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Introduction

One of the first steps to understanding how communities can plan for and address climate change
impacts is to assess climate hazards that are projected to impact an area as well as the things, people,
and places that are vulnerable to those hazafenate vulnerability is commonly defineds the
product ofexposureto climate
hazardssensitivity of the built, social,
and natural systems to those hazards What is exposed to th¢
and theadaptive capacityof those _ hazard and to what

) extent is it exposed
systems for responding to change and
stressors. The more Ser_]SItlve ELEMENTS O Degree of impact if in
something or someone is to a hazard | | vULNERABILITY [Siaiaehbd L G AR
and the lower their adaptive capacity

to respond to the hazard, the greater o
. . L ADAPTIVE Ability to respond to the
their vulnerability. Vulnerability also CAPACITY B e
increases as exposure to the hazard

does. Evaluating vulnerabilities,
including what will be impactedyb
climate hazards, and to what extent those impacts will occur, provides a baseline for developing
targeted strategies, measures, and solutions for reducing vulnerabilities.

Vulnerability Classification

High  Medium Vulnerability - nerakility

-

=
:E Medium Low Vulnerability Medium Vu!nerability
&
Low Low Vilnerability Low Vulnerability Medium Vulnerability
g meaun (G
Exposure

Adaptive Capacity

Figure adapted from NOAA. 2022. Implementing the Stepesilience: a Practitioner's Guide.

This draft vulnerability assessment summary presents an overview of climate hazards and associated
impacts and vulnerabilities for the community Kénnebunk The assessment uses local, regional, state,
and national data pertaining to climate hazards, historical conditions, trends, and future projections to
assess impacts of and local vulnerabilities associated with the following:

w Flooding from sea level rise and storm surge
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Precipitation and extreme storms
Extreme temperatures
Droughtand wildfires

Changing marine conditions

eegege

The assessment evaluates impacts of those hazards to the built, social, and natural environment; public
KSFHfGKT FTyR GKS S02y2Yeéd ¢KS WRSall2hiBedddz y SNI 0Af
information about climate hazard exposure within each Coloommunity. Information about adaptive

capacity and sensitivity, which is usually more qualitative in nature and not readily captured by state or
national datasets or numeric data, as well as information about what/where/who is of greatest concern

to the community,was gathered through Task Force input and community engagement

Key Takeaways

1 Climate change will impact all facets of the community amhgoundingclimate change
vulnerabilities will impact all areas of life, including public health, natural areas, the local
economy, municipal fiscal health, and community vioeling.

1 The impacts of climate changéll not be felt evenly across the community and will not be
uniformly distributed among population groupSocially vulnerable and marginalized
populations will be disproportionally affected by climate change as they genbealtyless
capacity to prepare for, respond to, and recover from climatiated hazards and effects.

9 Across the entire community 31% of the population is 65 years or older and 30% of households
have at least one disabled person, which are indicators of social vulnerability. Additionally,
about a quarter of households (26%) are below the EPA climate claaigsocial vulnerability
income threshold, 32% are below the State median income, and 41% are below the County
median income.

f  Neighborhoods and infrastructute f 2 y 3 Y Sy y Sandidgny DéitidabMdusarn,
Kennebunk, and Little Riverme extremely vulnerable to floodingea level rise, anstorm
surge.Coastal neighborhoods also have a relatively high percenthgeoplethat are older
(65+)and liing alone, making them more sensitive to climate hazards.

1 In Kennebunk, areas with the highest concentration of buildings constructed before 1970 are in
the Lower Village area, along Routes 1 and 9A, and along the coastline. These areas also have
elevated social vulnerability based on demographic characteratidsare vulnerable to
hazards, including coastal and riverine flooding, sea level rise, and urban heat islands. The
concentration of older buildings in flood prone areas means that it is likely those structures are
not built to modern codes and are not etgted above projected future flood levels, or even
current flood levels.

1 Drought is becoming a hazard of increasing risk, particularly in the more rural regions of town
where there could be negative impacts to private wells and agriculture, and could lead to
increased wildfire risk.

1 YSYyySodzy1Qa LRoSNI aeaitsSya NS AYyONBlFraAy3afte @dz
However, the presence of consumer owned KLPD presents an opportunity to work cooperatively
G2 AYONBFaS G.KS INARQA NBaArAtASyoOS
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1 Increasing rates of vector borne diseases and incidents of extreme heat will negatively impact
public health.

Social Vulnerability

The impact of kimate changewill not be felt evenly acroghe community and will not be uniformly
distributed among population group$he ability to adapt and respond to climate change varies widely
based on individual and household resources and characteristics, as well as existing social inequities.
Individuals who already have increased social vulnerabitiyat greatest risk of climate change anil

be disproportionately affected by climate hazards they generally have lower capacity to prepéor,
respond to, and recover from hazard eveatsd disruptionsSocially vulnerable groups include children;
older adults;people with existing health conditions; disabled individuals; households with lower or
moderate incomes; those with less formal education; people of color; and those who have limited
connectivity, either physically and/or digitally, to others and resourbPesnographiénformation can

help determinef 2 O £  LJ2atdgprlve capacityya e ability to adapt and respond to a désast

Age can be correlated with decreased adaptive capacity, in the case of the very young, or older
populations. Generally, families with children require more time and space to evacuate, and people who
are 17 or younger are more dependent on family or othetworks than other age brackets. Some

people who are 65 and older may also be dependent on family, friends, or organizations, and may face
challenges anticipating the event or finding information on how and when to evacuate or adapt. The
unique physical ah psychosocial challenges of the population ages 65 and over may impact their ability
to prepare for, respond to, and recover from storms events.

Maine is known to be one of the least diverse states in the country and demographic data collected
from the 2021 American Community Survey supports that statistic. This highlights the need to pay
specific attention to the minority populations that do live throughout the state, who may have cultural
or language barriers to accessing information, resources, or accomatinaod. Gaps in resources, and
access to those resources, leave many minority groups vulnerable to exclusion from adaptation based
on economidactors?

The coastal York County towns are among the wealthiest in the state, but they are not witheut low
moderate income households. Income is a significant indicator of social vulnerability with respect to
natural hazards such as flooding. Households with lon@me levels generally have a lower adaptive
capacity to respond and adapt to natural hazards since someone with limited or no disposable income
would have fewer resources to pay for evacuation, transportation, accommodation, and repair
activities.

The following demographic informtion summarizes indicators sbcial vulnerability and adaptive
capacityat the community level and US Censlesignated block group level, which is the smallest
3S23ANI LIKAO dzyAld Fd 6KAOK (GKA& RSY23INILKAO RIGLI

1EPA. 2021. Climate Change and Social Vulnerability in the United States: A Focus on Six Impacts.
U.S. Environmental Protection Agency, EPAR30-003.www.epa.gov/cira/socialulnerabilityreport
2EPA. 2021. Climate Change and Social Vulnerability in the United States: A Focus on Six Impacts.
U.S. Environmental Protection Agency, EPAR2Q-003.www.epa.gov/cira/socialulnerabilityreport

QX
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vulnerabilityis supplemented and contextualized with information gathered from the Task Force and
community members througprojectengagemengfforts.

