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Washington’s Pacific Coast

* Watersheds drain directly to the
Pacific Ocean (3.75M acres)

* Population ~200,000

* Six federally recognized tribes

* 133 populations of salmon,
steelhead, trout, and char




m Coast Salmon Partnership

* Regional salmon recovery organization
(RCW 77.85)

* Formed by interlocal agreement
among Tribes, counties, cities, and port
districts

* Oversight by board of directors

Facilitate collaborative decision making
in support of salmon restoration and
sustainability on the Washington Coast




Regional Salmon Plan

Strategy B1. The Coast Salmon
Partnership aims to use habitat

S

protection and restoration tools and

WASHINGTON COAST

SUSTAINABLE SALMON PLAN

techniques to maintain or restore in-
channel salmon habitats that are key

when considering climate change.




Climate Adaptation Framework



Climate Adaptation Framework

Purpose

Climate vulnerabilities of salmon are generally understood

But. ..

Climate adaptation strategies are just starting to emerge

Our Goal...

Give practitioners and planners a forward-looking perspective on how
their actions can contribute to future resilience of habitat for salmon,
steelhead, trout, and char in the region
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Climate Impacted Projected for Region
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Climate Resilience
Definition

Climate Resilience is the ability of a species or habitat to
recover from a disturbance or change without significant loss of
function

Gunderson, 2000: Glick et al., 2011

Climate-Resilient Habitat occurs where ecological processes to
support the salmonid life cycle remain intact when exposed to
climate impacts,

Working definition for Coast Salmon Partnership



Climate Resilience
Components

Climate Resilience

Climate Ecological Social
Exposure Sensitivity Adaptability

\
The physical, chemical, biological, Watershed characteristics that The capacity of human systems
and other changes occurring due influence the extent climate to respond to changing

to broader shifts in climate impacts will be felt in an area conditions



Climate Resilience
Scale of Calculation

Climate Resilience

Climate
Exposure

Ecological
Sensitivity

Social
Adaptability




Climate Resilience Index
Organized by Climate Stressor

Climate Resilience Index
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Climate Resilience Index
Organized by Climate Stressor

Climate Climate
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CRI = a*CRIss; + b*CRIg,  + c*CRlye + d*CRIg
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Climate Resilience Index
Metrics

Summer Stream Temp ~ Summer Low Flow Winter Peak Flows
Bankfull Flow (Q1.5 Yr)
Peak Flow (Q25 Yr.)

Forest Cover

Mean August Temperature Mean June-August Flow

Base Flow Index Mean September Flow

Wetland Density Minimum Weekly Flow

Wetland Intactness Base Flow Index Valley Constraint

Wetland Density Road Density

| andslide Risk

Riparian Intactness

Invasive Plant Index Wetland Intactness

Regulatory Effectiveness Water Use Index Regulatory Effectiveness

Voluntary Receptivity Invasive Plant Index Voluntary Receptivity
Regulatory Effectiveness

Voluntary Receptivity

Climate Ecological Social
Exposure Sensitivity Adaptability

Sea Level Rise
Anadromous Habitat
Upland Migration Potential

Regulatory Effectiveness

Voluntary Receptivity



Climate Resilience Index
Social Adaptability Metrics

Percent regional coverage by land type

Participatory workgroup process

Parcels organized by land type
(use, ownership)

[dentify regulatory and voluntary |
: Privat
prOg rams National Forest Foregitaend

6% 47 %

Fach land type scored 1 to b:

State Forest

1. Regulatory effectiveness =

Olympic
National Park

2. Voluntary receptivity 3%




Climate Resilience Index
Spatial Patterns Among Metrics (example)

Climate Exposure Ecological Sensitivity Social Adaptability
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Climate Resilience Index for Salmon Habitat

