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Kitsap Couhty Climate Chavnge R-eSiI'ienc.y'Asses'sr“r{ent'

Executive Summary

Climate change has already affected and will continue to affect the infrastructure, natural systems,
economy, culture, and livelihoods of people who live and work in Kitsap County. The Pacific
Northwest, Puget Sound region, and Kitsap County have experienced measurable and observable
climate change trends and impacts. Warmer air temperatures, warmer water temperatures, sea
level rise, ocean acidification, increasing frequency and intensity of extreme weather events,
changing seasonal precipitation and streamflow patterns, and increasing drought conditions and
changing wildfire risk are all expected under future climate scenarios. Additionally, climate change
will affect future land use decisions, population growth, and development, which in turn will shape
how localized climate impacts are felt and realized.

Figure 1. Relationship between Changes in Climate, Associated Biophysical Impacts, and Impacts to
Economic and Social Systems
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About the Climate Change Resiliency Assessment

Kitsap County, the City of Bremerton, and the City of Port Orchard commissioned Cascadia Consulting Group,
with Greene Economics and Herrera Environmental, to prepare this Climate Change Resiliency Assessment
to review and summarize climate change drivers, impacts, and risks for Kitsap County. The assessment begins
with an overview of climate drivers, biophysical climate impacts, and future climate projections (Chapter 2.
Climate Change Overview).

The Climate Change Resiliency Assessment then presents syntheses of current and future climate impacts to
the following social and economic systems:

Impacts to Social and Economic Systems

Public health and healthcare services Chapter 3. Public Health

Property values, businesses, energy supply and utilities, and

Chapter 4. Econom
future economic damages P y

Historical and archaeological sites, recreational opportunities,

Chapter 5. Cultural Resources
and Tribal cultural resources P

Public infrastructure and support systems Chapter 6. Public Infrastructure

Land use and development Chapter 7. Land Use & Development
Agricultural crops, livestock, and livelihoods Chapter 8. Agriculture

Insurance, municipal bonds, and County tax revenue Chapter 9. Local Government Finance

Following the discussion of impacts to social and economic systems, the assessment then summarizes the
biophysical impacts of climate change in the following areas:

Biophysical Impacts

Landslide risk, bluff erosion, sediment transport, and storm Chapter 10. Geologic & Natural
surges and coastal flooding risk Hazards

Hydrologic patterns, stream and riverine flooding, regional

Chapter 11. Hydrology & Hyd I
hydropower production, and irrigated agriculture apter yarolosy YETOBEQI0BY

Terrestrial, freshwater, and marine and coastal habitats and

Chapter 12. Habitat
the species that depend on them s et

Wildland-urban interface, wildfire risk, and emergency

. Chapter 13. Fire
response capacity
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Key Findings
Key findings, explored in more detailed in the chapters by topic area, include the following:

Public health

More intense heat waves are likely to increase heat-related and respiratory illnesses and
deaths. Food insecurity and mental health problems could increase for people with natural
resource-related occupations, such as fishing, forestry, agriculture, recreation, service
industries, and construction. Outdoor laborers, elderly people, and youth have a higher risk
of a range of climate-related health issues.

Economic impacts

Values of property in low-lying or coastal areas may be adversely affected from future
flooding and sea level rise. A wide variety of industries may be affected in the future,
including construction and development, manufacturing, food and hospitality services, and
natural resource economies. There is a broad range of future economic damages from
climate change, most notably lost labor hours.

Culture and recreation

Historical sites and buildings, parks, waterfronts, and archaeological sites are likely to be
damaged from future flooding, extreme heat, and shifting precipitation patterns. Flooding,
habitat shifts, and impacts to certain species such as salmon will have detrimental cultural
and health impacts for Tribes.

Coastal flooding and infrastructure

Coastal flooding impacts from a combination of sea level rise, storm surges, and heavy
precipitation events can result in substantial physical, ecological, and infrastructure
damage. This includes flooding of transportation routes, damage to waterfronts, inundation
and saltwater intrusion of wastewater infrastructure, and overload of stormwater
infrastructure.

Land use and local climate impacts

Future urbanization and the increased use of impervious pavements are likely to increase
the probability and severity of climate impacts such as urban flood events. Land use and
vegetation cover may also shift with warmer temperatures and changing precipitation
patterns, which may have secondary effects on natural flood control, urban heat island
effect, and wildfire risk.

Geologic and natural hazards

Landslide risk will likely increase due to heavier rain events, soil erosion and destabilization,
and sediment transport patterns. Bluff erosion rates may accelerate from winter storms,
storm surges, sea level rise, and heavy rain events. Increased rates of bluff erosion will have
long-term implications for properties, roads, and habitat on coastal bluffs.

Habitat and fire

Future climate change will likely alter terrestrial, freshwater, marine, and coastal habitats.
These habitat changes will have a wide range of impacts to sensitive species and ecological
processes. The prevalence of invasive species and diseases is likely to increase. Though
wildfire risk remains low for Kitsap County under future climate conditions, the expansion
of the wildland-urban interface may increase the likelihood of wildfire spread across a

landscape.
) %
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Chapter 1. Introduction

Objectives

The objective of the Kitsap County Climate Change Resiliency Assessment is to provide the evidence and
foundation to support Kitsap County in future resiliency planning to address current and future climate
change risks. This assessment is intended to provide a robust scientific synthesis of current and future climate
risks and hazards for Kitsap County. Specifically, this assessment focuses on synthesizing future climate
projections and relevant climate change impacts to public health, economy, cultural resources, public
infrastructure, land use and development, agriculture, local government finance, geologic and natural
hazards, hydrology and hydrogeology, habitats and ecosystems, and fire risks.

This assessment includes evidence-based qualitative rankings of the probability, magnitude, and timing of
specific climate-driven changes. This research summary is intended to provide the foundational data to
inform the County’s future development of climate change resiliency strategies, including adaptation and
mitigation strategies to enhance the community resilience of Kitsap County’s residents and businesses.

Geographic Scope

For the purposes of this report, Kitsap County is defined as the area that lies within the geographical
boundaries of Kitsap County’s borders (see Figure 2), not limited to the County government structure or
processes. Though the review of existing literature and data sources focused on Kitsap County, county-specific
data sources were limited. Accordingly, the research also considered Washington State, Pacific Northwest,
and Puget Sound regional publications to identify impacts, trends, and risks associated with climate change.
This approach recognizes the interconnectedness of systems and that impacts to other areas of Puget Sound
and the Pacific Northwest will be reflected locally in Kitsap County.

‘ORcuarD 11
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Figure 2. Map of Kitsap County Planning Jurisdictions (from Kitsap County Dept. of Community Development)
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Summary of Climate Impacts to Sectors

The relationship between climate drivers and associated biophysical, social, and economic impacts is complex
and interwoven (Figure 3). Changing ocean conditions, warmer temperatures, more extreme conditions,
changing seasonal precipitation and streamflow patterns, changing wildfire risk, and policies and decision-
making on future land use and development will very likely result in biophysical changes to habitats, flooding
risk, iconic species, air quality, water quality and quantity, fire risk, invasive species, pests and diseases,
landslides and other geologic hazards, and erosion. These biophysical changes will subsequently affect many
aspects of social and economic systems that support the livelihoods and way of life for Kitsap County’s
residents, including the health system, the economy, infrastructure, water supply, cultural resources,
recreation, energy, financial investments, and agriculture. Many of these impacts and drivers operate in
feedback loops. For instance, changes to habitat, vegetation, and agriculture will affect future land use
decisions, which in turn will influence further habitat, vegetation, and agriculture changes.

Figure 3. Relationship between Changes in Climate, Associated Biophysical Impacts, and Impacts to
Economic and Social Systems
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This assessment reviews and incorporates findings from more than 290 publications, reports, articles, and

plans. The list of publications includes regional climate assessments, scientific peer-reviewed articles,

government publications, nongovernmental organization reports, sector-specific plans, and relevant news

articles. Table 1 lists selected major sources.

Table 1. Major Sources Incorporated into this Assessment

Scale Documents

Global

o 5% |PCC Synthesis Report, Intergovernmental Panel on Climate Change (IPCC), 2014.

e Climate Change and Land: A special report on climate change, desertification, land
degradation, sustainable land management, food security, and greenhouse gas fluxes in
terrestrial ecosystems. IPCC. 2019.