Demographic Profile

Tablel outlines 17 demographic indicators of social vulnerability at the commumiit and block

group levels, which align closely with those ugatthe Maine Social Vulnerability IndéXhese data

are from the 2021 American Community Survey (ACS), which is conducted by the U.S. Census Bureau.
The 2021 ACS is the most current demographic data available because the results of the 2020 Decennial
Census have not been released yet. Block gsare the smadistgeographic unit for which the U.S.

Census provides demographic data. Block groups are delineated based on population and contain
between 600 to 3,000 people. There are a total of 9 block groups in Kenndidapkiy.

The ACS is conducted annually on an ongoing basis throughout the year to collect information about
changing socioeconomic characteristics in communities. Unlike the Decennial Census which surveys
every household, the ACS only surveys a portion of houssliwlthe community and uses the results to
estimate demographic characteristics across the community. In small communities, like many along the
coast of Mainethe accuracy of ACS estimates may be imperfect due to the small sample size. In larger
communites the estimates tend to be more accurate because the sample size is more statistically
robust. The ACS also surveys seasonal residents which can make it difficult to understand the
characteristics of the yeaound population in seasonal communitide 17 demographic indicators

can inform the development of strategic climate actions by providing important information about areas
of the community that may be more socially vulnerable to the impacts of climate change. However,
gualitative anecdotal infonation about the community gathered from the Task Force, community
members, and City staff helps to refine demographic data and aid with interpretation of local social
vulnerability informatiorf

Demographic data are presented at the populataond household level. The U.S. Census Bureau defines
a household as a group of people who live within the same housing unit regardless of whether or not
they are related. A housing unit is a room or group of rooms that is designed to be separate living
quarters such as a house, apartment, or corido.

Thee arethree income thresholdseferenced inTablel. These thresholds were selectbdcause they
approximate the L& Environmental Protection AgendgRA climate change and social vulnerability
income threshold ($51,500), tH2021 State median income ($64,767), and 2@21York County
median income ($73,856).

Key Takeaways
1 The neighborhood between the northern boundary of the Rachel Carson National Wildlife
Refuge (RCNWR) and High Street (block group 3) has the highest percentage of the population
and households within the block group that are 17 years or youndentify as aminority,

3Johnson et al., 2018, A lifeline and social vulnerability analysis of sea level rise impacts on rural
coastal communities

4Johnson et al., 2018, A lifeline and social vulnerability analysis of sea level rise impacts on rural
coastal communities

5U.S. Census Bureau, Subject Definitidigis://www.census.gov/programsurveys/cps/technical
documentation/subjectdefinitions.html#household



https://www.census.gov/programs-surveys/cps/technical-documentation/subject-definitions.html#household
https://www.census.gov/programs-surveys/cps/technical-documentation/subject-definitions.html#household
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speak English less than walte unemployed, have no internet access and are single parent
households.

1 The neighborhood east of the Kennebunk service plaza (block group 6) has the highest
percentage of the population within the block group that are 65 years or older, have no high
school diploma, are below the national poverty level, have no vehicle, &g flone, and are
65 plus and living alone.

1 The neighborhoods around the Mousam River Wildlife Sanctuary and Wonderbrook Park (block
group 9) have the highest percentage of households within the block group that are below the
EPA climate change and social vulnerability income threshold, and ang tteddCounty and
State median income3hereis also an elevated percentage of the population within the block
group that is 65 years or older, has no vehicle, are living alone, and are 65 plus and living alone
compared to the rest of the community.

1 The neighborhood east of the Kennebunk service plaza (block gramuéhe neighborhoods
around the Mousam River Wildlife Sanctuary and Wonderbrook Park (block groapt8in
large elderly congregate housing developments and affordable housing developments.

9 Across the entire community 31% of the population is 65 years or older and 30% of households
have at least one persanith a disability.

9 Additionally, about a quarter of households (26%) are below the EPA climate change and social
vulnerability income threshold, 32% are below the State median income, and 41% are below the
County median income.
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U.S. Census Block Groups
Kennebunk

/' Beach Ave.

Data source: U. S. Census Bureau
Map created by SMPDC

Map 1. US CensuBesignated Block Groups in Kennebunk (2020 Decennial Census)
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Tablel. Demographic Profile Summary Talibata source: U.S. Census Bureau 2021 American Community Survey

Community Block Groups

wide

Total Population

Total Households 4,858

Age <18 2,175

% total population 19% 9%  12% 3% 3%
Age 65+ 3,625 423 182 263 595 258

% total population 319% | 19% 18% 14% [[49% 27%

Minority 853 150 25 275 102 6 19 223 53 0
% total population 7% 2% 1% 3% 0%
Speaks English "Less 0 0 72 0 0 0 0 30 7
than well" 109

% population age 5+ | 1% 0% 0% AN o% 0% 0% 0% [F8%N 1%
No HS Diploma 205 42 32 45 7 19 28 32 0 0
% population age 25+ 2% 1% _ 0% 0%
1+ Persons with a

Disability 1,455

%households 30%

Below Poverty Level 269

% households 6%

Unemployment 340

% population age 16+ 4%

Income<$50k 1,255

% households 26%

Income <$60k 1,563

% households 32%

Income <$75k 1,979

% households 41%

No Internet 606

% households 12%

No Vehicle 218

% households 4% 0% “
Single Parent 255 0 0 0 0 0
% households 5% 0% 0% 0% 0% 0%
Living Alone 1,356 8 269 173 121 323
% total population 12% 2% _
65+ Living Alone 946 8 201 159 114 167
% totalpopulation 8% 1% _

Lowest Value Highest Value
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Supplemental Community Information

Housing Characteristics

Renter occupied households, mulinit homes, and mobile homes are associated with elevated social
vulnerability and/or reduced adaptive capacity. For example, renters and-tmitthouseholds

generally have less adaptive capacity than single family homeovaeeesise they tend to have lower
incomes/financial resources arve less abilityo makeproperty improvementsAdditionally, multi

unit households are often occupied by renters, and landlords have little incentive to improve energy
efficiency because energy costs amnmonlyborne by tenantsMobile homes have a higher energy
cost per square foot than sibuilt homes and are generally more vulnerable to the impacts of climate
hazards. Rented, multinit, and mobiles homes also tend to be associated with socially vulnerable
populations. Data & from the 2021 American Community Survey (sem@gaphic Profile for a
description of ACS datd)lap 2 and 3 andTlable2 show data about housing characteristics in
Kennebunk.

KeyTakeaways
1 Compared to the rest of the community, the neighborhoods east of the Kennebunk service

plaza, and around the Mousam River Wildlife Sanctuary and Wonderbrook Park (block groups 6

and 9) have the highest percentage of households within the block group thaéeater
occupied and the highest percentage of housing units within the block group that areunitlti
structures.Both block groupsalsocontaina higher proportion of socially vulnerable residents.