Wi =
Index Value _
B 0.00-0.09 ’
B 0.09-0.13
Il 0.13-0.23

Il 0.23-0.34 ~

Overall index combines 22 metrics of
exposure, sensitivity, and adaptability

* Describe spatial patterns in salmon
nabitat resilience

* Incorporate both ecological and
social conditions

* [dentify which actions are needed
and where to improve resilience
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Application

Resources

Online Interactive Tool User Guide Watershed Report Cards

Washington Coast Climate Resilience Index e Case Study

CLIMATE RESILIENCE INDEX FOR THE WASHINGTON COAST REGION Watershed Report Card

i« Lower Clearwater River (HUC 171001020105)
ChnaTse. e Ll iine!: Dot Sexron User Guide to the Model, Data Sets. and Interactive Tool Quinault Indian Nation Lead Entity, WRIA 21

Introduction  Model Structure

eview  Scenario Panning

A. Resilience Overview
The Climate Resilience Index score for this watershed is in the top third of the range of all
Introduction to the Climate Resilience Index watershed of

s in the coast region and middle the range watersheds in the Cuinault Indian
Natian Lead Enlity. The Goast Region range i the grey bar. Lead Entty range is the blus bar
and scare for this watershed is the blue diamand.
Grace Adams and Mara S. Zimmi
2 The Coast Salmon Partnership's Climate Resilience Index describes the cimate  Cont Silnea Pty s
resiliency of salmonid habitat at the sub-watershed (HUC-12) scale for the entirety of the -
Washington Coast Salmon Recovery Region
COAST SALMON
PARTNERSHIP

for the Climate Resillence Index is provided in the User Guide (top right

O
link on each page)

Viorse Baer
W

) 02
Clenate Resilence index Score

Climate Resilience B. Resilience by Climate Stressor

Gomparsd to other watarsnads in the cosst region, the Climate Resilisnce Index scors for his
watershed 1 in the middle third of the rangs for summer temperstures, middle third for summer
fow flows, middle third for winter peak flows, and top third for sea level rise. The Coast Region
range is the grey bar. Lead Entity range is the biue bar, and score for this watershed is the blue
diamond

Climate Ecological Social
Exposure Sensitivity Adaptability

“Note: For fish populations associated with this sub-watershed, resilience to sea level rise is
influenced by sea level rise metrics calculated for the entire WRIA shoreline. Resiliance to
summar straam tempersture, summer low flows, and winter pesk flows sre influenced by matrics
calculated for the sub-wstershed Matrics relstad to sea level rise are denoted throughout the
report card with a *

e
“Steam e
S | p—
Flows |
Winter Peak e
Fiows|

Serles]
Rese

Worse Beser
[ e

Remnants of the Anderson Glacier, Olympic Mountains

02 [
Climate Resilience Incex Score
Apnl 22,2024
Climate Resilience Index Online Tool




Watershed Report Card

Overview

Watershed Report Card
Laower Clearwater River (HUC 171001020105)
Quinault Indian Nation Lead Entity, WRIA 21

Summer  Fall Spring  Fall Fall Sockeye Summer Winter  Bull Rainbow  Cutthroat

Coho  Coho  Chi- Chi- Chum Steel-  Steel  Trout Trout Trout
ook ook head head

No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

A. Resilience Overview

The Climate Resilience Index score for this watershed is in the middle third of the range for the
region and middle third of the range for the Lead Entity. The Coast Region range is the grey bar,
Lead Entity range is the blue bar, and score for this watershed is the blue diamond.

‘Watershed
Score

Worse Better
03

0.1 02
Climate Resilience Index Score

B. Resilience by Climate Stressor

Compared to the region, the Climate Resilience Index score for this sub-watershed is in the
middie third of the range for summer temperatures, middle third for summer low flows, middie
third for winter peak flows, and middle third for sea level rise. The Coast Region range is the
grey bar, Lead Entity range is the blue bar, and score for this watershed is the blue diamond.
Note: For fish populations from this sub-watershed, metrics associated with sea level rise are
calculated for the WRIA shoreline whereas metrics for summer stream temperature, summer low
flows, and winter peak flows are influenced by metrics calculated for the sub-watershed. Sea
level rise mefrics are denoted with an asterisk (*) throughout.

