WRIA9 Climate Change Impacts on Salmon

Introduction

In thetwelve years since the adoption of the 20@ een/Duwamish and Central Puget Sound Watersdadhon
HabitatPlan (Plankhere have been many successes and challefayabe salmon recovergffort in our local
watershed and the greater Puget Sound. With each recovery project planned and implemented, we understand
more about the complexity of this undertakinQneof the most pressing environmental concerns affectimg
longterm success adalmon recovery in th&reenDuwamish Watersheib the impacts ofclimate change.

Climate change scieneeas not incorporated into the 2005 Plan, because future climate scenariosumelear.
However, climate changeas been the focus of intense research, both global and regional, over the last decades.
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(CIG), has been informative. Ttlearmessagdrom thisresearch is thatve must prepare for the current and

future impacts of climate change and incorporate what we know about climate change into salmon recovery
actions.

Climate change will directly impact salmon recovery work done irGiteen/Duwamistand Catral Puget Sound
watershed CIG and others predict that Pacific Northwest precipitation patterns will change, bringing warmer,
wetter falls, winters, and springs. Floods will be more intense and more frequent. As winters become warmer and
wetter, snow wil melt from the mountains earlier and more quickly. The decrease in amount andrearl
disappearance of the snow pack will exacerbate drotiglet summer low flow conditions in currently snew
dominatedareasof the watershed Hotter air temperatures wilhicrease water temperature in both rivers and
the ocean. Nearshore and estuary areas will be impacted by sea level rise, food web alteration and ocean
acidification. A changing climate will exacerbate typical climate variability causing environmentaioctnitiiait

will negativelyimpact our salmonidand their habitat This was observeid summer 0f2015 when a warm, wet
winter with extreme low snow pack levelsoupled with a dry, hot summecreated dire conditions for salmon
(DeGasperi 2017The Mucklshoot Indian Tribe reported adult Chinook salmon dying in the stream just below
the Soos Creek hatchery (H. Coccoli, pers. comm.), and Washington Department of Fish andlg¢édlife
indicated higher than typical numbers of female Chinook with high egmtien (prespawn mortality)Draft
WDFW data 2017)The true impact of 2015 will not be understood for several yaafs.do know thaimpacts
from climate change are occurringill continue and get worseand will affect all life stages of Pacii@imam
(Mauger et al. 2015)

While we knowthe climateis changingthe magnitude angrecisetiming of those changes are less certain. This
issuebriefingis for planners, citizens, policy makers and restoration piacers involvedn salmon recovery to
understand theexpectedimpacts and helprioritize restoration and protection actiortbat will help mitigate the
effects of climate changd-or this paper, we rely on the science in the Stide of Knowledgeeport, which
predicts climate change impacts into rreéntury. This document is imeled to highlight the best available



science about climate change and the ways salmon and their habitat will be impactedGnetaie/Duwamistand
Central Puget Sound watershethe key actionsom thisreport are recommendations for restoration priorige
that build resilience for salmoas well ashe larger ecosystenmrather than alist of specificprioritized habitat
restorationprojects.References to the relevant literaturare included readers may refer to those for more
information on topics of iterest.

Climate variability, expected changes, and impacts to salmon
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fauna. The Pacific Northwest climate naturally varies seasonally as wekiiat year between cool and hot, wet

and dry. We are familiar with the natural variability in our atmospheric weather and oceanic patterns, but ocean
conditions also vary on inteannual and decadal scales. Year to year variability is generally asdogititghe

familiar El Nifio Southern Oscillation (ENSQO) which affects ocean temperatures as well as global precipitation and
temperature.Longer term decadal patterns are often described by the Pacific Decadal Oscillatiors@eDO;

section 6 for more infanation), a pattern defined by variations in sea surface temperatures in the North Pacific
(NWFSC, NOAaAtps://www.nwfsc.noaa.gov/research/divisions/fe/estuaringgip/ca-pdo.cfr.

The Puget Sound region is alreaperiencing some of the wagfimate change will exacerbate and prolong
naturally occurring stressful environmental conditions. The rate of current greenhouse gas emissions will make
these extreme condibns more common in coming decades. We have already seen higher than normal air
temperatures by midcentury, annual average air temperatures are projected to rise between 2.3 and 3.3

degrees Celsius (C) (4.8.9 degrees Fahrenheit), exacerbating sugfa@ter warming. Models used to inform

the Climate Impact Grou State of the Knowledge Report show a decline in summer precipitation and increases
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winters. The decline in snow pack has been observed througN#tienal Resource Conservation Service (NRCS)
snow telemetry monitoring (SNOTEL). In 2015, the water derived from snow melt was recorded well below the 30
yearmedianfrom December taluly However, he data from NRC&how thatoverall precipitation in the
Green/Duwamistwatershed was averaga 2015 indicating that in this yegprecipitation shifted from snow to

rain (www.wcc.nrcs.usda.gov/snow(Figurel). The data from NRG®Bd other sources shothat typical snow
dominated elevations are shifting to more rain and less srawlthat headwater areasypically dominated by
rain-on-snow events wilbecomerainrdominated. This suggests that our region will experience more precipitation
as rain, less snow, more frequent and severe-tainen flooding events, and more very low summer flows