1 The neighborhood east of the Kennebunk service plaza (block group 6) and the neighborhoods

around the Mousam River Wildlife Sanctuary and Wonderbrook Park (block group 9) contain
large elderly congregate housing developments and affordable housing deveftgm

1 Mobile homesaccount for only 1% of all housing units in the community. Ereyonly present
in the neighborhoods west ofd5 (block groups 1 and 2) and the highest number of mobile
homes are located north of the Mousam River (block group 1).

10
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Multi-unit Housing Structures
Kennebunk

BG1
0 5
0% Route 35 -

Legend

Multi-unit Structures
% with 3 or more units

0%
| 1%-3%
b 4%-5%
[ 6% -23%
B 24% - 58%

24
3%

e Béach Ave.

0 1 2 4
s |\liles

lity and

Resilicnce Program

Map 2. Breakdown of multunit (3 or more units) housing units in Kennebunk by block group. Housing units include occupied
households as well as vacant units and represent the total housing stock in Kennebun&cR lgeoup is labeled (BG#) as well
as the total number of muHinit housing units in the block group and the percent of total housing units within the block group

Data source: U.S Census Bureau 2021 American Community Survey
Map created by SMPDC

that are multiunit. Data source: U.S. Census Bureau 2021 American Community Survey

11
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Renter Occupied Homes
Kennebunk

A

4

BG2

“ Y
</'\,\/\
<4

Legend

Renter Occupied
% of households

4% -9%

L 10%-15%
I 16%-23%
P 24% - 31%

B 2% - 54% 0 1 2 4
[ s JVIEH

Data source: U.S Census Bureau 2021 American Community Survey
e Map created by SMPDC

Resilience Program

Map 3. Breakdown of renter occupied households in Kennebunk by block group. Households do not include vacant housing units,
so this data is representative of occupied housing units in Kennebunk. The block group is labeled (BG#) as well as the total
number of rengér occupied households in the block group and the percent of renter occupied households within the block group.
Data source: U.S. Census Bureau 2021 American Community Survey

12
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Table2. Community wide and block group level housing characteristi€snimebunkHousing units include both occupied and
vacant units and represent the total housing stock in Kennebunk. Households do not include vacant housing units and represent
occupied housing units onpata source: U.S. Census Bureau 2021 American Community Survey

Community Block Groups

wide

Total Housing Units

Total Households 4,858

Renter Occupied 1,162

% households 24%

Multi-unit 950 0 0 167 127 22 206 33 24 371

% total with 3+units | 17% | 0% 0% |23% 22% 5% M4SN 506 3% EE%N

Mobile Homes 47 42 5 0 0 0 0 0 0 0

% total units 1% 5% 1% 0% 0% 0% 0% 0% 0% 0%
S

Lowest Value Highest Value

Age of Buildings

Maine has one of the oldest housing stocks in the country. Older buildings tend to be less energy
efficient, which is especially problematic during the winter and summer months when outdoor
temperatures are at their extremes. Further, houses constructddreel970 were built prior to the
adoption of modern building codes and significant federal and state/locatethiction policies

(National Flood Insurance Program (1968), Maine Shoreland Zoning (1971)). Older buildings are ideal
targets for weatherizatin, energy efficiency upgrades, and resilience retrofits.

Map 4 shows the percentage of structures, at the block group level, built before 1970. In Kennebunk,
areas with the highest concentration of buildings constructed before 1970 are in the Lower Village area,
along Routes 1 and 9A, and along the coastline. Thess also have elevated social vulnerability based
on demographic characteristics and are vulnerable to hazards, including coastal and riverine flooding,
sea level rise, and urban heat islands. The concentration of older buildings in flood prone areas mean
that it is likely those structures are not built to modern codes and are not elevated above projected
future flood levels, or even current flood levels.

13
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Legend

% Structures Built Before 1970
136-

16.5 -

16.4 %

30.0 %

-39.7%

B >os-
[ GER

61.1%

69.6 %

264

1-95

Route 1

SEPTEMBER23

- Building Footprints

Map 4. Percent and actual number of structures built before 1970 presented at the block group level. The block groups are color
coded by the percentage of structures built before 1970 and are labelled with the number of structures built before i970. (Da
sourceyear structures built: US Census American Community Survey; building footprints: Microsoft)

Household Heating Fuel Types

Household heating fuel datafrom the 2021 American Community Survey. This section includes fuel oil,
1SNRASYSZT LINRBLIYSET ylFidz2N¥f 3Fasz FyR StSOGNROAGE
Understanding heating fuel trends is important for evaluating the potential impacts of electrifying the
heating sector to reduce greenhouse gas emissions. Electrification must be paired with electricity grid
resilience measures to ensure that the grid cdthatand increased electricity consumption as well as
climate hazards such as flooding, high winds, high temperatures, and wildfires (see Extreme Storms &
Precipitation: Power Outages for more information about these impaktajp 5, Map 6, Map 7, and

Table3 show data about primary heating fuel types acrgnnebunkwhich provides context about

where fossil fuels are used most heavily and therefore where electricity consumption for heating is
expected to increase.

KeyTakeaways
1 The majority of households (61%) are primarily heated using fuel oil or kerosene followed by
propane, electricity, and natural gas.

14
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1 The neighborhood behind Kennebunk High School (block group 5) has the highest percentage of
households within the block group that use fuel oil and kerosene, followed by the neighborhood
around Lower Village (block group 8), and the neighborhoods betw8Brahd the northern
boundary of the RCNWF (block groups 4 and 3).

1 The neighborhood east of the Kennebunk service plaza (block group 6) has the highest
percentage of households within the block group that use propane, followed by the
neighborhoods west 0f95 (block groups 1 and 2).

i The areas around the Mousam River Wildlife Sanctuary and Wonderbrook Park (block group 9)
have the highest percentage of households within the block group that use electricity for
heating, followed by the neighborhood north of High Street and east of tbeddm River
(block group 4).

9 According to 2020 Natural Gas usage supplied by Unitil, only 9 homes in Kennebunk are heated
with Natural gas. Natural Gas service appears to be available in the area close #®3Hexit 25
interchange, from Kennebunk Highschool up to the intersectioflited Road with Maple Ave.

6 https://unitil.com/electric-gasservice/switchto-gas/gasavailabilitymap

15
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Home Heating Fuel Type - Fuel QOil, Kerosene
Kennebunk

Legend

Fuel oil, kerosene
% of households Beach Ave.

