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Guidance on questions to ask when reviewing and evaluating project
proposals to protect and recover Chinook salmon
Changing climate conditions, along with land-use and other ecological changes, are affecting
the health, vitality, and resilience of Chinook salmon populations in watersheds throughout
Puget Sound. Restoration and protection projects are designed to address the most critical
factors affecting salmon populations. However, with climate change, these factors may change:
the medium- and long-term success of the projects and expected benefits to salmon may be
compromised and/or current investments may not achieve expected results.
The goal of this guidance document is to provide Lead Entities with a framework for
reviewing and evaluating sponsored project proposals in light of changing climate
conditions.
Each Lead Entity has its own process for working with project sponsors and evaluating
project proposals. The guidance presented in this document is not a template for
designing climate-smart projects. Rather, it provides suggested questions that can be
customized to the specific needs and processes of each Lead Entity. Ultimately these
questions can help project sponsors develop climate-resilient projects and help Lead
Entities assess whether a proposed project will be effective in supporting salmon
populations and building climate resilience. The guidance in this document will be
updated over time, as more information becomes available.
The Salmon Recovery Funding Board (SRFB) decides how state and federal money supporting
salmon recovery will be spent. Although the SRFB does not currently require that project
proposal reviewers use climate resiliency guidance or questions to evaluate proposals, they
have shown increasing interest in ensuring that watershed- and regional-scale strategies and
actions consider the potential impacts of climate change. This document is targeted toward
Lead Entities who are seeking support on how to incorporate climate change considerations in
the development, evaluation, scoring, and ultimately the prioritization of projects within a
watershed. This guidance is designed to help ensure the following:


Project selection takes into account both short-term and long-term project effectiveness in light of
climate change projections.



Lead Entities are able to identify projects that address emerging climate-related risks and
encourage changes to Chinook salmon recovery plans, where appropriate.



Sponsors develop projects with explicit consideration of how climate may affect their projects over
time.
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How to Use the Guidance
This guidance is designed to help project sponsors and lead entities identify key climate-related
risks for Chinook salmon, highlight some relevant climate resources, and provide case study
examples of projects that are working to build ecosystem resilience. It is not designed to be a
comprehensive summary of the potential impacts of climate change on Chinook salmon
populations in the Puget Sound region, nor is it a complete library of potential strategies and
actions that can be used in restoration and protection projects to reduce climate change risks.
The guidance comprises three sections.






The Guiding Questions provide a framework for 1) considering how changing climate
conditions will affect the viability and effectiveness of a project over its lifetime, and 2)
where a project may need to be adapted or changed over time to keep pace with changing
environmental conditions. The section includes a flow chart highlighting guiding questions
and how they can be sequenced to support project design.
The Climate Science Resources summarize some of the recent climate science research and
tools that have been completed in the Puget Sound region. The resources provide a starting
point for either a project sponsor or Lead Entity to explore the potential impacts of climate
change on their projects. In some cases, forthcoming initiatives or projects are identified
that, once complete, are expected to provide relevant and new information.
The Case Studies provide examples of projects that address some of the key climate and
non-climate impacts likely to affect Chinook salmon populations. Every effort was made to
highlight case studies that explicitly considered climate change; where this was not possible,
other relevant examples were chosen to highlight ancillary benefits. For example, projects
that aim to restore habitat connectivity and function (such as removal of physical barriers to
water flow) or create critical salmon habitat (such as large wood placement to stabilize
shorelines and increase habitat complexity) help reduce ecosystem vulnerability to climate
and non-climate stressors. These types of activities, may need to be implemented more
frequently and more broadly across the region to adequately address climate change. New
approaches may also be required to address specific climate concerns. Where possible,
Puget Sound projects were used as case studies; however, illustrative examples that may be
applicable to Puget Sound are also presented from other areas in Washington, Oregon, and
California (Appendix A).

This guidance builds on the work of other organizations1 to develop a set of principles and
questions from which Lead Entities can choose as they determine how best to incorporate
consideration of climate change into existing processes for project review and evaluation.

Guiding Questions
Current project goals offer an ideal point from which to begin considering the potential effects
of climate change. In most cases, the current concerns or limiting factors that a project is

1

See the References section for examples of previous relevant work
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designed to address will not go away and will become all the more important with climate
change. Below are some guiding questions that Lead Entities may consider using to evaluate
proposed projects through the lens of climate change. The climate change review can be
repeated through all phases of the development of a project, from the initial concept to the
detailed design review.







Project Goals – What is the goal(s) of the habitat protection or restoration project?
Consider, at a high-level, Chinook salmon life stages in both the watershed and the
proposed project location:
o How will the proposed project address existing limits on Chinook salmon
populations?
o Does the proposed project explicitly consider the effects of climate change on either
Chinook salmon populations, habitats, or both?
Near-term vs. Long-term Actions – Will climate change affect the project?
o Is the project critical for near-term salmon survival and designed to last less than 10
years? If so, climate change is unlikely to affect the success of the project. Plan for
current climate variability and use current guidance to proceed with review and
evaluation.
o For longer-term, more process-based projects designed to last many decades,
potential climate change effects should be explicitly addressed (see below).
Project Location Determines Climate and Non-Climate Stressors – What are the key climate
stressors at the proposed project location?
o Is the project located in the freshwater portion of a watershed or focused on
nearshore ecosystems? Detailed questions for each area are provided below.