(Mauger et al. 2015)
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Figurel. Plot of cumulative snow water equivaht and precipitation for 2015 water year at the Stamped Pass SNOTEL site compared to
historic data (from King County 2017

Climate change will challenge the survival of salimoour watershed Pacific Northwest salmon populations have
declineddramaticallyover the last several decades, and climate change impacts are expected to further degrade
salmon numbers in the years ahead, affecting salmon life histories, feeding, migration, growth, and health. Thus it
is urgent that we implement projecend policieghat restoreand protect areaso improve2 dzZNJ 6 | a Ay Qa Ké
patterns and habitat functions that support salmon in their various life stages. Salmon recovery advocates in the
basin must implement restoration and protection actions that emsuccessfulinder achanging climate

Climate effects should influence the Wa§RIA Partners approach recovery now and in the future.

Projected climate changes and their impacts to salmo® summarized ifigure 2, whichshowsthe anticipated

timing of climate impacts seasonally and their effects on the associated salmonid life istagsh water and

estuarine areasTablela K2 6 & S| OK Of A Yl (S ias il @lre driménf FeSsive basie y a
where eacteffectwill be felt. Together, thtable and figure can be used to understand, in brief, how and where
projected climate impacts will affect salmon in t@eeen/Duwamistand Central Puget Sound watershed



Climate Change Impacts
on WRIA 9 Salmonids

Adapted from Beechie et al. (2012). Fish timing represents typical fish behavior.
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Increased summer temperature may
decrease growth or kill juvenile salmon
where temperatures are already high and
block/delay migration. May also decrease
spawning fecundity (e.g. Chinook).

Decreased summer low flow may
contribute to increased temperature,
decrease rearing habitat capacity for
juvenile salmonids, and decrease access
to or availability of spawning areas.

Increased winter floods may increase
scour of eggs, or increase mortaility of
rearing juveniles where flood refugia
are not available, displace juveniles to
less desirable habitats.

Figure 2. Salmonid life stages and impacts of climate change (adapted from Beechie et al., 2012.)

Loss of spring snowmelt may decrease or eliminate
spawning opportunities for steelhead, may alter survival
of eggs or emergent fry for other salmonid species,
cause early dewatering of off channel and side channel
hahitats, and reduce connectivity to the floodplain.

1701_8195w_green_fish_impacts.ai



Tablel. Anticipated climate effects, impacts to salmon and critical geographic areascetirrence.

Climate impact

Salmon impact

Primary geographic area

Hydrology Shifting timing of life cycle transitions;| Upper Green, tributaries and nearshore
scouring/smothering redds; stranding| drainages, especially where it is currently sRo
redds and juveniledoss of thermal dominated in winter will have the greatest
andflood refugiajess complex habitat| impacts¢ Soos, Newaukum, Mill, Mullen creek
migration barriers dugo extreme low | (and oher lower elevation tributarieswill be
and/or high flows impacted primarily by increased winter rain

intensities and lower flows as they are not
directly affected by mainstem flow manageme
or snow Impacts to theMiddle and upper
Lower Greerspawning reachemsiay be
somewhat mitigated byvater management at
the HHD.

Temperature Can be lethal abov22 degrees Gsub | Temperature will be a concern for the whole
lethal effects above 17 C include watershed.However, the mainstem igenerally
developmental abnormalities, altered | warmer than the tributaries and will likely to
growth rates, norfertilization of eggs; | remain so into the future.
altered food webalteredmigration
timing; altered predator/prey
relationship;reduceddisease
resistance

Stormwaterrunoff Increased peak flows and reduced Existing @éveloped areagenerally do not meet

summer base flows causing channel
scour and incisiorchannel and habitat
degradation for fish as well as benthig
invertebrates, resulting in aaltered
food web, and compounding other
hydrologic effectsincreased erosion
could cause an increase in mobilized
fine sediments, which in addition to
degrading habitafor salmon by filling
in gravels and smothering reddmay
carry toxic contaminantgncreased
water pollution may cause chemical
contamination of juvenile salmon dn
their prey, food web alteration and
pre-spawn mortality.

i 2 R Istér®@vaater controlstandards runoff
generally is directed quickly via pipes to strea
and Puget Sound without treatmeritydrologic
effectsare primarily to tributary streams and
direct drainages to Puget Sounbhfiltration
reduces pollutant concentrations and slows th
flows into streams, reducing potentially harmf
peak flows. Frequent, intense peak flows coul
result from a combinationfoncreased urban
density and more intense winter stormSome
toxic pollutants may increasdue to increased
storm runoff in combination with increases in
population, particularly those thaére detected
yearround.

