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Executive Summary

Background

Just south of the Utah-Arizona border, the Glen 
Canyon Dam, managed by the Department of the 
Interior’s (DOI) Bureau of Reclamation (Reclama-
tion), supplies water and generates power for seven 
western states and parts of Mexico. Historically, the 
dam’s prioritization of water storage and power de-
livery had negative impacts on natural and cultural 
resources and recreational uses in Grand Canyon 
National Park and Glen Canyon National Recre-
ation Area (both of which are under the National 
Park Service’s [NPS] jurisdiction). As a result, in 
1996, DOI established the Glen Canyon Dam 
Adaptive Management Program (Program) as a de-
cisionmaking framework to adjust dam operations 
to improve the condition of downstream resources 
while satisfying water and power allocation re-
quirements. To balance these competing interests, 
the Program draws from long-term research and 
monitoring activities and a robust stakeholder 
engagement process. 

Originally, Reclamation conducted individu-
al reviews under the National Environmental 
Policy Act (NEPA) and other statutes each time a 
negative change in the condition of downstream 
resources, like insufficient sediment to maintain or 
build sandbars, necessitated an operational change 

known as an “experimental” action at the dam to 
adjust the amount of water (or “flow”) released. 
This ad hoc process was cumbersome and time 
consuming for Reclamation and delayed resource 
protection. In 2016, Reclamation and NPS utilized 
the Program’s framework to adopt a new, compre-
hensive update — the Long-term Experimental 
and Management Plan (LTEMP) — to carry out 
operational changes at the dam and environmen-
tal compliance (e.g., NEPA) for a 20-year period. 
The LTEMP streamlined environmental compli-
ance for a range of experimental actions to allow 
for variations in flows in response to fluctuating 
environmental conditions, such as sediment. The 
LTEMP also included “non-flow” (i.e., non-water 
related) experiments, such as manual invasive spe-
cies removal, that can similarly minimize the dam’s 
impacts on the endangered humpback chub (one 
endemic fish species native to the Colorado River). 

Collectively, the Program and LTEMP provide 
transferable lessons and recommendations for 
establishing an inclusive, science-based approach to 
adaptive management that can result in adminis-
trative and environmental review efficiencies and 
improved environmental outcomes. These lessons 
and recommendations are especially relevant for 
novel or “first of their kind” restoration projects in 
the Gulf.

Building Gulf Coast Resilience:  
Lessons from the Glen Canyon Dam 
Adaptive Management Program
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Building Gulf Coast Resilience

Lessons and Recommendations

Drawing from the Glen Canyon Dam’s more than 
20-year history of adaptive management, this case 
study presents recommendations for how federal 
agencies and states in the Gulf Coast might apply 
these lessons to the long-term operation and man-
agement of Deepwater Horizon (DWH) projects:

Invest in and identify potential funding 
sources and partners for long-term research 
and monitoring. 

Decisions at Glen Canyon Dam, including the 
LTEMP, have benefitted from a long-term research 
and monitoring program that evaluates the dam’s 
impacts on downstream resources. The Glen 
Canyon Dam Adaptive Management Program has 
also benefited from the input of external experts 
that serve as additional outside resources and 
provide feedback on DOI’s processes. Monitoring 
and review are critical to adjust the operations of a 
project to address negative impacts, but they also 
require a significant investment in data collection. 
At Glen Canyon Dam, hydropower revenues pro-
vide most of the funding for research, monitoring, 
and data analysis. Although some DWH funding 
is available for monitoring and adaptive manage-
ment, project proponents will need to identify po-
tential funding sources and partners and prioritize 
long-term research and data collection objectives. 

Provide opportunities for expert and 
stakeholder engagement throughout a 
project’s life span. 

The Glen Canyon Dam Adaptive Management 
Work Group, which is one part of the Program’s 
decisionmaking framework, enables governmental 
and nongovernmental experts and stakeholders to 
have a “seat at the table” to inform DOI’s decisions 
on the dam’s operations and management. In turn, 
DOI gives the Work Group simplified syntheses 
of complex monitoring data to provide advice and 
recommendations regarding management. For the 
LTEMP, outreach and engagement were expanded 

to engage the public through the environmental 
review process. Adaptive management approaches 
in the Gulf should similarly include opportunities 
for expert and stakeholder engagement throughout 
a project’s life span, but in ways that are tailored to 
the scope and purpose of individual projects. Like 
Glen Canyon Dam, DWH project proponents 
should also provide decision-support resources to 
educate lay stakeholders about the technical aspects 
of adaptive management that could otherwise act 
as a knowledge barrier to their input. In addition 
to monitoring costs, funding will be needed to 
support this type of engagement with stakeholders. 

Develop and evaluate a robust range of 
adaptive management alternatives (or 
“experiments”) through environmental review 
processes. 

