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The Puget Sound Partnership (Partnership) has already recognized that: “Greenhouse gas 

emissions from power generation, agriculture, and transportation cause climate change and ocean 

acidification. Climate change degrades Puget Sound habitats by affecting temperature, 

precipitation patterns, and sea level. Ocean acidification impairs the ability of marine organisms—

particularly shellfish—to grow and thrive” (AA 2018, p13).  

 

Furthermore, “Changing climate and ocean conditions continue to pose serious risks to human 

health and safety, water quality and quantity, and species of concern. For example, warmer water 

temperature and greater variability in streamflow will increase the challenges that Puget Sound 

salmon face in making their way to upstream breeding grounds.” (AA 2018, p13).  

 

Climate change is not just a distant issue that will affect Puget Sound if and only if we can 

resolve more pressing near-term threats. Rather, the effectiveness of actions can be 

compromised by climate change when climate projections are not considered in strategy 

development, project selection, and implementation. The Partnership commissioned this 

literature review to provide a succinct, accessible, entry point for readers that are interested in 

reviewing the state-of-the-science on climate change impacts relevant to the Puget Sound Vital 

Signs.  

 

The literature review is organized by Puget Sound Vital Sign, since this is likely to align well with 

the needs and interests of the recovery community. As a consequence of this organization, a 

recovery professional should be able to access this literature review by reading only the section 

that corresponds to the Vital Sign they are working on. This leads to some inevitable repetition 

throughout the document, but we hope it increases its usability.  

 

This literature review was developed as an entry point for learning more about climate change 

impacts on Puget Sound Vital Signs. It is not intended to stand on its own, but to work in 

tandem with the associated Climate Change Guidance Document and the Partnership’s 

Implementation Strategy (IS) Climate Change Protocol. In particular, the Climate Change 

Guidance Document provides information on climate adaptation, whereas this literature review 

is focused on climate change impacts. Together, these documents were designed to assist 

Strategic Initiative Leads (SIL), IS teams, Lead Entities (LE), and Local Integrating Organizations 

(LIO) in planning for climate change, with a particular focus on Implementation Strategy 

development and revision.  
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II. Summary of Key Climate Impacts 

 

While the following section summarizes the climate change impacts for each Vital Sign, this 

section provides additional detail on the primary climate changes of concern. For convenience, 

the numbers quoted in this section focus on the average projection, even though the range may 

be important to consider in many instances.1 In addition, we generally cite the end-of-century 

projections for each impact, even though in practice some impacts will be felt sooner than 

others and planning may require consideration of near-term changes. Air temperature, for 

example, has already changed and is projected to accelerate throughout this century. The same 

is true for sea level rise, ocean warming, and ocean acidification. Snowpack is similar, but 

changes will eventually plateau as winter snow becomes increasingly scarce. Heavy rain events, 

in contrast, are not projected to change substantially until the second half of this century. 

Readers who are interested in nearer-term projections can consult the “Key Citations” and “Tools 

& Data” sections below to see if earlier projections are available. 

 

Warmer Air 

All scenarios project warming. By the end of the century (2071-2100 relative to the average for 

1976-2005), annual average temperature in Puget Sound is projected to increase by 2.8ºC for a 

low greenhouse gas scenario (RCP 4.5),2 and 4.7ºC for a high scenario (RCP 8.5). This is the 

average among 32 Global Climate Models (GCMs); the range among projections likely spans 

several degrees both below and above these averages (USGCRP, 2017).  

Projected warming for temperature extremes are generally much larger than the annual average 

changes. For example the same models show that, on average for 1976-2005, the Puget Sound 

region experienced 1.5 days each year with temperatures above 90ºF (32.2ºC; this is often used 

as an indicator of human health impacts due to heat stress). The same models project that by 

the end of the century (2071-2100), this will increase to 8.1 days for a low greenhouse gas 

scenario and 18.8 days per year for a high greenhouse gas scenario. As above these are the 

average projections among models; the range spans considerably higher and lower than these 

average projections. 

 

KEY CITATIONS: USGCRP, 2017; Section 2 (“Climate“) in Mauger et al., 2015. 

 

 
1 For more on uncertainty in climate impacts projections, see Appendix A. 
2 For more on greenhouse gas scenarios, see Section 1 of Mauger et al., 2015 
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TOOLS & DATA:  

• Historical Trends: PNW Temperature, Precipitation and SWE Trend Analysis Tool 

• Projections: NW Climate Toolbox: Climate 

 

Changing Precipitation 

Year-to-year fluctuations in annual and seasonal precipitation are large for the Pacific Northwest 

– generally about 15-25% change from one year to the next. Projected changes in annual and 

seasonal precipitation are generally small compared to these fluctuations, and models do not all 

agree on the direction of change (i.e.: some show wetter conditions in the future, others drier). 

The one exception is summer (June-August), where models are more consistent in projecting a 

decrease in precipitation, and projected changes are larger than for other seasons. For the Puget 

Sound region, models project a 20% decrease in summer precipitation, on average, for a low 

greenhouse gas scenario (RCP 4.5), and a 27% decrease, on average, for a high greenhouse gas 

scenario (RCP 8.5). As above these changes are for 2071-2100 relative to 1976-2005 (Mauger et 

al., 2015).  

 

Projected changes in the type of precipitation show a clear shift to less snow and more rain. By 

the end of the 21st century, the dominant form of precipitation in most Puget Sound 

watersheds will be rainfall. In contrast, many have historically been strongly influenced by 

snowfall in winter. The two exceptions are the Upper Skagit and Sauk watersheds in the North 

Cascades: due to their relatively higher elevation, snow accumulation is projected to remain 

important through 2100, in spite of substantial declines in winter snowpack. 

 

Model projections also show a clear signal for the intensification of heavy rain events. For 

example, USGCRP (2017) reports a 10% increase in the volume of the 20-year daily precipitation 

extreme, based on a low greenhouse gas scenario (RCP 4.5), for 2071-2100 relative to 1976-

2005. For a high greenhouse gas scenario (RCP 8.5), models project a 19% increase, on average. 

As above, individual model results span both above and below these average projections. 

 

KEY CITATIONS: USGCRP, 2017; Section 2 (“Climate“) in Mauger et al., 2015. 

 

TOOLS & DATA:  

• Historical Trends: PNW Temperature, Precipitation and SWE Trend Analysis Tool 

https://climate.washington.edu/climate-data/trendanalysisapp/
https://climatetoolbox.org/climate
https://climate.washington.edu/climate-data/trendanalysisapp/
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• Projections:  

o NW Climate Toolbox: Climate 

o CIG Heavy Precipitation & Stormwater Tool 

 

Declining Snowpack 

The Puget Sound region has a high proportion of “warm snow” – snow that is near the freezing 

point and therefore vulnerable to melt with warming. Snowpack is projected to decline 

substantially over the next century. By the end of the century (2070-2099 relative to 1970-1999), 

the amount of water stored in April 1st snowpack is projected to decrease by 42%, on average 

for a low greenhouse gas scenario (SRES B1), and by 55% for a moderate greenhouse gas 

scenario (SRES A1B, Mauger et al., 2015). Winter snowpack often peaks around April 1st in the 

Pacific Northwest; April 1st snowpack is a key indicator of summer water availability. 

 

KEY CITATION:  Section 3 (“Water Cycle“) in Mauger et al., 2015. 

 

TOOLS & DATA:  

• Historical Trends: PNW Temperature, Precipitation and SWE Trend Analysis Tool 

• Projections: PNW Hydroclimate Scenarios Project 

 

Shifting Streamflow 

Streamflow is projected to change substantially in response to warming, melting snow, drier 

summers, and more intense heavy rain events. Changes in streamflow are often summarized in 

terms of the increase in peak flows (resulting in larger and more frequent floods), decrease in 

low flows (resulting in lower minimum flows in late summer), and earlier streamflow timing 

(resulting in lower flows and a more prolonged low flow season). Mauger et al. (2015) 

summarize the projected changes for each as follows, based on an analysis of projected changes 

in flows for 12 major Puget Sound watersheds:3 

• Higher Peak flows: +18% to +42% increase in the 100-year daily flow extreme 

• Lower Low flows: –16% to –55% decrease in the 10-year 7-day low flow extreme 

 

 
3 Nooksack, Samish, Skagit, Stillaguamish, Snohomish, Cedar, Green, Puyallup, Nisqually, Skokomish Dungeness, 

and Elwah 

https://climatetoolbox.org/climate
https://cig.uw.edu/resources/analysis-tools/how-will-heavy-rains-change-in-western-washington/
https://climate.washington.edu/climate-data/trendanalysisapp/
http://warm.atmos.washington.edu/2860/products/sites/
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• Earlier Streamflow Timing: 15 to 46 days earlier for the date when half of the year’s 

flow has passed 

Projections show the range – from the smallest to the largest average projected change – 

among the 12 watersheds (Mauger et al., 2015). All projections are for a moderate greenhouse 

gas scenario (SRES A1B), for 2070-2099 relative to 1970-1999. 

In watersheds with reservoirs, dam operations can partially offset the effects of climate change 

on both streamflow and stream temperatures. Research is limited on this topic, but one study 

found that changes in reservoir operations would have a minimal effect on flood risk in the 

lower Skagit river (Lee and Hamlet, 2011), while another showed substantial reductions in 

flooding on the Green River (Lee et al., 2018).  

 

KEY CITATION:  Section 3 (“Water Cycle”) in Mauger et al., 2015. 

 

TOOLS & DATA:  

• Historical Trends: Mastin et al., 2016. 