Sedimentation

Lethal conditionssmothering of
interstitial spaces in redds and chokin
of gills; interference with migration
cues; decreased resistance to diseas
altered /decreased habitat

Upper Green, Middle Green

Sea level rise

Shifting habitat range; loss of estuarin
habitat; atered food web; could create

passive gains in habitat depending on

The Puget Sound nearshaxadthe Duwamish
River. Lower lying areas and armored shoreli
in the Central Puget Sounalatershednearshore
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nearby infrastructure constraints,
elevation, and vegetation gradients

(West Pointo Federal Way and Vashdwaury
Islang andDuwamishestuaryare most at risk
to habitat shifts/loss

Ocean acidification and Altered food webs; decreased food | Puget Sound, Salish Sea, and Pacific Ocean
increased temperature | availability; decreased ocean survival
diminished dissolved oxygen affecting

metabolism;altered migration pattern

Hydrology

Climatelmpactson Winter Hydrology
Stream flows irwinter will be affected in the following ways:

1 More winter precipitation will fall as rain and less as snow

1 Upper areas of the watershed will have less snowpack, which will change the runoff pattern dramatically.
Instead of having moderate runoff everitswinter and again in spring, there will be much more runoff in
winter and much less in springigure4 and 4. This will affect water temperaturess wel|] especially in
spring and early summer

1 More intenserainstormsin winter wil causehigherwinter peak flows

Winter peak flowsare expectedo increase by 28%84% by the 20808Vlauger et al. 2015)

1 Average annual rainfall is projected to increase slighily the increase will be small relative to natural
variability)(Mauger et al. 2015)
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Figure3. Streamflow is projected to increase in winter and decrease in spring and summer in all WRIA 9 drainages, with the biggest
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elevation basin with substantial area near the current snow linfkdapted from Hamlet et al. (20.3)
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Figure4. Less snow and more rain in winter is projected to cause higher peak stream flows in winter and less stream flow in $pigg.
pattern becomes more pronounced over tim&ource: University of Washington Climate Impacts GroBf, State of Knowledge Report
(Mauger et al. 2015)

Climate Impacts orSummerHydrology

Summer stream flows are expected to change in the future as follows:
Diminishing snowpack will lead to lower river flows earlier in the year arehdkig through summer

)l
)l
1
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Less summer rain will extend the duration of low flow impacts such as warmer stream temperatures,
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streamsdisconnected from floodplains and laketanges from yearound to seasonal dw over more
area,and less available habitat

Lower water during summer will result in less complex habitat for fish because the channel edge will no
longer be next to edge vegetatipwhich fish use as cover

Salmon Impacts
1 The change in hydrologic patns from climate change wilkely have both episodic and catastrophic

impacts to the survival rate of salmonid populations.

1 Hydrologic disruption will alter the timing and magnitude of high and low stream flows and the

corresponding temperatures.

£ A1



Winter Impacts onSalmon

1

More frequent winter floods will increase the risk of tescouringand flushing early hatched fry down
into lower river andsalt water habitatsreducing incubating egand frysurvival ratesespectively. This
impact will occur throughout spawning reaches, bapecially in spawning reaches wiélvees that focus
flood energyand limit floodplain connectivityThese isks can be reduced or increasea the mainstem

by flow management choicesade at the HowardHanson DamRisks can be reduced by capturing flood
waters above the danRisksan beincreasedespecially wherlows are kept artificially higfabove scour
velocities) for longer periods than natural to reduce water levels in the reservoir to makefaro
incoming stormsCIG is undertaking further analysisctimate change impacts on the Green River that
takes into account the effects tfie Howard Hanson DanThis section should be revisited after that
analysis is completed.

Intributaries, increagd winterflows can bring increased sediment loads that smother reddd,reduce
ajuvenilea | f Y abiityddieath,reducing survivaln the mainstem Green River below Howard Hanson
Dam, sedimentation rates are expected to be low because a large ambtii@ coarsesediment is
captured above the dam in the reservair.

High winter flows will decrease slower water habitat available for juvenilérfishme areadn others, it
will increase juvenile salmon access todfinnel, floodplain habitats for aging. High flows may also
cause benefits by causing channel migration, which could create new slow water habitats. In such cases,
stranding of juveniles could occur.

Lack of slower water habitat increases the risk of flushing juveniles rearing fireiigevater out to

estuary or ocean too soon.

Higher peak flows are expected to increase bank erosion, creating wider bank full widths for local area
streams, especially in snow dominated areas. This will exacerbate existing undersized (iiieei® et
al. 2016)

Summerimpacts onSalmon

1

=

Reducedvater levels earlyand higher water temperaturesould disruptor modify juvenile chinook
migration andsalmon andteelhead adult migratioand spawning.