DOI’s approach shows how federal agencies can 
use NEPA and other environmental statutes to 
account for long-term adaptive management. 
The LTEMP is noteworthy because it was used to 
evaluate a range of well-modeled “experimental” 
actions that will allow Reclamation to vary dam 
operations to minimize impacts to different re-
sources and recreational uses. By including a range 
of experimental actions as alternatives in its NEPA 
analysis, DOI front-loaded this work, which will 
streamline environmental compliance for 20 years 
and avoid future delays in initiating experimen-
tal actions that would otherwise need to “pause” 
for standalone environmental reviews. To the 
extent that data and funding are available, DWH 
project proponents should explore the possibility 
of running models and creating programmatic 
NEPA analyses that can govern a range of adaptive 
management and experimental actions over mul-
tiple years. Similarly, for DWH projects, adaptive 
management approaches may help federal agencies 
become more comfortable with projects where 
exact impacts to habitats and species are uncertain 
but potential impacts, and corresponding opera-
tional changes that can minimize those impacts, 
can be anticipated through experimental models.
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Lessons from the Glen Canyon Dam Adaptive Management Program

Background

Glen Canyon Dam Overview

Just south of the Utah-Arizona border, the 710-
foot Glen Canyon Dam regulates flow along the 
Colorado River by storing water in Lake Powell, 
the second largest reservoir in the U.S.1 The dam 
is part of the Colorado River Storage Project2 con-
structed to control and preserve water access and 
use rights for seven states in the American West 
and parts of Mexico.3 Lake Powell has capacity 
to store more than 26 million acre-feet of water.4 

The dam also hosts a hydroelectric power plant, 
which has a total capacity of 1,320 megawatts 
and generates about five billion kilowatt-hours of 
power annually to meet the demands of nearly 5.8 
million customers.5 The dam is managed by the 
Department of the Interior (DOI) through the 
Bureau of Reclamation (Reclamation). 

In addition to water and power, the operations 
and management of the Glen Canyon Dam and 
its surrounding environment require Reclamation 
to work with several federal, state, local, and tribal 

governments and members of the public in order 
to balance a range of interests and competing uses. 
For instance, Grand Canyon National Park and 
Glen Canyon National Recreation Area, both man-
aged by the National Park Service (NPS), preserve 
natural, historical, and cultural resources and allow 
responsible tourism and recreation, like sport fish-
ing and whitewater rafting.6 Annually, rafting alone 
is estimated to bring $83 million and 600 jobs to 
the local economy7 and Glen Canyon National 
Recreation Area draws two million visitors.8 The 
Colorado River System around the dam is home 
to several endangered and threatened fish and 
other wildlife species protected under the Endan-
gered Species Act.9 The humpback chub and other 
endemic fish species are of particular conservation 
concern because they are only found in the Colora-
do River Basin.10 Additionally, six American Indian 
tribes have long-standing, intrinsic historical and 
religious ties to the lands in this region.11 The 
range of affected interests also includes the federal 
Western Area Power Administration, state water 
and resource management agencies, and environ-
mental interest groups. Adding to the complexity 
of managing the dam to balance these different 
interests, Reclamation is frequently confronted by 
external uncertainties, including fluctuations in 
annual precipitation that can lead to droughts and 
reduced stream flows.

History of the Glen Canyon Dam 
Adaptive Management Approach

Over the years, Reclamation has changed man-
agement and operations of the dam based upon 
shifting priorities and an evolving understanding 
of the environmental impacts of dam operations. 
When the dam was first constructed between 1956 
and 1963, its “primary purposes” were to manage 
water supply in the region and generate hydroelec-
tric power.12 In these early years, water allocations 
and power generation were prioritized.13 This 
management approach, however, had negative 
consequences for the Colorado River ecosys-
tem, cultural and tribal resources, and the river’s 

Map of Glen Canyon 

Dam and Adjacent Area.

A map of Glen Canyon 
Dam and adjacent areas 
including Lake Powell and 
nationally-protected lands, 
like Glen Canyon National 
Recreation Area (upstream 
from the dam) and Grand 
Canyon National Park 
(downstream).

Credit: Glen Canyon Dam 
Long-term Experimental 
and Management Plan, 
Final Environmental 
Impact Statement, Bureau 
of Reclamation and 
National Park Service, U.S. 
Department of the Interior 
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recreational users. Large releases scoured sediment 
from the river system and eroded beaches affecting 
habitats, populations of endangered fish species, 
and archaeological sites.14 These dramatic fluctua-
tions in water levels also hindered recreational uses 
on the river, such as fishing and rafting. 

Statutory changes in later years required DOI to 
take a more comprehensive approach to dam man-
agement.15 In 1995, Congress passed the Grand 
Canyon Protection Act specifically directing DOI 
to look at and minimize the downstream impacts 
of dam management on the natural, historical, and 
cultural resources and recreational uses at Grand 
Canyon National Park and Glen Canyon National 
Recreation Area.16 The Act requires DOI, through 
Reclamation and NPS, to “establish and imple-
ment long-term monitoring programs and activ-
ities”17 that must include “any necessary research 
and studies to determine the effect of [its actions] 
on the natural, recreational, and cultural re-
sources”.18 DOI adopted an adaptive management 
approach to meet the Act’s long-term monitoring 
requirement.19  DOI defines adaptive manage-
ment as “a decision process that promotes flexible 
decision making that can be adjusted in the face of 
uncertainties as outcomes from management ac-
tions and other events become better understood” 
that necessitates “careful” scientific monitoring and 
iterative “learning while doing”.20  The Act also 
mandates that DOI consult with specified stake-
holders representing various governmental and 
public interests impacted by the dam’s operations 
as a part of its long-term monitoring and adaptive 
management.21  

