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Ecological restoration programs in dynamic coastal environments can benefit from adaptive management, including an
iterative process for identifying and addressing critical uncertainties. We highlight key developments under the three
pillars that have increased the rate of restoration by the Columbia Estuary Ecosystem Restoration Program
(CEERP) over 20 years: science, coordination, and management. We show how such programs can be institutionalized
to ensure that estuary ecosystems are better understood, conserved, and restored. The principal conservation effort
under CEERP is to reconnect historical floodplain wetlands to the mainstem. The program also supports other restora-
tion actions that demonstrate a high potential to benefit ecosystem function and endangered salmon populations; how-
ever, there is greater uncertainty regarding these less-utilized techniques. Through adaptive management, we address
technical uncertainty regarding benefits to the environmental resource and programmatic uncertainty pertaining to
decision-making. Here, we examine three periods of CEERP growth to establish how complementary research and res-
toration actions have improved program outcomes over time. We highlight the tools and processes that were developed
and integrated into the program to refine program strategy, improve project design, and maximize ecological benefits.
CEERP supported 77 restoration projects and reconnected over 7,000 acres of floodplain habitat to the lower Columbia
River between 2004 and 2021. Building on these successes, we outline current plans to better engage landowners and
local communities, solicit new project types, and maintain enough flexibility within the program to adapt to new
priorities.
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Implications for Practice Introduction

Ecological restoration programs benefit from adaptive manage-

e Managers can optimize restoration program effectiveness .
g P Prog ment (AM) that actively refines the program based on new

by linking science that addresses uncertainties to program
management and implementation.

e Coordination of key scientific and management tools
and processes supports effective program policy and
decision-making.

e A science-driven adaptive management framework bene-
fits from an established management team that values
independent scientific review and regularly synthesizes
and evaluates monitoring and research results.

e Continued nourishment of long-term relationships with
local communities lays the groundwork for future restora-
tion opportunities.

e Program managers, restoration practitioners, and
researchers must document the results of adaptive man-
agement programs so that lessons learned are readily
accessible, provide institutional memory, and benefit pro-
grams elsewhere.
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Adaptive management to increase program rigor

learning (Zedler 2017; Ellison et al. 2020). The now 20-year
effort organized by the Columbia Estuary Ecosystem Restora-
tion Program (CEERP) institutionalized restoration, monitoring,
and learning initiatives integral to the AM process (Ebberts
et al. 2017). CEERP managers and researchers coauthored this
case study to elaborate on CEERP’s AM cycle and three legs
supporting those efforts: Science, Coordination, and Manage-
ment (Fig. 1). The assessment herein demonstrates how program
managers—Bonneville Power Administration (BPA), U.S.
Army Corps of Engineers (USACE), and National Marine Fish-
eries Service (NMFS)—support each leg to achieve long- and
short-term goals. CEERP stakeholders—restoration sponsors,
monitoring practitioners, research entities, advisory groups,
and affiliates—then implement the program under the science
and coordination legs. Collaboration between program man-
agers and stakeholders is iterative and essential to successful
AM (Webb et al. 2018). We highlight key developments that
are replicable elsewhere and offer lessons for reducing uncer-
tainty and improving restoration outcomes.

Our focus is the 234-rkm (river kilometer) long floodplain of
the Columbia River Estuary (CRE) (Fig. 2). CEERP aims to
understand, conserve, and restore ecosystems in the estuary,
driven by Endangered Species Act (ESA) considerations and
the Northwest Power and Conservation Council (2000) Fish
and Wildlife Program. Early federal directives (e.g. the Pacific
Northwest Electric Power Planning Conservation Act of 1980,
NMEFS 2000) were initial drivers for CRE restoration. CEERP
adjustments have addressed restoration design optimization,
the science underlying salmon benefit indices, and local versus

Figure 1. CEERP’s adaptive management process (i.e. learning, monitoring,
and restoration) and its supporting legs. Each element of the AM cycle relies
on continuous management, coordination, and science activities, and
informs all three. The management team for CEERP is composed of
representatives of the Bonneville Power Administration (BPA), U.S. Army
Corps of Engineers Portland District (USACE), and National Marine
Fisheries Service (NMFS).

large-scale ecosystem responses. CEERP recognizes structural
(technical) uncertainty pertaining to environmental resources,
and institutional (programmatic) uncertainty about the
decision-making cycle (Williams & Brown 2018). This article
outlines AM improvements in both arenas throughout CEERP’s
evolution and discusses efforts to leverage lessons learned to
maximize benefits from aquatic ecosystem restoration.