Lesswater will limit the amount of spawning habitat available.

Declining snowpack will reduce duration and volume of spring snow melt.

Decreased spring and summer flows and warmer water will be the result of dry summers and high air
temperatures as we saw isummer 2015Figure 5\DeGasperi 2017)

Earlier lowflows can discomect streamhabitatsand stranduvenilefish and prevent access to spawning
areas.

The concentration of fish in a few areas due to low flows, can increase the spread of disease, food
competition and predation.
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Figure5. Streamtemperatures measured along the length of the Green River from above the Howard Hanson Dam reservoir to
Tukwila at River Mile 7.9 on July 4, 2015. Temperatures are well above state temperature standards fordéne &verage daily
maximum, and reached lethl levels in all subwatersheds. Frof@eGasperi 2017)

Local contek

The majority of the basin will feel the effects of higher winter flalug to either reductions in snow fall or
increases in rain intensity. Increases in the length of tifrummer low flows will likely affect portions of the
upper Green subwatershedost, as well as the mainstem Green River below the dam. The effedise
mainstembelow the dammaybe mitigated to a limited extent by water managemaeiitthe reservoir

Reaches that are leveed, even partially, and disconnected from their floodpldirexhibit thelargest impacts in
frequency and intensity of winter flowsTheLower Greerhas ahigh proportion of leved banks andthe Middle
Green Rivehasdiscontinuous leveedn theLower Greenhe floodplainhas beerargely disconnected, witbnly
about 20% of its historic floodplain area still accessible during ay&80flood even(Figure §. Even theless

frequentlyleveed spawning reach&s the Middle Green Rivenill be less hospitable salmonwith these
hydrologic changes.
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Figure6. Length of banks with levees and revetmentganaged by King Counfilood Control Districtn each subwatershed area along
the main stem Green and Duwamish Rivers, and the amount forested and unforested. Data from King Couritio& $ot include all
flood facilities).

Lower summer flows will affechost streams and riversThese conditions will reduce the amount of habitat area
available, allow for quicker increases in water temperatarg] the loss of the late spring/early summer increase
in flows from snow melt magau® younger fish to leave the system earlier due to warm water and less habitat
areg resulting in lower overall productivitgmall tributariesn the GreenRivervalley, Duwanish tributaries, and
nearshore drainagesill likelygo dry or become disconnected fraiime mainstemor Puget Soundhore

frequently.

Technical Recommendations

~

(0]

[@]3

[@]3

(@]

To address low summer flows, groundwater, and low volume storm evemidement low impact
development practiceand green stormwater infrastructuréncluding runoff dispersion and infiltration
where soil conditions allow and where it will not increase risks of landslidiésoalingdownslope
Increasing infiltration can replenish groundwatard maintain stream flows during warm, dry weather.
Install and/or retrofit stormwater management infrastructure to address the increased runoff volume
from current and future development and projected climate change.

Research and implement innovative t@stion practices (e.g., beaver introductiowetland restoration
stormwater management programs, policies and technolggisere appropriate to dampen the effects
of shifting hydrology. Work toward resilience by encouraging natural processes that athyrate
expected shifts.

Identify how habitat boundaries, such as floodplains, are changing. Protect shorelines at risk of being
armoredas climate change advanceBrotect habitat outside current habitat boundaries. Secure land
that will be inundated byncreased flooding and sea level rise.
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Headwaters are critical to providing cool, plentiful wat&tonitor land use closely to minimize impacts to
hydrology. In particularvhere headwater streams are disconnected from thigiodplains,work on
reconnecton to restoreprocesses of water storage

Restorefloodplaint NB I & GKFd LINPOARS Ff22R ai2Nr3S | yR af 2
events (e.g., those that occur every one to five years) by reconnecting the floodplajn (e.g.
removing/seting back levees). This will be important above and adjacent to spawning groucdsititer

the increased risk of higher flows scouring spawning areas.

Remove and fix barriers like culverts and floodgates to ensure access to tributaries

Culverts have a life spaof 50 to 100 yearsDesigmew and replacectulverts to accommodate expected
flows in 50 to 100 years so new fish passage barriers are not created.

Work withwater supply anadlam operatordike the U.S. Army Corps of Engineers and Tacoma Public
Utilitiesto use reservoirs to ameliorate hydrologic impacts, especially during low flow periods.
Undertake an evaluation of water rights in the basin. Consider creating a follow up program to acquire
water rights to rededicate back to the riveand support effds to retain sufficient flows for fish
Supportexpanding outreach programs that reduce water usage in order to have more axadablefor
streams and rivers (e.g. basic education, incentives for residences to upgrade to low flow devices, improve
efficiency of irrigation systems)

Consider placing more importance on increasing amount of a large wood in rivers in streams to improve
hyporheic exchange that could moderate nmaxm temperatures.

Studies have shown that young tree starfd$00 yars) candecrease summer baglws by almost half.