Climate change is projected to increase summer water and air temperatures, decrease summer
streamflows, increase winter flow rates, and raise sea levels, all of which are likely to affect
salmon populations with relevant impacts at all life history stages (Figure 1 and Appendix B)
(Mauger et al, 2015; leDoux et al, 2017). Key risks related to climate change depend on the
proposed project location, connections between key salmon habitats, and the projected future
suitability of these habitats for salmon.
Climate change may exacerbate the effects of non-climate stressors. For example, increases in
precipitation may cause more agricultural runoff into salmon-bearing streams; rising sea levels
will lead to shrinking nearshore environments in areas where hard-engineering solutions were
implemented to address coastal flooding; and warming water temperatures may favor nonnative fishes that can outcompete salmon and make it easier for diseases and parasites to
spread through fish populations. This guidance does not delve into these issues in great detail,
but project proponents are encouraged to be aware of and consider these potential impacts.

o

For projects focused on freshwater system protection or restoration – How does the project
take into consideration relevant climate and non-climate changes such as the following:
o Projected shifts in watershed type from mixed rain and snow to rain dominant over
the next 60 years?
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o
o
o
o
o

The likelihood and magnitude of higher stream temperatures?
The likelihood and magnitude of lower summer flows?
The likelihood and magnitude of higher winter flows?
Potential changes to sediment loading?
Potential increases in invasive species, predation, and disease?
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FIGURE 1.

Note: This graphic was adapted from Beechie et al (2012) for the Snohomish Basin Salmon Recovery Technical Committee (and is being used here with permission from the
Technical Committee) and can be further adapted by watersheds to represent the Chinook life history stages within that watershed.
https://snohomishcountywa.gov/DocumentCenter/View/41032

RELEVANT CLIMATE SCIENCE RESOURCES FOR WATERSHEDS
In Puget Sound, we are fortunate that a wide range of climate science resources is available, and more are
being developed every month. The list below highlights a few of the common, useful, and relevant resources
that provide an initial analysis or better define potential changes to a specific watershed.
The Puget Sound State of the Knowledge Report (Chapter 10) details many of the projected
hydrological changes for freshwater systems around Puget Sound. Appendix D of the State of the
Knowledge Report provides projections for the following watersheds: Nooksack, Samish, Skagit,
Stillaguamish, Snohomish, Cedar, Green, Nisqually, Puyallup, Skokomish, Dungeness, and Elwha.
The report also compiles information on potential changes to inland sediment transport and maps
from U.S. Geological Survey (USGS) on sediment loads by watershed. Overall, sediment loading to
rivers is likely to increase due to glacier melting, increased potential for landslides, and higher
winter flow rates. Coastal erosion in many locations will increase with rising sea levels.
The U.S. Department of Agriculture and U.S. Forest Service provide data and information on water
temperatures and the potential value of cold-water refugia for salmonid populations across the
region. Resources include Climate Shield and the NorWest – Stream temperature database.
The USGS WaterWatch program provides real-time streamflow data and compares it to historical
averages. It also provides tracking for flooding, runoff, drought, and other factors, but does not
contain climate projections.
The Washington State Department of Ecology provides current real-time streamflow maps.
The Floodplains by Design maps, created as part of the coastal resilience partnership between the
National Oceanic and Atmospheric Administration (NOAA), USGS, Natural Capital, University of
California, University of Southern Mississippi, and Azavea, provide sub-watershed scale
information that can be used to easily visualize the overlap between current and future flood
hazard zones and current ecological functions.
In 2007, the National Wildlife Federation modeled and compiled projections of natural resource
and ecosystem changes from sea level rise by delta and estuary.
Forthcoming―the Pacific Northwest National Laboratory is using the Snow Caps to White Caps
program to develop criteria for additional future streamflow projections that can be used in
decision-making. They are piloting the development of these variables with users in the Dungeness
and Skagit River watersheds.
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CASE STUDY EXAMPLES FOR FRESHWATER HABITATS
Note: Examples presented include those that explicitly consider climate change, as well as those that provide
ancillary climate benefits and help reduce ecosystem vulnerability (for example: restore habitat connectivity
and function, protect/create critical salmon habitat, reduce non-climate stressors). Relevant examples are
presented from Puget Sound, as well as from other areas in Washington, Oregon, and California. (See
Appendices A, C, and D.)
Protect cold-water refugia
Identifying and protecting healthy salmon habitat in freshwater and estuarine systems is a key
strategy in salmon recovery efforts. Several projects, designed to conserve current salmon habitat,
will help to protect populations over the near-term. However, habitat extent and species
distributions may be very different in a changing climate. The Nature Conservancy and partners are
collaborating to protect and restore 4,534 acres in Northern California through the Shasta Big
Springs Ranch Project. The ranch property contains three miles of the Shasta River and 2.2 miles of
Big Springs Creek, both of which originate from the glaciers of Mt. Shasta. This provides cold water
suitable for winter and summer salmon spawning and rearing. Since 2008, the restoration of critical
riverine and riparian habitat has increased from 60 feet to 10 miles, and scientists have noted
corresponding decreases in water temperature of up to 13°F during the hottest times of the summer.
In 2014, more than 18,000 fall-run Chinook salmon returned to the Shasta River, doubling the return
from fall 2013.
In Washington, the lower Kalama River provides cold-water refugia for salmon in the Lower
Columbia River Basin, including Chinook, Coho, chum, and steelhead. Project leads are placing
large woody debris in the tidal zone of the river to create habitat to preserve these refugia.
Create/restore healthy salmon habitat
Intact freshwater habitats may be more robust to changing climate conditions. For example, riparian
vegetation provides shade and stabilizes sediment in rivers and streams; the removal of this
vegetation in certain reaches may make some riverine habitats more susceptible to increased
precipitation, flooding, and water temperatures. Replanting riparian vegetation is a common
technique to provide cool, clean water for salmon populations. For example, effluent loading from
treatment facilities belonging to Clean Water Services, a utility serving Washington County in
Oregon, flows into the Tualatin River, increasing downstream water temperatures and impacting
aquatic species. The utility partnered with the U.S. Environmental Protection Agency and Oregon
Department of Environmental Quality to implement a thermal load trading program that
incentivizes private land owners to plant trees in riparian areas of the watershed to offset thermal
loads from treatment facilities (see the Clean Water Services case study).
The Lummi Nation partnered with the Washington State Department of Ecology to restore riparian
habitat in the Nooksack River Delta to increase riparian shading to reduce heat-related stress on
salmon through the Smuggler’s Slough Riparian Restoration Project. Approximately 200 acres along
2 miles of river have been restored.
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o