• Projections:  

o PNW Hydroclimate Scenarios Project 

o NW Climate Toolbox: Water4 

o Columbia River Climate Change Project4 

o More detailed studies evaluating changes in specific rivers (e.g., Dickerson 

and Mitchell, 2013; Mauger et al., 2020; Murphy et al., 2015) 

 

Altered Sediment Dynamics 

The Puget Sound region is expected to experience increases in the frequency of landslides, the 

rate of erosion, and sediment transport in winter and spring, primarily as a result of continued 

declines in snowpack and projected increases in the frequency and intensity of heavy rain 

events. Higher peak flows could both generate more sediment through bank erosion and 

increase the rate of transport downstream. Sea level rise could increase the rate of aggradation 

in or near estuaries while also increasing the rate of erosion for unprotected coastal bluffs. In 

 

 
4 Although newer than the PNW Hydroclimate Scenarios Project, recent work has identified biases in these 

projections for some locations. We recommend evaluating the historical simulations from each dataset before 

deciding which projections to use.   

http://warm.atmos.washington.edu/2860/products/sites/
https://climatetoolbox.org/climate
https://www.hydro.washington.edu/CRCC/data/
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summer, landslides, erosion, and sediment transport are expected to become less important in 

the future, due to diminishing streamflow and drier soils.  

Few studies have identified trends in landslides and sediment processes, and even fewer have 

related these changes to climate. There are two reasons for this: (1) a lack of long-term 

observations from which to assess trends, and (2) other factors, such as changes in land use and 

development, can have an effect that is at least as important as climate change. Very few studies 

have attempted to project future changes in sediment processes for Puget Sound. 

 

KEY CITATION:  Section 5 (“Sediment”) in Mauger et al., 2015. 

 

TOOLS & DATA:  

• Current Conditions: WA DNR Geologic Hazard Maps 

• Projections: Two our knowledge there are only two studies that have touched on this 

subject for Puget Sound, and both concern the rate of erosion for coastal bluffs 

(MacLennan, A. et al., 2013; Kaminsky et al., 2014). Apart from these, there are 

currently no projections for changes in landslides, erosion, sediment transport, or 

sediment aggradation in the Puget Sound region. 

 

Warming Streams 

River and stream temperatures generally track air temperatures, but do not change as rapidly. In 

Puget Sound, stream temperatures are projected to increase by +4.0°F to +4.5°F, on average, for 

a moderate greenhouse gas scenario (SRES A1B), by 2070-2099, relative to 1970-1999. Although 

NorWeST (Isaak et al., 2016) is the only dataset providing spatially continuous stream 

temperature across Puget Sound, one key limitation to this dataset is that results are only 

provided for the August average water temperature. Other studies have evaluated changes at 

stream gauge locations (e.g., Mantua et al., 2010), or using physical modeling (e.g., Lee et al., 

2018; Klein et al., 2017). 

 

KEY CITATION: Section 3 (“Water Cycle”) in Mauger et al., 2015. 

 

TOOLS & DATA:  

• Historical Average and Projected Change: NorWeST Database  

• Projected Changes: Mantua et al., 2010 ; Lee et al., 2018. 

 

https://www.dnr.wa.gov/programs-and-services/geology/geologic-hazards/geologic-hazard-maps
https://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html
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Sea Level Rise 

At the Seattle tide gauge, sea level has risen about 8 inches in the last century (1907-2007; Miller 

et al., 2018). Models project an acceleration of the rate of rise over the last century. Due to the 

active geology of the region, local rates of rise vary across Washington’s coastline. The latest sea 

level rise projections for Washington State project a median increase of 1.6 ft for a low 

greenhouse gas scenario (RCP 4.5), and an increase of 2.0 ft for a high greenhouse gas scenario 

(RCP 8.5), for 2100 relative to 1991-2010. 

Storms that produce coastal flooding are not projected to change in the future. However, sea 

level rise will increase the height and extent of storm surge and waves even if the storms 

themselves do not change. 

 

KEY CITATION:  Miller et al., 2018 ; Miller et al., 2019. 

 

TOOLS & DATA:  

• Historical Trends: NOAA Tides & Currents 

• Projections: Washington Coastal Resilience Project 

o Includes report describing the new sea level rise projections, an interactive 

tool, and guidance for mapping, estimating extreme water levels, and 

incorporating the projections in restoration design. 

 

Ocean Warming 

Ocean temperatures are projected to rise at about half the rate of temperatures on land. On 

average, models project that marine water temperatures offshore of Washington will rise by 

about 2.8ºC, for a high greenhouse gas scenario (RCP 8.5), for 2050-2099 relative to 1956-2005 

(USGCRP, 2017). Although warmer waters could influence ocean currents, existing studies do not 

show evidence for future changes in ocean circulation in the vicinity of the Salish Sea. 

 

KEY CITATION: USGCRP, 2017. 

 

TOOLS & DATA:  

• Current Conditions: NANOOS Visualization System (NVS) 

• Projections: None. There are currently no tools that synthesize ocean warming 

projections for the waters offshore of Washington, and no projections exist for Puget 

Sound. 

https://tidesandcurrents.noaa.gov/map/index.html?region=Washington
http://www.wacoastalnetwork.com/wcrp-documents.html
http://nvs.nanoos.org/
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Ocean Acidification 

The pH of Washington’s coastal waters is projected to decrease, or become more acidic, due to 

the absorption of excess CO2 from the atmosphere: pH is projected to decline by –0.14 to –0.32 

by 2100 (relative to 1986-2005; corresponding to an increase in the hydrogen ion concentration 

of +38 to +109%). These numbers give the range among 12 global climate models and two 

scenarios: both a low (RCP 4.5) and a high (RCP 8.5) greenhouse gas scenario (IPCC, 2013). 

 

KEY CITATION:  IPCC, 2013. 

 

TOOLS & DATA:  

• Current Conditions: NANOOS Visualization System (NVS) 

• Projections: None. There are no projections that give location-specific information on 

future pH. 

  

http://nvs.nanoos.org/
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III. Climate Change Impacts by Puget Sound Vital Sign 

 

This section focuses on the Vital Signs for which an Implementation Strategy has been created, 

with the addition of one Vital Sign in order to ensure that all of the Action Agenda recovery 

goals are represented. The table below summarizes the impacts affecting each 

  

 

W
ar

m
er

 A
ir

 

H
ea

vi
er

 R
ai

n
 E

ve
n

ts
 

H
ig

h
er

 P
ea

k 
Fl

o
w

s 

Lo
w

er
 S

u
m

m
er

 F
lo

w
s 

Ea
rl

ie
r 

St
re

am
fl

o
w

 T
im

in
g 

A
lt

er
ed

 S
ed

im
en

t 
D

yn
am

ic
s 

W
ar

m
in

g 
St

re
am

s 

Se
a 

Le
ve

l R
is

e
 

O
ce

an
 W

ar
m

in
g 

O
ce

an
 A

ci
d

if
ic

at
io

n
 

Cultural Wellbeing           

Estuaries           
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Vital Sign. In the text for each Vital Sign, impacts are discussed in rough order of importance. 

 

In the sections below, citations are only added when citing specific information drawn from a 

particular study. Many of the cited studies are also summarized in the Puget Sound State of 

Knowledge Report (Mauger et al., 2015) – which synthesized the science on climate change 

impacts in Puget Sound.  

 

The text also draws from the recent Preliminary Climate Assessment for the Puget Sound 

Partnership (Siemann and Whitely Binder, 2017) – which provided a qualitative summary of the 

risks to the Vital Signs associated with each Implementation Strategy. A sentence at the start of 

each section summarizes the risk ranking given by the Preliminary Climate Assessment. 
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Cultural Wellbeing5 

The 2018 Preliminary Climate Assessment did 

not rate Cultural Wellbeing because of a lack of 

information on impacts. 

Climate change is likely to affect cultural 

practices in a variety of ways, and these 

impacts are likely different from one 

community to the next. 

Norton-Smith et al. (2016) synthesize climate 

change impacts on tribes, based on both 

traditional knowledge systems and western 

science. The authors highlight the links 

between social, cultural, environmental, and 

psychological well-being. They also describe a 

number of specific ways that climate change 

could affect the physical health of tribal 

members: 

• Traditional foods and medicines 

• Infectious disease 

• Contamination (primarily via changes in freshwater and marine water quality) 

• Heat-related illnesses 

• Extreme weather (primarily heavy rains and flooding) 

• Air quality (due to fossil fuel burning, flooding, and warmer temperatures). 

Some of these impacts directly affect cultural practices that are central to tribal communities and 

their identity. For example, May et al. (2018) highlight how climate change impacts on salmon 

affect tribal economies, cultural practices, and subsistence activities. These changes will have 

associated impacts for tribal members’ physical health, mental health, sense of place, and 

cultural wellbeing. 

Impacts like these are likely true for many non-tribal communities as well (e.g., Dodgen et al., 

2016; Lynn et al., 2011). Lynn et al. (2011) place cultural practices within the context of social 

vulnerability, noting that impacts such as heat stress, food security, and energy prices could all 

have disproportionate impacts on under-resourced communities. May et al. (2018) also 

 

 
5 Under the proposed updates to Puget Sound Vital Signs, “Cultural Wellbeing” would remain. As before, it would 

be classified under “Vibrant Human Quality of Life” 

Impact: Community Wellbeing 

Warmer Air  

Heavier Rain Events  

Higher Peak Flows  

Lower Summer Flows  

Earlier Peak Streamflow  

Altered Sediment Dynamics  

Warming Streams  

Sea Level Rise  

Ocean Warming  

Ocean Acidification  

(See Section 2 for key citations and data on impacts) 
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summarize ways in which climate change is likely to affect quality of life for many communities 

across the Pacific Northwest, such as having fewer summer recreational opportunities from 

poorer air quality due to wildfires and decreasing water availability. Although these do not 

specifically concern cultural wellbeing, such impacts would undoubtedly affect communities 

profoundly. 

 

Adaptation Resources 

• In “Populations of Concern”, Gamble et al. (2016) describe some of the factors that 

contribute to climate change vulnerability among specific populations. They also 

highlight a number of indices that can be used to identify vulnerable communities. 

https://health2016.globalchange.gov/  

• In “Social Science for the Salish Sea”, Breslow et al. (2019) provide a research agenda 

for social science research to inform ecosystem recovery. Their top-recommended 

research topic was “How does, and will, climate change impact the holistic health and 

well-being of Salish Sea communities?” 