L 46%

| 47% - 50%
| 51%-60%
P 61% - 80%

B s1% - 100% 0 1 2 4
I e \iles

Data source: U.S Census Bureau 2021 American Community Survey
Map created by SMPDC

Map 5. Breakdown of households in Kennebumk block groupthat use fuel oil or kerosene for heating. Households do not
include vacant housing units, so this data is representative of occupied housing units in Kennebunk. The block gredp is label
(BG#)and includeshe total number of households within the block group that use fuel oil or kerosene for heating and the
percent of households within the block group that use fuel oil or kerosene for heating. Data source: U.S. Census Bureau 2021
American Communitgurvey

16
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Home Heating Fuel Type - Propane
Kennebunk
N
W E
S
BG1
215 s
25% Route 35 .
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"R e BG6
~BG2 123 |
90 N 34%
23% ‘
: &’  Bes V4
‘\,'/f 25 ‘
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34 p:
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% of households cA - o s/ ‘Beach Ave.
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41% - 60%
61% - 80%
B 81% - 100% 0 1 2 4
— e—\iles

Data source: U.S Census Bureau 2021 American Community Survey
Map created by SMPDC

i
ce Program

Map 6. Breakdown of households in Kennebumk blockgroup,that usepropanefor heating. Households do not include vacant
housing units, so this data is representative of occupied housing units in Kennebunk. The block group is labalet] (BG#)
includesthe total number of households within the block group that missanefor heating and the percent of households
within the block group that usgropanefor heating. Data source: U.S. Census Bureau 2021 American Community Survey

17
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Home Heating Fuel Type - Electricity

Kennebunk
N
W E
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BG1 ;
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8% Route 35 -
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| Data source: U.S Census Bureau 2021 American Community Survey
Sl Map created by SMPDC

Map 7. Breakdown of households in Kennebumkblock groupthat use electricity for heating. Households do not include

vacant housing units, so this data is representative of occupied housing units in Kennebunk. The block group is latzidd (BG#)
includesthe total number of households within the block group that use electricity for heating and the percent of households
within the block group that use electricity for heating. Data source: U.S. Census Bureau 2021 American Community Survey
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Table3. Community wide and block group level household heating fuel types in Kennebunk based on ACS ékiimatesds

do not include vacant housing units, so this data is representative of occupied housing units in Kennebunk. Note that based o
information from Unitil there are only 9 homes in Kennebunk that are heated with natural gas, instead of the 33®ldsuse

that are estimated in the ACS data. Thus, the ACS data appears to significantly overestimate the number of households heating
with natural gas. Mre accurate estimates may be obtained using Town assessors data. Data source: U.S. Census Bureau 2021

American Community Survey

Block Groups

Community

wide

Total Households

Fuel oil, kerosene 2,951

% households 61%

Propane 745

% households 15%

Natural gas 336 0 0 149 0 0 38 98 0 51

% households 7% 0% 0% | 23% 0% 0%  10% 0% 9%
Electricity 573 70 49 14 103 12 29 47 53 196
% households 12% 8% 13% 2% 19% 3% 8% 8% 10% 36%

Lowest Value Highest Value

19



DRAFT SEPTEMBER23

Zoning

Local zoning will impact where in the communitg.(particular geographic areas) certain types of
developmentrelated climate mitigation and adaptation strategies would likely have more impact due to
where different types of development are allowed and what the standards are for those types of
development.The zoning map belowap 8) is provided for reference to show where areas zoned for
commercial, industrial, and residential uses are located.

Legend
Kennebunk_Parcels_SJ
ZONE

- 119 Main Street Contract Zone
B 12 Depot Street Contract Zone
- 39 Portland Road Contract Zone
- Branch Brook A

- Branch Brook B

- Business Park

- Coastal Residential

- Cousens School Contract Zone
Downtown Business

- Industrial

- Lower Village Business

- One Alfred Road Contract Zone

- Portland Road Mixed Use

- Rural Conservation

- Rural Residential

- Suburban Commercial

- Suburban Residential

- Terrace Green Contract Zone

- Upper Square

- Village Residential

- Webber Hill Road Contract Zone

- West Kennebunk Village Mixed Use

- Western Ave CZ

- York Street Mixed Use

- Building Footprints

0 0.75 15 3
e /i eS

wells

Map8.YSyy Sodzy1 Q& | R2LISR T2yAy3 YI Lo
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Land Cover and Carbon Sequestration

Forests, wetlands, and grasslands store high amounts of organic carbon. Coastal wetlands are among
the largest natural carbon sinks of all terrestrial ecosystems, particularly on a per unit area basis.
Undisturbed forest soils also store substantial amauoitcarbon. Certain land use activities can

enhance carbon storage, such as soil health and conservation practices, whereas others can be a source
of carbon releasé. In built environments, carbon is stored in trees, grassy areas, gardens, and in
wooden structures and are increasingly important for reducing carbon in the atmosphere. Changes in
land cover, such as conversion of forest to developed land, impacts nottenhealth of the natural
environment, but the carbon sequestration potential of laikap 9 shows the change in forested land
coverage in Kennebunk from 1996 to 2016. Kennebunk has experienced more forest loss than gain,
especially between Route 1 an@% along the Mousam River.

. Forest Gains . Forest Loss

Map 9. Changes in forested land cover from 1996 to 2016. Green areas indicate a transitiorfarfasted land to forested,
while red areas indicate a transition from forested land to a different type of land cover (e.g., impervious, grassland, wetl
shrubsaub habitat, etc.). Source: NOAA Coastal Change Analysis Prog@PjCand Cover Atlas.

7 State of Maine. 2022. Maine Soil Carbon Incentives Study Policy Recommendations.
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Extreme Storms & Precipitation

Key Takeaways
1 Since 1895 annual precipitation in York County has increased 6.9 inches, and extreme
precipitation events (greater than 2 inches in a day) have become more frequent. Future
projections indicate that annual precipitation will likely continuarioreaseand extreme
precipitation events will become even more frequent.

0 Flooding events are the most common type of disaster in York County and the most
destructive. In the last quarter century, flooding events have caused nearly $45 million
in property damage across coastal York County, and coastal floods alone have caused
about $22 million in property damage.

o YSyySodzy1Qa LINREAYAGE G2 GKS YSyySodzyl1:= azo
O2YYdzyAlieQa NRa]l 2F AyflyR Ff22RAYy30

0 The area along the Mousam River betwe&bland Route 1 is more vulnerable to
flooding and stormwater overflow during extreme precipitation events because of a
high degree of impervious surfaces.

0 [26SNJ £+Affl3SY az2iKSNDa .SIFOKXI |yR D220KQA
impervious surfaces and are more vulnerable to the combined impacts of extreme
precipitation and coastal flooding during severe storms.

0 The concentration of older buildingstime flood prone areasilong the Mousam River
and in Lower Villagmeans that it is likely those structures are not built to modern
codes and are not elevated above projected future flood levels, or even current flood
levels.

o YSyySodzy1 Qa I JikcseasingytvinerabhdoGevetaldlirfate Amipacts,
including extreme storms and precipitation as well as increasing temperaflineswill
likely result in more frequent and longer duration power outages in Kennebunk that can
pose serious risks for public health and saféigditionally, the KLPD substation on
Water Street and the CMP Substation on School St. in Kennebunkport may be
vulnerable to flooding in the future.