For projects focused on protecting or restoring the nearshore – Is the project in the right
place, given sea level rise? If so, how does the project take into consideration relevant climate and
non-climate changes such as the following:
o Direct inundation from sea level rise and more frequent periodic inundation
during coastal storm events?
o Changes to sediment transport and erosion (from drift cells modifications,
increases in river and coastal flood frequency, and changes to freshwater inputs)?
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KEY RELEVANT CLIMATE SCIENCE RESOURCES FOR SEA LEVEL RISE
In Puget Sound, we are fortunate in that a wide range of climate science resources is available, and
more are being developed every month. The list below highlights a few of the common, useful, and
relevant resources that provide an initial analysis or better define the risk posed by sea level rise to a
nearshore restoration or protection project.
NOAA Sea Level Rise Viewer maps low-lying coastal zones and allows the user to overlay 16 feet of sea level rise. This can provide an initial coarse assessment of direct inundation
from sea level rise.
Floodplains by Design provides a slightly finer-scale set of projections for specific river
basins, allowing the user to select tidal level, year, and sea level rise scenario. The specific
river basins included for the sea level rise projections are Nisqually, Nooksack, Skagit,
Snohomish, and Stillaguamish. Many other basins around Puget Sound are included when
considering freshwater impacts.
The Surging Seas Risk Finder allows users to enter specific locations and see general
probabilities for storm surge and flooding (based on Seattle Tide Gauge), and provides maps
of potential inundation under extreme sea level rise scenarios.
For a few locations, more detailed site-specific or probabilistic sea level rise scenarios have
been developed.
 North Olympic Peninsula Resource Conservation and Development Council has
probabilistic sea level rise maps for Port Townsend and the Dungeness River Delta.
 Seattle Public Utilities has local sea level rise maps for the Seattle area.
Coastal Resilience (forthcoming)
This 3-year collaboration, led by Washington Sea Grant and funded by NOAA, has three
main components, one of which is the development of probabilistic sea level rise projections
for all of Washington State. The projections incorporate regional rates of sea level rise,
vertical land movement, and the risk of storm surge. When completed, the project will
provide state-of-the-art projections for sea level rise that can be used in planning efforts.
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CASE STUDY EXAMPLES
Note: Examples presented include those that explicitly consider climate change, as well as those that provide
ancillary climate benefits and help reduce ecosystem vulnerability (for example: restore habitat connectivity and
function, protect/create critical salmon habitat, reduce non-climate stressors). Relevant examples are presented
from Puget Sound, as well as from other areas in Washington, Oregon, and California. See Appendices A, C, and
D.
Restore critical freshwater and coastal habitat by removing shoreline hardening
Hard shoreline structures such as bulkheads help to dissipate wave energy and stabilize shorelines,
but also negatively affect nearshore habitats by altering natural sediment processes, increasing beach
erosion, and degrading surrounding beaches and nearshore habitats important to salmon. Increasing
inundation and erosion associated with sea level rise have the potential to overwhelm these structures.
In the West Sound watershed, the Powel Shoreline Restoration Project removed ¼ mile of bulkheads
from privately owned shoreline on Bainbridge Island, resulting in an increase of 163 percent of
intertidal habitat, including salt marsh and marine riparian habitats. The project also included the
removal of approximately 1 acre of non-native plants and the planting of 2,500 native plants to create
habitat for forage fish and juvenile Chinook salmon.
The Southern Flow Corridor-Landowner Preferred Alternative Project is removing artificial
impediments to flows (levees and fills) and restoring 522 acres of tidal marsh habitat in Oregon’s lower
Wilson River floodplain, which drains into Tillamook Bay. The project site represents 10 percent of the
watershed’s historic tidal acreage. This project is expected to reduce flooding in the Highway 101
business corridor and restore critical tidal wetland habitat for Tillamook Bay Coho, chum, and
Chinook salmon, as well as cutthroat trout.
Remove barriers to tidal flow and fish passage
Removing or modifying physical barriers can increase habitat connectivity to support salmon
migration and increase the amount of critical habitat in nearshore and estuarine environments. For
example, a dike constructed in the 1900’s restricted tidal flow to what is now the Nisqually National
Wildlife Refuge, severely limiting the extent of critical habitat for juvenile salmon, birds, and marine
mammals in the area. The removal of this dike resulted in the reconnection of the tidal slough,
increased connectivity, and increased habitat extent, which will help the system buffer the effects of
sea level rise and storm surge.
In California, the National Park Service removed two dams in the Drakes Estero Estuary to restore
tidal marsh habitat connectivity between freshwater and saltwater habitats, which support
anadromous fish passage for several salmonids. These two dams were also at risk of failure due to sea
level rise and more frequent and intense storms.
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Project Design
Climate change is a major challenge to natural resources management; however, it also
provides an opportunity to move beyond the status quo of protecting specific species and shift
toward an ecosystem or landscape-scale approach to management. Reflecting on the
interactions between a species and critical habitats, other species and species groups, and
human communities is a critical part of climate adaptation planning. It is also important to
consider the linkages between salmon recovery efforts within a watershed (upstream and
downstream along the same river) and in different watersheds, how the projects bolster or
detract from one another. In addition to the ecological challenges associated with salmon
recovery, projects are frequently limited by institutional capacity, including funding, staffing,
and technology. Climate change only emphasizes the need for strategic, prioritized investment
in conservation that makes the most efficient use of limited funds.
Climate-smart restoration and protection projects consider the potential impacts of climate
change over the lifetime of the project and help ensure that the project is effective both now and
in the future. Such projects are also designed to be modified over time as climate and other
conditions change. Strategic planning helps to ensure that all phases of the proposed project
adequately account for changing climate conditions.