• The Tribal Climate Adaptation Handbook (Dalton et al., 2018) provides a 5-step 

approach to adaptation in tribal communities. The handbook builds on the large 

body of existing work among tribes that have begun planning for climate change 

and exploring options for preparing for its impacts – with examples drawn from 

tribes throughout the country. The guide also identifies ways to integrate Traditional 

Knowledges with Western Science in developing adaptation plans. 

https://pnwcirc.org/sites/pnwcirc.org/files/tribal_climate_adaptation_guidebook.pdf  

• The Climate Impacts Group’s Tribal Climate Tool enables users to explore and 

download climate change projections and climate change summaries for priority 

geographies at the scale of tribal decision-making. The tool provides summary 

changes in a variety of climate, streamflow, sea level, and other variables of interest, 

summarized over key geographies identified as priorities by each tribe. Results can 

be browsed online or downloaded as a summary PDF.  

  

https://health2016.globalchange.gov/
https://pugetsoundestuary.wa.gov/2020/02/05/social-science-for-the-salish-sea/
https://pnwcirc.org/sites/pnwcirc.org/files/tribal_climate_adaptation_guidebook.pdf
https://cig.uw.edu/resources/tribal-vulnerability-assessment-resources/tribal-climate-tool/
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Estuaries6 

 

The 2018 Preliminary Climate Assessment 

rated Estuaries as High risk in terms of climate 

change impacts. 

 

The primary climate change impacts on 

estuaries will be sea level rise, changes in 

freshwater flows, changes in sediment delivery 

and transport, and increased water 

temperatures. Other climate change impacts 

could also be important, including changes in 

groundwater and climate suitability for 

vegetation. Although in general impacts are 

expected to have negative consequences for 

estuaries, some changes could be beneficial. 

 

Sea Level Rise. Sea level rise could limit flow velocities and cause more sediment to be 

deposited in estuaries. At the same time, higher sea level will also increase the reach of waves 

and coastal flooding, thereby increasing erosion risk. Additional study would be needed to 

determine which effect dominates for each river. Regardless, aggradation within estuaries will 

only benefit habitat if there is room to migrate upslope – this could be limited by natural 

barriers (e.g., bluffs) or man-made barriers (e.g., dikes, armoring).  

Some studies have evaluated changes in estuarine habitat by associating habitat types with their 

tidal elevation. For example, Glick et al., (2007) found that sea level rise would lead to a nearly 

20% loss in area for tidal freshwater marshes. Analyses like this can be a way to provide a first 

assessment of the likely shifts in habitat types in order to guide restoration and conservation 

efforts. 

 

Freshwater Flows. Increases in winter streamflow, decreases in summer streamflow, and a shift 

to earlier timing of peak stream flows in spring would affect the location of the freshwater-

saltwater transition for each season. Wetter winters and higher peak streamflows will likely 

 

 
6 Under the proposed updates to Puget Sound Vital Signs, Estuaries would likely remain, but could be grouped with 

“Beaches and Nearshore” and “Marine Vegetation” under “Nearshore Habitats” 

Impact: Estuaries 

Warmer Air  

Heavier Rain Events  

Higher Peak Flows  

Lower Summer Flows  

Earlier Peak Streamflow  

Altered Sediment Dynamics  

Warming Streams  

Sea Level Rise  

Ocean Warming  

Ocean Acidification  

(See Section 2 for key citations and data on impacts) 
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mobilize more sediment (e.g., via more frequent landslides) and increase the delivery of 

sediment to estuaries. No studies have quantified the effect of climate change on sediment 

delivery and transport, and the effect likely varies substantially from one river to the next. 

 

Higher streamflows could also transport sediment further into Puget Sound, reducing the 

amount that is deposited within estuaries.  

 

Sediment Delivery and Transport. Sediment delivers nutrients to estuaries, but can also cause 

physical harm and decrease light transmission. As noted above, sediment aggradation will only 

benefit habitat if there is room to migrate upslope. Wetter winters and higher peak flows are 

expected to increase the supply of sediment to rivers (via more erosion and more frequent 

landslides). At the same time, higher peak flows have the potential to transport more sediment 

downstream. This suggests that more sediment could reach estuaries as a result of climate 

change. It is not known if this additional sediment will translate into greater deposition within 

estuaries or if it will simply be transported through them and into Puget Sound. 

 

Increased Water Temperatures. Higher water temperatures could have a wide range of effects 

on individual species and ecosystems within estuaries, ranging from increased growth rates, to 

greater disease vulnerability, to altered food webs. Water temperatures are likely to rise 

substantially for estuaries, especially for shallow areas and those that are strongly influenced by 

freshwater flows. Weekly maximum river temperatures are projected to increase by 1-4ºC by the 

end of the century, depending on the river in question, due to both lower streamflow and higher 

air temperatures (Mantua et al., 2010). However, decreases in summer streamflow will also mean 

that rivers have a lesser influence on estuarine water temperatures during this season. This 

means that estuarine water temperatures could track the temperature changes projected for the 

Pacific Ocean, which are much more moderate than the warming projected for land areas (e.g., 

globally, the upper ocean is projected to warm by about 2ºC by the end of the century, under a 

high greenhouse gas scenario; in contrast, globally-averaged air temperature is projected to rise 

by nearly 4ºC for the same greenhouse gas scenario; IPCC, 2014). 

 

Other Climate Impacts. Changes in groundwater – either in response to wetter conditions in 

winter or drier conditions in summer – could affect estuaries by altering the rate of groundwater 

exchange and saltwater infiltration. However very few studies have evaluated climate change 

impacts on groundwater. 

Similarly, changing temperatures, sea level rise, and ocean acidification could all have significant 

implications for ecosystem composition and species interactions in estuaries. Such impacts are 
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difficult to assess because they involve numerous species, each with their own response to 

climate change and each of which is dependent on other species in a variety of ways. 

 

Adaptation Resources 

• The Washington Coastal Resilience Project website provides documentation, tools, 

and guidance on the latest set of sea level rise projections for Washington State. 

http://wacoastalnetwork.com/chrn/research/sea-level-rise/. For example:  

o Raymond et al. (2018) provide guidelines for assessing the resilience of 

nearshore restoration projects to sea level rise, and 

o Miller et al. (2019) describe existing research and methods for assessing the 

height and extent of coastal flooding. 

  

http://wacoastalnetwork.com/chrn/research/sea-level-rise/
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Marine Water Quality7 

 

The 2018 Preliminary Climate Assessment rated 

Marine Water Quality as High risk in terms of 

climate change impacts. 

 

The primary climate change impacts on water 

quality are ocean warming and ocean 

acidification. Although other factors could affect 

water quality, few have been studied or 

quantified.  

 

Ocean warming. Increasing water temperatures 

can have important consequences for water 

quality. Warmer water also holds less oxygen, 

though dissolved oxygen concentrations can be 

affected by many non-climatic factors, and 

warmer waters can stress some cold-water fish and shellfish species. 

 

In addition, temperature has a strong effect on the risk of harmful algal blooms (HABs). By the 

end of the century (2070-2099, relative to 1970- 1999), the number of days with favorable 

conditions (i.e., the “window of opportunity”) for harmful blooms of A. catenella in Puget Sound 

is projected to increase by an average of +13 days, and may begin up to 2 months earlier and 

persist up to 1 month later compared to present conditions. However, if sea surface 

temperatures in Puget Sound increase past a threshold that exceeds the temperature range for 

A. catenella blooms, the window of opportunity in Puget Sound may then decline (Moore et al., 

2011). Finally, ocean acidification could increase the toxicity of some harmful algal blooms 

(Tatters et al., 2012). 

 

Ocean acidification. Ocean acidification makes it more difficult for calcifying organisms (e.g., 

oysters, clams, mussels, pteropods, and crabs) to produce and maintain their shells and 

 

 
7 Under the proposed updates to Puget Sound Vital Signs, “Marine Water Quality” could be grouped with “Marine 

Sediment Quality” and “Toxics in Aquatic Life” under “Marine Conditions”. 

Impact: Marine Water Quality 

Warmer Air  

Heavier Rain Events  

Higher Peak Flows  

Lower Summer Flows  

Earlier Peak Streamflow   

Altered Sediment Dynamics  

Warming Streams  

Sea Level Rise  

Ocean Warming  

Ocean Acidification  

(See Section 2 for key citations and data on impacts) 
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skeletons (see following section on “Shellfish Beds”. In addition, ocean acidification may increase 

the toxicity of some harmful algal blooms, if it occurs in tandem with (Tatters et al., 2012). 

 

Other Climate Impacts. Other factors could also affect the marine water quality. In particular, 

increases in winter streamflow and decreases in summer streamflow could alter both the 

circulation within Puget Sound and the exchange with the Pacific Ocean. The rate of exchange 

with the Pacific Ocean is higher when there is a greater density contrast with Puget Sound 

waters ; this means that climate change could increase the exchange in winter but result in a 

decrease in summer. Freshwater flows increase stratification in summer ; a reduction in summer 

streamflow could lead to reduced stratification in summer, thereby increasing the exchange of 

nutrients with deeper waters. Although there is high confidence in the projected warming and in 

the associated shifts in freshwater input, these are not the only factors affecting circulation in 

Puget Sound or the rate of exchange with Pacific Ocean waters. 

 

In the warm season, both the temperature and nutrient concentration of the Pacific waters 

entering Puget Sound are influenced by the rate and frequency of upwelling. Although still an 

area of active research, existing studies do not point to a change in upwelling as a result of 

climate change (e.g., Wang et al., 2010; Mote and Mantua, 2002). 

 

Puget Sound nutrient levels are projected to increase due to non-climatic factors (e.g., 

population growth); climate change has not been identified as a dominant factor affecting 

nutrient concentrations in Puget Sound (Roberts et al., 2014).  

 

Although the effect has not been quantified, it is possible that the increasing intensity of heavy 

rain events could affect nutrient concentrations in Puget Sound. However, it is not clear if the 

consequence would be an increase or decrease: Heavier rains could mobilize more pollutants 

(thereby increasing concentrations) or the greater volume of rain water could increase dilution 

(thereby decreasing concentrations). 