Background Info, Trends, & Projections

Storms and heavy rainfall are becoming more frequent and intense with climate cliange1895 to

2022 total annual precipitation in York County increased 6.9 indtigargl), which is slightly higher

than the statewide trend of about 6 inches. Shifting weather patterns are causing more precipitation to
fall as rain rather than snofvand extreme precipitation events (greater than 2 inches in a day) are
becoming even more frequent. Coastal communities Kkanebunlare experiencing even more

frequent extreme storms and precipitation events because of the influence of Atlantic storm fracks.
Hurricanes and tropical storms are tracking further northward and there is a high increase in the
probability of lower category storms impacting the East Coast. A recent national study found that the
Northeast is expected to see the largest increaseténannual probability of at least tropical storm

8 ME Climate Council, Scientific Assessment of Climate Change and Its Effects in Maine, 2020:
http://climatecouncil.maine.gov/reports

9 University of Maine, Maine's Climate Future, 202@ps://climatechange.umaine.edu/climatenatters/maines
climate-future/
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wind conditions or higher, as hurricanes are expected to move further up the Atlantic coast in the
future. This may have a significant impact on buildings not built to a code that considers the wind
speeds they will likely face over the next 30 yédrs.

Annual Precipitation in York County
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Figurel. Total annual precipitation in York County from 1895 to 2022 based on monthly data frov®#w& National Centers
for Environmental InformatiarOver this time period total annual precipitation increased 6.9 inches.

Since 1970 there have been 34 federally declared disasters in York County related to storm events.
Severe storms with heavy rains, strong winds, and coastal flooding have been the most common type of
event and have occurred most frequently during the mantti February and March followed by

October!* NOAA maintains a database of all reported storm events, including storms that did not qualify
for a disaster declaration. Since 1996 there have been a total of 361 storm events in coastal York
County, and 122 events that caused significant property dart@atgéng about $54 millior{Table4).

Flooding events, including coastal flooding, have caused nearly $45 million in damage across the region
and coastal flooding events alone have caused approximately $22 million in dafmnage

Table4. Cumulative storm events and property damage in coastal York County from 1996 to 2022 based on dataNi©OA¥the
Storm Events Database

Storm Events in Coastal York Co. from 19912

Event Type Number Property Damage
Coastal Flood 58 $21,659,000
Flash Flood 8 $12,625,000
Flood 10 $10,653,500
Ice Storm 2 $7,930,000

10 First Street Foundation. 2023. Embargoed: Th&l@tional Risk Assessment: Worsening Winds

11 FEMA Disaster Declarations Summary, as of 2088://www.fema.gov/openfemadata-page/disaster
declarationssummariesvl

12NOAA Storm Events Database, as of 2888s://www.ncdc.noaa.gov/stormevents/

23


https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/county/time-series
https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/county/time-series
https://www.ncdc.noaa.gov/stormevents/
https://www.ncdc.noaa.gov/stormevents/
https://www.fema.gov/openfema-data-page/disaster-declarations-summaries-v1
https://www.fema.gov/openfema-data-page/disaster-declarations-summaries-v1
https://www.ncdc.noaa.gov/stormevents/

DRAFT

High/Strong Wind 28 $537,500
High Surf 8 $229,000
Lightning 8 $145,000
TOTAL 122 $53,779,000

Recentotable storms include:

1 December 28 Storm 2022¢ The highest water level recorded at the Portland tide gauge was
13.72 ft MLLW, the third highest ever recorded. Heavy rainfall, high winds, and storm surge
caused extensive power outages, coastal flooding, and property damage along the coast of
Maine. Governor Mills requested a disaster declaration in Febr2@2g but FEMA has not
made a determination yet.

9 Flash floods, October 202)(Federally declared disastdfennebunk reported 6.88 inches of
rainin a 6hour period, which caused widespread power outages and flooded r&ads.

T b2NRSIFAGSNEKACSREANKE aamMRSOf I NBER RA&FAGSND ¢g2
brought heavy rainfall, high storm surge, and high winds which caused severe coastal flooding
and damagé*

T tFEGNR20GQa 51 &c(FedetalNodexlarédidisektér) Higmwirds, waves, and coastal
flooding caused severe damage to roads, bridges, and wastewater treatment plants as well as
private homes and businesses. Extensive power outages left resigéhtait electricity for
days. The most extensive damage occurred along the coastline and was caused by flooding and
storm surge®

f a2 KSNN& 51 & ¢Soahed Maine feeived npital6 inches of rain, exceeding
precipitation amounts associated with the 198ar storm event and resulting in extensive
flooding and damagé.

In the future, as sea level rises and storms become more frequent and intense, Kennebunk can expect to
see more damage from coastal flooding, high winds, and heavy rainfall. With 1.6 feet of sea level rise by
HnpnX A0Qa SadAYl (S Rtsdaisediby cOase flabding dodidhe REIF2 IS O2 &
billion statewide!’

Historically, flooding has been the most common type of disaster in York County, particularly coastal
Ft22RAY 3 Ol dza'SSormitides gagstldXiSrisidelcéada flboding and occur when a storm
surge coincides with an astronomical high tide. The highest water level recorded at the Portland tide
gauge (the closegifficial NOAAide gauge toKennebunk occurred during the Blizzard of 1978 and

BYork County Emergency Management Agency, Hazard Mitigation Plan, 2022:
https://www.yorkcountymaine.gov/emergenegpnanagement

14 SMPDC, Economic Resilience Planning for Coastal York Counthtg@2Zsmpdc.org/coastal
5 York County Emergency Management Agency, Hazard Mitigation Plan, 2022:
https://www.yorkcountymaine.gov/emergenegpanagement

16 SMPDC, Tides, Taxes, and New Tactics, 2@p%://smpdc.org/coastal

a9 JEfAYFOGS [/ 2dzyOAts !'aasSaaray3da GKS LYLIFOGa [/ EAYFGS 1 KEy

Investment Decisions, Summary Report, 208@://climatecouncil.maine.gov/reports
8York County Emergency Management Agency, Hazard Mitigation Plan, 2022:
https://www.yorkcountymaine.gov/emergenegnanagement
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exceeded 14 feet MLLVFiure20 ® ¢ KS Hnamy Y 2NRSIFAGSNI YR wnnt t1
tides within the top 20 water levels recorded at the Portland tide gauge. During the recent December

239 storm (whichis not included irFigure2) a waterlevel of 13.72 feet MLLW was recorded in Portland,
Fo2dzi Yy AYyOK 2SN GKFyY GKS wnanmy Y2NDRSFAGSN ai?z

Top 20 Annual Storm Tides — Portland, ME

16.0
------------------- NWS Flood Stage m Predicted Tide m Storm Surge

14.0

le.O o e cecfRRR. oo .