National

4™ National Climate Assessment. 2018.
e The Impacts of Climate Change on Human Health in the United States: A Scientific
Assessment. 2016.

Regional

o National Climate Assessment—Chapter 24: Northwest. 2018.

o State of Knowledge: Climate Change in Puget Sound. 2015.

o Projected Sea Level Rise for Washington State. 2018.

e Climate Change Preparedness Plan for the North Olympic Peninsula. 2015.

County

o Kitsap County Public Works, Task 700 Climate Change Assessment. 2019.
o Kitsap County Multi-Hazard Mitigation Plan. 2015.
o Kitsap 2036: Growing for a Better Tomorrow. 2016.

Local

e Bainbridge Island Climate Impact Assessment. 2016.
e Hood Canal Climate Change Projections Summary. 2015.
e Port Gamble S’Klallam Tribe Climate Change Impact Assessment. 2016.

Magnitude of Impacts

Each of the climate change impacts covered in this assessment includes information on the magnitude,

likelihood, confidence, and timing of climate impacts. The magnitude of a climate impact is defined
qualitatively based on its relative change from historical or current baseline conditions:

e Low magnitude: Relatively low change between future climate impacts and current/historical
baseline conditions.

¢ Medium-low magnitude: Relatively low to medium/moderate change between future climate

impacts and current/historical baseline conditions.

e Medium magnitude: Relatively medium or moderate change between future climate impacts
and current/historical baseline conditions.

e  Maedium-high magnitude: Relatively medium to high change between future climate change
impacts and current/historical baseline conditions.

¢ High magnitude: Relatively high change between future climate change impacts and
current/historical baseline conditions.

[(cen |
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Because of the relative measurement of change, there will be variability in how magnitude of future climate
impacts will be considered across sectors.

Likelihood and Confidence

In addition to magnitude, each finding describing a climate impact will have an associated likelihood and
confidence statement. The likelihood and confidence assessment are derived from the same definitions from
the Intergovernmental Panel on Climate Change (IPCC), as shown in Figure 4. Likelihood is the qualitative or
guantitative assessment of the probability of an event or outcome occurring. Confidence is an assessment of
how confident scientists are in certain statements given the consensus level and evidence base. For the
purpose of this assessment, confidence is defined according to the consensus and evidence base in regional
and national climate assessments as well as locally specific plans and assessments for Kitsap County.!

Figure 4. Confidence and Likelihood?

Term Probability of Outcome
Virtually certain 99 to 100% probability
Very likely 90 to 100% probability
Likely 66 to 100% probability
About as likely as not 33 to 66% probability
Unlikely 0 to 33% probability
Very unlikely 0-10% probability
Exceptionally unlikely 0-1% probability
e Medium High confidence -
Sgreement confidence
Regional and Low-medium Medium High confidence
national confidence confidence
assessments
Low confidence Low-medium Medium
confidence confidence
-

Kitsap County local plans and assessments

1 Definition adapted from Mastrandea et al. 2010. Guidance Note for Lead Authors of the IPCC Fifth Assessment Report on
Consistent Treatment of Uncertainties. Intergovernmental Panel on Climate Change.
2 Impacts with a low confidence or concurrence are excluded from this document.
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Socioeconomic Overview of Kitsap County

The people and the economy of Kitsap County will experience the biophysical impacts of climate change in
different ways. This overview of the county’s population and economy provides background for
understanding the potential impacts of climate change on economic and social systems.

Population and Demographics

Kitsap County’s population in 2019 was an estimated 270,100, representing about 3.6% of Washington State’s
population. The county grew from 251,133 in 2010, with a percentage change of 7.6% between 2010 and
2019 (Table 2). The state population increased by 12.2% during the same period. It is anticipated that by
2040, the population of Kitsap County will reach approximately 323,000, an increase of nearly 29% between
2010 and 2040.3 This growth rate is lower than the state’s projected population increase of 37% during that
period but shows substantial, continued growth and development in Kitsap County.

Table 2. Population of Kitsap County and the State of Washington**®

Kitsap County Washington State

Population 2010 251,133 6,724,540
Percent change, 2010 to 2019 7.6% 12.2%
Population 2019 270,100 7,546,410
Population 2020 275,913 7,638,423
Population 2030 303,528 8,503,191
Population 2040 322,859 9,242,028
Percent change, 2010 to 2040 28.6% 37.4%

In terms of age, Kitsap County’s population is somewhat older than that of Washington State, with 21.6% of
county residents 65 years and older in 2019, compared to 16.3% in the state (Table 3). Residents under 20
years of age made up 16.9% of the population in the county, while this age group accounted for 18.8% of
residents in the state. Women make up 49.4% of Kitsap County population, compared to 50.1% for the state,
and the median age of women is 46.3 years or about 7 years older than men with a median age of 39.5 years.

Kitsap County showed less ethnic and racial diversity in 2019 compared to Washington State in most
racial/ethnic categories, as shown in Table 3. In Kitsap County, 81.5% of the people identify themselves as
White, compared to 78.8% in the state.

3 Office of Financial Management, State of Washington. 2018. 2017 Projections: County Growth Management Population
Projections by Age and Sex: 2010-40. Available at:
https://ofm.wa.gov/sites/default/files/public/dataresearch/pop/GMA/projections17/GMA 2017 county pop projections.pdf
4 Office of Financial Management. 2018.

5 U.S. Census Bureau. 2019. QuickFacts: Kitsap County, Washington, United States.
www.census.gov/quickfacts/fact/table/WA,kitsapcountywashington/PST045219
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Table 3. Population by Age, Sex, Race/Ethnicity, and Household Size in Kitsap County and Washington®’

Kitsap County Washington State

(% of total population) (% of total population)

Population by Age, 2019
Under 5 years old 6.0% 6.0%
Under 20 years old 16.9% 18.8%
65 years and older 21.6% 16.3%
Median Age, 2019
Male 39.5 years 37.4 years
Female 46.3 years 39.2 years
Females, 2019
Females 49.4% 50.1%
Race, 2019
White 81.5% 78.8%
Black or African American 3.1% 4.2%
American Indian and Alaska Native 1.7% 1.8%
Asian 5.8% 9.2%
Native Hawaiian and other Pacific Islander 1.1% 0.8%
Two or More Races 6.7% 5.1%
Percent Latino/Hispanic Ethnicity 8.0% 12.9%
Average Household Size and Number of Households, 2014-2018
Number of Households 101,662 households 2,800,423 households
Average Household Size 2.51 people/household 2.55 people/household

Employment and Industries

[Note that this assessment reflects economic information as of 2019, but it does not address the severe recent
economic and health impacts of the COVID-19 global pandemic that began affecting Washington in early 2020.]

Kitsap County has a diversity of industries that support a growing economy. The businesses that support the
county economy range from public services to military operations to private businesses to natural resource
economies (Table 4). 8 The proximity and connectivity of Kitsap County to the greater Seattle market, which is
the center of commerce and industry supply chains in the region, plays a major role in the county’s economic
vitality.? It is also important to note that water transportation plays a dominant role in the culture and

6 Office of Financial Management State of Washington. 2020. Estimates of April 1 population by age, sex, race and Hispanic
origin. https://ofm.wa.gov/washington-data-research/population-demographics/population-estimates/estimates-april-1-
population-age-sex-race-and-hispanic-origin

7 U.S. Census Bureau. 2019.

8 Washington State Employment Security Department. 2019. Labor area summaries: Nonfarm industry employment: Kitsap
County. https://esd.wa.gov/labormarketinfo/labor-area-summaries.

9 Kitsap County Department of Community Development Planning and Environmental Programs. 2016. Kitsap County
Comprehensive Plan 2016-2036. www.kitsapgov.com/dcd/Pages/2016 Comprehensive Plan.aspx
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economy of Kitsap County.'% Because of the County’s geographic configuration, the Washington State Ferries
system, along with Kitsap Transit ferries, are an important infrastructure link for its residents.

Defense; advanced manufacturing (maritime and aerospace); technology (information and communication
technology, e-commerce, cybersecurity, and clean technology); healthcare; business services; specialty foods;
and tourism are some of the leading economic sectors in Kitsap County. The defense sector accounts for
nearly 50% of Kitsap County’s economic output and workforce, corresponding with the county’s local
economy ranking high within the region in key economic development indicators, such as workforce
educational attainment; engineering talent; development of intellectual property; per-capita economic
output; employment levels; and median household incomes.!!