 

Adaptation Resources 

• The Washington Ocean Acidification Center works with scientific researchers, 

policymakers, industry, and other stakeholders to provide a scientific basis for 

strategies and policies to address the effects of ocean acidification 

(https://environment.uw.edu/research/major-initiatives/ocean-health/washington-

ocean-acidification-center/). This includes working with shellfish growers to monitor 

conditions, produce forecasts, and evaluate adaptation options. 

https://environment.uw.edu/research/major-initiatives/ocean-health/washington-ocean-acidification-center/
https://environment.uw.edu/research/major-initiatives/ocean-health/washington-ocean-acidification-center/
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• The Northwest Association of Networked Ocean Observing Systems (NANOOS, 

http://www.nanoos.org/) is the Regional Association of the national Integrated Ocean 

Observing System (IOOS) in the Pacific Northwest, providing an integrated view of 

the region’s ocean and estuaries. Via the NANOOS Visualization System (NVS) Data 

Explorer (http://nvs.nanoos.org/Explorer), users can view historical, real-time, and 

forecast marine conditions in the Salish Sea. 

  

http://www.nanoos.org/
http://nvs.nanoos.org/Explorer
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Shellfish Beds8 

 

The 2018 Preliminary Climate Assessment rated 

Shellfish Beds as High risk in terms of climate 

change impacts. 

 

The primary climate change impacts on shellfish 

beds are ocean acidification and ocean 

warming.  

 

Ocean acidification. Ocean acidification makes 

it more difficult for calcifying organisms (e.g., 

oysters, clams, mussels, pteropods, and crabs) to 

produce and maintain their shells and skeletons. 

Globally, ocean acidification is projected to 

result in a −40% reduction in the rate at which 

mollusks (e.g., mussels and oysters) form shells, 

a −17% decline in mollusk growth, and a −34% decline in mollusk survival by the end of the 

century (Kroeker et al., 2013). Effects vary substantially among species, and the impacts appear 

to be most important for the larval stages of calcifying organisms. 

 

The effects of ocean acidification could extend beyond shell formation. For example, one study 

found that the material connecting mussels to surfaces was weakened by acidification 

(O’Donnell et al., 2013). 

 

Ocean warming. Ocean warming can have a variety of effects. First, growth rates may change 

with warming; one study found that additional warming benefited blue mussels enough to 

offset the effect of acidification (O’Donnell et al., 2014). Perhaps more importantly, temperature 

has a strong effect on the risk of harmful algal blooms (HABs). By the end of the century (2070-

2099, relative to 1970- 1999), the number of days with favorable conditions (i.e., the “window of 

opportunity”) for harmful blooms of A. catenella in Puget Sound is projected to increase by an 

average of +13 days, and may begin up to 2 months earlier and persist up to 1 month later 

 

 
8 Under the proposed updates to Puget Sound Vital Signs, “Shellfish beds” would remain. As before, it would be 

classified under “Healthy Human Population” 

Impact: Shellfish Beds 

Warmer Air  

Heavier Rain Events  

Higher Peak Flows  

Lower Summer Flows  

Earlier Peak Streamflow   

Altered Sediment Dynamics  

Warming Streams  

Sea Level Rise  

Ocean Warming  

Ocean Acidification  

(See Section 2 for key citations and data on impacts) 
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compared to present conditions. However, if sea surface temperatures in Puget Sound increase 

past a threshold that exceeds the temperature range for A. catenella blooms, the window of 

opportunity in Puget Sound may then decline (Moore et al., 2011). Finally, ocean acidification 

could increase the toxicity of some harmful algal blooms (Tatters et al., 2012). 

 

Other Climate Impacts. Other factors could also affect the suitability for harvest of shellfish 

beds. For example, managers polled by Siemann and Whitely Binder (2017) raised the possibility 

of more fecal coliform bacteria, since heavier rain events are expected to cause more fecal 

loading and more combined sewer overflow events.  

 

Adaptation Resources 

• The Washington Ocean Acidification Center works with scientific researchers, 

policymakers, industry, and other stakeholders to provide a scientific basis for 

strategies and policies to address the effects of ocean acidification 

(https://environment.uw.edu/research/major-initiatives/ocean-health/washington-

ocean-acidification-center/). This includes working with shellfish growers to monitor 

conditions, produce forecasts, and evaluate adaptation options. 

  

https://environment.uw.edu/research/major-initiatives/ocean-health/washington-ocean-acidification-center/
https://environment.uw.edu/research/major-initiatives/ocean-health/washington-ocean-acidification-center/
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Floodplains9 

 

The 2018 Preliminary Climate Assessment 

rated Floodplains as High risk in terms of 

climate change impacts. 

 

The primary climate change impacts on 

floodplains are related to streamflow: 

decreases in low flows, declining snowpack, 

and higher peak flows. Other factors may 

affect floodplains but are difficult to quantify.  

 

Lower Summer Stream Flows. Warmer air 

and declining snowpack will lead to declines in 

summer low flows. Lower summer flows will 

reduce connectivity (both lateral and vertical), 

while associated increases in water 

temperature will limit salmon migration. The consequences of warmer water temperatures are 

expected to be greatest in the lower basin.  

 

Accelerated Glacier Melt. At higher elevations, accelerated glacier melt may buffer the 

reductions in low flows cited above by providing additional cold water to streams. This effect will 

initially increase summer flows, then lead to diminished summer flows as glaciers begin to 

disappear. The timing of the increase and decrease depends on the size and elevation of each 

glacier. 

 

Higher Winter Peak Streamflows. In winter, higher peak flows could increase floodplain 

connectivity but also bring greater sediment delivery and the potential for more bed scour. Both 

low flows and flooding are likely to change more, and more rapidly, particularly in watersheds 

that have significant winter snowpack. 

 

 

 
9 Under the proposed updates to Puget Sound Vital Signs, “Floodplains” would be generalized to under “Rivers and 

Streams”, and could be regrouped with “Forests and Wetlands” and “Stream Flows” under “Watersheds” 

Impact: Floodplains 

Warmer Air  

Heavier Rain Events  

Higher Peak Flows  

Lower Summer Flows  

Earlier Peak Streamflow  

Altered Sediment Dynamics  

Warming Streams  

Sea Level Rise  

Ocean Warming  

Ocean Acidification  

(See Section 2 for key citations and data on impacts) 
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Other Climate Change Impacts. Other factors could affect floodplains, including changes in 

groundwater, landslide risk, and climate suitability for vegetation. For example, flooding can be 

more severe after a wildfire, due to both increased debris and decreased water retention on 

denuded slopes. If climate change leads to larger or more frequent wildfires, this could further 

exacerbate increases in flooding. Impacts are likely to be greater for floodplains with greater 

human modifications and lower floodplain connectivity. 

 

Adaptation Resources 

• The Nature Conservancy has created a web-based mapping tool that combines sea 

level projections with other information on land use, infrastructure, and ecosystems. 

Users can also upload their own data for viewing alongside existing layers. 

https://maps.coastalresilience.org/washington  

• CIG recently worked with the Washington State Silver Jackets team to develop a work 

plan for integrating climate change in interagency floodplain management (Mauger 

and Kennard, 2017). Several integrated floodplain management efforts are also now 

considering how to incorporate climate change considerations in floodplain 

management and planning. In particular, the Floodplains for the Future partnership 

(Pierce County, https://floodplainsforthefuture.org/), recently worked with CIG to 

develop a work plan for integrating climate change in planning and project design. 

Each work plan includes both new studies and actions intended to support climate 

change integration. 

• The North Cascadia Adaptation Partnership (NCAP) is a science-management 

collaboration focused on climate change adaptation strategies in U.S. Forests and 

National Parks, including the Mount Baker-Snoqualmie National Forest, Okanogan- 

Wenatchee National Forest, Mount Rainer National Park, and North Cascades 

Complex National Park. Fish and fish habitat are one of the four focus sectors of 

NCAP for which adaptation strategies and tactics were developed based on three 

impact pathways. These impact pathways include increasing stream peak flows, 

decreasing low flows, and warming stream temperatures. For instance, adaptation 

strategies for mitigating the effects of increasing peak flows include restoring 

spawning habitat and removing migration barriers in order to enhance habitat 

resilience. http://www.northcascadia.org/ 

• EPA Region 10 recently conducted a pilot study assessing current and future water 

temperatures, and adaptations, in the South Fork Nooksack River. The assessment 

includes a quantitative evaluation of climate change impacts on future water 

temperatures and a qualitative assessment of the impact of climate change on 

https://maps.coastalresilience.org/washington
https://floodplainsforthefuture.org/
http://www.northcascadia.org/
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salmon and the effectiveness of recovery actions. Klein et al. (2018). The qualitative 

assessment includes adaptation strategies for streams and floodplains. 

  

https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NHEERL&dirEntryId=338494
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NHEERL&dirEntryID=320470
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NHEERL&dirEntryID=320470
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Land Development and Cover10 

 

The 2018 Preliminary Climate Assessment 

rated Land Development and Cover as Low risk 

in terms of climate change impacts. 

 

For Land Development, there are no direct 

climate impacts. It is possible that land use 

practices could change in response to climate 

change, or that climate change may motivate 

human migration to or from the region. 

However, land use practices and migration are 

both influenced by a variety of non-climate 

factors, and there is currently no evidence of a 

link to climate change.  

 

Land Cover, in contrast, could change in 

response to warming. Riparian and coastal land cover could also be affected by changing 

streamflow and sea level rise. 

 

Warmer Air. Warming is expected to result in a continued shift in the geographic distribution 

of species, changes in forest growth and productivity, increasing fire activity, and changing risks 

from insects, diseases, and invasive species. These changes have significant implications for 

ecosystem composition and species interactions. Changes are projected to be most pronounced 

at high elevations, where increasing air temperatures and declining snowpack can degrade 

habitat quality for some species but benefit others via a longer snow-free season and increased 

biological productivity.  