= :

‘510.0:’

& C

$ 80

9 C

-

= C

£ 6.0 f

,;, C

§4.0_

= C

20 |

0.0
® ® V2 ¥ K NN FgHYV AT QNN A A @
N o N &6 1 O N = In 0 & N = = = N M = O
s SSOSS A S WL WS S ey A W Ay S SS SS G e e S
N & N & N 0O O 1 00 O N © 0 ;M N W W S = N
N SN H S S HdoH S NS NS S NS S NS
N e NN N N 0N NS S NS H e S g N -

M o 4 N N o - - n - -
- - -t
Date

Figure2. Major storm events and top 20 annual storm tides recorded at the Portland, ME tide gauge frofa0I®1 X he

National Weather Service Flood Stage of 12 feet MLLW is shown as a dashed line. This threshold indicates when elevated water
levels begin to creata hazard to public safety, property, and infrastructure. Graph was created by Pete Slovinsky at the Maine
Geological Survey for tidE Climate Council, Scientific Assessment of Climate Change and Its Effects in Maine, 2020.

Intense storms and heavy precipitation can cause inland flooding along rivers and streams and
exacerbate coastal flooding. Developed areas with lots of impervious surfaces such as roads, parking
lots, sidewalks and buildings experience more flooding durgayy rainfall because the water has
nowhere to go. Stormwater systems can overflow because of limited capacity to handle high water
volumes, causing runoff into lakes and rivers. Inland and urban flooding pose a threat to public safety,
infrastructure, aad property. Runoff also increases the risk of contaminated drinking water supplies and
degraded water quality in coastal areas making it unsafe to svim.

[A1S O2Fradrt Ft22RAYy3AI AyflyR YR dzNIthisbockls 2 2 RAY 3
during summer and fall tropical storms or intense thunderstorfiash floods are historically
uncommon in Maine, but in October 2021 a flash flood dropped nearly 7 inches of rain in Kennebunk in

19 NOAATides and Current$ittps://tidesandcurrents.noaa.gov/waterlevels.html?id=8418150
20York County Emergency Management Agency, Hazard Mitigation Plan, 2022:
https://www.yorkcountymaine.gov/emergenegpnanagement
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6 hours, causing extensive power outages and damage. Inland flooding is difficult to predtotthe
complex interaction of factors that contribute to precipitatitvased flooding conditiongut changing
weather patterns and more frequent and intense hurricanes in the southern U.S. have the potential to
cause more inland and urban flooding events in coastal communities like Kennébunk.

YSyySodzy1 Qa4 LINRPEAYAGE G2 GKS YSyySodzyl1I az2dzal YI |
of inland flooding.Additionally,there is ahigh concentration of impervious surfaces along the Mousam

River between-B5 and Route Jaswellasinthg 2 6 SNJ +Af f 1 3SY a2 KSNaea . S| OK
(Map 10). The high degree of impervious surfaces in these developed and coastal neighborhoods

increases the risk of flooding and stormwater overflow from extreme precipitation evientbe coastal

FNBFa 2F [26SNI +Affl3ST az2idKSNRa . SIFOKXZ FyR D22O0OK
impervious surfaces can also exacerbate the impacts of coastal floddiag.oncentration of older

buildings in the flood prone areas along the Mousam River and in Lower \(Slagelemental

Community InformatiorMap 4) means that it is likely those structures are not built to modern codes

and are not elevated above projected future flood levels, or even current flood lénelse future, with

more intense storms and extreme precipitation events these areas will be at a higher risk of flooding

21York County Emergency Management Agency, Hazard Mitigation Plan, 2022:
https://www.yorkcountymaine.gov/emergenegpnanagement
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Impervious Surfaces
Kennebunk
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Data source: National Landcover Dataset (2019)
Map created by SMPDC

Map 10. Impervious surfaces in Kennebunk based on their level of imperviousness (somewhat, moderately or mostly imperveugcd2049 National Landcover Dataset
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Power Outages and Electric Grid Resilience

The reliability of the electric grid is vital to the dmyday welkd SAy 3 | yR ljdzZ- f AGe 2F AT
O2YYdzyAlle YSYOSNES (KS ¢2¢6yQa 2LISNIFdAz2yasz FyR 20
operations and infrastructure result in power outaghat can have significant impacts and hazards for

a community. Power outages can jeopardize essential public safety services as well as drinking water

and wastewater systems. Downed wires during power outages can make roads impassable or

dangerous. Lack dfeating/cooling and electricity during power outages puts vulnerable community

members at risk. Homes and businesses also face significant costs due to power outages.

Kennebunk is served by the Bléw England Electric Grid, which oversees thetdagay operation of

bS¢ 9y3IflyRQa St SOGNAROAGE ANAR®D® DNAR O2YLRySyidax
distribution lines, are owned by energy delivery servicepanies. Kennebunk is served by two energy

delivery service companies. Kennebunk Light and Power District (KLPD) is a small comswader

utility that operates most of the electric grid in the community. Central Maine Power provides electricity
ononeciOdzA G GKIFG fAyla YSyySodzy1Qa t26SNI gAfftl3IS GAl

The New England electricity grid is aging and is characterized by an extensive network of older, lower
capacity transmission lines serving as feeder lingsatasformers and other critical system components.

It is also increasingly vulnerable to several climate impacts, including extreme storms and precipitation
as well as increasing temperatures.

Currently, the greatest source of power outages in Kennebunk and the broader region is storm events,

AyOf dzZRAY3 y2NRSFaGSNES A0S ad2Nyasz ayz2g¢aidz2Nyaz +y
frequency, aging electric grid infrastructure, and an atamce of trees results in Maine having some of

the worst power outages in the country. From 284&19 Maine had the highest average annual

frequency of power outages per customer of any state (3.9 outages per year). Maine also had the

second longest averagduration of power outages per customer annually (14.1 hours), only behind

Florida (14.6 hours).

Major weather events and storms significantly increase the duration of power outages, greatly
impacting the number of hours Mainers spend without power. In 2020, a greater number of severe
weather events meant that CMP customers experienced an average®haurs without power.

However, in 2021 (a year with far fewer extreme weather events) CMP customers experienced only an
average of 5.25 hours of power outagés

In Kennebunk, the leading cause of power outages is tree limbs falling on power lines due to high winds
or heavy ice or snow loads on trees. Tree limbs can cause outages by leaning on conductor lines, pulling
lines down completely, or by damaging utilityles. In Kennebunk, tree impacts caused 66% of all CMP
customer hours without power in 2022 On the circuits serving Kennebunk, CMP customers

experienced an average of 4.63 power outages with an average outage duration of 1.24 hours in 2021.