Summer Low —
Flows

Winter Peak

ek e
Sealeveivie| I

Worse Better
00 02 04 06
Climate Resilience Index Score

Summer Stream
Temperature

‘Watershed Report Card
Lower Clearwater River (HUC 171001020105)
Quinsult Indian Nation Lead Entity, WRIA 21

Landscape Features (Sensitivity): The value of each metric represents natural limits of the
watershed. To improve climate resilience of salmon habitat, actions should protect and/or restore
the function of these landscape features

\
Baseflow Index * —
|
Wetland Density] 4 i
Valley Constraint] 4 L]
"
Landslide Risk{ get® | worse -‘ Befter

000 025 050 075 1.00 020 o021 022 o023

Metric Value (Scaled) Change in CRI

Landscape Characteristics (Sensitivity): Value of each metric represents human impacts on
watershed function. To improve climate resilience of salmon habitat, actions should protect land-
scape characteristics in better condition and restore those in worse condition.

Wetland Intactness | & I

Riparian Intactnass { 3 —

Invasive Plant Indexc Y [

Water Use Index L 2 ﬁ

Valley Bottom Road Density. & [ ]

Forest Cover * -

“Upland Migration /. ®.er Wnrse— Better
000 025 D50 075 100 020 021 022 0323
Metric Value (Scaled) Change in CRI

Social Adaptability: Value of each metric represents the human willingness fo adapt behavior in
-away that protects and/or restores watershed function. To improve climate resilience of salmon
habitat, actions should focus on outreach and education, especially if adapiability is low.

Regulatory Effectiveness *
(Freshwater) —
R At * ]
(Freshwater) '
*Regulatery Effectiveness
(Saltwater) * —
*Voluntary Receptivity .
(Saltwater) | woree * Better  |Worse - Betier

000 025 050 075 100018 020 022 024
Metric Valus (Scaled) Change in CRI

‘Watershed Report Card
Lower Clearwater River (HUC 171001020105)

Quinault Indian Nation Lead Entity, WRIA 21

D. Metric Values

Metrics were scaled 0 (contribute to low resilience) to 1 (contribute to high resilience). All figures
in this report card show the scaled value of each metric. The table below shows the scaled value
and actual value of each metric. See User Guide for more information on metric definitions and
scaling.

Metric Scaled Actual Unit
Value Value

Climate Exposure
August Stream Temp 085 1488 Degrees C by 2080
Low Flow (Jun-Aug) 0.80 -16.88 % Change by 2080
Low Flow (Sept) 0.73 -2275 % Change by 2080
Low Flow (Minimum}) 081 -1588 9% Change by 2080
Bankfull Flood (Q1.5Yr) 1.00 0.00 9% Change by 2080
Peak Flood (Q25 Y1) 0.96 341 9% Change by 2080
Anadromous Miles 1.00 787 Miles

Landscape Features
Base Flow Index 036 4913 NA
Wetland Density 0.05 150 %
Valley Constraint 014 7.95 9% Depositional Reaches
Landslide Risk 097 070 %

Landscape Conditions
Wetland Intactness 099 9923 %
Riparian Intactness 0.87 8983 %
Invasive Plant Index 033 900 NIA
Water Use Index D42 4228 %
Valley Bottom Road Density 0.55 3.1 Mile/Sq. Mile
Forest Cover 085 8451 %
Upland Migration 077 7363 %

Social Adaptability
Regulatory Effectiveness (Freshwater) 0.49 322 NIA
Voluntary Receptivity (Freshwater) 051 327 NiA
Regulatory Effectiveness (Saltwater) 0.52 330 N/A
Voluntary Receptivity (Saltwater) 0.57 340 N/A

Watershed Report Card
Lower Clearwater River (HUC 171001020105)

Quinault Indian Nation Lead Entity, WRIA 21
E. Land Types
Land Type information can be used to interpret scores represenfing regulatory effectiveness and

receptivity to voluntary action. The table below shows the percent of each land type in this sub-
walershed. See User Guide for a description of land type categories.

