the Academy shall transmit to the Secretary,
the Committee on Transportation and Infrastructure of the House of Rep-
resentatives, and the Committee on Environment and Public Works of
the Senate a report that includes—

(A) the results of the study conducted under paragraph (1); and

(B) in light of the results of the study, specific recommendations for
modifying any of the methods currently used by the Secretary for con-
ducting economic and environmental analyses of water resources pro-
jects.

(3) AUTHORIZATION OF APPROPRIATIONS—There is authorized

to be appropriated to carry out this subsection $2,000,000. Such sums
shall remain available until expended.
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Rosters

Coordinating Committee

LEONARD SHABMAN, Chair, Resources for the Future, Washington,
D.C.

GREGORY B. BAECHER, University of Maryland, College Park

DONALD F. BOESCH, University of Maryland, Cambridge

ROBERT W. HOWARTH, Cornell University, Ithaca, New York (through
November 2002)

GERALDINE KNATZ, Port of Long Beach, Long Beach, California

JAMES K. MITCHELL, Virginia Polytechnic Institute and State
University, Blacksburg

LARRY A. ROESNER, Colorado State University, Fort Collins (through
August 2003)

A. DAN TARLOCK, Chicago-Kent College of Law, Chicago, Illinois

VICTORIA J. TSCHINKEL, The Nature Conservancy, Altamonte
Springs, Florida

JAMES G. WENZEL, Marine Development Associates, Inc., Saratoga,
California

M. GORDON WOLMAN, Johns Hopkins University, Baltimore,
Maryland

Peer Review Procedures

JAMES K. MITCHELL, Chair, Virginia Polytechnic Institute and State
University, Blacksburg

MELBOURNE BRISCOE, Office of Naval Research, Arlington,
Virginia

STEPHEN J. BURGES, University of Washington, Seattle

LINDA CAPUANO, Honeywell, Inc., San Jose, California

DENISE FORT, University of New Mexico, Albuquerque

PORTER HOAGLAND, Woods Hole Oceanographic Institution,
Massachusetts

DAVID H. MOREAU, University of North Carolina, Chapel Hill

CRAIG PHILIP, Ingram Barge Company, Nashville, Tennessee

JOHN T. RHETT, Consultant, Arlington, Virginia
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RICHARD E. SPARKS, Illinois Water Resources Center, Urbana
BORY STEINBERG, Steinberg and Associates, McLean, Virginia

Panel on Methods and Techniques of Project Analysis

GREGORY B. BAECHER, Chair, University of Maryland, College Park

JOHN B. BRADEN, University of Illinois, Urbana-Champaign

DAVID L. GALAT, University of Missouri, Columbia

GERALD E. GALLOWAY, Titan Corporation, Fairfax, Virginia

ROBERT G. HEALY, Duke University, Durham, North Carolina

EDWIN E. HERRICKS, University of Illinois, Urbana-Champaign

CATHERINE L. KLING, Iowa State University, Ames

LINDA A. MALONE, College of William and Mary, Williamsburg,
Virginia

RAM MOHAN, Blasland, Bouck & Lee, Inc., Annapolis, Maryland

MAX J. PFEFFER, Cornell University, Ithaca, New York

DOUG PLASENCIA, AMEC, Phoenix, Arizona

DENISE J. REED, University of New Orleans, Louisiana

JAN A. VELTROP, Consultant, Skokie, Illinois

Adaptive Management for Resource Stewardship

DONALD F. BOESCH, Chair, University of Maryland-Center for
Environmental Science, Cambridge

HENRY J. BOKUNIEWICZ, University of New York, Stony Brook

RICHARD DE NEUFVILLE, Massachusetts Institute of Technology,
Cambridge

G. EDWARD DICKEY, Consultant, Baltimore, Maryland

HOLLY D. DOREMUS, University of California, Davis

FREDRICK HITZHUSEN, Ohio State University, Columbus

CARL H. HERSHNER, Virginia Institute of Marine Science, Gloucester
Point, Virginia

FREDERICK J. HITZHUSEN, Ohio State University, Columbus

CHARLES D. D. HOWARD, Charles Howard Associates, British
Columbia, Canada

WILLIAM R. LOWRY, Washington University, St. Louis, Missouri

BARRY R. NOON, Colorado State University, Fort Collins

THAYER SCUDDER, California Technology Institute, Pasadena

ROBERT W. STERNER, University of Minnesota, Minneapolis

River Basin and Coastal Systems Planning

PETER R. WILCOCK, Chair, Johns Hopkins University, Baltimore,
Maryland
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GAIL M. ASHLEY, Rutgers University, Piscataway, New Jersey

DENISE L. BREITBURG, Smithsonian Environmental Research Center,
Edgewater, Maryland

VIRGINIA R. BURKETT, U.S. Geological Survey, Lafayette, Louisiana

JOSEPH J. CORDES, George Washington University, Washington,
D.C.