Overall, Kitsap County has experienced steady economic growth since 2012. 2 For example, job numbers have
continued to rebound and have surpassed the losses that were incurred between 2006 and 2012. In 2018, the
county had, on average, 93,200 nonfarm jobs, compared to 87,400 in 2006.%3 Figure 5 presents this growth in
Kitsap County compared to Washington State and the United States.* Unemployment rates declined in the
County from 8.6% in 2010 to 4.6% in 2018 (Figure 6).%°

Table 4. Non-Farm Employment in Kitsap County, Non-Seasonally Adjusted?®

2019 2018 2017

Industry Title October November October November November
Total Nonfarm 96,000 96,500 94,300 94,800 91.700
Total Private 61,900 62,000 60,900 61,200 58,800
Goods Producing 8,300 8,300 8,200 8,200 7,500
Mining, Logging, and Construction 5,400 5,300 5.200 5,200 4,700
Manufacturing 2,900 3,000 3,000 3,000 2,800
Service Providing 87,700 88,200 86,100 66,600 64,200
Private Service Providing 53,600 53,700 52,700 53,000 51,300
Trade, Transportation, and Utilities 14,200 14,300 14,000 14,400 14,000
Retail Trade 11,400 11,400 11,300 11,600 11,400
Professional and Business Services 8,700 8,700 3,400 8,400 7,500
Leisure and Hospitality 9,700 9,700 9,700 9,600 9,200
Government 34,100 34,500 33,400 33,600 32,900
Federal Government 20,100 20,200 19,800 19,800 19,300
Local Government 11,800 12,100 11,500 11,700 11.!3'33
State Government 2,200 2,200 2,100 2,100 2,100
Workers in Labor/Management Disputes 0 0 0 0 0

10 Employment Security Department State of Washington. 2019. Kitsap County profile.
https://esd.wa.gov/labormarketinfo/county-profiles/kitsap
11 Kitsap County Department of Community Development Planning and Environmental Programs. 2016.

12 Vleming, J. 2019. Kitsap County profile. Washington State Employment Security Department.
https://esd.wa.gov/labormarketinfo/county-profiles/kitsap#outlook.

13 Kitsap County Department of Community Development Planning and Environmental Programs. 2016.

14 State of Washington Employment Security Department. 2020. Kitsap County Labor Market Information — Kitsap County Data
Tables. https://esd.wa.gov/labormarketinfo/kitsap.

15 State of Washington Employment Security Department. 2020.

16 State of Washington Employment Security Department. 2020.
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Figure 5. Annual Growth in Nonfarm Employment in Kitsap County, Washington State, and the United

States, 1991-2018 7
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The largest employer of Kitsap County residents is Naval Base Kitsap, employing approximately 33,800 people
in 2018, although not all employees are Kitsap County residents..*® 2 Natural resource economies, such as
logging, mining, fishing, and agriculture compose a small portion of the economic industries in the county
and are important parts of the history and culture of Kitsap County. 2! In 2019, mining, logging, and
construction industries employed approximately 5,400 people, and the hospitality and leisure industry
employed approximately 9,700 people in Kitsap County (Table 4). Fishing and shellfish are also important for
Port Gamble S’Klallam Tribe and the Suquamish Tribe’s commercial operations and subsistence economy. 2% 23
The county’s maritime services and transportation industries, such as shipbuilding and maintenance, shipyard
workers, and ferry and boat workers, also contribute to the regional Puget Sound maritime economy. 24

Other indicators of a healthy economy appeared solid, with retail sales of approximately $5 billion in 2018,
gross business income approximately $775 million in 2017, and out-of-state and foreign trade growing more
than threefold, from $700 million in 2007 to approximately $2.4 billion in 2017 (Figure 7).

19 Kitsap County. 2018. 2018 Top Employers. http://kitsapeda.org/wp-content/uploads/2019/08/2018-TOP-EMPLOYERS.pdf.

20 Center of Economic and Business Research. 2019. Kitsap County 2017/2018 Economic Profile. http://kitsapeda.org/wp-
content/uploads/2019/07/County-Profile Kitsap-7-1-19 web.pdf.

21 See Chapter 5. Cultural Resources. Finding 3: Tribal Cultural, Ceremonial, and Harvesting Sites and Chapter 8. Agriculture.
Finding 4: Agricultural Economies and Livelihoods.

22 port Gamble S’Klallam Tribe Natural Resources Department. 2016. Climate Change Impact Assessment. A collaboration of the
Port Gamble S’Klallam Tribe, Cascadia Consulting Group, and the University of Washington Climate Impacts Group.

23 Suquamish Tribe. Tribal Fishing & Hunting Information. https://suguamish.nsn.us/home/departments/fisheries/tribal-fishing-
hunting/.

24 Kitsap Economic Development Alliance. Maritime. http://kitsapeda.org/key-industries/maritime/.

25 State of Washington Department of Revenue, https://dor.wa.gov/about/statistics-reports/local-retail-sales-2018; Center for
Economic and Business Research. 2019.
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Figure 7. Retail and Business Sales and Income in Kitsap County?®
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Kitsap County had 113,733 housing units in 2018, with 66% of that owner-occupied.?” Although the total
housing units are not provided by city, the housing units within each incorporated city are estimated based on
the share of households within each city. Using this estimation process, rural Kitsap County has the largest
share of housing units at nearly 65%. Of the four cities within Kitsap County, Bremerton has the most housing
units (approximately 17% of the county total). Table 5 shows how the housing units are distributed within the

county.

Table 5. Kitsap County Households and Housing Units by Incorporated City and Rural Areas®®

Households 101,662 16,798 9,857 4,880 4,250 65,877
Housing Units 113,733 18,793 11,027 5,459 4,755 73,699
27 U.S. Bureau of Census. 2014-2018.
28 U.S. Bureau of Census. 2014-2018. Greene Economics calculations.
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Chapter 2. Climate Change Overview

Drivers of Climate Change

Climate change is defined as “a change of climate which is attributed directly or indirectly to human activity
that alters the composition of the global atmosphere and which is in addition to natural climate variability
observed over comparable time periods,” according to the United Nations Framework Convention on Climate
Change. Human activities, especially activities that emit greenhouse gases (GHGs), are the primary driver of
global climate change.?® Increasing GHG emissions have driven the warming of land and ocean temperatures,
which has led to multiple cascading biophysical impacts.3® Natural feedback processes, such as the El Nifio-
Southern Oscillation and the Pacific Decadal Oscillation in the Pacific Northwest, may account for interannual
and interdecadal variability of air temperature, extreme weather events, precipitation, and ocean
conditions.3%32 Despite this natural variability, the rate of climate change from human activities is exceeding
any natural climate variability from feedback processes, resulting in a global net warming of the Earth’s lands
and waters. The State of Knowledge: Climate Change in Puget Sound report found “Climate variability and
change will affect the Puget Sound region by altering key climate-related factors shaping the local
environment,” including temperature, precipitation, heavy rainfall, sea level, and ocean acidification.33

Biophysical Impacts of Climate Change

The global increase in air, land, and ocean temperatures has driven biophysical systems to change. Globally,
climate change has led to increasing temperatures, melting glaciers, sea level rise, ocean acidification,
diminishing snow cover, increasing intensity of extreme storms, increasing frequency of extreme heat and
cold waves, increasing frequency and intensity of fires, and shifting precipitation regimes.3*3%

Climate change impacts in the Puget Sound region and the Pacific Northwest are strongly connected to the
global climate. The Puget Sound region has experienced warmer temperatures, longer frost-free seasons, less
summer precipitation, nighttime warming, increases in heavy rainfall events, more acidic oceans, increasing

29 U.S. Global Change Research Program (USGCRP). 2017: Climate Science Special Report: Fourth National Climate Assessment,
Volume I. U.S. Global Change Research Program, Washington, DC, USA, 470 pp. https://science2017.globalchange.gov/.

30 |PCC. 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups 1, Il and Ill to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change. IPCC, Geneva, Switzerland, 151 pp.
www.ipcc.ch/site/assets/uploads/2018/05/SYR AR5 FINAL full wcover.pdf.

31 USGCRP. 2017.

32 May et al. 2018. Chapter 24: Northwest. In Impacts, Risks, and Adaptation in the United States: Fourth National Climate
Assessment, Volume II. U.S. Global Change Research Program, Washington, DC, USA, pp. 1036—-1100.
https://nca2018.globalchange.gov/chapter/24/.