In 1996, DOI created the Glen Canyon Dam 
Adaptive Management Program (Adaptive Man-
agement Program or Program) as a streamlined and 
flexible decisionmaking framework that integrates 
long-term scientific monitoring with governmental 
and non-governmental engagement. The Pro-
gram allows Reclamation to operate and manage 
the dam in a way that satisfies legal water and 

power requirements while minimizing impacts to 
downstream resources in Grand Canyon National 
Park. In 2016, Reclamation and NPS updated how 
the Program was implemented when it adopted a 
Long-term Experimental and Management Plan 
(LTEMP or Plan) in accordance with the National 
Environmental Policy Act (NEPA) to govern the 
operations and management of Glen Canyon Dam 
over a 20-year period.22 The LTEMP involved 
intensive collaboration across a range of federal 
agencies, state and tribal governments, and private 
interest groups. The Plan also shows how a  
well-established adaptive management program 
can be utilized to better understand and minimize 
adverse human impacts on the environment. 

 The LTEMP will allow the agencies to proceed ac-
cording to a comprehensive adaptive management 
plan, but it did not alter the Program itself. The 
Glen Canyon Dam Adaptive Management Pro-
gram still provides the procedural, decisionmaking 
framework through which DOI takes actions or 
make changes, like the LTEMP, regarding the 
dam’s operations. For example, Reclamation and 
NPS selected the final NEPA alternative for the 
LTEMP by utilizing the Program’s decisionmaking 
framework. However, given their interconnectivity, 
both actions will be presented collectively in this 
case study as the “Glen Canyon Dam adaptive 
management approach” unless otherwise distin-
guished.  

As federal agencies and state and local govern-
ments work to establish and implement adaptive 
management for DWH restoration projects, they 
may benefit from the lessons that can be learned 
from the Glen Canyon Dam adaptive management 
approach. While this case study is particularly 
relevant to the sediment diversion projects in Loui-
siana, it can also inform the many other restoration 
projects where adaptive management was identified 
as a priority.23 

Building Gulf Coast Resilience
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Legal Context

Funding

Compared to Gulf Coast restoration efforts, which 
are funded by different and multiple sources of 
funding, including legal settlements, long-term 
research and monitoring at Glen Canyon Dam is 
funded mostly24 by hydropower revenues from the 
Colorado River Storage Project. The Grand Can-
yon Protection Act of 1992 authorized a dedicated, 
non-appropriated source of funding for the dam.25 
Revenues generated from the sale of the dam’s 
hydroelectric power are used to pay for annual op-
eration and maintenance costs, including the Glen 
Canyon Dam Adaptive Management Program.26

Environmental Review and 
Permitting 

As a complex infrastructure project with compet-
ing uses and impacts to natural, historical, and 
cultural resources, Glen Canyon Dam is subject to 
environmental review and permitting requirements 
under both federal and state laws, in addition to 
water rights agreements and special considerations 
for lands or natural features with a protected status 
(e.g., national parks). The main federal laws affect-
ing dam operations and management, include the 
following: 

• Law of the River for the Colorado River Basin — 
A series of legal documents and agreements that 
governs allocations and rights to water from the 
Colorado River; the Grand Canyon Protection 
Act (below) requires that the dam continue to 
be operated in a manner that will ensure com-
pliance with these documents and agreements 
on water rights and allocations.27

• Colorado River Storage Project Act of 1956 — 
Authorized comprehensive development of the 
water resources of the Upper Basin states (Col-
orado, New Mexico, Utah, and Wyoming) by 
providing for the long-term regulatory storage 

of water, including construction of the Glen 
Canyon Dam and Lake Powell, to meet the 
legal needs of the Lower Basin states (Arizona, 
California, and Nevada). 

• Grand Canyon Protection Act of 1992 — Called 
for the development of a long-term research 
and monitoring (i.e., adaptive management) 
approach for operating the Glen Canyon Dam 
in a way that would minimize conflicts among 
competing interests. The Act requires that re-
source protection and recreation be considered 
among the dam’s other priorities and that the 
public participate in the dam’s management.

• Endangered Species Act (ESA) — Section 7 of 
the ESA requires federal agencies to consult 
with the U.S. Fish and Wildlife Service (USF-
WS) when their actions “may affect” protected 
species or their critical habitat. 

• National Historic Preservation Act (NHPA) — 
Section 106 of the NHPA requires federal 
agencies to take into account the effects of 
their “undertakings” (i.e., directed, authorized, 
or funded actions) on historic properties and 
consult with states, tribes, and other interested 
parties. 

• National Environmental Policy Act (NEPA) — 
NEPA requires that federal agencies evaluate 
the environmental impacts of activities they 
direct, authorize, or fund and consider alter-
native actions to avoid, minimize, or mitigate 
those impacts. 

• Clean Water Act (CWA) — Section 402 of the 
CWA requires that those who discharge waste 
or storm water into a “surface water of the 
United States” obtain a permit from the U.S. 

Federally endangered 

Humpback Chub.

The federally endangered 
humpback chub is one fish 
species endemic to the 
Colorado River. Historical 
declines in the species and 
changes to its habitat have 
occurred as a result of the 
dam’s construction and 
operation. These concerns 
were and continue to be 
one of  the environmental 
factors that drive adaptive 
management and research 
and monitoring at Glen 
Canyon Dam, especially 
given requirements to 
comply with the National 
Environmental Policy Act 
and Endangered Species 
Act. 