For design projects: Will key climate concerns be effectively addressed in the design
process?
For protection projects (focused on acquisition, policy, regulation, or outreach/education):
Does the proposal protect the appropriate habitat under current and projected future
conditions (in other words, with climate change, will the habitat provide the same value as
it does today)?
For restoration projects: Will the project continue to be effective over time by addressing
climate concerns at the project location (culvert size, bridge widths, side channel access) or
through upstream changes (such as changing flow regimes and timing)?

Key Overall Project Design Questions
Does the project help restore ecosystem processes that may continue to provide benefits as
conditions change? (Beechie et al, 2013)






Longitudinal connectivity (removing artificial barriers and reconnecting salmon to upstream
habitats and flow to downstream habitats)
Lateral connectivity (reconnecting rivers to their floodplains)
Vertical connectivity (increasing connection between surface and sub-surface flow)
How flexible is the proposed activity to changing climate conditions and is it adaptable?
(Can it be modified over time if necessary, or are there constraints that limit the ability of the
project to be modified?) Have triggers been identified that can be used to signal when
adjustments are needed (such as changes to coastal flood risk probabilities with sea level
rise or better projections of precipitation)?
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How are the conditions around the project expected to change over time in response to
climate and other factors? Or, how does the project design process evaluate climate change?
Given changing climate conditions, will Chinook salmon continue to be able to access the
project area? At the appropriate time in their lifecycle? For how long?
To what degree are the project’s activities reversible? Could an action be easily reversed if it
is not achieving its desired outcome, or would its implementation be irreversible?
How will the effectiveness of the project be monitored and evaluated over time given
changing climate conditions? How will the results of that monitoring be communicated to
the restoration community?

Secondary Project Considerations









What are the key co-benefits generated by the project (such as effect on other salmonid
species, other species or species groups, reduced erosion potential, carbon sequestration,
water filtration)?
Describe any potential conflicts (such as agricultural and development interests or other
upstream activities) that may affect the project’s success over the near-, medium-, and longterm.
Is the project itself likely to significantly increase greenhouse gas emissions and contribute
to climate change? If so, how? Are there ways in which emissions may be limited through
the use of energy efficient or low carbon alternatives?
Is the project focused on a non-climate stressor (such as development, pollution,
agricultural runoff) that will likely be exacerbated by climate change? If so, how are those
stressors being addressed or limited?

Figure 2 provides a decision matrix for evaluating whether a project incorporates climate
change into the project design.
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Figure 1: Example decision tree that project sponsors could use to determine if they are
adequately incorporating climate change is adequately incorporated into proposed projects.
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CASE STUDY EXAMPLES
Note: Examples presented include those that explicitly consider climate change, as well as those that provide
ancillary climate benefits and help reduce ecosystem vulnerability (such as restore habitat connectivity and
function, protect/create critical salmon habitat, reduce non-climate stressors). Relevant examples are presented
from Puget Sound, as well as from other areas in Washington, Oregon, and California. (See Appendices A, C, and
D.)
Create critical salmon habitat
The placement of large woody debris (such as trees, logs, root wads) along edges of streams and rivers
helps to create critical salmon habitat by stabilizing shorelines, slowing flows (which helps retain
spawning gravel), and increasing habitat complexity and pool depth. Several salmon recovery projects
prioritize large wood placement; although these examples are not designed to specifically address
climate change, they do help to increase ecosystem function. For example, the Cowlitz Indian Tribe is
installing 49 logjams over 0.6 miles of the Lower South Fork Grays River and 900 feet of Blaney Creek to
create spawning and rearing habitat for Columbia River Chinook, Coho, and chum salmon. The logjams
and riparian plantings will also allow for floodplain forest vegetation to establish, which will increase
shading of the river. A similar project in Big Beef Creek, Washington, used by Hood Canal chum and
Puget Sound Chinook and steelhead, includes the placement of large logs and root wads in tributaries to
enhance sediment stability and channel complexity.
The Nooksack Tribe and partners conducted a vulnerability assessment and climate adaptation planning
project to inform climate-smart salmon habitat restoration in the South Fork Nooksack River basin. The
vulnerability assessment identified that the South Fork has been substantially degraded by historic
timber harvest, land use conversion, and flood control efforts, which makes the system more vulnerable
to climate change. For example, modeling indicates that water temperatures in the river (without the
restoration of riparian vegetation to provide shade) are projected to increase between 6.1°F to 10.8°F
during low-flow conditions by 2080. The project team also developed an adaptation plan, which
included the evaluation of salmon recovery actions with respect to climate vulnerabilities building off
the work of Beechie, et al. (2013). Through this process, the project team indicated which actions were
high, medium, or low priorities according to specific South Fork reaches and sub-basins, and provided
recommendations on how to increase the potential of the actions to adequately address climate concerns
within the context of the basin. At the watershed scale, the project team highly recommended reducing
water withdrawals, restoring floodplain wetlands, removing barriers, and increasing the use of log jams
to improve cold-water refugia in cool-water tributaries of the South Fork.
Minimize non-climate stressors
Degraded habitats may be more vulnerable to climate change. Water withdrawals and polluted runoff
will likely be compounded by climate impacts, such as increased water temperatures and lower flows.
Projects that address these core tenets of salmon recovery – to keep water in the system and keep it clean
– creates ecosystems that may be more resilient to changing climate conditions. One way to limit water
withdrawals from springs, seeps, and groundwater is to purchase water rights. In California, the Nature
Conservancy purchased water rights to Mill Creek and is developing a banking and accounting system
for water to benefit fish and local farmers; for example, farmers reduce their withdrawals from the creek
for irrigation during fish migration periods. In Washington, the Washington Water Trust is buying
water rights on First Creek in the upper Yakima River Basin to increase the amount of water available
for steelhead in First and Swauk creeks.
Polluted agricultural runoff has been identified as a major contributor to salmon mortality. Qualco
Energy is a cooperative between Sno/Sky Agricultural Alliance, Northwest Chinook Recovery, and the
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green energy, rather than allowing it to run off into salmon-bearing streams.