33 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.

34 Wuebbles et al. 2017: Executive summary. In Climate Science Special Report: Fourth National Climate Assessment, Volume |.
U.S. Global Change Research Program, Washington, DC, USA, pp. 12-34.
https://science2017.globalchange.gov/downloads/CSSR Executive Summary.pdf.

35 |PCC. 2014.
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sea levels, marine dead zones, and increases in extreme heat events.3®3” These collective climate impacts
have already affected local economies, cultures, infrastructure, and the health and wellbeing of Northwest
communities.38

Many of these Puget Sound climate impacts have also been experienced locally in Kitsap County. Since 1900,
sea levels in Bremerton have risen at a rate of approximately 1 inch every 12.3 years, and heavy rainfall event
intensity increased by 50%.3° The cities of Bainbridge Island and Port Orchard have experienced similar
precipitation and sea level rise impacts.*°

Although average annual precipitation since 1950 has not changed in quantity, there have been changes to
average seasonal precipitation, with increasing spring precipitation, declining summer precipitation, and
winter precipitation shifting from snow to rain.*>*? These seasonal precipitation shifts have impacts to salmon
and other aquatic species and habitats.*?

Puget Sound’s waters have warmed since 1950, ranging from 0.8°F to 1.6°F across different areas of Puget
Sound including Hood Canal. Warmer water temperatures increase the likelihood of harmful algal blooms,
which can damage local shellfish species and habitat.** Kitsap County shorelines regularly experience beach
and shellfish closures due to biotoxin accumulation.>%¢ Puget Sound has also experienced acidification,
especially in Hood Canal, with the regional waters acidifying by approximately 26% since pre-industrial era
levels.*” Ocean acidification is also affected by natural variability from upwelling systems as well as other
human sources such as nutrient runoff.

36 May et al. 2018.

37 Mauger et al. 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://cig.uw.edu/resources/special-reports/ps-sok/.

38 May et al. 2018.

39 Kitsap County. 2019. Task 700 Climate Change Assessment.

40 Hansen et al. 2016. Bainbridge Island Climate Impact Assessment. EcoAdapt, Bainbridge Island, WA.
www.cakex.org/sites/default/files/documents/BICIA%20Final%2028%20July%202016.pdf.

41 Mauger et al. 2015. Section 1: Climate Change Projections.

42 Hansen et al. 2016.

43 Mauger et al. 2015. Section 1: Climate Change Projections.

44 Mauger et al. 2015. Section 1: Climate Change Projections.

45> Washington Department of Health. 2019. Marine Biotoxin Bulletin.
https://fortress.wa.gov/doh/eh/portal/odw/si/BiotoxinBulletin.aspx.

46 Washington Department of Health. 2019. Shellfish Safety Information. https://fortress.wa.gov/doh/biotoxin/biotoxin.html.
47 Mauger et al. 2015. Section 7: Water Quality.
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Figure 8. Relative Sea Level Rise Trend*® (data for relative sea level rise in Seattle were used as a proxy since
long-term trends for Kitsap County are currently unavailable)
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Figure 9. Annual 24-hour Maximum Precipitation (7:00 a.m. — 7:00 a.m.) for Bremerton (1900-2018)*°
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48 Kitsap County. 2019. Task 700 Climate Change Assessment.
49 Kitsap County. 2019. Task 700 Climate Change Assessment.
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There has also been regional warming of air temperatures since 1895 in the Puget Sound lowland regions,
with all but six of the warmest years on record occurring between 1980 and 2014. Warmer nights will become
more frequent and there will be a longer frost-free season in Puget Sound.>® Warmer air temperatures will
have cascading impacts on increasing drought conditions, shifting vegetation habitat and types, increasing fire
risk, and potentially increasing risk of geologic hazards.>%>%>3

Figure 10. Average Annual Air Temperature for Puget Sound Lowlands Relative to 1950-1999 Average
(50.3°F)** (dashed line represents the fitted trendline, indicating a warming of 1.3°F from 1895-2014)
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50 Mauger et al. 2015. Section 1: Climate Change Projections.

51 Mauger et al. 2015. Section 1: Climate Change Projections.

52 May et al. 2018.

53 Hansen et al. 2016.

54 Mauger et al. 2015. Section 2: Climate. Originally adapted from Vose et al. 2014. Improved historical temperature and
precipitation time series for US climate divisions. Journal of Applied Meteorology and Climatology. 53(5): 1232-1251.
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Future Climate Change Projections

The following sections outline future projections for these climate change impacts:

Sea level rise

Marine water temperature

Ocean acidification and dissolved oxygen

Temperature trends, extreme heat, and freeze-free days
Precipitation

Streamflow

Wildfires

Understanding future climate change projections is critical to inform and understand the intersecting climate
stressors that affect local economies, health and wellbeing, and infrastructure in Kitsap County.

Climate Change Scenarios

Future projections of climate change depend on multiple factors such as level of future greenhouse gas
emissions, carbon mitigation policies, and climate adaptation and resiliency strategies. Considering these
factors, the Intergovernmental Panel on Climate Change (IPCC) has developed a range of scenarios for its
reports to portray the range of climate impacts. For the 5" IPCC Report, a new set of scenarios were
developed called Representative Concentration Pathways (RCPs) that account for socioeconomic scenarios,
global growth, and climate mitigation policies. Four main scenarios emerged: RCP2.6, RCP4.5, RCP6.0, and
RCP8.5. These scenarios range from a highly ambitious reduction of global GHG emissions (RCP2.6) to a
“business-as-usual” emissions scenario (RCP8.5).

This report summarizes future climate projections with regard to a low-emissions scenario (RCP4.5) and a
high-emissions business-as-usual scenario (RCP8.5). The RCP4.5 scenario, or the low-emissions scenario,
assumes that there will be coordinated global GHG mitigation policies to reduce GHG emissions to stabilize
climate change.>> The RCP8.5 scenario, or the high-emissions scenario, is considered to be the business-as-
usual scenario and assumes a scenario without coordinated global policies to reduce GHG emissions.*® In this
climate impacts assessment, projections are generally framed under these two scenarios to project the range
of future climate impacts to Kitsap County, though in certain instances RCP6.0, or a moderate-emissions
scenario, may also be referenced.

Sea Level Rise

Kitsap County’s relative sea level is largely projected to rise by 2100, with a range from -0.1 feet to 2.7 feet.
Multiple geologic and climatic factors influence sea level projections. Relative sea level projections are
calculated by accounting for vertical land movement, or the vertical movement of land due to geologic forces,

55 Thomson et al. 2011. RCP4.5: A pathway for stabilization of radiative forcing by 2100. Climatic Change. 109(77):
https://doi.org/10.1007/s10584-011-0151-4.

56 Riahi, K. et al. 2011. RCP8.5: A scenario of comparatively high greenhouse gas emissions. Climatic Change. 109: 33.
https://doi.org/10.1007/s10584-011-0149-y.
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and the absolute sea level change. Sea level rise projections do not factor in the risk of a subduction zone
earthquake, which could lead to rapid localized sea level rise.>”

Table 6 and As shown in Table 7, under the low-emissions scenario, Bremerton will as likely as not (50%
likelihood) experience sea level rise of 0.35 feet by 2030, 0.7 feet by 2050, and 1.75 feet by 2100 and virtually
certain (99% likelihood) to experience sea level rise of 0.15 feet by 2100. Under the high-emissions scenario,
Bremerton will as likely as not (50% likelihood) experience sea level rise of 0.35 feet by 2030, 0.75 feet by
2050, and 2.15 feet by 2100 and virtually certain (99% likelihood) to experience sea level rise of 0.1 feet by
2050 and 0.45 feet by 2100.

Table 7 summarize the probabilistic projections of sea level rise based on high- and low-emissions scenarios
for Port Orchard and Bremerton. Under the low-emissions scenario, Port Orchard will as likely as not (50%
likelihood) experience sea level rise of 0.4 feet by 2030, 0.8 feet by 2050, and 2.2 feet by 2100. Port Orchard is
virtually certain (99% likelihood) to experience sea level rise of 0.05 feet by 2050 and 0.3 feet by 2100. Under
the high-emissions scenario, Port Orchard will as likely as not (50% likelihood) experience sea level rise of 0.35
feet by 2030, 0.75 feet by 2050, and 2.15 feet by 2100 and virtually certain (99% likelihood) to experience sea
level rise of 0.1 feet by 2050 and 0.45 feet by 2100.