Methods

Three main periods characterize the program’s evolution to date
(Fig. 3) based on major learning milestones and their influence
on restoration projects implemented: Foundational AM (2000—
2008), Emerging AM (2009-2013), and Maturing AM (2014—
2021). Coauthors identified tools and processes (Table 1)
instrumental to the program’s supporting legs, fostering an evo-
lution in sophistication of projects between 2000 and 2021.
Coordination with CEERP stakeholders is crucial to CEERP’s
AM and to fully evaluate future AM needs, we conducted
qualitative, semi-structured interviews (Drury et al. 2011) with
the five primary CEERP restoration project sponsors. We sent
questions to sponsors asking about effective landowner engage-
ment, critical support from CEERP managers, barriers to project
implementation, and the top ingredients for successful restora-
tion. Coauthors scheduled 1-hour meetings with each sponsor
organization and asked them to respond to the questions pro-
vided. All sponsors previewed the final table summarizing their
feedback before article submission and our evaluation of those
responses is discussed under Future AM.

Results

This manuscript documents CEERP progress toward achieving
restoration goals throughout three AM periods. CEERP’s under-
standing of the CRE and effective habitat restoration has
increased through research and tools developed and refined to
address uncertainties. Table 1 and Figure 4 are complimentary;
the former providing greater details for tools and processes that
were especially significant to the program’s advancement, a few
of which are highlighted below.

Foundational AM (2000-2008)

The scientific foundation for cohesive ecosystem restoration in
the CRE began during 2000-2008. Key advances included a
conceptual ecosystem model, studies linking juvenile salmon
ecology to habitat attributes, initiation of a digital ecosystem
classification system, establishing monitoring protocols, and
sampling at reference wetlands (Thom et al. 2004; Bottom
etal. 2005, Roegner et al. 2008, 2009; Borde et al. 2011; Diefen-
derfer et al. 2011; Simenstad et al. 2011). Early regional coordi-
nation resulted in the CRE’s acceptance into the Environmental
Protection Agency’s National Estuary Program. Investments in
research and involvement in forums such as the Lower Colum-
bia Estuary Partnership’s Science Work Group, USACE’s
Anadromous Fish Evaluation Program, and the Northwest
Power and Conservation Council’s Fish and Wildlife Program
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Figure 2. Map of the Columbia River Estuary showing the size and type of acquisition and restoration projects implemented by CEERP, 2000-2020.
Hydrogeomorphic reaches (Simenstad et al. 2011) A through H are labeled. “Floodplain Restoration” refers to hydrological restoration (i.e. breach levees or
upgrade culverts, etc.) and “Vegetation Restoration Only” refers to invasive vegetation removal, native plantings, and riparian enhancements. One project with
acquisition and vegetation restoration only was lumped into the “Acquisition + Floodplain Restoration” category. [Correction added on 28 March 2022, after
first online publication: In Figure 2, the labels for Mount St. Helens and Mount Adams in the map have been corrected in this version.]

expanded coordination and established important momentum
and structure for continued program development (Fig. 4).

Limited funding and lack of a strategic framework resulted in
a piecemeal approach to restoration projects before 2009. Pro-
jects typically were ecologically simple and limited in size and
scope (Fig. 5), e.g. Sandy River Delta revegetation (Supplement
S1). NMFS’ 2008 Endangered Species Action Biological Opin-
ion emphasized the need for a more formal program structure ,
additional implementation capacity, and greater support for the
learning and restoration components of the AM process (NMFS
2008, Fig. 1). CEERP refined its implementation strategy to
meet those needs.