Work with forestry managers and research&ysnvestigatelonger stand rotations and selective logging

to improve basin hydrologgPerry and Jones 2016)

O«

O« O«

O«
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(@]

(@]
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Temperature

1 Water temperatures will be affected by the air temperature anticipated incrégseto 5degrees- by
2080(Figure7) (Mauger et al. 2015Mauger 201H

1 Increased air temperatures keep streams from cooling down as they used to over evenings or seasons.
Over the last century, the frodtee season has lengthened by 30 days, with nighttime temperatures
increasing by 1.1 dgees GMauger et al. 2015)

1 Globally, ffteen of the last sixteen years havedn the warmest years on reco(OAA 2016)Mauger et
al. 2015)

1  Warmer temperatures will accelerate snow melt in the summers and decrease snow accumulation in the
winters. Streams will not have a source of cool water in sprindgpénupper paetions of the watershed

1 During low flow periods, groundwater will likddpave a greater influence on streams as a water source
and temperature regulator (King County, 2016, unpublished raw data).
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Figure7. Projections ofhow changes in air temperature produced by climate modeldl affect stream temperatures in the Green River
Basin (Mauger 2016, based on NORWeST data).

Salmon Impacts
1 Warm water temperatures in fresh, estuarine, and marine waters can causeitgtad many sub-lethal
effectsthat can reduce productivity for many life history stages of salmon
1 Water temperatures above 23 degrees Celsius can kill salmonids within a few seconds to hours (Ecology,
2000).
1 Warm water impacts on adult salmon:
0 Adult salmon avoidwimming through water warmer than 16 degrees Celsius, which can disrupt
their migration for spawning.
0 Water at 2122 degrees Celsiemn blockmigration resulting in prespawn mortality
o0 When salmonids hold and migraitehigher temperaturewvater, there is an increase in sdlethal
effects such as egg abnormalities (e.g., odd number of eyes) or outright mof®itityter and
Kolmes 2005)
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1 Sublethal effects of warmer stream temperatures can lead to lower growth, reduced fithess and survival
of juvenile salmonids as follows:
o Warm water decreases the supply of oxygen available to fish, disrupts metabolism, and increases
susceptibility to toxingCrozier 2015)
o 51442t @SR 2Ee3Sy RSONBlIaSa Ay o6 NY 61 G§SNE ONEF
zones, some important food sources cannot move and willddieteasing salmon food supply. If
GKS FTA&K OFlyy2i SaldlllsS (KS aRSIR T2ySazXxé (KSE
o Warmer temperatures can reduce preferred insects and their availability, causing weight loss.
o Slight increases in water temperatures increase juvenile metabolises, sometimes causing
them to stop feeding even if food is available.
0o Warmer temperatures increase susceptibility to sediment toxi®grvizi and Martens 1991)
o0 Warmer temperatures early in the year can disrupt the smoltification process and change how
and when juveniles outmigrate from the system.
1 By 2@0 it is expected than the Green Rivethe number of river milegxceeding salmonid thermal
tolerances ¥18°C) will increase by 70 miléSigure 7).

Increased water temperaturegre alreadya problem in many areas of the watershesihd ae expected to
worsen

1 In extreme lowflow, hot summers, tributaesincludingCrisp CreekRM 39.6) Icy CreekRM 48.3)

Palmer Springs (RM 56.3), Resort Springs (RM 51.3), Black Diamond Springs (RM 49.5), Lones Levee
Channel (RM 37.5), Coho Channel @), and the Duwamish tributary at RM &ppear to maintain

cooler temperaturesbut somecan still exceed state 7 day average temperature standd@dd&asperi

2017)

1 Many major tributaries to the Green Rivavrhile cooler than the Green Riveegularly exceed state
water temperature standards, including Soos, Newaulana Mill Creeks, largely due to lack of riparian
buffers(DeGasperi 2037

1 Cold water refugia not associated with tributaries or side channels include the Green River Gorge due to
topographic shading, groundwater and hyporheic exchange zones from iBghe Middle Green,
and areas around alluvial deposits between Soos Qirik33.4 and Mill Creek (RM 23.8).

1 Above Howard Hanson Dam, cold water refugia may include the North Fork Green, Charley Creek, Gale
Creek, Smay Creek and Sunday C(Pekasperi 2017)

1 The reservoir above Howard Hanson Dhetomes thermally stratified during the summer, with cooler,
dense water at the bottom and warmer tea near the surface. Water is released from approximately 40
feet above the bottom of the reservgiand therefore, the Green River immediately downstream of the
spillway iscooker during the summer and warmer in late summer and fall than it was at time g@int
prior to dam constructioffDeGasperi 2017)

Identify, protect and enhance processes and habitats that provide cool water. Protect cool headwater
streamsand other cold water refugia (at least 2 degrees Celsius colder than the daily maximum
temperature of adjacent waters).ocate groundwatesources and seeps and protect natural processes
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that create critical habitats like wetlands, tidal flats, marshes and estuaries; this will help ensure that
water can be stored, recharged, and delivered at a moderated pace and temperature.