 

Changing Freshwater Flows. Changing freshwater flows could affect land cover in floodplains. 

Declining low flows could lead to reduced water availability, favoring more drought-tolerant 

vegetation, while higher peak flows could lead to larger and more frequent floods.  

 

 

 
10 Under the proposed updates to Puget Sound Vital Signs, “Land Development and Cover” would be generalized as 

“Forests and Wetlands”, and could be regrouped with “Rivers and Streams” and “Stream Flows” under 

“Watersheds” 

Impact: Land Development and Cover 

Warmer Air  

Heavier Rain Events  

Higher Peak Flows  

Lower Summer Flows  

Earlier Peak Streamflow   

Altered Sediment Dynamics  

Warming Streams  

Sea Level Rise  

Ocean Warming  

Ocean Acidification  

(See Section 2 for key citations and data on impacts) 
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Sea Level Rise. Land cover in coastal areas could be affected by sea level rise via increased 

flooding, higher groundwater levels, and greater salinity in groundwater. 

 

Other Climate Change Impacts. Although projections do exist for particular species and 

ecosystems – including wildfire risk, insects, invasives, and other drivers of land cover change – 

overall many impacts remain unquantified (see, e.g., Mauger et al., 2015). Nonetheless, gradual 

changes in climatic suitability are unlikely to be the primary drivers of changes in land cover. 

Instead, changes are likely to be driven by increases in the frequency and intensity of 

disturbances such as fire, insect outbreaks, and disease. 

 

Adaptation Resources 

• “Responding to Climate Change in National Forests: A Guidebook for Developing 

Adaptation Options” includes both strategies and approaches to strategy 

development (Peterson et al., 2011). http://www.fs.fed.us/pnw/pubs/pnw_gtr855.pdf 

• Climate adaptation strategies have been or are being developed for specific national 

forests and national parks. Developed by bringing numerous stakeholders together 

with scientists, these strategies include a climate change vulnerability assessment as 

well as a list of options identified for federal agencies working to incorporate climate 

change into planning. 

o Adapting to Climate Change at Olympic National Forest and Olympic 

National Park (Halofsky et al., 2011). 

http://www.fs.fed.us/pnw/pubs/pnw_gtr844.pdf 

o Climate Change Vulnerability and Adaptation in the North Cascades Region, 

Washington (Raymond et al., 2014). 

http://www.fs.fed.us/pnw/pubs/pnw_gtr892.pdf  

• The Climate Change Adaptation Library for the Western United States is derived from 

climate change vulnerability assessments conducted by Adaptation Partners. 

Adaptation options are intended to inform sustainable management of natural 

resources, reduce the negative effects of climate change, transition ecosystems to a 

warmer climate, and help integrate climate change in natural resource management, 

planning, and business operations of federal land management agencies. 

http://adaptationpartners.org/library.php  

• The Pacific Northwest Tribal Climate Change Network fosters communication 

between tribes, agencies, and other entities about climate change policies, programs, 

and research needs pertaining to tribes and climate change. They maintain a list of all 

http://www.fs.fed.us/pnw/pubs/pnw_gtr855.pdf
http://www.fs.fed.us/pnw/pubs/pnw_gtr844.pdf
http://www.fs.fed.us/pnw/pubs/pnw_gtr892.pdf
http://adaptationpartners.org/library.php
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tribal climate plans across the U.S. More information is available at 

http://tribalclimate.uoregon.edu/network/. 

• Seattle City Light has begun planting tree species that may be better adapted to 

future conditions. The trees are being planted on a site that was recently acquired by 

the utility, with funding from the Wildlife Conservation Society. Plantings focus on 

sub-varieties of native conifer species (e.g., Douglas Fir) that are sourced from other 

parts of the Pacific Northwest and may be better adapted to warmer temperatures 

and drier summers. https://powerlines.seattle.gov/2018/07/23/innovative-pilot-

project-seeks-to-grow-a-forest-more-resilient-to-climate-change/ 

  

http://tribalclimate.uoregon.edu/network/
https://powerlines.seattle.gov/2018/07/23/innovative-pilot-project-seeks-to-grow-a-forest-more-resilient-to-climate-change/
https://powerlines.seattle.gov/2018/07/23/innovative-pilot-project-seeks-to-grow-a-forest-more-resilient-to-climate-change/
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Eelgrass11 

 

The 2018 Preliminary Climate Assessment 

rated Eelgrass as Low risk in terms of climate 

change impacts. 

 

Climate change is likely to have a mix of 

positive and negative impacts on eelgrass due 

to ocean acidification, ocean warming, and sea 

level rise (e.g., Thom et al., 2014). Where there 

is an overall increase in eelgrass, carbon 

storage may also increase. However, studies 

indicate that carbon storage potential is 

limited. 

 

Ocean Acidification. Ocean acidification 

could increase eelgrass growth rates, since it is 

CO2-limited.  

 

Ocean Warming. Warmer water is expected to initially lead to greater growth, after which 

growth rates are expected to decline as temperatures exceed the optimal range for growth. 

Warmer water could also affect other factors: for example by increasing algae growth, which can 

have a smothering effect on eelgrass.  

 

Sea Level Rise. Similarly, sea level rise will drive landward migration of eelgrass habitat (i.e.: loss 

of habitat where water becomes too deep and gain of habitat where water used to be too 

shallow). This could lead to expansion where suitable habitat exists closer to the shore, and 

contraction where upland areas are not suitable or landward migration is blocked. Eelgrass 

growth could be harmed if increased sediment loading leads to more shading. However if 

waters remain clear, increased aggradation could benefit eelgrass growth.  

 

 

 
11 Under the proposed updates to Puget Sound Vital Signs, “Eelgrass” would be generalized as “Marine Vegetation”, 

and could be regrouped with “Beaches and Nearshore” and “Estuaries” under “Nearshore Habitats” 

Impact: Eelgrass 

Warmer Air  

Heavier Rain Events  

Higher Peak Flows  

Lower Summer Flows  

Earlier Peak Streamflow   
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Sea Level Rise  

Ocean Warming  

Ocean Acidification  

(See Section 2 for key citations and data on impacts) 
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Other Climate Impacts. Other factors could also affect eelgrass in Puget Sound. For example, 

increased sediment transport could harm eelgrass if suspended sediment increases and blocks 

more sunlight as a result. However, if sedimentation increases but light transmission is not 

worsened, this could benefit eelgrass by increasing the supply of nutrients to eelgrass beds. 

 

Carbon Storage. Although eelgrass beds can store significant amounts of carbon, which reduce 

acidification within their vicinity while also drawing down atmospheric CO2 levels, studies 

indicate that Puget Sound eelgrass beds do not sequester enough to have much of an effect on 

either (Poppe and Rybczyk, 2018; Shishido, 2013). 

 

Adaptation Resources 

• Thom et al. (2012) present results from several eelgrass monitoring sites, identifying 

“eight resilience-related planning elements to reduce uncertainties in eelgrass 

restoration”. Although these do not consider climate change explicitly, they identify 

key conditions and processes that are important for sustaining eelgrass beds. 

  

https://www.doi.org/10.1007/s12237-011-9430-6
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Chinook Salmon12  

 

The 2018 Preliminary Climate Assessment 

rated Chinook Salmon as High risk in terms of 

climate change impacts. 

 

Substantial research has been devoted to the 

implications of climate change on salmon 

(e.g., Crozier et al., 2019); the following is a 

brief summary of key impacts. Climate change 

is expected to affect salmon throughout their 

life history due to declining summer 

streamflow, warming streams, earlier peak 

streamflow, higher peak flows, and changes in 

ocean conditions. 

 

Lower Summer Flows. Lower summer 

streamflows are expected to reduce the amount and quality of spawning habitat, primarily via 

reduced connectivity and warmer water temperatures. 

 

Warming Streams. Although higher water temperatures could increase growth rates, they may 

also increase disease risk. Most importantly, warmer waters can delay or prevent migration. For 

example, one study examining 37 Puget Sound stream monitoring stations found that 12 

streams currently experience weekly average stream temperatures in excess of thermal 

tolerances for salmon (EPA, 2007). 

 

Earlier Peak Streamflow. Earlier peak flows in springtime could flush smolts downstream 

prematurely, leading to greater predation risk.  

 

Higher Peak Flows. Increasing peak flows can mobilize and carry more sediment. Higher 

sediment loads could scour salmon redds and damage juveniles.  

 

 

 
12 Under the proposed updates to Puget Sound Vital Signs, “Chinook Salmon” would be generalized to “Salmon” 

Impact: Chinook Salmon 
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Ocean Warming and Acidification. A primary uncertainty is the impacts of changes in ocean 

conditions on salmon populations. Given the low return rate for most populations, small 

differences in ocean survival could have a large impact on population health. Although ocean 

acidification has been shown to affect key food sources for salmon, studies are inconclusive 

about the implications for salmon themselves. Warming could have positive effects (e.g., 

expanded range), as well as negative effects (e.g., increased competition from invasive species). 

 

Adaptation Resources 

• Beechie et al. (2013) developed a protocol for adapting salmon recovery plans to 

account for climate change. They produced a simple flow chart with guiding 

questions for integrating climate change in recovery planning and project design. 

Table III in the paper lists restoration actions and notes the potential for each to limit 

water temperature increases, base flow decreases, peak flow increases, or to increase 

salmon resilience. 

• Petersen and Gregg (2007) provide guiding questions and considerations for 

evaluating proposed projects for climate resilience and climate co-benefits for 

Chinook salmon. 

• EPA Region 10 recently conducted a pilot study assessing current and future water 

temperatures, and adaptations, in the South Fork Nooksack River. The assessment 

includes a quantitative evaluation of climate change impacts on future water 

temperatures and a qualitative assessment of the impact of climate change on 

salmon and the effectiveness of recovery actions. The qualitative assessment includes 

adaptation strategies for streams and floodplains. Klein et al., 2018. 