57 Miller et al. 2018. Projected Sea Level Rise for Washington State — A 2018 Assessment. A Collaboration of Washington Sea
Grant, UW Climate Impacts Group, Oregon State University, and US Geological Survey. Prepared for the Washington Coastal
Resilience Project. https://cig.uw.edu/resources/special-reports/sea-level-rise-in-washington-state-a-2018-assessment/.
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Table 6. Probabilistic Sea Level Rise Projections for Port Orchard®?

5 Location Year (sea level rise, ft)

RCP4.5 50% | 47.6°N | 122.7°W 0.4 0.8 2.2

JUNE 2020

NW Bremerton & West Port Orchard

Low 90% | 47.6°N | 122.7°W 0.2 0.4 1.3 | NW Bremerton & West Port Orchard
Emissions 95% | 47.6°N | 1227°W | 02 | 03| 1.1  NW Bremerton & West Port Orchard
Scenario 99% | 47.6°N | 122.7°W 0.1 0.2 0.6 | NW Bremerton & West Port Orchard

50% | 47.6°N | 122.6°W 0.3 0.7 1.7

Port Orchard & Bremerton

90% | 47.6°N | 122.6°W 0.1 0.3 0.7

Port Orchard & Bremerton

95% | 47.6°N | 122.6°W 0 0.2 0.5 | Port Orchard & Bremerton
99% | 47.6°N | 122.6°W -0.1 -0.1 0 | Port Orchard & Bremerton
50% 0.35 0.75 1.95 | Average sea level rise

90% 0.15| 0.35 1.0 | Average sea level rise

95% 0.1 | 0.25 0.8 | Average sea level rise

99% 0| 0.05 0.3 | Average sea level rise
RCP8.5 50% | 47.6°N | 122.7°W 0.4 0.8 2.2 | NW Bremerton & West Port Orchard
High 90% | 47.6°N | 122.7°W 0.2 0.4 1.3 | NW Bremerton & West Port Orchard
Emissions 95% | 47.6°N| 1227°W | 02| 03| 1.1 | NW Bremerton & West Port Orchard
Scenario 99% | 47.6°N | 122.7°W | 0.1 | 0.2 | 0.6 | NW Bremerton & West Port Orchard

50% | 47.6°N | 122.6°W 0.3 0.7 2.1

Port Orchard & Bremerton

90% | 47.6°N | 122.6°W 0.1 0.3 11

Port Orchard & Bremerton

95% | 47.6°N | 122.6°W 0.1 0.2 0.8

Port Orchard & Bremerton

99% | 47.6°N | 122.6°W -0.1 0 0.3

Port Orchard & Bremerton

50% 035 | 0.75| 215

Average sea level rise

90% 0.15| 0.35 1.2 | Average sea level rise
95% 0.15 | 0.25| 0.95 | Average sea level rise
99% 0 0.1 | 0.45 | Average sea level rise

As shown in Table 7, under the low-emissions scenario, Bremerton will as likely as not (50% likelihood)
experience sea level rise of 0.35 feet by 2030, 0.7 feet by 2050, and 1.75 feet by 2100 and virtually certain
(99% likelihood) to experience sea level rise of 0.15 feet by 2100. Under the high-emissions scenario,
Bremerton will as likely as not (50% likelihood) experience sea level rise of 0.35 feet by 2030, 0.75 feet by
2050, and 2.15 feet by 2100 and virtually certain (99% likelihood) to experience sea level rise of 0.1 feet by

2050 and 0.45 feet by 2100.

58 See all Kitsap County Sea Level Rise projections in Appendix D. CIG Sea Level Rise Projections, Likelihood Maps, and Graphs.
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Table 7. Probabilistic Sea Level Rise Projections for Bremerton>®

| Location | Year (sea level ise, ft

JUNE 2020

RCP4.5 50% | 47.6°N | 122.6°W 0.3 0.7 1.7 | SW Bainbridge Island & Bremerton
) .L°W 90% | 47.6°N | 122.6°W 0.1 0.3 0.7 | SW Bainbridge Island & Bremerton
EZ‘::'::: 95% | 47.6°N | 122.6°W 0 0.2 | 0.5 | SW Bainbridge Island & Bremerton
99% | 47.6°N | 122.6°W -0.1 -0.1 0 | SW Bainbridge Island & Bremerton
50% | 47.6°N | 122.7°W 04 0.7 1.8 | NW Bremerton
90% | 47.6°N | 122.7°W 0.2 0.4 0.9 | NW Bremerton
95% | 47.6°N | 122.7°W 0.1 0.3 0.7 | NW Bremerton
99% | 47.6°N | 122.7°W 0 0.1 0.3 | NW Bremerton
50% 0.35 0.7 1.75 | Average sea level rise
90% 0.15 0.35 0.8 | Average sea level rise
95% 0.05 0.25 0.6 | Average sea level rise
99% -0.05 0 | 0.15 | Average sea level rise
RCP8.5 50% | 47.6°N | 122.6°W 0.3 0.7 2.1 | SW Bainbridge Island & Bremerton
] I:Iigh 90% | 47.6°N | 122.6°W 0.1 0.3 1.1 | SW Bainbridge Island & Bremerton
Eg‘:::’:; 95% | 47.6°N | 122.6°W 0.1 0.2 | 0.8 | SW Bainbridge Island & Bremerton
99% | 47.6°N | 122.6°W -0.1 0 0.3 | SW Bainbridge Island & Bremerton
50% | 47.6°N | 122.7°W 0.4 0.8 2.2 | NW Bremerton
90% | 47.6°N | 122.7°W 0.2 0.4 1.3 | NW Bremerton
95% | 47.6°N | 122.7°W 0.2 0.3 1.1 | NW Bremerton
99% | 47.6°N | 122.7°W 0.1 0.2 0.6 | NW Bremerton
50% 0.35 0.75 2.15 | Average sea level rise
90% 0.15 0.35 1.2 | Average sea level rise
95% 0.15 0.25 0.95 | Average sea level rise
99% 0 0.1 0.45 | Average sea level rise

59 See all Kitsap County Sea Level Rise projections in Appendix D. CIG Sea Level Rise Projections, Likelihood Maps, and Graphs.
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Marine Water Temperature

The surface and subsurface water temperatures in Hood Canal and Puget Sound have warmed from 0.8°F to
1.6°F since 1950.%° Surface water temperatures are projected to continue warming in the future.?%%2 Though
it is difficult to accurately project future marine water temperature increases for Kitsap County due to natural
variability, local conditions, and weather,®® model projections for the coastal waters of the Pacific Northwest
estimate that there will be an increase of 2.2°F by mid-century (2030-2059) under moderate emissions
scenarios (A2/A1B/B1 or RCP4.5 and RCP6.0 equivalent) (Figure 11).646>

Warmer waters for Kitsap County and the broader Puget Sound will have cascading impacts, including
decreasing dissolved oxygen levels, increasing the likelihood of harmful algal blooms, and stressing marine
species dependent on colder water, such as salmon and shellfish.%®

Figure 11. Current and Projected Sea Surface Temperature for Pacific Northwest Coastal Waters®’

(Black line and gray shading are the historical (1970-1999) sea surface temperatures and its range. The red line
shows the projected increase in sea surface temperature by mid-century (2030-2059) under A2/A1B/B1 emissions
scenarios, or RCP4.5 and RCP6.0 equivalent.)
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60 Newton et al. 2011. Hood Canal Dissolved Oxygen Program Integrated Assessment and Modeling Report.
https://pdfs.semanticscholar.org/6648/a004109940877351c0b248d1dfd23d5fcc63.pdf.

61 Mote et al. 2014. Ch. 21: Northwest. Climate Change Impacts in the United States: The Third National Climate Assessment.
https://nca2014.globalchange.gov/report/regions/northwest.

62 Mauger et al. 2015. Section 7: Water Quality.

63 \Vynne & Harguth. 2015. Hood Canal Climate Change Projections Summary. Prepared by the Hood Canal Coordinating Council.
http://hccc.wa.gov/sites/default/files/resources/downloads/Hood Canal Climate Projection Summary May 2015.pdf.