Emerging AM (2009-2013)

Leading into the Emerging AM period (2009-2013), NMFS
(2008) identified the loss of floodplain habitat as the most essen-
tial limitation for juvenile salmonid rearing and migration. A

synthesis of scientific research suggested that levee breaches
reconnecting large floodplain areas close to the mainstem river
would benefit interior Columbia Basin juvenile salmon more
than actions like tide gate upgrades (Thom et al. 2013). Program
managers incorporated this understanding into their implemen-
tation strategy (BPA & USACE 2012). This tested the pro-
gram’s ability to overcome formidable social and technical
constraints related to existing land uses behind the levees. To
address these constraints, BPA increased program funding
nearly fivefold.

Scientific understanding of a large and dynamic system such
as the CRE requires a proactive approach to project design,
study implementation, and data synthesis. There were several
important contributions to the program’s scientific basis during
the Emerging AM period highlighted by Ebberts et al. (2017)
(Table 1). The benefits of regular exchanges among program
participants including the Expert Regional Technical Group
(ERTG; see below), its Steering Committee, project sponsors,
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Foundational AM (2000-2008)

o : CEERP AM process development started. Restoration
project development ad hoc and not adaptively managed.
Fundamental research on tidal river wetland ecology and
juvenile salmon ecology in estuarine habitats laid a
scientific foundation. Initiated applied research on
physical and biological responses to various methods of
restoring hydrologic connections initiated.

CEERP AM process established. Project development
began to be planned and coordinated regionally at a
programmatic level and capacity increased dramatically.
Instituted ERTG process to assess proposed projects at the
site-scale. Fundamental research on juvenile salmon
ecology extended to tidal freshwater habitats. Developed
cumulative effects methodology and applied findings to
restoration progress reporting, synthesis, and evaluation.

=g AT e i
Maturing AM (2014-2020)
: 2 CEERP AM process institutionalized. Initiated ERTG
gy process to assess proposed restoration. Project

development routinely planned and coordinated regionally
using original Landscape Planning Framework and
Implementation Forecaster tools. Applied research on
restoration effectiveness indicated positive direct site-
scale and indirect mainstem-scale effects. Cumulative
effects evaluation concluded that floodplain reconnection
restoration beneficially affects juvenile salmon.

Future AM (2021 and beyond)
ﬁ CEERP AM process at work. Informed by science, policy,

P and on-the-ground restoration experience. Large, complex
1 projects coming to fruition and under development.
CEERP systematically resolving technical and
programmatic uncertainties. Landscape guidance from the
ERTG provides a new estuary science tool for CEERP
managers to support program strategy, project
development, and decision-making. Pilot tests for novel
restoration approaches initiated.

Figure 3. Overview of the CEERP AM periods. Image sources: (1) Pacific Northwest National Laboratory; (2) Gary Johnson; (3) Jason Smith; and
(4) Doug Kreuzer.

and other scientists reinforced the notion that reflection is a key implementation: (1) The ERTG, in 2009, started to review the
component of successful AM (Webb et al. 2018). merits of proposed projects based on an expanding body of

Projects implemented in the beginning of the Emerging AM research and (2) The capacity, expertise, and dedication of pro-
period were generally small (<15 ha) with simple designs, ject sponsors grew. Both factors led to an increase in acreage
sometimes resulting in minimal salmonid benefits (Fig. 5). acquired and restored compared to the Foundational AM period
Two new factors began to influence project selection and (Fig. 5A). More tidal channels and wetland areas were
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Table 1. CEERP tools and processes suitable for large-scale ecosystem restoration programs that have been iteratively developed through ongoing science,
coordination, and management activities among CEERP stakeholders.

Tool/Process

Description

Significance/Use/Application

CRE Ecosystem
Classification System

Basic Ecological Research

Expert Regional Technical
Group (ERTG)

Project Goal Maps

Estuary-wide Terrain
Surface

Modeling of 2-year flood
elevations (i.e. 50%
annual exceedance
probability stage
profile)

“Get-After-It-List”

Landscape Planning
Framework

“CBFish” Database

Master Matrix of Learning

Implementation
Forecaster

Foundational AM

Digital hierarchical ecosystem classification (Simenstad
etal. 2011) used by CEERP as a foundation to create more
detailed juvenile salmon-specific data products (i.e.
Landscape Planning Framework and Landscape Principles)

Basic research on the ecology of juvenile salmon and steelhead
in shallow water habitats of the LCRE to determine spatial
and temporal distributions, genetic stock compositions,
densities, feeding habits, prey availability, etc.