Credit: Bureau of 
Reclamation, U.S. 
Department of the Interior

Lessons from the Glen Canyon Dam Adaptive Management Program
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Environmental Protection Agency (or state 
delegee) in order to achieve specific Water 
Quality Standards. The Glen Canyon Dam 
releases water into a surface water of the United 
States: the Colorado River. These releases must 
comply with and not negatively impact the riv-
er’s overall Water Quality Standards for human 
uses, such as fishing. 

Agency Roles 

Given the range of jurisdictions and interests 
implicated by the dam, a number of federal agen-
cies and state and tribal governments have a role 
in its operation and management. Reclamation 
and NPS, both within DOI, have two primary 
responsibilities: Reclamation manages the dam 
and NPS manages the areas surrounding the dam 
including the Grand Canyon National Park, Glen 
Canyon National Recreation Area, and Lake Mead 
National Recreation Area. As the principles for the 
dam, Reclamation and NPS were joint co-leads 
on the LTEMP Environmental Impact Statement 
(LTEMP EIS). In addition, more than three fed-
eral and six non-federal agencies and six American 
Indian Tribes either have jurisdiction over or are 
impacted by the dam and its effects on down-
stream resources and therefore, participated in the 
development of the LTEMP.28 

Lessons Learned
Glen Canyon Dam provides a range of lessons in 
adaptive management, beginning with the need for 
long-term research and monitoring that can sup-
port stakeholder engagement and comprehensive, 
long-term planning through required environmen-
tal reviews. By integrating a monitoring program, 
stakeholder engagement, and long-term planning, 
Reclamation can both manage the dam’s multiple, 
competing interests more efficiently through in-
formed decisionmaking and better adapt to future 
events, like drought, while being legally compliant.  

An Inclusive Approach to Adaptive 
Management 

In 1997, DOI created the Glen Canyon Dam 
Adaptive Management Program29 that provides a 
decisionmaking framework regarding the dam’s 
operations and management. The Program was 
designed to account for, and attempt to balance, 
multiple, often-competing purposes using opera-
tional changes and experiments guided by long-
term monitoring data. The Program’s three-part 
decisionmaking framework integrates science and 
stakeholder engagement to inform DOI’s dam 
operations and management actions:30 

• Monitoring — The U.S. Geological Survey’s 
Grand Canyon Monitoring and Research Cen-
ter (Center) conducts research and monitoring 
activities in the Grand Canyon ecosystem.31 

• Peer review — The Center’s work is reviewed 
by an independent scientific review panel as a 
“check and balance” to ensure the integrity of 
its procedures and results and provide addition-
al expert input.32 

• Stakeholder input — The Center’s panel-re-
viewed results inform the Adaptive Manage-
ment Work Group’s advice and recommen-
dations to DOI. The Adaptive Management 
Work Group (Work Group) is a 25-member 
body33 that fulfills the Grand Canyon Pro-
tection Act’s requirement for DOI to engage 
stakeholders in the dam’s long-term monitor-
ing and management.34 The Work Group also 
includes a subcommittee, the Technical Work 
Group, to provide expert technical support that 
enables all members to understand the scientific 
outputs generated by the Center.35 

Using information and recommendations de-
veloped through these three parts, DOI makes 
necessary changes to the dam’s operations and 
management, while simultaneously complying 

Building Gulf Coast Resilience
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with all laws governing the dam and the Colorado 
River’s water use agreements. If DOI makes a new 
decision as a result of the Program, that decision 
re-initiates the adaptive management process, 
beginning with new research and monitoring 
activities by the Center. 

The Program is a flexible and inclusive adaptive 
management framework that has not been sig-
nificantly revised in its more than 20-year histo-
ry.36 Regardless, the Program has been subject to 
some critique that could be noteworthy for other 
agencies interested in developing similar frame-
works.37 For example, while the Adaptive Man-
agement Work Group includes 25 governmental 
and non-governmental members, some external 
reviewers and constituencies have found the body’s 
composition to be either under-representative of 
necessary stakeholders, which can detract from the 
validity of final advice and recommendations,38 or 
have suggested that it is too large and unwieldy to 
operate by consensus.39 

Benefits of Comprehensive, Long-
term Environmental Reviews 

Early on at the dam, several “experimental actions” 
were pursued by the Program to test operational 
measures that could minimize impacts to nat-
ural resources.40 Experiments consisted of both 
“flow” (i.e., water) and “non-flow” (i.e., non-water 
related) actions. The majority of experimental 
actions evaluated different flows, such as “high 
flows” — or artificial or controlled floods where 
large-volumes of water were released on a schedule 
to mimic pre-dam flooding by the Colorado River 
— designed to encourage sandbar building down-
stream for campers and whitewater rafters, native 
fish and wildlife habitat, and to provide a source 
of windblown sand that may help protect some ar-
chaeological sites.41 Additionally, the Program con-
ducted non-flow actions, such as physically remov-
ing non-native fish (e.g., trout) from the Colorado 
River to benefit the endangered humpback chub.42 
Prior to the LTEMP, for experimental actions not 
covered by an existing NEPA document, DOI 
had to conduct new, independent environmental 
reviews under NEPA and other statutes, like the 
Endangered Species Act.43 While the experimental 
actions were necessary to inform and improve the 
dam’s operations and management, especially for 
purposes of resource protection, these compliance 
obstacles for individual experiments were costly 
and time-consuming. Thus, DOI pursued a more 
programmatic approach that will ideally end the 
need for standalone reviews. 