Land Type Percent
Commercial o001
Conservation Forests 1491
Industrial 044
Olympic National Park 007
Private Forestland 2828
Rural Residential 078
State Upland Forest 5314
Tribal Lands 012
Undeveloped 0.85

WDFW Wildlife Areas 002

Y

J \

Y

Y

Climate resilience score and
climate stressors

What is influencing resilience?
How to improve resilience?

Metric Values

Land Types




Case Study

L ower Clearwater River

-‘: S
Index Volue ‘
B 0.00 - 0.09

[ 0.09-0.13

B 0.13-0.23

B 0.23-0.34

125 Miles
|

200 Kilometers




‘Watershed Report. Card

. Lower Clearwater River (HUC 171001020105)
Summer Fal | Sping  Fal | Fal | Sockeye Summer Woiar Bul | Rnbow Cutbrom
Gne Cho O i Ghum S LA e Tek o Tew
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A Resilience Overview

The Climate Resilience Index score for this watershed is in the middie third of the range for the

0 region and midle third of the range for the Lead Entity. The Coast Region range is the grey bar,
Lead Enity range is the blue bar, and score for this watershed is the blue diamond.
Watershed
| o t Score
o1 02
Glimate Resilience Index Score

stressors

Compared to the region, the Climate Resilience Index score for this sub-watershed is in the.
middle third of the range for summer temperatures, middle third for summer low flows, middle
third for winter peak flows, and middle third for sea level rise. The Coast Region range is the
grey bar, Lead Entity range is the biue bar, and score for this watershed is the biue diamond
Note: For fish populations from this sub-watershed, metrics associated with sea level rise are.
calculated for the i ummer siream temperature, summer low.
flows, and winter peak flows are influenced by metrics calculated for the sub-walershed. Sea
level rise metrics are denoted with an asterisk () throughout.

Sunmer e
e
Frows]
e e
Flows’
We

jorse Better
)

—_— 00

02 04
Climate Resilience Index Score

Summer Stream
Temperature

Resilience to these

Summer Low |
stressors can be improved

Flows

Winter Peak |
Flows

External factor that affects
resilience. No estuary
Worse etter habitat in this watershed.

0.0 0.2 04 0.6
Climate Resilience Index Score

*Sea Level Rise-




Case Study

L ower Clearwater River

Baseflow Index

* Moderate condition + high
influence

* Naturally limited

HUC 171001020105)
WRIA 21
The Vale of Sach metrc represents natural imis of he
restore

What is
influencing
resilience?

000 025 050 075 100 020 021 02 023
Meric Value (Scaled) Change in CRI

vertical dashed line is the
bar shows how the Clima
metric value; wider bars represent a greater Influence than shorter bars.

The greatest
focused on metrics (left figure) with lower values and influence (right figure) of greater
value.

Climate Exposure: The value of each melric represents downscaled global cimate model pro-
jections and species distribution data. These metric calcuiations should be reguiarly updated as
oy action:

ble. To mprove X Should i
d weach See User Guie for related sensitivity
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 Moderate condition
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« Changes could
increase or
decrease resilience
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Invasive Plant Index 1

Water Use Index1
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Riparian Intactness and
Forest Cover

» Good condition + high
influence

« Changes could increase

¢

Valley Bottom Road Density 1

> I
1

or decrease resilience

Forest Cover ’4— —
External factor { Upland Migration,, o %eﬁer 1 Worse— Better
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https://coast-salmon-partnership.shinyapps.io/CRI_app/

What is
influencing
resilience?