Emerging AM

A CEERP-funded group of geomorphologists, restoration
ecologists, and fish biologists that independently assesses
potential benefits of proposed restoration projects for
juvenile salmon, synthesizes data to establish technical
guidance, and helps clarify technical uncertainties (Krueger
etal. 2017)

Site-scale standardized GIS-based maps and metrics depicting
proposed restoration activities for a project. These maps
were specified by ERTG and are produced by the sponsors
to facilitate management review and ERTG evaluation

A LiDAR- and bathymetry-derived 1-m resolution terrain
surface covering the entire CRE floodplain. Produced by the
USACE and used by sponsors to assess potential restoration
sites, model restoration alternatives, build detailed
landcover products, and map estuary-wide juvenile salmon
habitat (i.e. Landscape Planning Framework, see below)

A model output of the 50% annual exceedance probability
elevation at every third CRE river mile extrapolated into a
polygon representing all areas inundated at the 2-year flood
event. Produced by USACE and used by sponsors to
delineate subaction polygons and define areas
hydrologically benefited by the proposed restoration actions

Initial inventory and coarse assessment (e.g. benefits, cost, and
constraints) of all known potential acquisition and/or
restoration projects estuary-wide. Created by sponsors and
managers to help guide project selection, estimate resource
needs, and improve landowner coordination

Geodatabase that adapts the structure of the CRE Ecosystem
Classification to identify sites with potential to benefit
juvenile salmon. Developed through CEERP for use by
sponsors and managers to inform project goal maps,
estuary-scale research, and evaluation of habitat distribution
and connectivity

A web-based database that is regularly updated and maintained
for an official record of ERTG project evaluations and work
products, project feasibility information, and a geodatabase
of project subaction features. Developed by BPA, CBFish is
used by managers and sponsors to track project history,
reference ERTG documents, and maintain a library of
CEERP products. Also used by the public to view
completed CEERP projects

As part of the annual CEERP AM cycle, the master matrix
summarizes new learning and associated adjustments/
implications/actions to CEERP restoration and monitoring.
Sources include journal articles, technical reports, ERTG
work products, conferences, workshops, and inputs
provided by CEERP project sponsors

Maturing AM

An outgrowth of the Get-After-It-List with an updated project
inventory for 139 potential projects. The Implementation
Forecaster includes current information of implementation
constraints, costs, and benefits including ERTG landscape
maps and is reflected in the CBFish project subaction
geodatabase. A dashboard supports queries and pertinent
statistics

Provides the foundation for mapping species-specific habitats
across the estuary; delineates distinct hydrogeomorphic
reaches of the CRE; used in several other data products

Provides a scientific foundation for the benefits of wetland
habitat restoration

Provides unbiased, independent expert guidance to aid
program strategy and project planning, design, and
prioritization. ERTG products are used by CEERP
managers, sponsors, and other stakeholders

Allows consistent evaluation and direct comparison of
potential restoration projects by illustrating specific project
actions and quantifying the predicted affected area

Provides a critical foundation to systematically and
consistently map restoration projects, conduct essential
project feasibility, and provide a basis for regional-scale
data products

Allows consistent delineation of areas predicted to be
inundated by restoration projects

Organized project opportunities by identifying potential
implementation constraints for each project. Provided a
basis for sponsor and landowner engagement

Provides a digital platform for quantifying the distribution of
habitats across the estuary. May be used to identify potential
restoration project sites

Provides a centralized database to maintain institutional
knowledge and facilitate communication and outreach with
stakeholders. The database aids regional coordination and
promotes program transparency

Provides a systematic, thorough accounting of relevant new
literature and findings that managers can use to adjust a
program’s restoration and monitoring strategies

Provides a tool for managers, sponsors, and scientists to
strategically inform which potential projects to invest
limited outreach, reconnaissance, and feasibility resources
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Table 1. Continued