Protect and retorethe Green/Duwamishiributariesthat are cooler than the mainstem river and can
provide salmon with cold water refugiBmphasiz@pening access to floodplain tributaries, including

small stream systems. Continue work to moderate mainstem temperatwe®tting back levees and
softening bank revetments, and planting trees

Remove and fix barriers like culverts and floodgates to ensure access to tributaries, connect oxbows, and
protect pools to restore cold water refugia.

Monitor land use changes, gaularly tree removal and new developmemd quantify and mitigate for
impacts to temperature.

Undertake an evaluation of water rights in the basin. Consider creating a follow up program to acquire
water rights to rededicateightsback to the river.

Look at creating/expanding outreach programs that redrggtdential/commercial/industrial potable

water usagen Tacoman order to have more water available for streams and rivers (e.g. basic education,
incentives for residences to upgrade to low flowaes, improve efficiency of irrigation systems)

Evaluate the impacts of water withdrawals for irrigation and cooling, and determine if other sources can
be used, including reclaimed water.

Investigate the relative contribution of runoff from paved surfa@a water temperatures, and where
appropriate,

Increasethe use of low impact development practices in both developed and developing areas, including
reducing impervious area, infiltrating or dispersing runoff, and planting trees to minimize the infpact o
urban areas on stream temperaturéderb et al. 2008, Jones et al. 2012, Van Buren et al. 2000)

Promote and fund the WRIA 9 Riparian Revegetation Strd@sfyrgaard et al. 2016 increase the rate

of planting and protecting ripariabuffers to help stabilize istream temperatures and reduce sediment
and toxin load.

Work with the ACOE tfurther explore work done bWEST (201Xegardinghow water is passed from

the reservoir to downstream habitats getermine whetherthe outlet could be redesigned to release

cooler water
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Ocean Conditions

Salmon spend much of their lives in the North Pacifickegdd FNRBY (GKS 20SIkyQa F22R g€
climate cycles strongly influence ocean conditions. One of these cycles is the Pacific Decadal Oscillation (PDO).
PDO is a climate index based on md#tcadal patterns in sea surface temperatu(BVFSC 2015)s an

indicator, PDMhaswarm and cool phases. Over the past centtingse phases oscillated irregularly over a period

of 10-40 years with more recent shetérm (3-5 year) event§NWFSC 2016 hese phases are correlated with

Northwest climate and ecology and variations in northeast Pacific marine ecosystems. Specifically, PDO is
correlated with patterns in atmospheric pressure, prevailing winds, currents, coastal upviralfiagts, winter

land-surface temperature and precipitaticand stream flow, as well as historic salmon landings from Alaska to
California(Mantua et al. 1997)

These warm and cool phases are linked to composition, abundance, and distribution of plankton communities, the
basis of the oean food web. PDO is hypothesized to alter the source of ocean water afN¢ise Coastin cooler
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phases, northerly winter winds bring cold water and boreal zooplankton communities from the Gulf of Alaska
south into the California Current. Northerly windause coastal upwelling which generally brings cold, salty,
nutrient-rich water to the surface. These conditions increase phytoplankton production that support zooplankton
communities dominated by coldvater, lipidrich copepods. These conditions are etated with good salmon

survival. When the PDO shifts to a warm phase, warm southwesterly winds result in more water from the warmer,
fresher, North Pacific Current and its associated tropical andrsylical warm water lipiedepleted copepods.

These conitions are correlated with poor salmon survival for populations in the lower 48 states.

While regional climate in thPacific Northwesis driven by these natural variations in climate and ocean

conditions in the Pacifigg S R 2 y @dw climyte ahange iV affect these variations. Climate change is

expected to increase ocean temperatures in the northdestific by 1.8C by 2048auger et al. 2015which

experts hypothesize witesult in a 34% increase in marine mortalifgr salmon from Puget Sound to California

Weather patterns in 204 and 2015 caused +C temperature anomalies over a large area of the northeast

t OAFTAO hOSIy t1+r06StSR a¢KS .f202x¢ gKAOK YIF& 06S I LN
commonin the future. Salmon returns in 2015 were some of therst on record, and fish that did return to

freshwater experienced high mortality from blablated drought and subsequent warm and low stream flows in
freshwater habitaiPeterson et al. 2015)

1 Whileit is clear that PDO cycles affect salmon survital itnpacts of climate change on the natural
variationsin PDO cyclethat determine ocean conditions are not known, and the effect of ocean
conditions on salmon is not well understood.

1 The ways in whichalmon are impacted will depend on the life stage in the ocean ecosystem, how long
they spend in the ocean, and other ocean variables like plankton communities. Further study is important
to understand how climate change will affect salmon, and mightlkeady doing so.