 

  

https://onlinelibrary.wiley.com/doi/abs/10.1002/rra.2590
https://www.cakex.org/documents/chinook-salmon-projects-and-climate-change
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NHEERL&dirEntryID=320470
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NHEERL&dirEntryId=338494
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Shoreline Armoring13 

 

The 2018 Preliminary Climate Assessment 

rated Shoreline Armoring as High risk in terms 

of climate change impacts. 

 

The primary impact on armoring is sea level 

rise.  

 

Sea Level Rise. Sea level rise will increase the 

reach of waves and surge during coastal 

storms. This is expected to lead coastal 

landowners to strengthen existing armoring, 

add new armoring, and resist efforts to 

remove armoring. Soft shore protections will 

also be affected by sea level rise via changing 

rates of erosion and sediment supply, and by 

shifting habitats upslope. 

 

Adaptation Resources 

• The Washington Coastal Resilience Project website provides documentation, tools, 

and guidance on the latest set of sea level rise projections for Washington State. 

http://wacoastalnetwork.com/chrn/research/sea-level-rise/. For example:  

o Raymond et al. (2018) provide guidelines for assessing the resilience of 

nearshore restoration projects to sea level rise, and 

o Miller et al. (2019) describe existing research and methods for assessing the 

height and extent of coastal flooding. 

• The Shoreline Armoring State of Knowledge report (Francis and Kinney, 2020) 

includes a summary of climate change impacts while also discussing the wide variety 

of other factors that affect decisions about shoreline armoring. The section on 

knowledge gaps lists both top-down assessments of climate change impacts as well 

as bottom-up research on vulnerability.   

 

 
13 Under the proposed updates to Puget Sound Vital Signs, “Shoreline Armoring” would be generalized to “Beaches 

and Nearshore”, and could be combined with “Marine Vegetation” and “Estuaries” under “Nearshore Habitats” 

Impact: Shoreline Armoring 

Warmer Air  

Heavier Rain Events  

Higher Peak Flows  

Lower Summer Flows  

Earlier Peak Streamflow  

Altered Sediment Dynamics  

Warming Streams  

Sea Level Rise  

Ocean Warming  

Ocean Acidification  

(See Section 2 for key citations and data on impacts) 

 

 

http://wacoastalnetwork.com/chrn/research/sea-level-rise/
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Freshwater Quality14 

 

The 2018 Preliminary Climate Assessment 

rated Freshwater Quality as High risk in terms 

of climate change impacts. 

 

Freshwater quality in Puget Sound is expected 

to be affected by lower flows and warming 

streams in summer, and by heavier rain events 

and higher peak flows in winter. 

 

Lower Summer Flows and Warming 

Streams. Summer declines in low flows will 

leave streams more exposed to warmer air 

temperatures while also resulting in a higher 

concentration of toxics. 

 

Higher peak flows and Heavier Rain Events. Higher peak flows can wash benthic organisms 

downstream. Heavier rain events and higher peak flows can both result in more erosion, thereby 

increasing sediment loading, which could decrease light penetration. While larger peak flow 

events could dilute toxics, it is also possible that greater flood extent and higher flow velocities 

could mobilize more pollutants. Impacts are likely to be very different from place to place, 

depending on exposure to climate change impacts and the health of the existing habitat. 

 

Adaptation Resources 

• EPA has created a Stormwater Calculator that provides a simple interface for 

estimating the amount of stormwater runoff for a particular site. The site includes 

climate projections from global climate models; users supply information about land 

cover and the low impact development (LID) installations they are considering. 

• EPA Region 10 recently conducted a pilot study assessing current and future water 

temperatures, and adaptations, in the South Fork Nooksack River. The assessment 

includes a quantitative evaluation of climate change impacts on future water 

 

 
14 Under the proposed updates to Puget Sound Vital Signs, “Freshwater Quality” would be generalized to 

“Freshwater Conditions” 

Impact: Freshwater Quality 

Warmer Air  

Heavier Rain Events  

Higher Peak Flows  

Lower Summer Flows  

Earlier Peak Streamflow  

Altered Sediment Dynamics  

Warming Streams  

Sea Level Rise  

Ocean Warming  

Ocean Acidification  

(See Section 2 for key citations and data on impacts) 

 

 

https://www.epa.gov/water-research/national-stormwater-calculator
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temperatures and a qualitative assessment of the impact of climate change on 

salmon and the effectiveness of recovery actions. The qualitative assessment includes 

adaptation strategies for streams and floodplains. Klein et al. (2018).   

https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NHEERL&dirEntryID=320470
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NHEERL&dirEntryId=338494


LITERATURE REVIEW // October 2, 2020 

 

 

 

38 | P a g e     Prepared by UW’s Climate Impacts Group for the Puget Sound Partnership  

 

     

 

Toxics in Fish15 

 

The 2018 Preliminary Climate Assessment 

rated Toxics in Fish as Moderate risk in terms of 

climate change impacts. 

 

The primary climate change impacts of 

relevance are heavier rain events and higher 

peak flows.  

 

Heavier Rain Events and Higher Peak 

Flows. Both are likely to increase the 

mobilization of pollutants in Puget Sound. 

This is likely to increase the concentration of 

toxics in fish. It is not known if higher water 

volumes will offset this effect by further 

diluting pollutants. Managers polled by 

Siemann and Whitely Binder (2017) raised the possibility of more fecal coliform bacteria, since 

heavier rain events are expected to cause more fecal loading and more combined sewer 

overflow events. 

 

Other Climate Change Impacts. Increased water temperatures could also increase the 

metabolism for some fish species, thereby increasing the rate of bio-accumulation of toxins. 

Higher water temperatures may also make some species more vulnerable to disease. 

 

Adaptation Resources 

• Moe et al. (2013) provides an in-depth review of possibly pathways by which toxics 

and climate change could impact populations and species. Although primarily   

 

 
15 Under the proposed updates to Puget Sound Vital Signs, “Toxics in Fish” would be generalized to “Toxics in 

Aquatic Life”, and could be combined with “Marine Water Quality” and “Marine Sediment Quality” under “Marine 

Conditions” 

Impact: Toxics in Fish 

Warmer Air  

Heavier Rain Events  

Higher Peak Flows  

Lower Summer Flows  

Earlier Peak Streamflow  

Altered Sediment Dynamics  

Warming Streams  

Sea Level Rise  

Ocean Warming  

Ocean Acidification  

(See Section 2 for key citations and data on impacts) 

 

 

https://doi.org/10.1002/etc.2045
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conceptual, the paper includes a number of case study examples. 

• Hopper et al. (2013) also review links between climate and toxics, but with a more 

detailed set of case studies. A flow chart illustrates many of the pathways by which 

climate change and toxics could interact to affect both populations and individual 

organisms. 

  

https://doi.org/10.1002/etc.2043
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Summer Streamflows16 

 

The 2018 Preliminary Climate Assessment 

rated Summer Streamflows as High risk in 

terms of climate change impacts. 

 

The primary climate change impact is 

declining low flows. Glaciers may temporarily 

offset this decline, especially at higher 

elevations. 

 

Lower Summer Stream Flows. Climate 

change is likely to reduce summer flows via 

both reductions in snowpack and increases in 

evaporation and vegetative demand for water.  

 

Accelerated Glacier Melt. At higher 

elevations, accelerated glacier melt may buffer the effects of warming by providing additional 

cold water to streams. This effect will diminish as glaciers begin to disappear. 

 

Other Climate Change Impacts. Other factors could affect low flows, including changes in 

groundwater and climate suitability for vegetation. For example, reduced summer precipitation, 

declining snowpack, and increased vegetative demand for water could all lead to lower 

groundwater levels and therefore a reduced supply of groundwater to streams. Impacts are 

likely to be greater in areas with greater human modifications and lower connectivity. 

 

Adaptation Resources 

• The 2009 Regional Municipal Water Supply Outlook included an assessment of the  

 

 
16 Under the proposed updates to Puget Sound Vital Signs, “Summer Streamflows” would be generalized to “Stream 

Flows”, and could be combined with “Forests and Wetlands” and “Rivers and Streams” under “Watersheds” 

Impact: Summer Streamflows 

Warmer Air  

Heavier Rain Events  

Higher Peak Flows  

Lower Summer Flows  

Earlier Peak Streamflow  

Altered Sediment Dynamics  

Warming Streams  

Sea Level Rise  

Ocean Warming  

Ocean Acidification  

(See Section 2 for key citations and data on impacts) 
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effects of climate change on water supply. The report was developed by the Central Puget 

Sound Water Supply Forum, a collaboration among cities and agencies within Snohomish, King, 

and Pierce Counties. The Outlook included an evaluation of the combined effects of changing 

municipal supply and demand in 2007, along with an evaluation of possible water supply and 

conservation projects. Under all climate change and demand scenarios, the study found that 

existing water supplies are sufficient to meet demands through 2050. By 2060, the municipal 

water supply shortage could be as great as 100 million gallons per day, though the study also 

identified about 400 million gallons per day in water supply and conservation projects. Scenarios 

are currently being evaluated for an updated edition of the report. 

https://www.watersupplyforum.org/home/regional-water-supply.html  

• Development of the Yakima River Basin Integrated Water Resource Management 

Plan included an evaluation of the likely efficacy of a suite of water management 

strategies and storage options under various climate change scenarios. While the 

Integrated Plan improves basin water supply conditions for all scenarios considered, 

specific outcomes will be very different under different climate conditions. Under the 

“moderately adverse” climate change scenario and demand growth, supplies for 

proratable irrigation districts would be 61% in a severe one-year drought with the 

Integrated Plan, as opposed to 27% without (compared to 37% during the one-year 

drought in 2005). 