22 Annual Electric Power Industry Report, Form-8Adetailed data files
https://www.eia.gov/electricity/data/eia861/

23 Data supplied by Central Maine PowAs a small utility, KLPD is not required to keep an extensive record of
power outages and their impacts as CMP is required to do. As a result, we do not have a clear picture of power
outages on the KLPD grid.
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In the future, increases in extreme storm frequency and duration will likely result in more power
outages from downed lines, blown transformers, and other damage to regional grid infrastructure.
Additional climate impacts will also strain grid infrasturet and cause power outages in the following
ways:

1 Increased likelihood of equipment breakdown from flooding of coastal and inland grid
infrastructure from increases in storm surge and extreme precipitation events. In particular,
substations can be significantly damaged by flooding. Substations are akejf plectrical
power generation, transmission and distribution systems and often serve circuits that span
multiple municipal jurisdictions. Flooding can damage substation components, leading to power
outages and even fires. Also, during extreme stomlaspage to roads and other infrastructure
can prevent utility services from reaching and repairing-stattions, prolonging power outages.

A KLPD substation on Water Street that serves a large portion of Kennebunk could be potentially
vulnerable in the future from flooding of the Mousam River and Rogers Pond Park during

extreme precipitation or storm surge events combined with sea level Tise lower village is

served by a CMP substation located on School Street in Kennebunkport, which could be

potentially vulnerable to extreme flooding of Grist Mill Pond due to extreme precipitation or

storm surge. The other substations in Kennebunk, including one at the KKW water district on
NRdziS 2yS> | &adzomadlidAaz2y 2FF al 3dzA NBAlved I R YR
Road, are all less vulnerable to flooding.

1 Reduction in the grid transmission capacity and increase in the risk of damage to transformers
due to higher average temperatures and nighttime temperatures.

1 Increased risk of physical deformation of powerlines, damage to transformers, and disruptions
to service due to extreme high temperatures.

1 Increased demand for electricity, due to both the electrification of other energy systems as well
as increased average and peak cooling demand during warmer temperatures and longer, more
frequent, and more severe heat waves.

Taken together, these impacts mean that the regional electric grid is extremely vulnerable to climate

change, while at the same time electrification and electricity demand are going up. These vulnerabilities

are exacerbated by aging grid infrastructuretthas an increasingly limited capacity to take on more

electricity transmission. At the same time, increases in average and extreme temperatures lead to
ANBIFGSNI KSFfGK NAala F2N YSyySodzy|1Qa @DdzZ ySNIroftS O
for reliably electrified and conditioned spaces to ensure their safety.
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FloodingSea Level Rige StormSurge

Key Takeaways

1 Y Sy y S o dasfd idfrastruBture, properties, and natural resources are vulnerable to flooding.

1 Lower Village and the beaches are significant drivers of tourism, key to the local economy, and
are important cultural resources that are particularly vulnerable to flooding.

1 More than $388.9 million in assessed property value (FY21 assessing data) in Kennebunk is at
risk of flooding from the 1% annual chance event storm surge plus 1.6 feet of sea level rise.

1 Water and wastewater infrastructure, including the wastewater treatment plant and Boothby
Road pump station, are in areas that are exposed to flooding, posing a risk of service disruptions
and damage to critical infrastructure.

1 Beach Avenue and Route 9 over the Mousam River are important transportation routes and are
particularly vulnerable to flooding.

f Coastal neighborhoodspch as thoseéetween Beach Avenue ami2 2 O K Q anddffNis S |
Great Hill Road, are at risk of flooding and @semas ofelevated social vulnerability based on a
large percentage of the population being over the age of 65

1 Areasalong Back Credlake(near the mouth of the Mousam River behind Parsons Beéaditle
River, Kennebunk River, and Mousam River, espenidlythe Route 9 crossing are identified
as being able to support future marsh migrati@ignificant portions of land adjacent to the
GARFf NAOSNB KIFI@S 6SSy O2yaSNWBSRI gKAOK OFy KS
impact migrating marshes in those areas.

Background Info, Trends, & Projections

Sea level in Maine has been rising in the g, but over the past few decades the rate of rise has
accelerated. That rise is increasing the frequency of nuisance or high tide flooding, with southern Maine
seeing 4 times as many nuisance flooding es@vier the last decade compared with the average of the
past 100yearg*. According to a recent State assessment, there is a 67% probability that sea level will
rise between 1.1 and 1.8 feet by 2050, and between 3.0 and 4.6 feet by the year 2100 under
intermediate global greenhouse gas emissions scenarios, with higher séadev@mounts possibié

With that rate of sea level rise, not accounting for increased intensity and frequency of storms, Maine
will see a 15old increase in coastal flooding by 2650rhose scenarios do not account for more

intense rainfall that climate change is bringing to the region, which will exacerbate flootMitbljust

mdc FSSG 2F aStk tS@9St NrRaAaS o0& wnpnI AGQa SadAYIFdS
could be $16.918.2 billion statewid®.

As sea level rises in the future, normal high tides will be higher and storms, and accompanying storm
surges, will be more impactful, causing extensive coastal flooding to roads, homes, and businesses.

24 MaineClimate Council, Scientific Assessment of Climate Change and Its Effects in Maine, 2020:
http://climatecouncil.maine.gov/reports

% Eastern Research Group. 20203 4 SaaAy3 GKS LYLI OGa /EAYFGS / KFEy3aS al @
Revenues, and Investment Decisioslume 2, Cost of Doing Nothing Analysis. Prepared for the State of Maine.
D2ZSNYy2NRa hTFAOS 2F t2fA0e Lyy208FGA2y |yR (4KS Cdzidz2NBo
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Sorm surge is the abnormal rise in ocean water level during a storm event, measured as the height of
the water above the normal predicted astronomical tide. This rise in water level can cause extreme
flooding in coastal areas, especially whetarm surge coincides with normal high tide. While future sea
level rise will occur gradually over time, extreme storm events can cause damaging flooding episodically
in the shortterm.

LY FTRRAGAZY G2 NRAAY3TI aSlax aid2NyY adzaNHS:T FyR Y2NB
areas are seeing more frequent and intense precipitation events. Further, the intensity and frequency of
precipitation is expected to increase in the futurith climate change. Stormwater runoff from rainfall

events combined with surge and future sea level rise will lead to more extensive flooding in coastal

areas.

Coastal flooding threatens public health and safety by putting transportation corridors, evacuation

routes, and provision of emergency services at risk; diss@gbnomic activity through lost business and

reductions in tourism; reduces property values; and imperils municipal revenue and budgets. In

southern Maine, future sea level rise will cause regular inundation ofyfow coastal areas during high

tide, cortamination of groundwater aquifers and wells from saltwater intrusion, and increased erosion

of KS NX3IA2yQa alyReé 0SIFOKSaz RdzySasz FyR alftid YI NR

To plan for sea level rise and associated impacts, the Maine Cliboattecirecommends & NJA a {

0 2 £ S Nippyo&S dd committing to manage for a higher probability, lower risk scenario, but also
preparing to manage for a lower probability, higher risk scenario. That concept involves building
flexibility into designs and decisions so that adjustments can beertmdddress more extreme sea level
rise. It accounts for some of the variability and uncertainty regarding global emissions reductions efforts
and evolving science about potential future melting of labdsed ice. The State recommends that

Maine commit to manage for 1.5 feet of relative sea level rise by 2050, and 3.9 feet of sea level rise by
the year 2100, but prepare to manage for 3.0 feet by 2@%1@ 8.8 feet by 2100, all in relation to 2000
local sea levél. When planning for sea level rise, consideration should be given to the risk tolerance of
different kinds of infrastructure. In other words, the intended lifespan, criticality, and exposure of
infrastructure and assets to flood hazards should be consttieteen evaluating what sea level rise
scenarios and planning horizons to account for in design and maintenance decisions.