ROBERT G. DEAN, University of Florida, Gainesville

JOHN A. DRACUP, University of California, Berkeley

WILLIAM J. MITSCH, Ohio State University, Columbus

ROBERT E. RANDALL, Texas A&M University, College Station

A. DAN TARLOCK, Chicago Kent College of Law, Chicago, Illinois

Water Science and Technology Board

RICHARD G. LUTHY, Chair, Stanford University, Stanford, California

JOAN B. ROSE, Vice Chair, Michigan State University, East Lansing

RICHELLE M. ALLEN-KING, State University of New York (SUNY),
Buffalo, New York

GREGORY B. BAECHER, University of Maryland, College Park

KENNETH R. BRADBURY, Wisconsin Geological and Natural History
Survey, Madison

JAMES CROOK, Water Reuse Consultant, Norwell, Massachusetts

EFI FOUFOULA-GEORGIOU, University of Minnesota, Minneapolis

PETER GLEICK, Pacific Institute for Studies in Development,

Environment, and Security, Oakland, California

JOHN LETEY, JR., University of California, Riverside

DIANE M. MCKNIGHT, University of Colorado, Boulder (through
June 30, 2003)

CHRISTINE L. MOE, Emory University, Atlanta, Georgia

ROBERT PERCIASEPE, National Audubon Society, Washington, D.C.

RUTHERFORD H. PLATT, University of Massachusetts, Amherst
(through June 30, 2003)

JERALD L. SCHNOOR, University of lowa, lowa City

LEONARD SHABMAN, Resources for the Future, Washington, D.C.

R. RHODES TRUSSELL, Trussell Technologies, Inc., Pasadena,
California

KARL K. TUREKIAN, Yale University, New Haven, Connecticut

HAME M. WATT, Independent Consultant, Washington, D.C.

JAMES L. WESCOAT, JR., University of Illinois at Urbana-Champaign
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Water Science and Technology Board Staff
STEPHEN D. PARKER, Director

LAURA J. EHLERS, Senior Staff Officer
JEFFREY W. JACOBS, Senior Staff Officer
WILLIAM S. LOGAN, Senior Staff Officer
LAUREN E. ALEXANDER, Staff Officer

MARK C. GIBSON, Staff Officer

STEPHANIE E. JOHNSON, Staff Officer

M. JEANNE AQUILINO, Administrative Associate
ELLEN A. DE GUZMAN, Research Associate
PATRICIA JONES KERSHAW, Study/Research Associate
ANITA A. HALL, Administrative Assistant

JON Q. SANDERS, Senior Project Assistant
DOROTHY K. WEIR, Project Assistant

Ocean Studies Board

NANCY RABALALIS (Chair), Louisiana Universities Marine Consortium,
Chauvin

LEE G. ANDERSON, University of Delaware, Newark

WHITLOW AU, University of Hawaii at Manoa

ARTHUR BAGGEROER, Massachusetts Institute of Technology,
Cambridge

RICHARD B. DERISO, Inter-American Tropical Tuna Commission, La
Jolla, California

ROBERT B. DITTON, Texas A&M University, College Station

EARL DOYLE, Shell Oil (Retired), Sugar Land, Texas

ROBERT DUCE, Texas A&M University, College Station

PAUL G. GAFFNEY, II, National Defense University, Washington, D.C.

WAYNE R. GEYER, Woods Hole Oceanographic Institution,
Massachusetts

STANLEY R. HART, Woods Hole Oceanographic Institution,
Massachusetts

RALPH S. LEWIS, Connecticut Geological Survey (Retired), Hartford

WILLIAM F. MARCUSON, III, U.S. Army Corp of Engineers (Retired),
Vicksburg, Mississippi

JULIAN P. MCCREARY, JR., University of Hawaii, Honolulu

JACQUELINE MICHEL, Research Planning, Inc., Columbia, South
Carolina

JOAN OLTMAN-SHAY, Northwest Research Associates, Inc., Bellevue,
Washington

ROBERT T. PAINE, University of Washington, Seattle
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SHIRLEY A. POMPONI, Harbor Branch Oceanographic Institution, Fort
Pierce, Florida

FRED N. SPIESS, Scripps Institution of Oceanography, La Jolla,
California

DANIEL SUMAN, Rosentiel School of Marine and Atmospheric Science,
Unviersity of Miami, Florida

Ocean Studies Board Staff

SUSAN ROBERTS, Director

JENNIFER MERRILL, Senior Program Officer
DAN WALKER, Senior Program Director
JOANNE BINTZ, Program Officer