64 Mote & Salathé. 2010. Future climate in the Pacific Northwest. Climatic Change 102(1-2), 29-50.

65 petersen et al. 2015. Climate Change Preparedness Plan for the North Olympic Peninsula. A Project of the North Olympic
Peninsula Resource Conservation & Development Council and the Washington Department of Commerce. www.noprcd.org.
56 Mauger et al. 2015. Section 7: Water Quality.

67 Mote & Salathé. 2010. Adapted in Petersen et al. 2015.
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Ocean Acidification and Dissolved Oxygen

Kitsap County’s waters are currently experiencing acidification (low pH) due to multiple interacting processes,
such as circulation patterns, mixing, biological processes, nutrient loading from human sources, and increases
in atmospheric carbon dioxide (CO,).?8 In Hood Canal, up to 40% of acidification is attributed to human
activity, though there is considerable spatial and temporal variability.®® Overall, Hood Canal’s waters are
trending toward becoming more acidic.”®’* The atmospheric CO; is projected to double by 2100 under RCP4.5
and by 2050 under RCP8.5.72

Although uncertainty exists around the magnitude of ocean acidification in the future, there is consensus that
the ocean will continue acidifying in Puget Sound.”® These projections are consistent with global ocean
acidification projections.”* Ocean acidification will have increasingly significant impacts on shellfish and
salmon.”7¢ These impacts to marine species will have cascading impacts on Kitsap County’s ecosystems,
natural resource economies, and culture.”” Furthermore, the compounding impacts of ocean acidification and
warmer surface waters will increase risk and expand the window of opportunity for harmful algal blooms
(Figure 12). Harmful algal blooms are projected to increase the frequency and severity of toxin accumulation
in shellfish, which can cause paralytic shellfish poisoning if consumed.”® Projected increases in frequency and
severity of harmful algal blooms will also likely correlate to increases in frequency and severity of
eutrophication and low dissolved-oxygen, hypoxia events, and dead zones.”>8°

68 Feely et al. 2010. The combined effects of ocean acidification, mixing, and respiration on pH and carbonate saturation in an
urbanized estuary. Estuarine, Coastal and Shelf Science. 88(4): 442-449.

69 Feely et al. 2010.

70 Mauger et al. 2015. Section 7: Water Quality.

71 Feely et al. 2012. Scientific summary of ocean acidification in Washington State Marine Waters. NOAA OAR Special Report.
https://fortress.wa.gov/ecy/publications/documents/1201016.pdf.

72 Mauger et al. 2015. Section 7: Water Quality.

73 Feely et al. 2012.

74 Jewett, L. and A. Romanou, 2017: Ocean acidification and other ocean changes. In: Climate Science Special Report: Fourth
National Climate Assessment, Volume I. U.S. Global Change Research Program, Washington, DC, USA, pp. 364-392, doi:
10.7930/J0QV3JQB.

75 Waldbusser et al. 2014. Saturation-state sensitivity of marine bivalve larvae to ocean acidification. Nature Climate Change. 5:
273-280.

76 Busch et al. 2013. Potential impacts of ocean acidification on the Puget Sound food web. ICES Journal of Marine Science. 70:
823-833.

77\lynne & Harguth. 2015.

78 Mote et al. 2014.

79 Mauger et al. 2015. Section 7: Water Quality.

80 Anderson et al. 2008. Harmful algal blooms and eutrophication: Examining linkages from selected coastal regions of the
United States. Harmful Algae. 9(1): 39-53.
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Figure 12. Projections of a Longer Season of Elevated Risk for Harmful Algal Blooms (HABs) in Puget Sound?!
(Based on mean growth rates of Alexandrium by mid-century, or the year 2047, under a moderate GHG scenario,
A1B or RCP6.0 equivalent.)
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In Puget Sound and Hood Canal, dissolved oxygen (DO) levels are declining and are expected to decline in the
future.® Similar to ocean acidification, natural variability in DO levels occurs due to coastal upwelling, mixing
and entrainment within the vertical water column, global climate change, eddies, and the mixing of North
Pacific waters with Puget Sound waters.% Projections of DO levels in the future are limited by data availability
and geographic scope. Models project that Central Puget Sound and Hood Canal are likely to experience a
decline of 0.6 mg/liter of DO levels, although attribution of declining DO levels to global climate change is still
being refined.?*8> Lower DO levels can stress marine species, especially salmon, and hypoxia events can lead
to fish die-offs.8¢

81 Mauger et al. 2015. Section 11: Marine Ecosystems.

82 Mauger et al. 2015. Section 7: Water Quality.

83 Feely et al. 2012.

84 Moore et al. 2008. Local and large-scale climate forcing of Puget Sound oceanographic properties on seasonal to interdecadal
timescales. Limnol. Oceanogr., 53(5), 1746-1758.

85 Roberts et al. 2014. Puget Sound and the Straits Dissolved Oxygen Assessment: Impacts of Current and Future Human
Nitrogen Sources and Climate Change through 2070. Washington Department of Ecology, Publication No. 14-03-007, Olympia,
Washington. https://fortress.wa.gov/ecy/publications/documents/1403007.pdf.

86 Vaquer-Sunyer & Duarte. 2008. Thresholds of hypoxia for marine biodiversity. Proc. Natl. Acad. Sci., 105(40), 15452-15457.
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Temperature Trends, Extreme Heat, and Freeze-Free Days

Downscaled climate models for future projections in temperature trends were not available for Kitsap County.
However, downscaled climate models are available for the Suquamish Tribe’s area of interest, which covers a
large portion of Kitsap County (Figure 13).

Figure 13. Comparative Maps of Kitsap County and the Suquamish Indian Tribe of the Port Madison
Reservations’ Area of Interest?®”:8
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The annual average daily temperature will significantly increase by the end of the century in all climate
scenarios (Figure 14). Under a low-emissions scenario, annual average temperature will warm 4.9°F and the
maximum daily summer temperature will warm 6°F by the end of the century. Under a high-emissions
business-as-usual scenario, annual average temperature will warm 8.5°F and the maximum daily
summer temperature will warm 10.5°F by the end of the century (Table 8).

87 Google Maps. 2020.

88 University of Washington’s Climate Impacts Group. Tribal Climate Tool. https://cig.uw.edu/resources/tribal-vulnerability-
assessment-resources/tribal-climate-tool/.
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Figure 14. Annual Mean Maximum Temperature Projections for Kitsap County under RCP4.5 and RCP8.5%°
(low and high-emissions scenarios, respectively)

Annual Mean Max Temperature for Kitsap County, WA
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Warmer temperatures will significantly increase the number of extreme heat and freeze-free days (Table 9).
By 2100, the number of extreme heat days are projected to increase by 17.1 days under a low-emissions
scenario and 42.9 days under a high-emissions business-as-usual scenario. Furthermore, Kitsap County
historically experienced approximately a month of temperatures below freezing (32°F/0°C), which was critical
for cold stream temperatures and adequate streamflow in the spring and summer time for sensitive species
like salmon. Future climate models project that there will be an average of a week of below-freezing
temperatures under a low-emissions scenario, and virtually no days with freezing temperatures in a high-
emissions business-as-usual scenario. These impacts, coupled with the shift of winter precipitation from snow
to rain, will further compound and stress sensitive habitat and species reliant on snowpack and cold
freshwater stream temperatures.®® The increase in extreme heat days will also likely increase the number of
heat-related illnesses in the summertime, with youth and elderly people at disproportionately higher risks.%

89 USGS. 2014. Adapted in: Vynne & Harguth. 2015.
% Mote et al. 2014.
%1 May et al. 2018.
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Table 8. Projections in Average Annual Daily Temperature and Maximum Daily Temperature under RCP4.5
and RCP8.5 through 2100 for the Suquamish Area of Interest, a proxy for Kitsap County®?