  

https://www.watersupplyforum.org/home/regional-water-supply.html
https://ecology.wa.gov/Water-Shorelines/Water-supply/Water-supply-projects-EW/Yakima-River-Basin-projects/Yakima-integrated-plan
https://ecology.wa.gov/Water-Shorelines/Water-supply/Water-supply-projects-EW/Yakima-River-Basin-projects/Yakima-integrated-plan
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IV. Appendix: Uncertainty in Climate Change and Impacts Projections 

 

Global Climate Models (GCMs) are the basis for nearly all climate projections discussed in the 

literature. GCMs are paired with greenhouse gas scenarios, “what if” scenarios of future 

greenhouse gas concentrations, to produce GCM projections. Since GCM projections are 

generally coarse in spatial scale, these are often “downscaled” to produce projected changes at 

a spatial scale that is more commensurate with climate change impacts (for more information on 

climate change projections, see Section 1 of Mauger et al., 2015). 

 

There will always be a range among climate projections, for three reasons: 

1. Future greenhouse gas emissions depend on population growth, technological 

development, geopolitics and other socioeconomic factors that are not possible to 

predict. Instead, scientists develop plausible socioeconomic scenarios that typically 

suggest very different levels of greenhouse gas emissions, depending, for example, 

on whether developing countries adopt coal fired power plants versus a more 

sustainable development pathway. 

2. The earth’s climate fluctuates naturally, on scales ranging from weeks to decades, in 

ways that are not necessarily related to human-caused climate change. This is most 

recognizable when some years are very wet and lead to landslides and/or flooding 

while other years are declared a drought and lead to water use restrictions, increased 

wildfires, and/or severe disruption to the agricultural sector. Floods and droughts 

have happened in the past and research suggests they will happen in the future, but 

the timing of these fluctuations is unpredictable, which leads to a range of GCM 

projections. It is not possible to know ahead of time which year will lead to a drought 

or flood. 

3. Climate models will never be able to perfectly replicate the behavior of the earth’s 

climate system. For example, thunderstorms are typically much smaller than a GCM 

grid cell, and thus are not well represented in climate models. This means that rainfall 

from such rainstorms is imperfect and could result in biases in GCM projections. 

More broadly, different assumptions about how to represent the earth system can 

lead to different estimates of the amount of warming expected for a given 

greenhouse gas scenario. Scientists address this uncertainty by considering results 

from multiple different climate models and considering the range of projections 

among them. 
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In addition to the uncertainty in climate change projections, impacts projections introduce yet 

another layer of uncertainty. The links between climate and impacts are rarely well-understood 

or straightforward to quantify. When modeling is used, it often requires linking multiple models, 

each of which contributes its own uncertainties to the final projections. These uncertainties can 

be as important as – if not greater than – the uncertainties in climate change projections alone. 

 

Can we wait until the science is more settled? In a word, no. Although some of the uncertainties 

listed above may be reduced over time as models are improved, much of this uncertainty will 

remain irreducible even with additional progress in climate science. For example, no amount of 

climate science will tell you the future population of India or whether the transportation sector 

will develop into a car-centric or mass transit model. Instead, adaptation decisions need to be 

made in spite of this uncertainty, by considering the level of acceptable risk and the ability to 

adaptively manage over time. 

 

KEY CITATION:  Snover et al., 2013.   
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Mastin, M.C., Konrad, C.P., Veilleux, A.G., and Tecca, A.E., 2016, Magnitude, frequency, and trends 

of floods at gaged and ungaged sites in Washington, based on data through water year 2014 

(ver 1.2, November 2017): U.S. Geological Survey Scientific Investigations Report 2016–5118, 70 

p., http://dx.doi.org/10.3133/sir20165118. 

Study evaluating historical trends in peak flows at USGS stream gauge sites across 

Washington State. The analysis showed no evidence for historical increases in peak flows, 

likely due to the fact that past warming has been relatively modest and many non-

climate factors influence streamflow. 

 

Mauger, G.S., J.H. Casola, H.A. Morgan, R.L. Strauch, B. Jones, B. Curry, T.M. Busch Isaksen, L. 

Whitely Binder, M.B. Krosby, and A.K. Snover. 2015. State of Knowledge: Climate Change in Puget 

Sound. Report prepared for the Puget Sound Partnership and the National Oceanic and 

Atmospheric Administration. Climate Impacts Group, University of Washington, Seattle. 

https://dx.doi.org/10.7915/CIG93777D  

Synthesis of observed and likely future climate trends in the Puget Sound region. Topics 

cover climate change impacts that are relevant to all Implementation Strategies, ranging 

from changes in climate and hydrology to impacts on ocean water quality and freshwater 

ecosystems. 

 

Mauger, G.S., Kennard, H.M. (2017). Integrating Climate Resilience in Flood Risk Management: A 

Work plan for the Washington Silver Jackets. Report prepared for FEMA. Climate Impacts Group, 

University of Washington, Seattle. https://dx.doi.org/10.7915/CIG7MP4WZ  

Synthesis of one-on-one interviews with agency floodplain managers including FEMA, 

the Army Corps, NOAA, USGS, WA EMD, Ecology, and DNR. The report includes a 

detailed work plan for integrating climate change in inter-agency floodplain 

management. 

 

Mauger, G.S. and J.S. Won. 2020. Projecting Future High Flows on King County Rivers: Phase 2 

Results. Report prepared for King County. Climate Impacts Group, University of Washington. 

https://cig.uw.edu/our-work/applied-research/effect-of-climate-change-on-flooding-in-king-

county-rivers/ 

Modeling study evaluating the effects of climate change on King County rivers. 

 

May C., C. Luce, J. Casola, M. Chang, J. Cuhaciyan, M. Dalton, S. Lowe, G. Morishima, P. Mote, A. 

Petersen, G. Roesch-McNally, and E. York, 2018: Northwest. In Impacts, Risks, and Adaptation in 

http://dx.doi.org/10.3133/sir20165118
https://dx.doi.org/10.7915/CIG93777D
https://dx.doi.org/10.7915/CIG7MP4WZ
https://cig.uw.edu/our-work/applied-research/effect-of-climate-change-on-flooding-in-king-county-rivers/
https://cig.uw.edu/our-work/applied-research/effect-of-climate-change-on-flooding-in-king-county-rivers/
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the United States: Fourth National Climate Assessment, Volume II [Reidmiller, D.R., C.W. Avery, 

D.R. Easterling, K.E. Kunkel, K.L.M. Lew- is, T.K. Maycock, and B.C. Stewart (eds.)]. U.S. Global 

Change Research Program, Washington, DC, USA, pp. 1036–1100. 

https://dx.doi.org/10.7930/NCA4.2018.CH24  

(https://nca2018.globalchange.gov/chapter/northwest) 

Northwest chapter of the Fourth National Climate Assessment (see USGCRP 2018, 

below). Summarizes climate change impacts on the Pacific Northwest. Key messages 

emphasize impacts on natural resources, cultural heritage, infrastructure, health, and 

frontline communities. 

 

McClure, M., Alexander, M.A., Borggaard, D., Boughton, D., Crozier, L.G., Griffis, R., Jorgensen, 

J.C., Lindley, S.T., Nye, J., Rowland, M.J., Seney, E.E., Snover, A.K., Toole, C., van Houtan, K. 2013. 

Incorporating climate science in applications of the U.S. Endangered Species Act for aquatic 

species. Conservation Biology 27(6): 1222-1233, https://dx.doi.org/10.1111/cobi.12166  

Approaches for incorporating climate change into ESA assessments for aquatic species.  

 

MacLennan, A. et al., 2013. Sea Level Rise Vulnerability Assessment for San Juan County, 

Washington. Prepared by Coastal Geologic Services for Friends of the San Juans. 

Study evaluating the implications of sea level rise for bluff erosion in the San Jaun 

Islands. Includes estimates of future bluff retreat due to sea level rise. 

 

Miller, I.M., Yang, Z., VanArendonk, N., Grossman, E., Mauger, G. S., Morgan, H., 2019. Extreme 

Coastal Water Level in Washington State: Guidelines to Support Sea Level Rise Planning. A 

collaboration of Washington Sea Grant, University of Washington Climate Impacts Group, 

Oregon State University, University of Washington, Pacific Northwest National Laboratory and 

U.S. Geological Survey. Prepared for the Washington Coastal Resilience Project. 

Guidelines for assessing the height and extent of coastal flooding. 

 

Moe, S. J., De Schamphelaere, K., Clements, W. H., Sorensen, M. T., Van den Brink, P. J., & Liess, 

M. (2013). Combined and interactive effects of global climate change and toxicants on 

populations and communities. Environmental toxicology and chemistry, 32(1), 49-61. 

Review paper discussing links between climate change and toxics on species and 

ecosystems (both terrestrial and aquatic). The paper discusses each category of impact in 

terms of its effect at the population, community, and individual level, and includes cases 

studies and examples throughout. 

 

https://dx.doi.org/10.7930/NCA4.2018.CH24
https://nca2018.globalchange.gov/chapter/northwest
https://dx.doi.org/10.1111/cobi.12166
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Moore, S.K. et al., 2011. Past trends and future scenarios for environmental conditions favoring 

the accumulation of paralytic shellfish toxins in Puget Sound shellfish. Harmful Algae, 10, 521-

529.  

Modeling study evaluating the effects of warming on the “Window of Opportunity” for 

Harmful Algal Blooms (HABs) – warm season conditions that favor the development of 

HABs.  

 

Mote, P. W., & Mantua, N. J. (2002). Coastal upwelling in a warmer future. Geophysical research 

letters, 29(23), 53-1. 

Evaluation of global climate models for changes in upwelling-favorable winds. Both 

models analyzed indicated little to no change over the course of the 21st century. 

 

Murphy R. and C. Rossi (2019). Modeling the Effects of Forecasted Climate Change on Fish-

bearing Streams in Western Washington State. Point No Point Treaty Council. 

http://climate.pnptc.org/our-research/ 

Modeling study evaluating the effects of climate change on streamflow in several West-

Sound watersheds. 

 

Norton-Smith, Kathryn; Lynn, Kathy; Chief, Karletta; Cozzetto, Karen; Donatuto, Jamie; Hiza 

Redsteer, Margaret; Kruger, Linda E.; Maldonado, Julie; Viles, Carson; Whyte, Kyle P. 2016. 

Climate change and indigenous peoples: a synthesis of current impacts and experiences. Gen. 