Evaluation Considerations
Each Lead Entity has its own criteria for evaluating and prioritizing projects for funding. The Lead
Entity may consider the guidance noted above and the evaluation questions noted below to consider how
well a project addresses climate change.
As previously mentioned, the SRFB and the Puget Sound Partnership (the regional
organization for salmon recovery) do not currently require evaluation criteria for climate
change. However, to improve project design and implementation, the Puget Sound
Partnership recommends the addition of climate change evaluation criteria such as the
following:


Has the project proposal sufficiently identified and considered how climate change will
affect the project?



Does the project design adequately address the primary climate change concerns (or
have a plan to evaluate them during the design process) that have the potential to
decrease the effectiveness of the project?



Is the project designed to be flexible and can it be modified over time as conditions
change?

Using a holistic approach to evaluate and prioritize salmon recovery projects under changing
climate and socioeconomic conditions will likely help create a mosaic of high-impact, resilient
projects throughout Puget Sound’s watersheds.
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Appendix A―Case Studies
The following table provides examples of ongoing, planned, and completed projects that address climate or other impacts likely to
affect Chinook salmon. Where possible, we identify projects that explicitly incorporate climate change projections and impacts in
their design and implementation. Other salmon recovery efforts that help to reduce overall ecosystem vulnerability to climate and
other stressors are also listed; these activities may need to be implemented more frequently and broadly throughout Puget Sound
watersheds to adequately prepare the region for climate change. Examples are presented from Puget Sound and other areas in
Washington, Oregon, and California that may be applicable in the region.

Project Title

Project Description

Strategy/Technique

Lower South
Fork Grays
River Project1
(Washington)

The Cowlitz Indian Tribe is installing 49 logjams over 0.6 miles of the
Lower South Fork Grays River and 900 feet of Blaney Creek to create
spawning and rearing habitat for Columbia River Chinook, coho, and
chum salmon. The logjams and riparian plantings will also allow for
floodplain forest vegetation to establish, which will increase shading of the
river.

Create critical salmon
habitat: Large wood
placement
Restore critical freshwater
and coastal habitat:
Riparian planting

Climate/Non-Climate Factors
Addressed

 Stabilize shorelines
 Slow flows
 Increase habitat
complexity and pool
depth
 Increase ecosystem
function
 Reduce thermal stress

Kalama River
Tidal Zone
Project2
(Washington)

The lower Kalama River provides cold-water refugia for salmon in the
Create critical salmon
Lower Columbia River Basin, including Chinook, coho, chum, and
habitat: Large wood
steelhead. Project leads are placing large woody debris in the tidal zone of placement
the river to create habitat.

 Stabilize shorelines
 Slow flows
 Increase habitat
complexity and pool
depth
 Increase ecosystem
function

Big Beef Creek
Restoration
Project3
(Puget Sound)

Project leads are placing large logs and root wads in tributaries of Big Beef Create critical salmon
Creek to enhance sediment stability and channel complexity. Big Beef
habitat: Large wood
placement

 Stabilize shorelines
 Slow flows

1

https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=16-1477
https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=16-1522
3 https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=16-1477
2
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Project Title

Project Description

Strategy/Technique

 Increase habitat
complexity and pool
depth
 Increase ecosystem
function

Creek is used by Hood Canal chum and Puget Sound Chinook and
steelhead.

Bridge Creek,
Oregon Beaver
Dam Project4
(Oregon)

Scientists from NOAA’s Northwest Fisheries Science Center created a
stream restoration project in the Bridge Creek watershed by encouraging a
local beaver population to build longer-lived dams to protect local
steelhead populations. These beavers have historically built short-lived
dams within incised trenches that are vulnerable to concentrated flooding
events. The project leads created dam support structures (such as wooden
fence posts at 0.5-1 m intervals) across four reaches of Bridge Creek on
both active and abandoned beaver dams. The dams and dam analogs
helped to improve floodplain connectivity and habitat complexity in the
study area.

Climate/Non-Climate Factors
Addressed

Create critical salmon
habitat: Beaver
dams/beaver dam
analogs

 Expand extent of riparian
and tidal channel zones
 Enhance hydrology
 Provide habitat
 Increase floodplain
connectivity

Klickitat Canyon The Columbia Land Trust is acquiring 2,760 acres that spans the Wild and
Conservation5
Scenic Klickitat River, 1.4 miles of Summit Creek, and 0.1 mile of White
(Washington)

Protect healthy salmon
habitat: Land
Creek, and is used by mid-Columbia River Chinook and coho salmon, and acquisition/easements
cutthroat trout. Summit Creek provides critical refugia during high flow
events.

 Conserve current salmon
habitat to protect salmon
populations over the nearterm
 Protect potential future
salmon habitat

Barnum Point
Conservation6
(Puget Sound)

The Whidbey Camano Land Trust is acquiring land to protect Barnum
Protect healthy salmon
Point on Camano Island across from the mouth of the Stillaguamish River habitat: Land
to protect 4,400 feet of shoreline. The surrounding area is used by Chinook acquisition/easements
and steelhead.