Tool/Process Description Significance/Use/Application

Landscape Principles Theory and application of landscape principles to map fish Provides a method of characterizing a project’s landscape

habitat patches, distances between patches, and functional
shoreline habitat relative to critical hydrogeomorphic and
tributary transitions, for both an existing and historical
condition of the CRE. Developed by ERTG and used by

value. Helps inform program strategy by identifying priority
areas for restoration, as wells as areas where pilot
applications of novel restoration techniques may be
warranted due to a lack of traditional project opportunities

managers to make implementation funding decisions, and
by sponsors to describe a proposed project’s potential
landscape benefits. References the Ecosystem Classification
and Landscape Planning Framework
Project Landscape Maps Standardized landscape-scale maps showing the location of a Allows consistent evaluation and direct comparison of
restoration project within the estuary relative to existing potential restoration projects by illustrating the project’s
habitat patches, tributaries, hydrogeomorphic reach potential benefits from a landscape perspective
transitions, and the mainstem Columbia. These maps
include data for various landscape metrics as specified by
ERTG (e.g. shoreline gap filled, distance to critical
transition zones for migrating juvenile salmon). The maps
are produced by project sponsors to facilitate management
review and ERTG evaluation

FOUNDATIONAL AM EMERGING AM MATURING AM
LEG ACTIVITY LY/ 00101]02(03104105[06/07 |08 | 09]10] 11[12[13
Action Effectiveness Monitoring and Research BE BB B
Basic Ecological Research
Critical Uncertainties Research
Cumulative Effects Method Development and Evaluation
Ecosystem Classification System
Estuary-wide Terrain Surface
Landscape Principles
Restoration Design Challenges Research
Status and Trends Monitoring
Synthesis Reports
Two-year Flood Elevation Modeling
Columbia River Estuary Conference
Estuary CBFish.org website
Expert Regional Technical Group
Restoration Sponsor Workshops
Science Seminars
Annual Restoration and Monitoring Plans
Get-after-it List
Implementation Forecaster
Landscape Planning Framework
Management/Technical Support Capacity
Master Matrix of Learning
Project Goal Maps
Restoration Sponsor Contracts
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Figure 4. Timeline for CEERP activities organized by AM period and supporting leg with reference to CEERP AM component (R = restoration;
M = monitoring; L = learning). Descriptions of some of these activities and their effects on success are included in Table 1 and the main text. Activities not
included in Table 1 or main text are described in Ebberts et al. (2017).

reconnected, and invasive plant removal and native revegetation removal of a water control structure, tidal channel excavations,
became complementary to hydrological restoration rather than and invasive plant control, was typical for the 2009-2013 time
stand-alone projects. The Ruby Lake project, which included period (Supplement S2).
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Maturing AM (2014-2021)

The Maturing AM period (2014-2021) saw the emergence of
larger, more complex projects (Fig. 5) that often had to over-
come constraints related to permitting, land acquisition, conflict-
ing land management goals, public perception, and technical
issues. CEERP met the challenges of this period by completing
a number of smaller projects while working on larger, more
complex projects. In 2017, a shift toward landscape principles
for restoration established a stepping-stone/patch framework
highlighting the role of habitat patches in the estuary
(ERTG 2019). Stakeholder roles and specializations became
more distinct during this period, which increased cooperation
directed toward complex large-scale land acquisitions and resto-
ration (Fig. 5SA). The Wallooskee—Youngs project exemplifies
restoration during 2014-2021 (Supplement S3).

Action effectiveness monitoring and research showed that
floodplain reconnection indirectly benefits juvenile salmon
migrating in the mainstem as well as the smaller life stages that
enter wetlands (Goertler et al. 2016; Thom et al. 2018), largely
through the production and transport of prey from reconnected

wetlands (PNNL & NMFS 2020). Research to inform restora-
tion design (e.g. Borde et al. 2020; Diefenderfer et al. 2021)
utilized landscape-scale datasets collected and developed
during the Foundational and Emerging AM periods (Table 1).
Similarly, the ERTG’s Landscape Planning Framework
(Table 1) was the foundation of our application of landscape
principles to project siting and design (ERTG 2020). An
evidence-based evaluation of the cumulative effects of restora-
tion concluded that CEERP is having “a cumulative beneficial
effect on juvenile salmon” (Diefenderfer et al. 2016).