Effects of ocean conditions will be felt most strongly in Pacific Oteamay also be seen in the Puget Sound
nearshore within WRIA.9

Stormwater Runoff

1 Increases in predicted rainfall eventdl increase flow volumes from areas not retrofitted to new
stormwater standards accounting for climate change impacts. In some caseguhlislsoincrease
pollutant dischargesrom stormwater runoffor groundwaer leaching through contaminated areisgo
rivers and streamgpatrticularly for those pollutants that are detected in stormwater ygaind, such as
PAHSs, phthalates and pesticidg#obbs et al. 201550meof these issuemay be addressed by new
stormwater standards being implemented withwiend redevelopment.

1 Stormwater can also increase the peak flows during storm events, scouring stream beds and banks
adding to sediment loads due to channel and bank erosiad,flushing out habitat forming debris.

1 Stormwater impacts toamon are varied and can cause both lethal andetiftal conditions.
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9 Toxics from stormwater can cause mutations in salmonid eggs and rearing juvenile iglg]rharm brain
and heart development, and cause direct morta(i¥jcintyre et al. 2015)

1 Stormwater washes in excess sediment and ieats that can cause dissolved oxygen to decrease,
creating hypoxic conditions for both fish and macroinvertebrates, disrupting the food @¥alntyre et
al. 2015)

1 Adirect, observable impact of untreated stormwater isgpawn mortality, when adultohodie before
they are able to spaw(Spromberg et al. 2016)

Stormwater affecs urbanand suburbarareasthat drain to small streams and tributaries, suchviiier and

Walker creeks, Longfellow Cre&qos Creek, Newaukume@k, and Mill Creek, as well as urbanized areas along

the Lower Green like Kent, Auburn, Renton and Tukwiadetailed in a recent stormwater retrofit analysis of

WRIA 9, rost developed areais the watershedlid notinitially have any stormwater contts, and the early

stormwater control methodsnd requirement& I @S ISy SNI f & 06SSYy RSSYSR1 Ayl RS
terms of improving water quality and impacts to stream hydrolodyese areas are not yet retrofitte¢o

minimize stormwater runoftKing County 2014Lities and businesses are alreatiyplementing municipal and
individual stormwater management permits (known as NPDES, or National Polusaharge Elimination

System}o manage stormwater on new and redeveloping areas, control pollution sources at businesses, and track
and eliminate illicit discharges into the storm system. In additicegting and retainingtormwater ondeveloped
areasbeforeit runs offinto streams and riverwill reducefish exposure to chemicals and stressful hydrologic and
water quality conditiongSpromberg et al. 2016)

0 Study and priotize areas that need stormwater retrofits and accelerate those actionsKBgeCounty
(2014)for one possible approach).

0 Conduct smalscale subwatershistormwater infiltration feasibility studies and prioritize potential
retrofit projects, looking for cost savings where capital projects are already plderepdMillerWalker
Stormwater Retrofit Implementation PlgRDR Engineering 20)}5)

0 Incentivize publigrivate partnerships to increase the rate of stormwater retrofits on private properties
and road rightof-ways.

0 Infiltrate roadand parking lotunoff wherever possible, prioritizing trereaswith the highest use.

Partner with Washington State Department of Tsportation to develop and implement a plan to retrofit
state highways throughout the basin. Use the MiNgalker Basin as a case study to determine the
amount of retrofit needed to improve hydrologic and water quality conditions.

Sedimentation

1 Heavier rains will increase landslide potentiatoss the basin, including marine bluffs

9 Heavier rains will also increase stream flows, whichigarease erosion anchove more sediment
downstream.

1 Increased sediment loads can affect sedimentatiates in estuary and delta areas.

1 Increased fine sediments may temporarily cause spawning gravels to fill in, smothering incubating eggs.
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1 Increased flowsn the mainstermmay be dampened by HHD operations, depending on flow rate
decisions. Sediment is alhyadecreased in thenainstembasin due to the amount of sediment trapped
behind the dam; gravel supplementation is continuing in order to maintain spawning habttat
Middle Green River

9 High levels of suspended solids can kill salmooydsurying redds after spawning and potentially harm
juvenile fish by decreasing dissolved oxygen or smothering their gills.