Average Model Change from
Emissions Scenario Time Period Temperature (°F) | Historical Baseline (°F)
Average Annual Daily Temperature
Historical 52.1 -
2010-2039 54.1 +2.0
RCP4.5
2040-2069 56.0 +3.9
2070-2099 57.0 +4.9
Historical 52.1 -
2010-2039 54.5 +2.4
RCP8.5
2040-2069 57.3 +5.2
2070-2099 60.6 +8.5
Maximum Daily Temperature, June-August
Historical 73.6 -
2010-2039 76.3 +2.7
RCP4.5
2040-2069 78.5 +4.9
2070-2099 79.6 +6.0
Historical 73.6 -
RCPS.5 2010-2039 76.7 +3.1
) 2040-2069 80.2 +6.6
2070-2099 84.1 +10.5

92 UW Climate Impacts Group. 2018. Tribal Climate Tool.
https://climate.northwestknowledge.net/NWTOOLBOX/tribalProjections.php.
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Table 9. Projections to Changes in Extreme Heat Days (maximum temperature above 86°F) and Freeze-Free
Days (minimum temperature above 32°F) for the Suquamish Area of Interest, a proxy for Kitsap County®3

Emissions Scenario Time Period | Average Model (Days) ‘ Change from Historical Baseline
Annual Days with Max. Temperature Above 86°F (30°C)
Historical 35 -
2010-2039 8.3 +4.8
RCP4.5
2040-2069 154 +11.9
2070-2099 20.6 +17.1
Historical 3.5 -
2010-2039 9.8 +6.3
RCP8.5
2040-2069 23.3 +19.8
2070-2099 46.4 +42.9
Annual Freeze-Free Days, with Min. Temperature Above 32°F (0°C)
Historical 335.7 -
2010-2039 349.0 +13.3
RCP4.5
2040-2069 356.3 +20.6
2070-2099 358.0 +22.3
Historical 335.7 -
2010-2039 351.9 +16.2
RCP8.5
2040-2069 358.5 +22.8
2070-2099 362.4 +26.7
Precipitation

Two sources of information were used to provide future projections of changes in precipitations in Kitsap
County. Both data sources use global climate models (GCMs) and a statistical downscaling method, called
Multivariate Adaptive Constructed Analogs (MACA), to project the regional climate at a more localized scale
under RCP4.5 and RCP8.5 scenarios.

1. The Tribal Climate tool projects annual and seasonal changes in precipitation for the Suquamish
Tribe’s area of interest, which covers most of Kitsap County (Figure 13).

2. King County’s Climate Change GIS Open Data site provides access to climate projections for
hydrologic units on the east and west side of King County.

Extreme Precipitation Events

The maximum 24-hour precipitation event in Kitsap County is projected to increase by 15% by 2080s under
RCP4.5 and by 24% by the 2080s under RCP8.5 (Table 10). Large precipitation events will affect the ability of
stormwater infrastructure to convey storm flow and potentially increase flooding impacts. Flooding impacts
may be exacerbated by sea level rise in areas near marine outfalls. Larger precipitation events may also result
in more stream erosion and negatively affect aquatic habitat, particularly in places where flows are already
high due to development and associated impervious surfaces. Recently, the University of Washington’s

93 https://climate.northwestknowledge.net/NWTOOLBOX/tribalProjections.php
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Climate Impacts Group has used GCMs to drive the regional climate models’ (RCMs) Weather Research and
Forecasting (WRF) community mesoscale model to generate 13 simulations (that is, they used 13 different
GCM s to drive WRF) of precipitation at an hourly timestep in order to facilitate stormwater analysis.%
Precipitation was simulated for nearly 150 rain gauge locations in the region. Though no site-specific
projections are available within Kitsap County, review of surrounding stations in Jefferson, Mason, and King
counties support the general trend of extreme precipitation events becoming more intense by the 2050s and
2080s.

Table 10. Changes in Maximum 24-Hour and Seasonal Precipitation under Low- and High-Emissions
Scenarios for Hydrologic Units in Kitsap County, averaged as a proxy for Kitsap County

Maximum 24-hour Precipitation

2040-2069 13%
RCP4.5

2070-2099 15%

2040-2069 15%
RCP8.5

2070-2099 24%
October-March Precipitation

2040-2069 8%
RCP4.5

2070-2099 11%

2040-2069 9
RCP8.5 9%

2070-2099 13%
April-September Precipitation

2040-2069 -7%
RCP4.5

2070-2099 -8%

2040-2069 -7%
RCP8.5

2070-2099 -10%

Annual and Seasonal Precipitation

Annual total precipitation will increase by the end of the century in both low- and high-emissions scenarios.
Furthermore, winter precipitation is projected to increase and shift from snow to rain, and summer
precipitation is projected to decrease under all emission scenarios (Table 11).% These changes will have
significant implications for hydrological regimes in shifting timing of peak streamflow, stream temperatures,
declining summer flows, and increased risk of flooding.°®” These hydrologic changes will have damaging
impacts for habitat and iconic species like salmon.®

Furthermore, intense rain events, and subsequent flooding, will likely increase for Kitsap County across every
climate scenario. The timing of the increase in future intense rain events will most likely occur in the winter,

%4 UW Climate Impacts Group. Regional Model Projections of Heavy Precipitation for use in Stormwater Planning.
https://cig.uw.edu/our-work/applied-research/heavy-precip-and-stormwater/.

9 Mauger et al. 2015. Section 3: Water Cycle.

% Mauger et al. 2015. Section 3: Water Cycle.

%7 Mote et al. 2014.

9% May et al. 2018.
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especially in the southern portion of Kitsap County where Bremerton and Port Orchard are located. Impacts
of sea level rise will compound the magnitude of flooding events and risk.*®

Table 11. Changes in Annual and Seasonal Precipitation under Low- and High-Emissions Scenario for
Suquamish Area of Interest, a proxy for Kitsap County

Emissions Scenario Time Period Percent Change
Annual Precipitation
2010-2039 3%
RCP4.5 2040-2069 5%
2070-2099 6%
2010-2039 2%
RCP8.5 2040-2069 5%
2070-2099 9%
October-March Precipitation
2010-2039 3%
RCP4.5 2040-2069 7%
2070-2099 9%
2010-2039 3%
RCP8.5 2040-2069 7%
2070-2099 13%
April-September Precipitation
2010-2039 -1%
RCP4.5 2040-2069 -3%
2070-2099 -5%
2010-2039 -2%
RCP8.5 2040-2069 -3%
2070-2099 -6%

99 Kitsap County Public Works. 2019. Task 700 Climate Change Assessment.
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Streamflow

Under both low- and high-emissions scenarios, streamflow in Kitsap County will increase during winter
months due to shifting precipitation from snow to rain and will decrease in late spring and summer by mid-
century (Figure 15).1% Earlier peak flows in the winter months could lead to increased frequency of winter
flooding, damaging infrastructure, homes, and habitats.'%! Lower streamflow in late spring and summer can
harm salmon runs.1°2 By the end of the century, virtually all watersheds in the Puget Sound area will shift
from either snow-dominated basins or mixed rain- and snow-dominated basins to rain-dominated basins.1%3
This can shift the peak flow for rivers and streams in Puget Sound anywhere from 15 to 40 days earlier under
moderate or high-emissions scenarios.'® Furthermore, minimum flows for Puget Sound rivers and streams
are projected to decrease from 16% to 51% under moderate and high-emissions scenarios.'®> Though these
impacts may not be directly observed in Kitsap County, there may be other subsequent climate impacts and
decision-making impacts for Kitsap County.

Figure 15. Seasonal Streamflow Projections (in inches) for Kitsap County under Historic Conditions
(blue line) and Mid-Century Conditions (red line)'°®

Streamflow Projections for Kitsap County, WA
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Stream Temperature

Under all climate scenarios, stream temperatures are projected to increase by 4.0°F to 4.5°F in response to
warmer air temperatures and decreasing summer streamflow by the end of the century.2?”2% This warming is

100 yynne & Harguth. 2015.

101 Mauger et al. 2015. Section 3: Water Cycle.

102 ote et al. 2014.

103 Mauger et al. 2015. Section 3: Water Cycle.

104 Hamlet. et al. 2013. An Overview of the Columbia Basin Climate Change Scenarios Project: Approach, methods, and
summary of key results. Atmosphere---Ocean, 51(4), 392-415, doi:10.1080/07055900.2013.819555.

105 Mauger et al. 2015. Section 3: Water Cycle.

106 SGS. 2014. Adapted in: Vynne & Harguth. 2015.

107 \ose et al. 2014. Improved historical temperature and precipitation time series for US climate divisions. Journal of Applied
Meteorology and Climatology. 53(5): 1232-1251.