In 2011,44 DOI initiated its first comprehensive 
update45 to adaptive management at the dam with 
the LTEMP. Ultimately, DOI found that it had 
collected enough scientific information since 1996 
to proceed with new operational standards for the 
dam for a 20-year period.46 In 2016, DOI finalized 
the LTEMP and it will govern dam operations and 
experimental actions through 2036.47 

Lessons from the Glen Canyon Dam Adaptive Management Program

High-flow Experiments. 

Water is released from the 
dam and into the Colorado 
River during a high-flow 
experiment in 2016.  

Credit: Bureau of 
Reclamation, U.S. 
Department of the Interior
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The LTEMP allows DOI to continue to meet 
existing legal requirements and energy demands 
and, to the greatest extent practicable, also be 
responsive to different interests in the face of a 
changing environment. For purposes of adaptive 
management, the LTEMP calls for changes in 
the dam’s flow and non-flow actions if physical or 
biological conditions are triggered.48 Specifically, if 
monitored physical (e.g., sediment) or biological 
(e.g., number of adult or subadult fish) conditions 
are triggered, new operational or management ac-
tions may be pursued to minimize adverse impacts 
or maximize environmental benefits; however, data 
relevant to these conditions do not automatically 
result in operational changes. Before DOI makes 
any decisions, it will evaluate the effects of a trig-

gered condition on other resources to determine 
the best holistic course of action through the Pro-
gram’s framework.49 Going forward, the LTEMP’s 
long-term research and monitoring will also enable 
DOI to evaluate operational changes needed to 
adjust to climate50 and drought-related impacts. 
For instance, in the final LTEMP, DOI stated 
how individual experiments will be selected and 
implemented annually.51 This yearly evaluation of 
potential experiments can take into account and be 
responsive to long-term environmental impacts.52 

Building Gulf Coast Resilience

Interagency and Stakeholder Engagement in the LTEMP NEPA Process

Reclamation and NPS were co-leads on the LTEMP EIS. This joint effort was new for the Glen Canyon Dam 

and assembled an interdisciplinary team of experts from two parts of DOI that were reflective of the dam’s 

diverse uses and interest groups (e.g., dam managers, biologists, historians). Previously, Reclamation was 

the only NEPA lead. The two agencies expanded on, and sometimes diverged from, the existing structure 

of the Adaptive Management Program to encompass NEPA’s specific scope and legal requirements.53 

Regardless, the LTEMP NEPA review similarly incorporated science and stakeholder engagement to garner 

input from 15 cooperating agencies and the public. To help guide development of the LTEMP, Reclamation 

and NPS hired external scientists to synthesize the large volume of research and studies produced since 

the 1990s to present scientific information in a simplified way. Specifically, the synthesized studies allowed 

Reclamation and NPS to more easily discuss the science with governmental and non-governmental stake-

holders. Being responsive to stakeholder concerns, Reclamation and NPS, in conjunction with other entities 

including the U.S. Geological Survey and the Western Area Power Administration, even re-ran scientific 

models to generate a new alternative for the LTEMP that had greater buy-in; this alternative was ultimately 

selected for the final LTEMP.54 Similar to the Glen Canyon Dam Adaptive Management Program, the LTEMP 

NEPA process was able to adapt procedures as needed to ensure stakeholders had access to and an ability 

to understand the best-available science and inform the final LTEMP.
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Lessons from the Glen Canyon Dam Adaptive Management Program

Timeline of Events 
Glen Canyon Dam 
Background 

1950s–1970s   

 April 11, 1956 — Colorado River Storage Project Act of 1956 (43 U.S.C. § 620) 
enacted; authorized the construction of Glen Canyon Dam and specifies the 
dam’s water management and power generation goals. 

1963 — Construction of Glen Canyon Dam completed. 

January 1, 1970 — National Environmental Policy Act (NEPA) (42 U.S.C. §§ 
4321 et seq.) enacted. 

   

Glen Canyon Dam 
Studies 

1980s–1996   

 December 1982 — Bureau of Reclamation initiated study on the effects of 
dam operations. 

November 1989 — Secretary of the Interior directed development of 
Environmental Impact Statement (EIS) for authorizing operational changes at 
the dam. 

October 30, 1992 — Grand Canyon Protection Act of 1992 (GCPA) (106 Stat. 
4669) enacted requiring the Secretary of the Interior to prepare an EIS under 
NEPA in two years and prioritize long-term research and monitoring, resource 
protection, and recreational uses. 

March 1995 — Final EIS entitled, Operation of Glen Canyon Dam: Colorado 
River Storage Project, Arizona, was published and incorporated 40 different 
projects undertaken by more than 15 different agencies. 

October 9, 1996 — Record of decision for the final EIS signed by the Secretary 
of the Interior mandating the development of an adaptive management 
approach. 

   

Developing an 
Adaptive Management 
Approach 

1997–2016  

 January 1997 — Glen Canyon Dam Adaptive Management Program and 
Adaptive Management Work Group established. 