Case Study

ower Clearwater River

Watershed Report Card
Lower Clearwater River (HUC 171001020105)
Quinass Indian Nation Lead Encity, WRUA 21

€. Metrics and Influence

The Camate Resfience Index score for this walershed infegrates twenty-two individual metrics
representing exposure, sensivity, and adaptabity. See the User Guide for metrc defintions
Left Figure: Shows the metric values {scaled 0 10 1); higher values contripute 1o a higher Climate
Resilence Index score. For actual and scaled numerical values, see D. Mefric Vaues.

Rignt Figure: Shows the influence of each metric on the Climate Resilence Index score. The
vertical dashed fine is the Climate Resiience Index score for this watershed. The width of each
Dar shows Now the Ciimate Resibence Index Score would change i fesponse 1o Changes i
metric value; wider bars represent a greater influence than shorter bars

The greatest will

focused on metrics (left figure) with lower values and influence (right figure) of greater
value.

Watershed Report Card

Lower Clearwater River (HUC 171001020105)

Quinault Indian Nation Lead Entity, WRIA 21

Lanuscape Features (Sensitivity): The value of each metric represents natural limits of the
restore

the mnmon of these landscape features.

Basefiow Index *
Wetland Density |
Valley Constraint| 4
Landside Risk| eter
0 02 21 02 023
et vals (scied) Ghange in CRI

Landscape Characteristics (Sensitivity): Value of each metric represents human impacts on

How to
improve
resilience’

2,

Freshwater Requlatory Effectiveness

and Voluntary Receptivity

» Moderate condition + high influence

» Resilience may increase or
decrease if adaptability changes

Regulatory Effectiveness
(Freshwater)

Voluntary Receptivity
(Freshwater)

*Regulatory Effectiveness |
(Saltwater 1

*Voluntary Receptivity
(Saltwater)

4
¢ .
4

Worse Better Worse

Climate Exposure: The value of each melric represents downscaled global cimate model pro-
jections and species distribution data. These metric calcuiations should be reguiarly updated as

table. To mprove , actions should im-
1 each See User Guide for related sensitivily

and adaptability metnics.

August Stresm Temp
Low Flow (dun-Aug)
Low Flow (Segt) *
Low Fiow (Mrsmum) o
Bankfut Flood (015 V1) *
Pesk Fiood (025 Y1) *

*Anadromous Habiat| s pen® | wome
000 025 0% 075 100 019020021032 023
Metic Value (Scaled) Change i CRI

watershed function. To improve climate resilience of salmon habitat, actions shouid protect land-
scape charactenistics in better condition and restore those in worse condition

Wetland Intactness: *
Riparian Intactness * —
Invasive Plant Index * o
Water Use Index * L
Valley Bottom Road Density * [
Forest Cover * [
“Upland Migrason] Tt
000 025 050 075 100 020 021 022 023
Meric Value (Scaled) Change in CRI

Social Adaptability: i
away that protects and! T oeein
habita, actons showld ocus on ouircach and education, esnscmly if adaptabilty is low.

Regulatory Effectiveness . —‘
(Freshwater) H
o it . —
ot s o -
O e e ® et Jwose "W s

000 025 050 075 100018 D020 022 024
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External factor

Better
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Case Study

L ower Clearwater River

Interpretation:

By considering ecological sensitivity and social adaptability together, priority
actions for the Lower Clearwater River are:

1. Maintain riparian intactness and promote maturation of riparian forests
(maintain metric value, improve quality not captured by metric)

2. Maintain intactness of upland forest where practical (maintain metric value)
3. Decrease valley-bottom road density where practical (improve metric value)

4. Increase collaborations with forest managers to advance priorities 1-3






CRI is a tool designed to be refined as new data becomes available!

Gaps in Existing CRI Data:

Coast-wide spatial footprint of sea
level rise

Wetland data (e.g., cryptic
wetlands)

Climate projections are continually
updated

Impacts Not Yet Included:

Wildfire
Ocean conditions

e (Qcean acidification
* Harmful algal blooms

Invasive species interactions (e.g.,
green crab, smallmouth bass)



1. Value added: climate resilience lens causes us to think about
restoration actions AND land use together

a.
D.