 Conserve current salmon
habitat protect
populations over the nearterm

4

https://www.nwfsc.noaa.gov/research/divisions/fe/documents/NMFS-NWFSC-120.pdf
https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=16-1901
6 https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=16-1429
5
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Project Title

Project Description

Strategy/Technique

Climate/Non-Climate Factors
Addressed

 Protect potential future
salmon habitat
Shasta Big
Springs Ranch
Project7,8
(California)

The Nature Conservancy and partners are collaborating to protect and
restore 4,534 acres in Northern California. The ranch property contains 3
miles of the Shasta River and 2.2 miles of Big Springs Creek, both of which
originate from the glaciers of Mt. Shasta. The glacier source provides cold
water suitable for winter and summer spawning and rearing. Since 2008,
this critical habitat has increased from 60 feet to 10 miles, and scientists
have noted decreases in water temperature of up to 13°F during the hottest
times of the summer. In 2014, over 18,000 fall-run Chinook salmon
returned to the Shasta River, more than double the return from Fall 2013.

Protect healthy salmon
habitat: Land
acquisition/easements
Restore critical freshwater
and coastal habitat:
Riparian planting

Powel Shoreline This project removed ¼ mile of bulkheads from privately owned shoreline Restore critical freshwater
Restoration
on Bainbridge Island, resulting in an increase of 163% of intertidal habitat, and coastal habitat:
Project9
including salt marsh and marine riparian habitats. The project also
Remove shoreline
(Puget Sound)

included the removal of approximately 1 acre of non-native plants and the hardening
planting of 2,500 native plants to create habitat to support forage fish and
juvenile Chinook salmon.
Restore critical freshwater
and coastal habitat:
Riparian planting
Southern Flow
CorridorLandowner
Preferred
Alternative
Project10
(Oregon)

This project is removing human-made impediments to flood flows (levees
and fills) and restoring 522 acres of tidal marsh habitat in the lower Wilson
River floodplain, which drains into Tillamook Bay. The project site
represents 10% of the watershed’s historic tidal acreage. This project will
reduce flooding in the Highway 101 business corridor and restore critical
tidal wetland habitat for Tillamook Bay coho, chum, and Chinook salmon,
and cutthroat trout.

Restore critical freshwater
and coastal habitat:
Remove shoreline
hardening
Restore critical freshwater
and coastal habitat:
Riparian planting

 Conserve current salmon
habitat to protect salmon
populations over the nearterm
 Protect potential future
salmon habitat
 Reduce thermal stress

 Dissipate wave energy
 Stabilize shorelines
 May alter natural
sediment processes,
leading to increased
erosion

 Dissipate wave energy
 Stabilize shorelines
 May alter natural
sediment processes,
leading to increased
erosion

7

https://www.nature.org/ourinitiatives/regions/northamerica/unitedstates/california/explore/shasta-big-springs-ranch-protected.xml
https://californiawaterblog.com/2015/01/20/a-salmon-success-story-during-the-california-drought
9 https://www.bi-landtrust.org/protected-spaces/stewardship/powel-shoreline-restoration-project
10 https://tillamookoregonsolutions.com
8
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Strategy/Technique

Climate/Non-Climate Factors
Addressed

Project Title

Project Description

Clean Water
Services
Reduced
Thermal Load
Discharge –
Tree Planting
Incentive
Program11
(Oregon)

Clean Water Services, a utility serving Washington County in Oregon,
Restore critical freshwater
partnered with the U.S. Environmental Protection Agency and the Oregon and coastal habitat:
Department of Environmental Quality to implement a thermal load
Riparian planting
trading program that promotes riparian restoration to offset thermal loads
from treatment facilities. Effluent from Clean Water Services’ treatment
facilities flow into the Tualatin River, increasing downstream water
temperatures and impacting aquatic species. The thermal load trading
program incentivizes private land owners to plant trees in riparian areas
of the watershed.

 Reduce thermal stress

Freshwater
Trust Riparian
Restoration
Project12
(Oregon)

The Freshwater Trust partnered with a ranch along Neil Creek, located in
the Rogue River basin of southern Oregon, to restore 14 acres of riparian
habitat along 1 mile of the creek. The project involved planting native
riparian trees and shrubs to shade the stream and reduce solar loading on
Neil Creek. Project leads approximate that up to 3,780,000 kilocalories of
solar load per day was avoided as a result of this project, benefiting
primarily coho salmon.

Restore critical freshwater
and coastal habitat:
Riparian planting

 Reduce thermal stress

Ziegler Creek
Norwood Road
Crossing
Abandonment13
(Washington)

Trout Unlimited has proposed to remove a road crossing with two
culverts on Ziegler Creek, a salmon spawning and rearing tributary to
Lake Quinault, and restore habitat with the installation of large woody
debris and planting of native riparian vegetation. The area is prone to
flooding and likely vulnerable to increasing storm events associated with
climate change; removal of the crossing is expected to create more natural
conditions, which will help the creek buffer high-flow events and
minimize flood damage.

Reconnect ecosystems:
Remove barrier to flow






Create critical salmon
habitat: Large wood
placement

Stabilize shorelines
Slow flows
Reduce thermal stress
Minimize erosion

Restore critical freshwater
and coastal habitat:
Riparian planting

11

https://www.pdx.edu/sustainability/sites/www.pdx.edu.sustainability/files/CleanWaterServices_CaseStudy.pdf
https://www.thefreshwatertrust.org/case-study/shade-a-lator-neil-creek
13 https://secure.rco.wa.gov/prism/search/ProjectSnapshot.aspx?ProjectNumber=17-1104
12
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Project Title

Project Description

Strategy/Technique

Smuggler’s
Slough Riparian
Restoration
Project14,15
(Puget Sound)

The Lummi Nation partnered with the Washington State Department of
Ecology to restore riparian habitat in the Nooksack River Delta to increase
riparian shading to reduce heat-related stress on salmon. Approximately
200 acres along 2 miles of river have been restored. In addition, project
leads reconnected more than 100 acres of wetland and intertidal slough
habitat by removing and modifying structures (levee, culverts, tide gates).