September 10-11, 1997 — Adaptive Management Work Group held its first 
meeting and established the Technical Work Group subcommittee. 

2011 — Scoping initiated for Long-term Experimental and Management Plan 
(LTEMP) and draft EIS based on sufficiency of data from the Glen Canyon Dam 
Adaptive Management Program that could better inform and authorize a more 
comprehensive approach for operations and management of the dam over a 
20-year period. 

2016 — Glen Canyon Dam LTEMP final EIS published (in October) and record 
of decision signed (in December). 
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Recommendations 
This section provides recommendations from Glen 
Canyon Dam for Deepwater Horizon (DWH) 
projects where adaptive management is a compo-
nent of restoration. 

Environmental Review 
and Planning for Adaptive 
Management

Design and run robust scientific models to 
produce a range of experimental actions. 

In adaptive management, experimental actions 
allow managers to adjust how a project is operat-
ed for purposes of mitigating harm over time as 
operations are adjusted based upon the response 
of ecosystems and resources. For example, with 
the Glen Canyon Dam adaptive management ap-
proach, experimental flows are monitored to deter-
mine if sandbars are being created to achieve goals 
related to natural and cultural resource protection 
and recreational uses. If not, Reclamation can 
adjust the dam’s flows to a degree during high-flow 
periods in order to attempt to increase sandbar 
building. Experimental actions are determined by 
designing and running scientific models that help 
managers anticipate the environmental effects of 
operational changes. Additionally, the LTEMP EIS 
used historical data to model several hydrological 
scenarios for the river system, like droughts, that 
will help managers anticipate the full range of 
likely environmental conditions over a 20-year pe-
riod. DWH restoration projects with an adaptive 
management priority should similarly consider and 
evaluate a host of environmental conditions that 
could be encountered over the life of restoration, 
such as sea-level rise or changes in salinity, and 
select a range of experimental actions for maximiz-
ing the benefits of the project in light of antici-
pated changes in environmental conditions. This 
may require the collection of additional baseline 
data and the development of models to evaluate 

different potential environmental scenarios. For 
example, with the Mississippi River sediment 
diversion projects, monitoring and evaluation can 
help managers adjust flows to manage changes in 
salinity to reduce impacts to marine mammals and 
to ensure that the diversion of sediment is meeting 
the primary goal of rebuilding land.  

Include a range of experimental actions in 
programmatic NEPA documents.

NEPA documents (i.e., EISs and environmental 
assessments) for adaptive management programs, 
like the LTEMP EIS, should evaluate a broad 
range of experimental actions. Comprehensive-
ly evaluating experimental actions through the 
NEPA process can have many important benefits 
including: helping to improve the effectiveness 
and efficiency of management decisions; helping 
managers better respond to anticipated and unan-
ticipated changes in the environment; decreasing 
the potential length or severity of environmental 
harms; and preventing the need for subsequent 
NEPA reviews. Because the LTEMP EIS analyzed 
multiple, different experimental actions and sce-
narios, DOI will likely avoid the need to conduct 
standalone environmental reviews for most opera-
tional changes through 2036.

Adaptive management can be used to 
get federal agencies comfortable with a 
project that has uncertain environmental 
consequences. 

With the Glen Canyon Dam, adaptive man-
agement provided agencies with more flexibility 
because they did not need to have all the answers 
upfront to authorize operational changes. Robust 
monitoring is used to adjust operations annually to 
minimize the negative consequences of dam man-
agement on various interests. Adaptive manage-
ment has also helped DOI address complexities in 
the system; for example, in response to a drought, 
dam operations can be adjusted to address conflicts 
between water supply needs, streamflow for fish, 

Building Gulf Coast Resilience
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and energy production. Similarly, with some of the 
DWH projects, adaptive management approaches 
may help federal regulatory agencies move ahead 
with projects where potential negative impacts 
to habitats and species are uncertain but can be 
minimized through operational changes.

Set expectations upfront about the different 
roles of scientists and policymakers in an 
adaptive management context. 

While designing adaptive management programs, 
DWH project proponents should delineate and 
educate one another about the respective roles 
of scientists and policymakers or managers in an 
adaptive management context. Understanding the 
differences between disciplines and roles can set 
professional expectations upfront and avoid poten-
tial conflicts or misunderstandings when a project 
is implemented. For example, each discipline 
conducts different types of analyses: “Scientists 
ask: how does the world work? Policymakers and 
managers, by contrast, ask: what values do we care 
about, what priorities should we set, and how do 
we allocate which resources to what priorities?”55 

Specifically, scientists can set expectations upfront 
about the roles and limitations of how data can 
inform decisionmaking, minimize environmental 
consequences, and address uncertainties. Agency 
staff managing or permitting these projects must 
evaluate whether the proposed modeling, monitor-
ing protocol, and adaptive management approach 
satisfy legal requirements under environmental 
compliance or other statutes, like NEPA and the 
Endangered Species Act. By accounting for these 
differences early on, project proponents can start 
with a “bigger picture” awareness of the roles of 
different team members in implementing adaptive 
management approaches. 

Long-term Research and 
Monitoring

Establish a long-term research and monitoring 
program in order to enhance the effectiveness 
of decisionmaking. 