The Implementation Forecaster tool (Table 1) improved pro-
ject identification and strategic resource allocation. During the
Maturing AM period, this tool and other adaptations led to a
period of growth in on-the-ground restoration (Fig. 5A). Land
acquisition decreased compared to previous periods (Fig. 5A);
however, restoration proceeded on previously acquired lands.
Total floodplain area restored increased from 2000 to 2021 to
a cumulative total of 7,184 acres or roughly 30 km? (Fig. 5B).
We restored 653 acres (264 ha) through the Foundational
period, 848 acres (343 ha) during the Emerging period, and

(A) 3,500 Hydrological Reconnections
3,000 Il Breach Levees
2,500 M Install Culverts/Bridges
- Upgrade Tide Gates
@ 2,000
il Other Restoration Actions
§ 1500 ——
o — B Restore Off-channel Habitats
1,000  e— Remove Invasive Plants & Revegetate
500 with Native Species
Acquisition
0 : ;
2003-2008 2009-2013 2014-2021 | T Cumulative Floodplain Hectares Restored
(B) 800 Foundational Emerging Maturing 5 3,500
700 A" 3000 y
e Y  —
@ 5 o s
£ 600 -- ]
% i 5 2500 @
© 500 . = =
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o Y ! ’ @
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Figure 5. Floodplain area (hectares) acquired and restored during the Foundational, Emerging, and Maturing periods of AM from 2000 through 2021 (none was
acquired or restored during 2000-2002). The stacked bars include area by type of restoration action. “Restore Off-channel Habitats” refers to the excavation or
enhancement of tidal and floodplain channels (A-B). The hectares associated with hydrological reconnections (“Breach Levees,” “Install Culverts/Bridges,” and
“Upgrade Tide Gates”) represent the portion of the restoration area where hydrology was restored that is below the 50% annual exceedance elevation (A-B).
Increasing rate of floodplain area (hectares) restoration in the CRE from 2004 through 2021 (B). No floodplain area was restored in the years 2000-2003. The
number of restoration projects is noted above each bar and the final bar (i.e. left of the vertical red line) is a projection based on tentative plans for 2022 (B).
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Table 2. CEERP sponsors’ feedback on landowner engagement and lessons learned during project implementation, with bold text indicating a viewpoint or
issue raised by at least one other sponsor. Specific questions corresponding to column headings were: (1) How do you effectively engage landowners? (2) What
is the most critical support you receive (or would like to receive) from CEERP managers? (3) What are your primary barriers to project implementation? and (4)
What are the top ingredients for successful project implementation? Sponsors included the Columbia River Estuary Study Taskforce (CREST), Cowlitz Indian
Tribe (CIT), Washington Department of Fish and Wildlife (WDFW), Columbia Land Trust (CLT), and the Lower Columbia Estuary Partnership (LCEP).

Sponsor Landowner Engagement Suggested CEERP Role Implementation Barriers Top Ingredients for Success
CREST Nourish relationships with Support with regulatory (1) Entrenched views that (1) Set of shared,
willing landowners, managers, requirements; Outreach with constrain public lands realistic
federal partners, and others state and federal land holders; management goals expectations by
through regular Forum for land managers to (2) State and local permitting CEERP and
communication; Levels of share perspectives; requirements landowners
engagement depends on Facilitating co-sponsor (3) Skepticism toward new (2) Regulatory support
project; Community specialization restoration approaches (3) Monitoring and
presence key to identifying within CEERP maintenance in
new opportunities perpetuity, with AM
in response to data
and findings
CIT From an opportunistic approach CEERP managers need to work (1) Real estate procurement (1) A shared vision of

to whole-watershed planning;
Staff support of projects
cradle-to-grave for more
consistent communication
with landowners

WDFW New agency focus is on
inclusivity, engaging a broader
range of the community in all
aspects of work; Outreach
early and often

through institutional
constraints that may hinder
project progress

Support for building and
maintaining relationships;
More flexible funding;
Facilitating co-sponsor
specialization within larger
projects

policies of funding agencies
and cost relative to projected
salmon benefits

Local policies and disparate
federal and state mandates
(e.g. levee breeches and
ESA-species management)
Existing infrastructure and
land use that conflicts with
restoration goals

project goals
between landowners
and sponsors
Long-term site
conservation and
maintenance to
preserve restored
lands in perpetuity
Patience among all
stakeholders to see
projects through
(1) Early stakeholder

2 )

3
(©))

(1) Local willingness to

support broader suite of involvement
objectives on public lands  (2) Existing local
(2) Land encumbrances that partnerships

can limit scope of
future work

(3) Long-term project
maintenance—who assumes
the risk?