C.

. These tools can be used to:

develop and evaluate habitat projects
prioritize and coordinate outreach strategies
refine watershed-scale restoration strategies

identity species-specific vulnerabilities
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Thank you!

‘ .. Photo: Nevember 2023 Workshop



Additional Slides



Species Informed Climate Resilience Index

CRI = a*CRleg + b*CRIg  + ¢*CRIypr + d*CRIg

Species/Run a b C d
Summer Coho 0.3 0.5 0.1 0.1
Coho 0.3 0.3 0.3 0.1
Spring/Summer Chinook 0.5 0.1 0.2 0.2
Fall Chinook 0.2 0.3 0.4 0.3
Chum 0 0 0.7 0.3
Sockeye 0.6 0.2 0.2 0
Summer Steelhead 0.5 0.4 0.1 0
Winter Steelhead 0.4 0.4 0.2 0
Bull Trout 0.7 0.2 0.05 0.05
Cutthroat 0.2 0.5 0.2 0.1




Social Adaptability — Land Types

Land Types
- - Private Forestland

I oy oic National Park
State Upland Forest

I o1y mpic National Forest (Reserved)

Private
National Forest Forestland

6% 47%

State Forest
13%

Olympic
National Park
13%

W Private Forestland
B Olympic National Park
B State Upland Forest
B Olympic National Forest - Reserved
Tribal
B Undeveloped
B Residential - Rural
B Agricultural
B Olympic National Forest - Not Reserved
B Conservation Forests
B Residential - Urban
B Federal Reserves
M Industrial
Commercial
WDFW Wildlife Areas
City and County Parks
B Recreational Activities

W Hatcheries

Tribal Lands

- Undeveloped
I Rural Residential
- Agriculture

- Olympic Mational Forest (Mot Reserved)
- Conservation Forests

- Urban Residential
- Federal Resemnves

Industrial

Commercial

WDFW Wildlife Areas

City and County Parks
Recreational Activities

Fishing and Hatcheries

atrrdn, ) oottt itbngs , 2 dhs @S




Social Adaptability — Scoring Process

Social Adaptability Scores

Voluntary Receptivity

Reqgulatory Effectiveness T —]

Agricultural

Are reg u | ato ry Residential (Rural) 1

Residential (Urban) 1

protections effective on
this land type?

Tribal Lands A
Recreational Activities 1

City and County Parks -

Land Types

State Forestland

Voluntary Receptivity

Olympic National Forest (Not Reserved) -

Are th ese |an d types Olympic National Forest (Reserved)

Private Forestland{ == :‘: -f—::‘:

-

g —————
——
g ——
—
Industrial 1 [Z:::€>—————‘—— '===:::’!:‘:=:1
—C€>—=
_%:‘:_-—\;.
—
—

receptive tO \/Oluntary Federal Reserves 1

Conservation Forests -

prOteCUOﬂ/reStO rat|0ﬂ? WDFW Wildlife Areas |

Undeveloped -
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Olympic National Park - :‘:::I
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Social Adaptability — Results

Voluntary Receptivity

Requlatory Effectiveness

= e =
T w2
333333



Watershed Report Card

Land Type Percent Lol Rive (L 1710100105
C as e St u d y Commercial 0.01 e

i i nd
receptivity to voluntary action. The table s the percent of each land type in this sub-
ide for a descript e categories.

Conservation Foresis 14 .91 e —_—

1 Industrial 0.44 e B
|_OV\/€ r C | ca r\/\/ater RIVG r Olympic National Park 0.07 S o1

Rural Residential 0.76
State Upland Forest 5314

Private Forestland 28.28 b
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Land Type: State Upland Forest

Land type definitions can be found |
in the User Guide.

Zoom into a sub-watershed to
learn about the spatial
distribution of land types.



https://coast-salmon-partnership.shinyapps.io/CRI_app/
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