As DWH projects are implemented, those 
with an adaptive management component will 
require a strong long-term monitoring proto-
col for collecting and analyzing data to inform 
future management decisions. Monitoring is 
critical to address the environmental impacts of 
a project through operational changes. Without 
a long-term monitoring protocol to evaluate and 
respond to changing environmental conditions, 
project proponents will struggle to maximize the 
environmental benefits delivered and minimize 
harms. Likewise, long-term monitoring will be 
particularly important for DWH restoration 
projects where sea-level rise and land loss may 
necessitate management changes to address 
changing environmental conditions. 

Integrate feedback loops and external “checks 
and balances” with long-term research and 
monitoring. 

The Glen Canyon Dam Adaptive Manage-
ment Program benefits from the independent, 
external review of its long-term research and 
monitoring protocols and results. This review 
allows DOI to accrue additional expert support 
and objectivity that enhances the value and 
credibility of the science it produces. DWH 
project proponents should consider incorpo-
rating an external review element to adaptive 
management processes in order to similarly 
ensure the validity and utility of intra-govern-
mental research and monitoring and operational 
changes.  

Lessons from the Glen Canyon Dam Adaptive Management Program
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Identify a funding source and develop public-
private partnerships to support long-term 
research and monitoring. 

Long-term research and monitoring requires a 
significant investment in data collection. With 
Glen Canyon Dam, monitoring and data analy-
sis is mostly funded with hydropower revenues. 
For DWH, project proponents may need to 
find additional funding sources or partnerships 
(e.g., public, private, academic, non-profit) to 
support long-term research and monitoring and 
should prioritize research and data collection 
objectives. Project proponents could also explore 
building on existing data collection efforts in a 
given ecosystem or area, for example from the 
National Oceanic and Atmospheric Administra-
tion’s Centers of Excellence or fisheries science 
centers, different state agencies, or citizen 
science programs. 

Adaptive Management Expert and 
Stakeholder Engagement 

Establish a transparent adaptive management 
approach that is inclusive of experts and 
stakeholders who can inform decisionmaking. 

Like the Glen Canyon Dam approach, DWH 
restoration projects with an adaptive manage-
ment component should integrate opportunities 
for stakeholders to have a say in management 

decisions. Although DWH restoration projects 
may differ in their scale and available funding, 
they could benefit from an inclusive decision-
making process or structure that is informed by 
relevant experts and affected members of the 
public. To the extent practicable, DWH projects 
should include transparent, defined processes or 
structures that can span a project’s life cycle and 
evolve, as needed. Moreover, selected engage-
ment vehicles should ensure that enough of and 
the right experts and stakeholders are present 
and that their voices are not outnumbered or 
overpowered by governmental representatives. 
A diversity of voices, even if small in number or 
influence, can help encourage creative compro-
mises in accordance with a project’s primary 
purposes. Inclusivity can improve decision 
outcomes for a greater number of people and 
reduce implementation risks or delays, such 
as from litigation. For example, Louisiana will 
have to evaluate how to hear from constituents, 
like fishermen, that are concerned about how 
the land-building objective of the sediment 
diversion projects will impact their ability to fish 
and continue current coastal uses. As the Glen 
Canyon Dam example shows, multiple interests 
can be balanced through an adaptive man-
agement approach, particularly when distinct 
interests are given a “seat” at the decisionmaking 
“table.” The need for expert and stakeholder 
involvement will become particularly import-
ant as coastal environments change in response 

Kayaking on Lake 

Powell. 

A man kayaking on 
Lake Powell showcases 
one of the area’s 
recreational pastimes and 
stakeholders that inform 
the dam’s operations and 
management.

Credit: National Park 
Service, U.S. Department of 
the Interior

Building Gulf Coast Resilience
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to natural (e.g., sea-level rise) and man-made 
changes and the trade-offs of different manage-
ment approaches are better understood. 

Create a decision-support system to educate 
stakeholders about the experimental nature 
of adaptive management and present science 
in a publicly digestible format. 

Often, people look to science for a single, pre-
scribed solution to an environmental problem; 
however, that assumption is not always realistic, 
especially for complex or novel projects, like 
dam operations, the Mississippi River sediment 
diversions, or fisheries management. In order to 
increase understanding of, and the level of com-
fort with, adaptive management, DWH project 
managers can set expectations early on by ed-
ucating decisionmakers and other stakeholders 
about adaptive management principles and pri-
ority outcomes. For example, stakeholders can 
learn that operational changes will be iteratively 
evaluated based upon real-time monitoring 
and that projects will not be implemented in 
a “one and done” fashion. Accordingly, stake-
holders should be given multiple opportunities 
for input throughout an adaptive management 
process and the life cycle of a project. Moreover, 
decisionmakers and other stakeholders need to 
build a tolerance for uncertainty — experiments 
may not achieve intended results or may have 
unforeseen effects on resources — but adaptive 
management can help minimize the conse-
quences of those uncertainties as operational 
changes can be reevaluated on a regular basis. 
Additionally, policymakers should work with 
scientists to provide information in a publicly 
digestible format. Although these actions will re-
quire that agencies make front-end investments 
in education and outreach, these investments 
can encourage stakeholders to contribute to and 
inform decisions that best balance competing 
interests and priorities.