Tech. Rep. PNW- GTR-944. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific 

Northwest Research Station. 136 p. https://www.fs.fed.us/pnw/pubs/pnw_gtr944.pdf 

Synthesis report detailing not only climate change impacts on tribes but also the ways of 

knowing that frame tribal perspectives on impacts and adaptation. The report includes 

numerous examples of tribal perspectives and strategies for responding to climate 

change. 

 

O’Donnell, M.J. et al., 2013. Mussel byssus attachment weakened by ocean acidification. Nature 

Climate Change Letters, 3, 587-590. 

Study evaluating the effect of acidification on the connective tissues that bind mussels to 

surfaces. 

 

Petersen, S., Gregg, R. M., 2017. Chinook Salmon Projects and Climate Change: Guidance on 

questions to ask when reviewing and evaluating restoration and protection projects. A report 

http://climate.pnptc.org/our-research/
https://www.fs.fed.us/pnw/pubs/pnw_gtr944.pdf
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prepared for the Puget Sound Partnership. https://www.cakex.org/documents/chinook-salmon-

projects-and-climate-change  

Guiding questions and considerations for evaluating proposed projects for climate 

resilience and climate co-benefits. Although focused on Chinook salmon recovery, the 

framework could be applied to other recovery goals. Focus is on project design; no 

information on prioritization. 

 

Peterson, David L.; Millar, Connie I.; Joyce, Linda A.; Furniss, Michael J.; Halofsky, Jessica E.; 

Neilson, Ronald P.; Morelli, Toni Lyn. 2011. Responding to climate change in national forests: a 

guidebook for developing adaptation options. Gen. Tech. Rep. PNW-GTR-855. Portland, OR: U.S. 

Department of Agriculture, Forest Service, Pacific Northwest Research Station. 109 p. 

Guidebook designed to support adaptation planning on national forest lands. 

 

Poppe, K. L., & Rybczyk, J. M. (2018). Carbon sequestration in a pacific northwest eelgrass 

(Zostera marina) meadow. Northwest Science, 92(2), 80-91. 

Field study evaluating carbon storage in eelgrass in the Padilla Bay estuary. The study 

found a very low carbon sequestration rates, suggesting that carbon storage potential in 

eelgrass beds was previously overestimated. 

 

Raymond, C.L. et al., (eds.) 2014. Climate change vulnerability and adaptation in the North 

Cascades region, Washington. General Technical Report, PNW-GTR-892. Portland, OR: U.S. 

Department of Agriculture, Forest Service, 

Vulnerability assessment and adaptation plan for North Cascades National Forest and 

National Park. 

 

Raymond, C., Conway-Cranos, L., Morgan, H., Faghin, N., Spilsbury Pucci, D., Krienitz, J., Miller,I., 

Grossman, E. and Mauger, G., 2018. Sea level rise considerations for nearshore restoration projects 

in Puget Sound. A report prepared for the Washington Coastal Resilience Project. 

https://cig.uw.edu/news-and-events/publications/sea-level-rise-considerations-for-nearshore-

restoration-projects-in-puget-sound/  

Guidelines for incorporating sea level rise into nearshore restoration projects. Discusses 

impacts as a function of shoreform: beaches, river deltas, and embayments. Focused on 

project implementation; does not provide any guidance on project prioritization or 

selection. 

 

https://www.cakex.org/documents/chinook-salmon-projects-and-climate-change
https://www.cakex.org/documents/chinook-salmon-projects-and-climate-change
https://cig.uw.edu/news-and-events/publications/sea-level-rise-considerations-for-nearshore-restoration-projects-in-puget-sound/
https://cig.uw.edu/news-and-events/publications/sea-level-rise-considerations-for-nearshore-restoration-projects-in-puget-sound/
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Shishido, C. M. (2013). Carbon draw-down potential by the native eelgrass Zostera marina in 

Puget Sound and implications for ocean acidification management (Master’s Thesis). 

Study estimating the carbon storage potential of eelgrass in Puget Sound. Conclusion: 

“This first estimate of carbon draw- down potential suggests that Z. marina has limited 

ability to serve as a tool to ameliorate effects of ocean acidification in Puget Sound.” 

 

Siemann, D. and L. Whitely Binder. 2017. Preliminary Climate Change Assessment for Puget 

Sound Partnership. A Collaboration of Puget Sound Partnership and the University of 

Washington Climate Impacts Group. Seattle, WA.  

Rapid vulnerability assessment of climate change impacts on the Partnership’s 

“established goals, Vital Signs, indicators and 2020 targets”. The assessment is specifically 

focused on projections for the 2050s. Includes a brief synthesis of climate change 

impacts and a summary of climate risks for each Vital Sign. 

 

Snover, A.K., Mantua, N.J., Littell, J.S., Alexander, M.A., McClure, M., Nye, J. 2013. Choosing and 

using climate change scenarios for ecological impacts assessments and conservation decisions. 

Conservation Biology 27(6): 1147-1157, https://dx.doi.org/10.1111/cobi.12163  

This publication provides guidelines for choosing climate-change scenarios for ecological 

impact assessment. The approach involves a bottom-up assessment, where the first step 

is to understand the sensitivity: does climate affect your system of interest? If so, which 

aspects (e.g., Total annual rainfall? Temperatures above some threshold?) and how much 

change is needed to matter? Although focused on conservation biology, this approach 

could be applied to any effort to quantify climate change impacts. 

 

Snover, A.K., Whitely Binder, L.C., Lopez, J., Willmott, E., Kay, J.E., Howell, D., Simmonds, J. 2007. 

Preparing for Climate Change: A Guidebook for Local, Regional, and State Governments. 

University of Washington Climate Impacts Group and King County, Washington, in association 

with and published by ICLEI – Local Governments for Sustainability, Oakland, CA. 

https://cig.uw.edu/news-and-events/publications/preparing-for-climate-change-a-guidebook-

for-local-regional-and-state-governments/  

Guidebook designed to help local, regional, and state governments prepare for climate 

change by recommending a detailed, easy-to-understand process for climate change 

preparedness based on familiar resources and tools. 

 

Tatters, A.O. et al. 2012. High CO2 and silicate limitation synergistically increase the toxicity of 

Pseudo-nitzschia fraudulenta. PLoS ONE, 7:e32116. doi: 10.1371/journal.pone.0032116. 

https://dx.doi.org/10.1111/cobi.12163
https://cig.uw.edu/news-and-events/publications/preparing-for-climate-change-a-guidebook-for-local-regional-and-state-governments/
https://cig.uw.edu/news-and-events/publications/preparing-for-climate-change-a-guidebook-for-local-regional-and-state-governments/
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Experimental study evaluating the effects of acidification on HAB toxicity. 

 

Thom, R. M., Diefenderfer, H. L., Vavrinec, J., & Borde, A. B. (2012). Restoring resiliency: case 

studies from Pacific Northwest estuarine eelgrass (Zostera marina L.) ecosystems. Estuaries and 

Coasts, 35(1), 78-91. https://www.doi.org/10.1007/s12237-011-9430-6  

Study evaluating results from several eelgrass monitoring sites. Concludes with a 

selection of 8 planning elements to consider in eelgrass recovery and conservation. 

 

Thom, R., Southard, S., & Borde, A. (2014). Climate-linked mechanisms driving spatial and 

temporal variation in eelgrass (Zostera marina L.) Growth and assemblage structure in Pacific 

Northwest estuaries, USA. Journal of Coastal Research, (68), 1-11. https://doi.org/10.2112/SI68-

001.1  

Study evaluating possible effects of climate on eelgrass. Identifies water temperature, 

light attenuation, and water level as key factors affecting eelgrass beds. 

 

USGCRP, 2018: Impacts, Risks, and Adaptation in the United States: Fourth National Climate 

Assessment, Volume II [Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. 

Maycock, and B.C. Stewart (eds.)]. U.S. Global Change Research Program, Washington, DC, USA, 

1515 pp. https://dx.doi.org/10.7930/NCA4.2018  (https://nca2018.globalchange.gov/) 

Synthesis report detailing climate change impacts across the United States: while Volume 

I synthesizes the climate science findings, this report (Volume II) is focused on impacts. 

Chapters detail impacts on land cover and land use, ecosystems (ocean, freshwater, 

terrestrial), and also summarize the science on adaptation and the benefits of 

greenhouse gas mitigation. A specific chapter is dedicated to summarizing impacts in the 

Pacific Northwest. 

 

USGCRP, 2017: Climate Science Special Report: Fourth National Climate Assessment, Volume I 

[Wuebbles, D.J., D.W. Fahey, K.A. Hibbard, D.J. Dokken, B.C. Stewart, and T.K. Maycock (eds.)]. 

U.S. Global Change Research Program, Washington, DC, USA, 470 pp, 

https://dx.doi.org/10.7930/J0J964J6 (https://science2017.globalchange.gov/). 

Synthesis report summarizing climate science research for the United States. This volume 

(Volume I) synthesizes the science of climate change, while Volume II is focused on 

impacts. Chapters detail projected changes in temperature, precipitation, sea level rise, 

and other drivers of climate change impacts. 

 

https://www.doi.org/10.1007/s12237-011-9430-6
https://doi.org/10.2112/SI68-001.1
https://doi.org/10.2112/SI68-001.1
https://dx.doi.org/10.7930/NCA4.2018
https://nca2018.globalchange.gov/
https://dx.doi.org/10.7930/J0J964J6
https://science2017.globalchange.gov/
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Wang, M. et al., 2010. Climate projections for selected large marine ecosystems. J. Marine 

Systems, 79(3-4), 258-266. 

Study evaluating global climate model (GCM) simulations of large marine ecosystems, 

showing that large uncertainty in the representation of coastal upwelling. 

 

Water Supply Forum. 2009. Regional Water Supply Outlook. 209 pp. 

http://www.watersupplyforum.org/home/outlook/  

Study evaluating possible changes in water supply and demand through 2050 in 

Snohomish, King, and Pierce Counties. 

 

http://www.watersupplyforum.org/home/outlook/
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