108 Mote et al. 2014.
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driven by a combination of projected decreases in streamflow, the decline of winter snowpack, glacier
recession, and the shift from snow-dominated and mixed-precipitation basins to rain-dominated basins.0% 110
Furthermore, by the 2080s, Puget Sound rivers will regularly exceed the thermal tolerance threshold for
cold-water species, such as salmon and char, ranging from an average annual increase of a few days to

7.5 weeks.!! For the Port Gamble S’Klallam Tribe, the Dungeness and Skokomish rivers are expected to
increase 0 to 3 river miles with August stream temperatures exceeding thermal tolerances for salmon (>64°F)
and 32 to 120 miles with August stream temperatures exceeding thermal tolerances for char (>54°F).}*? These
future projections will have severe consequences for cold-water fish species.

Wildfires

Climate change is projected to increase the frequency of wildfires in western Washington, although it is
difficult to project future wildfire risk with accuracy and confidence due to the low number of fires west of
the Cascade Range.!'?® Increased wildfire risk is driven by warmer spring and summer temperatures, reduced
summer precipitation, increased evaporation, declining snowpack, and increasing prevalence of pests and
diseases.'!* Projections of area burned across the Pacific Northwest (Figure 16) is expected to have
detrimental impacts to air quality in Kitsap County.'*®

109 Hamlet et al. 2013.

110 Mauger et al. 2015. Section 3: Water Cycle.

111 Mantua et al. 2010. Climate change impacts on streamflow extremes and summertime stream temperature and their
possible consequences for freshwater salmon habitat in Washington State. Clim Change. 102:187-223.

112 port Gamble S’Klallam Tribe Natural Resources Department. 2016. Climate Change Impact Assessment. A collaboration of
the Port Gamble S’Klallam Tribe, Cascadia Consulting Group, and the University of Washington Climate Impacts Group.
http://nr.pgst.nsn.us/wp-content/uploads/2017/08/PGST climate-impact-assessment_report 0518-FINAL.pdf.

113 Port Gamble S’Klallam Tribe Natural Resources Department. 2016.
114 Mote et al. 2014.
115 May et al. 2018.
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Figure 16. Projections for Increase in Area Burned ' (Map indicates the increases in area projected to be
burned that would result from the regional temperature and precipitation changes associated with a 2.2°F
global warming across areas that share broad climatic and vegetation characteristics. Local impacts will vary
greatly within these broad areas with sensitivity of fuels to climate.)

fgrojected lncreasg
in Area Burned

@ 600% to 700%
®% 500% to 600%
94 400% to 500%
0. 300% to 400%
7. 200% to 300%
100% to 200%

\“ Not modeled )

116 Mote et al. 2014.
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Chapter 3. Public Health

Regionally relevant publications and scientific research identify multiple health considerations for Kitsap
County. Substantial evidence links certain health risks and premature mortality with climate change, such as
heat-related illnesses, respiratory illnesses, chronic illnesses and conditions, mental health challenges, and
vector-borne diseases. Future climate change projections will exacerbate health risks for the region, including
for Kitsap County, and likely lead to multiple detrimental health outcomes for people. Extreme weather
events can lead to acute physical injuries, death, and long-term physical and mental health challenges.
Climate change is likely to increase food insecurity for some groups of people. Certain groups of people are of
concern, mainly because they often experience the first and worst impacts of climate change and bear a
disproportionate burden. These groups of people include elderly people, children, communities of color,
people with chronic illnesses, Tribal and Indigenous peoples, and outdoor laborers. Additionally, concerns
exist about whether local health departments and health providers can meet future demand and increased
stress from climate-related illnesses and injuries.

Figure 17. Relationship between Changes in Climate, Associated Biophysical Impacts, and Impacts to
Economic and Social Systems, Highlighting Links to Public Health
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Key Findings

1.
Heat-related
illnesses

2.
Respiratory
ilinesses

3.

Acute injuries
from extreme
weather
events

4,
Vector-borne
diseases

5.
Food security

6.

Mental
health and
wellbeing

Magnitude of Impact & Key Metrics

High

e More intense heat waves are likely to
increase heat-related illnesses and deaths.

e Outdoor laborers, elderly people, and youth
have a higher risk of heat-related illnesses
[very high confidence].

JUNE 2020

Timeline

Long-term

e |tis very likely that extreme heat days will
increase under all climate scenarios [very
high confidence], which may lead to more
than 250 excess heat-related deaths each
year by the end of the century [medium
confidencel.

Low-Medium

e Air quality degradation, especially from
wildfires, has been linked to a range of
health outcomes from acute respiratory
illnesses and increased school absences
[high confidence].

e The extension of the pollen season has
already affected people with seasonal
allergies [medium confidence].

Long-term

e Acute and chronic respiratory illnesses
due to air quality degradation will likely
increase in prevalence and impact for
Kitsap County residents [medium
confidence].

High

e Extreme events, such as flooding, winter
storms, and landslides, will likely increase in
intensity or frequency, which may result in
acute injuries, death, and disruption of
medical services [medium confidence].

Already happening

e Extreme events are already happening,
and climate change exacerbating these
events will very likely affect Kitsap
residents’ health and resilience to extreme
events [high confidence].

Medium

e Variety of vector-borne diseases (e.g.,
C. gattii, West Nile virus, Lyme disease,
paralytic shellfish poisoning) will likely
increase in prevalence [medium
confidence].

Near-term

e Prevalence and ranges of vector-borne
disease will likely expand due to climate
change in the near term [medium
confidence].

Low-Medium

e People who are more reliant on natural
resources and subsistence livelihoods
vulnerable to climate change are at risk of
food insecurity [medium confidence].

Already happening

e These impacts are already manifesting for
Tribal and Indigenous peoples in Kitsap
County [very high confidence].

Near-term

e Food insecurity will likely increase with
increasing frequency and intensity of
climate impacts and extreme events
[medium confidence].

Low

e Research finds some linkages between
mental health illnesses (e.g., post-traumatic
stress disorder, anxiety, depression) and
climate change and extreme events
[medium confidence].

Near-term

e Children and people dependent on natural
resources are more at risk in the near term
due to climate change, and mental health
care services may be unable to meet this
need [medium confidence].
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Key Findings Magnitude of Impact & Key Metrics Timeline

7. High Neat to long-term

(o]t 11iE5 e Children, elderly people, Tribal and e Many of these health risks will manifest in

of concern Indigenous peoples, outdoor laborers, the near to long term, depending on
homeless people, people with chronic health impact [medium confidence].
illnesses, and low-income people will be e There will likely be heterogeneity in how
disproportionately at risk of climate-related health outcomes are realized.

health risks [very high confidence].

8. Medium Long-term

Health and e Long-term climate impacts will likely e Health service providers may be unable
social safety increase hospital admissions, emergency to meet the need for health services under
net service calls, and long-term healthcare long-term future climate conditions [low
services [high confidence]. to medium confidence].

Finding 1: Heat-related llinesses

There are already clearly established associations between extreme heat events and heat waves
with increased heat-related illnesses and deaths in the Puget Sound region and Pacific Northwest.
Future increases in extreme heat events will very likely lead to an increase of premature heat-
related illnesses and deaths during the summer by the end of the century for Kitsap County
residents. People who work outdoors, elderly people, and children have a higher risk of heat-
related injuries. Future conditions will likely stress health service providers and capacity.

There are already clearly established associations between extreme heat events and heat waves with
increased heat-related illnesses and deaths in the Puget Sound region and the Pacific Northwest.'”.118
Although research has not been conducted establishing a linkage between heat-related illnesses and climate
change specifically in Kitsap County, there have been multiple studies conducted of climate impacts driving
heat-related illnesses and deaths in nearby King County, which is consistent with broader regional and
national trends.'%20 Heat-related illnesses range from natural heat exposure (heat exhaustion and heat
strokes), nephritis and nephrotic symptoms, acute renal failure, asthma, and chronic obstructive pulmonary
disease.??1122123 |n King County, there are statistically significant associations between heat-related hospital
admissions and illnesses when the humidity index (humidex) factor is 37.4°C or greater, or when the

117 May et al. 2018. Chapter 24: Northwest. In Impacts, Risks, and Adaptation in the United States: Fourth National Climate
Assessment. Volume Il. U.S. Global Change Research Program, Washington, DC, USA, pp. 1036-1100.
https://nca2018.globalchange.gov/chapter/24/.

118 Mauger et al. 2015. Section 13: Human Health. https://cig.uw.edu/resources/special-reports/ps-