(3) Project
implementation at a
pace that makes
sense

CLT Focus on responsible Acknowledging the “‘slow (1) Agencies’ inability to pay (1) Having a larger,
stewardship and ongoing burn” process for land more than appraised fair multi-year contract
relationship-building; ‘“good acquisition; Open dialog market value in land with Action
neighbor” principle; about new opportunities suited acquisitions Agencies provides
frequency of communication to CLT involvement (2) Competition with mitigation latitude to build
varies by project and banks for potential relationships
individual landowner restoration properties (2) Being thoughtful

(3) Action Agency pressure for and strategic about
bigger and more complex project
projects raises questions of expectations
feasibility (3) Ongoing project
monitoring to
demonstrate success

LCEP  Build on relationships with Action Agency support for (1) Identifying new projects (1) Supportive and
public landowners; sustained funding to build (2) Intertidal reconnections may willing landowner
Longstanding partnerships relationships and work with require concurrent flood risk  (2) Flexible and
have built trust and LCEP is landowners to establish trust management supportive funding
now approached by (3) CEERP seems too narrowly (3) Innovative
landowners to initiate projects focused on salmon; engineering staff to

Restoration focused on develop novel
maintaining biodiversity or design solutions and
climate resilience would be responsive to
allow for engagement with agency feedback
more stakeholders
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5,682 acres (2,299 ha) in the Maturing AM. CEERP recon-
nected 3% of the 344 km? recoverable floodplain area through
mid-2012 (Diefenderfer et al. 2016), which increased to 8% by
2020 and was nearly 9% at the end of 2021. Restoration was
increasingly successful due to the robust AM process that
resolved critical uncertainties and effectively deployed the tal-
ents of project sponsors. CEERP began research to address crit-
ical uncertainties about habitat creation through dredge material
placement in 2019, and in 2021 reengaged stakeholders in a
broader dialog about the suite of uncertainties most relevant to
CEERP moving forward.

Future AM (2022 and beyond)

CEERP is actively planning to initiate five restoration projects in
2022 (Fig. 5B) and program managers are committed to helping
sponsors reach habitat attainment goals. When asked to provide
structured feedback on the future AM of CEERP for this case
study, sponsors affirmed that building shared land use values
with stakeholders led to positive restoration outcomes
(Table 2). They discussed the benefit of regular community
engagement and maintaining transparency from project concep-
tion through implementation. Ongoing dialog with landowners
between projects helped build trust and often led to new restora-
tion opportunities. On the other hand, sponsors found that a
breakdown in communication could sideline restoration oppor-
tunities. Land acquisition and stakeholder opposition are com-
mon barriers during the project feasibility phase (Table 2).
Project site visits, ERTG meetings, the Columbia River Estu-
ary Conference, sponsor workshops, and regional science semi-
nars (Fig. 4) are facilitating regular interchanges between
stakeholders and program managers. Program managers ensure
regular cross-pollination with their other habitat restoration pro-
grams so that new learning about ecosystem processes and res-
toration can benefit ecosystem-based management. For
example, USACE has a strong interest in determining how
material dredged during navigation channel maintenance could
be used to offset the loss of sediment confined behind upstream
dams (Gelfenbaum et al. 1999) in habitat building processes.

Discussion

CEERP managers are building on learning, tools, and processes
developed throughout CEERP’s evolution. They are committed
to sustaining relationships, accomplishing restoration goals, and
addressing issues that may inhibit program effectiveness. Resto-
ration project sponsors based throughout the CRE have been
ideal partners in vetting new opportunities and building relation-
ships. Below we acknowledge sponsor feedback and discuss
five actions that we believe will fundamentally shape how
CEERP AM proceeds into the 2021-2030 United Nations
Decade on Ecosystem Restoration (UNEP 2020).