ALAN B. SIELEN, Visiting Scholar
ANDREAS SOHRE, Financial Associate
SHIREL SMITH, Administrative Associate
JODI BACHIM, Senior Project Assistant
NANCY CAPUTO, Senior Project Assistant
SARAH CAPOTE, Project Assistant
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Biographical Information of
Panel Members and Staff

Donald F. Boesch is a professor of marine science and President of the
University of Maryland Center for Environmental Science (UMCES).
Dr. Boesch is a biological oceanographer who has studied coastal and
continental shelf environments along the Atlantic Coast and in the Gulf
of Mexico, eastern Australia, and the East China Sea. He has published
two books and more than 60 papers on marine benthos, estuaries, wet-
lands, continental shelves, oil pollution, nutrient over-enrichment, envi-
ronmental assessment and monitoring and science policy. In 1980 he
returned to his native state as the first Executive Director of the Louisi-
ana Universities Marine Consortium (LUMCON), where he was also a
professor of marine science at Louisiana State University. He was a
Fulbright Postdoctoral Fellow at the University of Queensland and sub-
sequently served on the faculty of the Virginia Institute of Marine Sci-
ence. Dr. Boesch received his B.S. degree from Tulane University and
Ph.D. degree from the College of William Mary.

Henry J. Bokuniewicz is a professor at the Marine Sciences Research
Center at the State University of New York at Stony Brook. His research
interests include nearshore transport processes, coastal groundwater hy-
drology, coastal sedimentation, and marine geophysics. He is particu-
larly interested in the behavior of coastal sedimentary systems and
coastal groundwater hydrology and its relations to coastal zone manage-
ment problems. He received his B.A. from the University of Illinois, and
his M. Phil. and Ph.D. degrees from Yale University.

Richard de Neufville is a professor of engineering systems and of civil
and environmental engineering at the Massachusetts Institute of Tech-
nology. From 1976-2000 he was the founding chair of the MIT Technol-
ogy and Policy Program. Earlier, he was a White House Fellow for
President Johnson. His research is in dynamic strategic planning and
technology policy, engineering systems analysis and real options. He has
written textbooks in these fields. Dr. de Neufville received his S.B.,
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S.M. and Ph.D. degrees from MIT, and his Dr. hc. Degree from the Delft
University of Technology.

G. Edward Dickey is a consultant to public and private organizations
interested in water policy and infrastructure development and manage-
ment. He also is adjunct professor of economics at Loyola College in
Maryland. Dr. Dickey retired from federal service in 1998 after a career
in water resources planning and project development. In his last position
as Chief of the Planning Division of the U.S. Army Corps of Engineers,
he directed the Corps' nationwide water resources planning programs and
its small project programs. In his prior positions as Deputy Assistant Sec-
retary of the Army and Acting Assistant Secretary of the Army (Civil
Works), he provided leadership and policy direction for all army civil
works activities including the Section 404 regulatory program. He re-
ceived his B.A. degree in political economy from the Johns Hopkins
University and his M.A. and Ph.D. degrees from Northwestern Univer-
sity.

Holly D. Doremus is a professor of law at the University of California,
Davis. Before joining UC-Davis, she taught law at University of Oregon
School of Law and Oregon State University, Corvallis. Previous to
teaching, she was an associate at Eickelberg & Fewel at Corvallis, Ore-
gon. Before entering law school, Dr. Doremus conducted basic research
on metabolic pathways of plants but was always interested in how scien-
tific data are integrated into a legal structure. She received her B.S. de-
gree in biology from Trinity College, her Ph.D. degree from Cornell
University, and her J.D. degree from the University of California, Berke-
ley.

Carl H. Hershner is an associate professor of marine science at the Col-
lege of William and Mary. He directs the Center for Coastal Resources
Management at the Virginia Institute of Marine Science. His research
interests are in tidal and nontidal wetlands ecology, landscape ecology,
and resource management/policy issues. He has active interests in re-
source inventory procedures, habitat restoration protocols, resource man-
agement “expert system” development, and science policy interactions.
He received his B.S. degree from Bucknell University and his Ph.D. de-
gree from the University of Virginia.

Fredrick J. Hitzhusen is a professor in the Department of Agricultural,
Environmental, and Development Economics. His primary research in-
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terests include the economics of sustainable agriculture, forest, and min-
ing systems with emphasis on off-site soil sediment and water quality
costs; the economics of renewable energy; and the economics of deliver-
ing and financing nonmetropolitan or rural government services. He re-
ceived his B.S. degree in agricultural education from lowa State Univer-
sity, his M.S. degree in agricultural economics from Purdue University,
and his Ph.D. degree in resource economics from Cornell University.