Conclusion 

The Glen Canyon Dam adaptive management 
approach provides useful lessons for the DWH 
restoration projects. The Glen Canyon Dam 
model can be incorporated into longer-term or 
novel restoration projects, such as the sediment 
diversion projects, where long-term research 
and monitoring are necessary to understand 
the effects of restoration on the environment. 
Adaptive management is a growing field which 
applies science to management decisions.  
Federal agencies and Gulf Coast states must 
thoroughly research best practices and  
already-defined legal boundaries in order to 
proceed most effectively. Regardless, this up-
front investment beginning with environmental 
review under the National Environmental Policy 
Act should not deter agencies. Instead, it should 
serve as an incentive to better manage resources 
based upon real-time monitoring of site-specific 
conditions. Adaptive management also pro-
vides an opportunity for project proponents to 
consider and integrate stakeholder input on the 
management of projects where the restoration 
outcomes can have pronounced effects on com-
munities and economies. Adaptive management 
itself is not an “end game” but, as the Glen Can-
yon Dam example demonstrates, it is a good 
way of “doing business” to maximize benefits 
and minimize harms. Ideally, the federal and 
state agencies applying these methods to DWH 
projects will share additional guidance and 
lessons so that adaptive management approaches 
can continue to be refined and improved in the 
future. 

Lessons from the Glen Canyon Dam Adaptive Management Program
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44 DOI initiated public scoping for the LTEMP in 2006; however, the process that led to the final LTEMP did not technically begin 

until 2011/2012. In the intervening period, environmental compliance requirements under National Environmental Policy Act and 
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Endangered Species Act for the endangered humpback chub regarding experimental high-flow actions and litigation brought by 

the Grand Canyon Trust delayed it. See Long-term Experimental Plan for the Operation of Glen Canyon Dam and Other Associated 

Management Activities, 73 Fed. Reg. 8062, 8063 (Feb. 12, 2008); see also Grand Canyon Trust v. U.S. Bureau of Reclamation et al., 

623 F. Supp. 2d 1015 (D. Ariz. 2009), 691 F.3d 1008, 1014 (9th Cir. 2012), as amended (Sept. 17, 2012). 

45 Notice of Availability for the Final Environmental Impact Statement for the Long-term Experimental and Management Plan for the 

Operation of Glen Canyon Dam, Page, Arizona, 89 Fed. Reg. 69,850, 69,850 (Oct. 7, 2016) (“This will be the first EIS completed on 

the monthly, daily, and hourly operations of Glen Canyon Dam since 1995, which was a major point of demarcation in attempting 

to achieve a balance between project purposes and natural resources protection.”).

46 Id. (“The need for the proposed Federal action stems from the need to use scientific information developed since the 1996 ROD 

to better inform the public of Department of the Interior decisions on dam operations and other management and experimental 

actions . . . .”); Bureau of reclamation & nat’l park Serv., u.S. Dep’t of the interior, recorD of DeciSion for the glen canyon Dam long-term 

experimental anD management plan final impact Statement § 2, p. 3; § 4.1, p. 5 (Dec. 2016) [hereinafter LTEMP FEIS ROD]. 

47 See supra n.45; see also generally LTEMP FEIS, supra n.4 & LTEMP FEIS ROD, supra n.46. 

48 See LTEMP FEIS ROD, supra n.46, at app. B, § 1.3 (“Implementation Process for Experiments Under Alternative D”). 

49 See id.

50 In the LTEMP FEIS, DOI treated the effects of climate change on the LTEMP as “an uncertainty in the analyses of hydrology and 

downstream resource impacts, rather than by means of a full-fledged climate analysis and adaptation approach.” LTEMP FEIS, 

supra n.4, ch. 4, § 4.16.1.2, p. 4-413. Regardless, DOI’s LTEMP analysis is noteworthy because it included a look at projected climate 

impacts on humans and resources at Glen Canyon Dam that can be considered over the Program’s next 20 years. See, e.g., id. at 

ch. 4, § 4.16.2.2 (“Effects of Climate Change on Hydrology and Downstream Resources”). Climate change may even be the greatest 

uncertainty facing the Glen Canyon Dam, and possibly other adaptive management programs and thus, long-term monitoring and 

responsive management actions could become increasingly important. See Theodore S. Melis et al., Using Large-scale Flow Exper-

iments to Rehabilitate Colorado Ecosystem Function in Grand Canyon: Basis for an Adaptive Climate-resilient Strategy, in water 

policy anD planning in a variaBle anD changing climate ch. 17, § 17.3, p. 333 (Kathleen A. Miller et al., eds., 2016). 

51 LTEMP FEIS ROD, supra n.46, at app. B, § 1.4, p. B-17 (“Communication and Consultation Process for Alternative D”). 

52 Id. 

53 Reclamation and NPS had to navigate legal differences between the Glen Canyon Dam Adaptive Management Program and LTEMP. 

For example, there are different requirements under NEPA regarding when and what information can be shared with a cooperating 

agency, compared to requirements under the Federal Advisory Committee Act, which governs the Adaptive Management Work 

Group, in terms of when and what information can be shared at a public Work Group meeting. 

54 See LTEMP FEIS ROD, supra n.46, at app. B, p. B-1. 

55 Scarlett, supra n.37, at 4.
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