1 Suspended sediments also cause chroniclsthal and behavioral effects including; reduced foraging
capabilities, stunted growtlstress, lowered disease resistance and interference with migration cues
(Bash P01)

More frequent rain events will likelyring sedimentation impacts from landslides on the hillsloge®ughout the
watershed There existing issues with increased sediment inputs above HHD due to historic logging practices (e.g.
dense road network on steep slopesJhe high rains will likely increase the rate of landslahd sedimentation
inGKAa | NBI o 2 KAES FYyFRNRBY2dza alftyY2y R2y Qi KIFI @S | 00
high priority action in the PlanSedimentation in the upper basin will nanpactthe Middle and Lower Green

River areai the near termbecausethe reservoiractslike a large sediment retention pond. However, there will

likely be some increased sedimentation issues in the Middle and Lower Green caused by bank erosion and inputs
from local streams. The off channel habita¢ationprojectsin the Lower Green are at a higher risk than other

project types if sedimentation increases. At this time, it is not clear if the increased sediment load will be
substantial enough to degrade the resilience of restoration projédte. increased rain evenwill also likely

increase the rate of landsliding and beach feeding along the marine shorelines of WRIA 9. Most drift cells within
WRIA 9 have experienced shoreline armoring that has cut off significant amounts of beach bbeffitrayer the

last 100years(WRIA 9 Implementation Technical Committee 2018hile the exact effects are not known at this

time and it will likely be drift cell specific, increased sedimentation/beach feeding rates may actually improve
beach conditions by offsetting historic armoring that starved beaches.

0 Restore riparian buffers more quicklty help redwce sediment load.

0 Protect intact buffers to reduce sediment load and minimize erasion.

0 Study and understand sedimentation changes in mainstachnearshorareas
Coastal

Effects to the ocean environment are harder to predict and quantify than freshveffiects, but there will be

impacts to salmon survivat. KS Y2 &aid y2Gto6tS OKIy3sSa SELISOGSR Ay t-
ecosystems are sea level rise and ocean acidification

17



SealevelRise

1 Sealevel in Puget Sound rose 20 centimefiensm 19032008 and sea level rise (SLR) will continue,
though it is hard to predict exactly how much.

1 The State of the Knowledge report projects sea level will rise 0.6 meters by Pi®MNature Conservancy
and Climate Impacts Group 2016)

1 Beach habitats anthfrastructurealong Puget Sound shorelinae already being impacted by SLR.

Nearshore

1 Increases in SLR means thatreme high water levels will increase and in response flood events will
become more frequent. This means that damaging storms will occur more frequently because storms will
occur at higher water leve[®auger et al. 2015)

1 A 1ft increase in water surface elevatioreans an order of magnitle increase in high water eventso
a 1M year eventurnsinto a2 year eventMauger et al. 2015)

1 Sea level rise will have a myriad of effects on the marine nearshore, incindregsedankbluff
SNRaAz2ys fIFyRaf AR AStudy iy iRe SarQiRisland estimatedthi®Sdf ks
erosion caused by SLR would likely double existing bluff erosion rates.

1 Combined with toe of bluff erosion, tharedicted 22% more rain in the winter will increase the risk of
destabilizing nearshore slopes and increase landstlthtsare triggered from upslope mechanisms

1 While sediment supply is critical to a productive and healthy nearshore enviroranenincreased beach
feeding through landslides may benefit beach habitatsreased landslides could heighten the demand
for new bulkheads atenlarging existing bulkheadayther degradinghis important process.

1 Coastal squeeze igghenomenonthat occurs in response to SLKarine shorelines that are unarmored
have beaches and beach habitats that migrate inland in response to SLR. dshorelines not only
restrict the natural migration of beaches, the beach habitdtsvlyget squeezeaut of existencgFigure
8).
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Figure8. Coastal squeeze in nearshore graphiong the Puget Sountlearshore refers to the shallow areas where forage fish spawn
being squeezed out of existence by shoreline armoring and sea level rise (from Coastal Geologic Services).

Estuary

1 SLR may convert existing estuarine habitats into predominately salt wateatshbitd convert some
fresh water habitats (e.g. wetlands) into estuarine habitats.

91 Inthe tidally influenced areas of the Duwamish River (up to approximately River Mile 11), SLR may
convertshallow water mudflats to deep water, tidal habitats and marstea to mudflats. Marsh areas
may be flooded, and as they move upslope on steep banks, become increasingly narrow edge habitats
over time.

1 Sea level rise may move salt wedge further upstream into areas that are currently freshwater.

1 SLR will likely begio flood low lying upland areas, creating a need to decide if the areas should be
WRSTSYRSRQ I3FtAyad {[w 6A0GK §tS@SSa IyR 20KSNJ AYyT
wetland/estuarine habitats.

Salmon impacts

9 According to the CIG State of tk@owledge report, sea level rise will increase the area of salt marsh and
transition marsh, shifting the ranges of habitat used by salntmwever, given that the Duwamish
estuary and Central Puget Sound nearshore are highly developed with docks, bslkidadates and
culverts,it will likely lose marsh and mudflat area and types from coastal squeeze.

1 Increased erosion from sea level rise dawidslides is already bringimgquests for more and bigger
bulkheads along the nearshore to protestistingdevelopment; additional sea level rise will likely
increase these request&gllin Higgingpers comm).

9 Additional bulkheads will cut off the sediment supply needed by forage fish, a key salmonid prey.
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