Charles D. D. Howard was the Founder and past President of Charles
Howard & Associates, Ltd. and has been an independent consulting en-
gineer since 1969 in the field of water resources engineering. He has
provided advice regarding water resource system operations and plan-
ning to water and power utilities, provincial, state, and federal govern-
ments in Canada and the U.S., the United Nations Development Pro-
gramme (UNDP) and the World Bank. In 1998 he received the Julian
Hinds Award of the American Society of Civil Engineers. He has par-
ticipated in several National Research Council committees and boards
including: Water Science and Technology Board, 1996-1999; Committee
on Water Resources in the Middle East, 1995-98; and the Committee on
Irrigation Water Quality Problems, 1987-96. Mr. Howard earned his
B.S. and his M.S. degrees from the University of Alberta, and his M.S.
degree from the Massachusetts Institute of Technology.

William R. Lowry is an associate professor in the political sciences de-
partment at Washington University. He received a B.S. degree (1979) in
business administration from Indiana University, an M.B.A degree
(1983) from the University of Illinois—Chicago, and M.A. (1985) and
Ph.D. (1988) degrees in political science from Stanford University. His
research interests include political institutions and public policy with a
particular focus on the environment and public lands. He has written
extensively on politics and public commons. Dr. Lowry received his
Ph.D. in political science from Stanford University.

Barry R. Noon is a professor at the Department of Fisheries and Wild-
life Biology in Colorado State University, Fort Collins. Before joining
the faculty of CSU, he was a research wildlife biologist and later a re-
search ecologist with the U.S. Forest Service. He has held teaching posi-
tions at Humboldt State University in Arcata, California and Sienna Col-
lege in New York. His fields of interests include conservation planning
for threatened and endangered species, science-based management of
public lands to conserve biological diversity, population dynamics and
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viability analysis for at-risk species, and vertebrate demography and life
history. He received his B.A. degree in biology from Princeton Univer-
sity and his Ph.D. degree in biology from the State University of New
York in Albany.

Robert W. Sterner is a professor at and the current head of the Depart-
ment of Ecology, Evolution, and Behavior at the University of Minne-
sota. Before joining the faculty at the University of Minnesota, he was a
member of the faculty at the University of Texas in Arlington, Texas and
was a postdoctoral fellow at the Institute for Limnology in Plon, Ger-
many. His research interests are in the areas of limnology, plankton
ecology, food webs, aquatic biogeochemistry, and nutrient dynamics.
His research combines ecosystem science with population processes such
as competition and predation. He received his B.S. degree in biology
from the University of Illinois and his Ph.D. degree from the University
of Minnesota.

Thayer Scudder is a professor at the Division of the Humanities and
Social Sciences, California Institute of Technology, Pasadena, Califor-
nia. His research encompasses the fields of river basin development,
forced relocation, and refugee reintegration in many areas around the
world including Africa, India, Nepal, Jordan, Indonesia, Malaysia, the
Philippines, Sri Lanka, and the United States. Dr. Scudder graduated
cum laude in general studies from Harvard College in 1952 with a con-
centration in anthropology and biology. He received his Ph.D. degree in
anthropology from Harvard University. After leaving Harvard, Dr. Scud-
der spent a year at the London School of Economics doing a postdoctor-
ate in African Studies, Anthropology and Ecology. After positions with
the Rhodes-Livingston Institute for Social Research in Northern Rhode-
sia 1956-1957 and again in 1962-1963, and a post at the American Uni-
versity in Cairo in 1961-1962, Dr. Scudder joined the faculty at CalTech.

National Research Council Staff

Jeffrey W. Jacobs is a senior program officer at the Water Science and
Technology Board of the National Research Council. His research inter-
ests include organizational and policy arrangements for water resources
planning, water resources science and policy relations, and river system
management. He has studied these issues extensively in Southeast Asia
and in the United States, and has conducted comparative research be-
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tween water management issues in the United States and Southeast Asia.
He received his B.S. degree from Texas A&M University, his M.A. de-
gree from the University of California (Riverside) and his Ph.D. degree
from the University of Colorado.

Ellen A. De Guzman is a research associate with the Water Science and
Technology Board of the National Research Council. She has worked on
a number of studies including Privatization of Water Services in the
United States, Review of the USGS National Water Quality Assessment
Program, and Drinking Water Contaminants (Phase II). She co-edits the
WSTB newsletter, annual report, and manages the WSTB homepage.
She received her B.A. degree from the University of the Philippines.

Jon Q. Sanders is a senior program assistant with the Water Science and
Technology Board. He received his B.A. degree in anthropology from
Trinity University. He is a member of the Society for Applied Anthro-
pology and the American Indian Science and Engineering Society. Mr.
Sanders has worked on a variety of projects at the WSTB ranging from
desalination to Everglades restoration. He is coauthor of “Sitting Down
at the Table: Mediation and Resolution of Water Conflicts” (2001).
Jon’s research interests include political ecology, Texas water issues, and
environmental decision making.
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