Restore critical freshwater
and coastal habitat:
Riparian planting
Reconnect ecosystems:
Remove barrier to flow
Reconnect ecosystems:
Remove fish passage
barriers

Climate/Non-Climate Factors
Addressed







Reduce thermal stress
Stabilize shorelines
Slow flows
Minimize erosion
Increase habitat
connectivity
 Increase floodplain
connectivity

Stewardship in The Stewardship in Action (SiA) Project is a joint venture between
Action Project16
Forterra, Seattle Public Utilities, and the King County Noxious Weed
(Puget Sound)

Minimize non-climate
stressors: Reduce
invasive species






Nisqually Delta
Restoration
Project17,18
(Puget Sound)

Reconnect ecosystems:
Remove barrier to flow

 Stabilize shorelines
 Minimize erosion
 Increase buffering
capacity

Control Program. The program works to remove noxious weeds
(primarily knotweed) and plant native riparian vegetation along the Cedar
River to restore the riverine system and increase the runs of threatened
Restore critical freshwater
and endangered salmon species.
and coastal habitat:
Riparian planting
The Nisqually National Wildlife Refuge covers over 3,000 acres of various
habitats in Puget Sound. A dike constructed in the 1900’s restricted tidal
flow to the refuge, severely limiting the extent of critical habitat for
juvenile salmon, birds, and marine mammals. The removal of this dike
resulted in the reconnection of the tidal slough, increased connectivity,

Restore critical freshwater
and coastal habitat:
Riparian planting

Reduce ecosystem stress
Stabilize shorelines
Slow flows
Minimize erosion

14

https://fortress.wa.gov/ecy/publications/publications/0706007.pdf
http://blogs.nwic.edu/briansblog/files/2011/07/komoto_j.pdf
16 http://forterra.org/subpage/stewardship-in-action
17 http://www.cakex.org/case-studies/restoring-tidal-flow-and-enhancing-shoreline-resilience-nisqually-river-delta
18 http://hws.ekosystem.us/project/220/5289
15
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Project Title

Project Description

Strategy/Technique

Climate/Non-Climate Factors
Addressed

 Increase habitat
connectivity

and increased habitat extent, which will help the system buffer the effects
of sea level rise and storm surge.
Estero de
Limantour
Restoration
Project19
(California)

The National Park Service removed two dams in the Drakes Estero
Estuary to restore tidal marsh habitat connectivity between freshwater and
saltwater habitats, which support anadromous fish passage. These two
dams were also at risk of failure due to sea level rise and more frequent
and intense storms.

Reconnect ecosystems:
Remove barrier to flow

Rainbow Bend
Levee Removal
and Floodplain
Reconnection
Project20
(Puget Sound)

This project involved removing an old 900-foot levee from the Cedar
River, which cut off the river from its floodplain, disrupted natural river
processes, caused severe and repeated flooding to nearby homes, and
limited salmon access to the floodplain. By reconnecting 40 acres of
floodplain, young Chinook salmon and other salmonids have access to
expanded edge habitat and backwater areas to feed and escape predators.

Reconnect ecosystems:
Remove barrier to flow

Salmon Creek
Restoration
Project21
(Washington)

This project includes removing a fish passage barrier along Salmon Creek Reconnect ecosystems:
in Jefferson County. Project leads are replacing an undersized culvert,
Remove fish passage
which prevents summer chum from accessing upstream spawning habitat. barriers

 Increase habitat
connectivity

Reconnecting
Lower Spring
Creek
Floodplain22
(Washington)

Project leads are designing a project to remove a fish passage barrier along Reconnect ecosystems:
Spring Creek Road in Klickitat County. The plan is to remove a culvert
Remove fish passage
under the road, move the road north, away from the creek and its
barriers
tributaries, and decommission the abandoned part of the original road so
that it may return to wetland habitat.

 Increase habitat
connectivity
 Minimize erosion

Reconnect ecosystems:
Remove fish passage
barriers
 Increase habitat
connectivity

19

http://www.cakex.org/case-studies/estero-de-limantour-coastal-watershed-restoration-project
http://www.govlink.org/watersheds/8/pdf/1411_4479_WRIA8_RAINBOW_BEND.pdf
21 https://secure.rco.wa.gov/prism/search/ProjectSnapshot.aspx?ProjectNumber=17-1060
22 https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=16-1998
20
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Project Title

Project Description

Strategy/Technique

Issaquah Creek
Integrated Fish
Passage
Project23
(Puget Sound)

This project involved removing a 12-foot-high diversion dam from
Issaquah Creek and replacing it with a series of fish-friendly rock weirs to
stabilize the channel and provide fish passage. Project leads also
constructed a new fish-passable gravity water intake to provide water to
the hatchery. Streamside plants and in-stream woody debris were also
added to further improve the habitat.

Reconnect ecosystems:
Remove fish passage
barriers
Restore critical freshwater
and coastal habitat:
Riparian planting

Climate/Non-Climate Factors
Addressed

 Increase habitat
connectivity
 Minimize erosion
 Stabilize shoreline
 Slow flows
 Reduce thermal stress

Create critical salmon
habitat: Large wood
placement
Qualco Energy
Project24
(Puget Sound)

The Tulalip Tribes identified runoff from local dairy farms as a major
Minimize non-climate
contributor to salmon mortality. Qualco Energy is an energy cooperative
stressors: Reduce
between Sno/Sky Agricultural Alliance, Northwest Chinook Recovery, and pollution
the Tulalip Energy Corporation to collect livestock and agricultural waste,
which is then used to produce green energy, rather than allowing the
waste to runoff into salmon-bearing streams.