Improving Landowner and Community Engagement

Results of sponsor interviews echoed findings of Gamborg
et al. (2019) who noted that stakeholder views toward

restoration outcomes improved when sponsors were responsive
to their concerns and values. For example, reconnecting a flood-
plain wetland to the mainstem may improve flood risk manage-
ment for a nearby road, reducing a county’s infrastructure costs.
Mason et al. (2020) proposed a three-step approach: mapping
the services that ecosystems can provide, assessing landowner
interest in those services, and identifying conservation organiza-
tions best suited to engage landowners through a social network
analysis. While this type of ecosystem service tradeoff analysis
has yet to be implemented in most restoration programs, includ-
ing CEERP, the broader goal of finding common interests and
leveraging existing relationships aligns well with the CEERP
AM process and our sponsors’ feedback. Enhancing program
alignment with broader CRE resource management goals and
being more informed about local land use priorities could pro-
duce more win-win outcomes (Gamborg et al. 2019). Sponsors
highlighted the need for additional tools to support relationship
building, streamlined land procurements, and multi-sponsor col-
laborations to maximize efficiency.

Maintaining Flexibility to Adapt to Evolving Obligations/Priorities
of the Management Agencies

CEERP management agencies are dynamic institutions with
intersecting programs and priorities that affect staffing and bud-
gets. Managers must respond to shifts in priorities, while seek-
ing opportunities to create and coordinate with related agency
programs. McLoughlin et al. (2020) described a basin-wide
water management process with feedback loops to facilitate
information exchange and communication at multiple levels of
governance. They recommended that managers reassess pro-
gram objectives on an 8- to 10-year cycle and reframe or rede-
velop targets as needed. CEERP AM assessment occurs more
frequently, according to annual budget cycles and various
regional drivers. CEERP managers meet monthly to review pro-
gram needs, research and monitoring updates, and pending res-
toration projects. These meetings create a regular and fruitful
opportunity to disclose policy changes or new learning that
could affect how restoration projects are pursued and evaluated.

Identifying New Restoration and Management Opportunities

There is an upfront risk associated with attempting new tech-
niques; however, novel approaches are essential to CEERP’s
growth. For example, projects such as habitat creation through
dredged material placement and shoreline enhancement may
benefit salmon and numerous other species, but they have their
own risks. Moreover, lessons learned from pilot projects and
experiments (Sinks et al. 2021) serve as a springboard for other
new ideas.

Institutionalizing Program Knowledge

CEERP has benefitted from a relatively high level of continuity
of dedicated professionals over two decades. Nonetheless, staff
changes are inevitable and it is essential to catalog decisions.
Project sponsors requested more documentation for decisions
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that result from resource limitations or shifts in top-down prior-
ities. To meet these needs, CEERP managers are improving the
way this type of institutional knowledge is tracked such that key
findings are retained, as appropriate, and decision documents are
easier to reference.

Addressing Additional Uncertainties

Two uncertainties yet to be resolved with respect to program
strategy are the effects of vertical land motion and sea level rise
(Peterson 2014) on restoration outcomes. These uncertainties
present a paradox for CEERP to simultaneously manage for
increased habitat availability at current and future land eleva-
tions. While projected sea level rise at some project sites may
be highly uncertain (Talke et al. 2020), restoration project
designs must consider potential future conditions. CEERP man-
agers are working with the ERTG, scientists, and restoration
practitioners to develop strategies for risk assessment and opti-
mizing long-term resiliency. Linking the science addressing
technical uncertainties to program management and implemen-
tation will continue to be an integral part of CEERP.

Ecosystem restoration under CEERP has continuously
improved resulting in a faster rate of floodplain reconnection,
in part due to program features that have also been highlighted
in other AM contexts (Zedler 2017; McLoughlin et al. 2020).
Tools and processes developed for CEERP such as the ERTG,
the master matrix of learning, and the implementation forecaster
are integral to planning and directly transferrable to programs
elsewhere. CEERP demonstrates that maintaining diverse stake-
holder relationships is as essential as building technical acumen
and making science-informed decisions when addressing
emerging uncertainties in a large-scale ecosystem restoration
program in any stage of development.
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