 Reduce stress
 Improve water quality

Restoring
The Washington Water Trust is buying water rights on First Creek in the
Permanent Flow
upper Yakima River Basin to increase the amount of water available for
to Swauk
25
steelhead in First and Swauk creeks.
Creek
(Washington)

Minimize non-climate
stressors: Reduce water
withdrawals

 Maintain water
availability

Lassen Foothill
Creeks Habitat
Protection26
(California)

Minimize non-climate
stressors: Reduce water
withdrawals

 Maintain water
availability

The Nature Conservancy purchased water rights to Mill Creek and is
developing a banking and accounting system for water to benefit fish and

23

http://www.govlink.org/watersheds/8/pdf/1409_4364_WRIA8factSHT_ISSAQUAH_WEB.pdf
https://toolkit.climate.gov/case-studies/tulalip-tribes-saving-their-sacred-salmon
25 https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=16-1606
26 https://www.nature.org/ourinitiatives/regions/northamerica/unitedstates/california/explore/saving-salmon-in-the-lassen-foothills.xml
24

Puget Sound Partnership Climate and Chinook Guidance (Version 1.0 September 2017)

25

Project Title

Project Description

Strategy/Technique

Climate/Non-Climate Factors
Addressed

local farmers. For example, farmers reduce their withdrawals from the
creek for irrigation during fish migration periods.
Evaluating the
Effectiveness of
Assisted
Migration and
Fish Rescue
Programs27
(Washington &
Oregon)

As water availability is altered due to water withdrawals, diversions, and
climate change, small streams become increasingly fragmented, which
poses serious threats to endangered salmon populations. Managers have
found salmon in these isolated pools more frequently in recent years and
are now experimenting with fish rescue programs. Investigators from
Oregon State University and the Washington Department of Fish and
Wildlife are evaluating the costs and benefits associated with fish rescue
and assisted migration of endangered salmon at multiple life-stages to
identify the feasibility and effectiveness of these programs as a broader,
regional scale approach to salmon recovery in a changing climate.

Protect salmon
populations: Assisted
migration/translocation

 Reduce stress
 Maintain water
availability

South Fork
Nooksack River
Salmon
Project28
(Washington)

The Nooksack Tribe and partners conducted a vulnerability assessment
and climate adaptation planning project to inform climate-smart salmon
habitat restoration in the South Fork Nooksack River basin. The
vulnerability assessment identified that South Fork has been substantially
degraded by historic timber harvest, land use conversion, and flood
control efforts, which makes the system more vulnerable to climate
change. For example, modeling indicates that water temperatures in the
river (without the restoration of riparian vegetation to provide shade) are
projected to increase between 3.5-6°C during low-flow conditions by 2080.
The project team also developed an adaptation plan, which included the
evaluation of salmon recovery actions with respect to climate
vulnerabilities building off the work of Beechie et al. (2013). Through this
process, the project team indicated which actions were high, medium, or
low priorities according to specific South Fork reaches and sub-basins, and
provided recommendations on how to increase the actions’ potential to
adequately address climate concerns within the context of the basin. At the

Minimize non-climate
stressors: Reduce water
withdrawals

 Reduce stress
 Maintain water
availability
 Stabilize shorelines
 Slow flows
 Increase habitat
complexity and pool
depth
 Increase ecosystem
function
 Reduce thermal stress
 Increase habitat
connectivity

27
28

Create critical salmon
habitat: Large wood
placement
Reconnect ecosystems:
Remove barrier to flow
Reconnect ecosystems:
Remove fish passage
barriers

https://www.nwclimatescience.org/projects/evaluating-effectiveness-assisted-migration-and-fish-rescue-programs
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryID=320470
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Project Title

Project Description

Strategy/Technique

Climate/Non-Climate Factors
Addressed

watershed scale, the project team highly recommended reducing water
withdrawals, restoring floodplain wetlands, removing barriers, and
increasing the use of logjams to improve cold-water refugia in cool-water
tributaries of the South Fork.
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Appendix B―Climate-Related Concerns for Salmon
The table below provides examples of anticipated climate change effects and their potential
impacts to salmon – adapted from leDoux B, et al. 20171

1

leDoux ., Engle J, Ruff M, Wahl C. 2017. WRIA 7 Climate Change Impacts to Salmon Issue Paper. Final Draft, January, 2017,
Prepared for Snohomish Basin Salmon Recovery Technical Committee.
https://snohomishcountywa.gov/DocumentCenter/View/41032
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Appendix C―Example Adaptation Strategies and Actions
Table 1 provides a summary of restoration action types and their ability to ameliorate climate
change effects on peak flow, low flow, stream temperature and to increase salmon population
resilience. From Beechie 2012 pg. 9511

1

Beechie T, Imaki H, Greene J, Wade A, Wu H, Pess G, Roni P, Kimball J, Stanford J, Kiffney P, Mantua N. 2012. Restoring Salmon
Habitat for a Changing Climate. River Research and Applications. 29: 939-960. DOI: 10.1002/rra.2590
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Table 2 provides example actions that can be chosen for each adaptation strategy. From Nelson,
R., et. al. 20162. Listed alphabetically by strategy.

2

Nelson, R., Cross, M., Hansen, L., and G. Tabor. 2016. A three-step decision support framework for climate adaptation:
Selecting climate informed conservation goals and strategies for native salmonids in the northern U.S. Rockies. Wildlife
Conservation Society, EcoAdapt, Center for Large Landscape Conservation. Bozeman, MT, USA. http://rmpf.weebly.com/coldwater-ecosystem-management-tool.html

Puget Sound Partnership Climate and Chinook Guidance (Version 1.0 September 2017)

30

Puget Sound Partnership Climate and Chinook Guidance (Version 1.0 September 2017)

31

Puget Sound Partnership Climate and Chinook Guidance (Version 1.0 September 2017)

32