Individuals who already have increased social vulnerability will be disproportionately affected by sea
level rise and climate change as they have less capacity to prepare for, respond to, and recover from
coastal hazard events.

This section presents assessment results of the impacts of modeled flooding from storm surge combined
with sea level rise to represent what flooding from storm events could look like in the fiitdiitee two

flooding scenarios, listed below, align with the Maine Climate Council's planning recommendation of
committing to manage 1.5 feet of rise by 2050 and preparing to manage 3.0 feet by 2050.

Bal AYyS JETAYIFGS [ 2dzy OAf © +YemnPladfordClinfatg Actiocn2 y QG 2 F AdY | C2 dzNJ
27 Southern Maine Planning and Development Commission. ZB@fhomic Resilience Assessment and Plan for
Coastal York Countyowns of Kennebunk, Kennebunkport, Kittery, Ogunquit, Wells, and York
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Flooding scenarios used for assessrifent

1 Storm surge from 1% annual chance event (i.e. 4@@r storm) + 1.6 feet of sea level rise
9 Storm surge from 1% annual chance event + 3.0 feet of sea level rise

¢KS [aaSaaySyld NBadzZ da LINBEA&SYABIRI O 53-RWI dfA SR 21 KIES FiGI
impacts. All three terms mean that the subject parcels, asset, or area is touched by water under the

given inundation scenario. It is important to note that the modeled flood scenarios show inundation at

high tide, sot every area or thing that is directly impacted by the flood scenarios will be permanently

inundated

28The sea level rise scenarios were developed by the Maine Geological Survey and do not account for wave action
or precipitation. The storm surge values were provided by Ransom Consulting, LLC, and consist of storm surge and
static wave setip, without additonal wave action due to crests or wave runup.
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Legend

|:| Kennebunk boundary

I Highest Astronomical Tide (HAT)

- 1% Annual Chance Storm Surge + HAT + 1.6 ft SLR
1% Annual Chance Storm Surge + HAT + 3.0 ft SLR
HAT + 6.1 ft SLR

HAT + 8.8 ft SLR
FEMA Regulatory Floodplain
Regulatory Floodplain, 1% annual chance flood

0.2% annual chance flood

Data Source: Maine Geological Survey, Federal Emergency Management Agency,
Ransom Engineering, SMPDC
Map Created by SMPDC

Map 11. Modeled inundation from sea level rise (SLR), storm surge, and the 1% annual chance storm everkl¢®dddatard Area depicted on the FENBued Flood

Insurance Rate Map).
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Property Impacts

Where and how we choose to develop land profoundly impacts the resilience of our community.
Buildings located in areas exposed to natural hazards like flooding are at greater risk of climate change
impacts.Y Sy y S ondayicip& Budgetlike most southern Maine coastal communitiesshighly

dependent on revenue from local property taxasd coastal development provides a substantial

portion of the municipal tax base, generating vital funds that sustain community operations, services,
and programs. Howeveit is that same development that is most susceptible to coastal flooding, placing
residents, visitors, and municipaséal healthat risk. Studies have shown that coastal hazards and

climate change diminish the value of impacted propeffieMlunicipal fiscal health could begatively
impactedif coastal properties, which generate a large portion of local tax revenue, are exposed to
flooding and if development in vulnerable areas continues. In addition, the coastal areas and resources,
especially sandy beaches, that serve as the economic efgit@wns, the region, and state are

particularly vulnerable to storms and rising seas as increasing water levels reduce the area of dry beach
available.

Themapbelow shows the locations of buildings and facilities that are critical for community safety,
function, and welbeing, and the location of historic properties. It also shaneasvulnerable to

projected flooding from the 1% nnual chance evene(g., the FEMA regulatory floodplairgrojected
flooding from the 1%annual chance evenge(g, the FEMA regulatory floodplain), storm surge from the
1% annual chance event plus 1.6 feet and 3.0 feet of sea levebristeet of sea level rise, and 8.8 feet
of sea level riseThere are mapped historical properties that are vulnerable to flooding in Lower Village
and along the Mousam River. There are no emergency management buildings or schools iruklenneb
that are located in areas vulnerable to the mapped scenarios of storm surge and sea level rise.

298hi, L., Varuzzo, A. M. (2028lirging seas, rising fiscal stress: Exploring municipal fiscal vulnerability to climate
change Cities 100 (2020) 102658.
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Legend

I 1% Annual Chance Storm Surge + HAT + 1.6 ft SLR
1% Annual Chance Storm Surge + HAT + 3.0 ft SLR
HAT + 6.1 ft SLR
HAT + 8.8 ft SLR

FEMA Regulatory Floodplain
Regulatory Floodplain, 1% annual chance flood
0.2% annual chance flood

Facility Type

EMS

Fire

Fire, EMS

Fire, EMS, Ambulance

Government

Hospital

Law Enforcement

Law, Fire

Law, Fire, EMS, Ambulance

Law, Government

ok ok % Bd wek k@

Nursing Home o

School

2
®

Historic Properties : > >
I s \liles

Map created by SMPDC

cgional
stainability and

esilicnce Program

Map 12. Critical facilities and buildings for public safety and dvelhg, historic properties, and parcels projected to be directly
impacted by flooding from storm surge plus 1.6 feet of sea level rise and plus 3.0 feet of sea level rise, 6.1 feeebisea le
8.8 feet of sea level rise, and the 1% annual chance event.
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Table5. Assessed value of parcels (FY&lles) impactety storm surge from the 1% annual chance event plus 1.6 feet and 3.0
feet of sea level rise. (Sour&IPDC. 2022. Economic Resilience Assessment and Plan for Coastal Ygrk County

Land Only | Buildings + | Total Total % of Town % of FY21
Land Municipal Wide Municipal
Tax Impact | Assessed Budget
(impacted Value (£1)
assessed
property value’
E Qwm U
rate of
0.01425)
Storm | $52,797,769 $336,162,600 $388,960,369 $5,542,685 @ 12.8% 11%
surge
+1.6
ft SLR
Storm | $56,509,559 $423,965,200 $480,474,759 $6,846,765 @ 15.8% 14%
surge
+3.0
ft SLR
1 More than $388.9 million in assessed property value (FY21 assessing data) in Kersiebunk

vulnerablefrom the 1.6 ftsea level risscenario and almost $480.5 million in assessed value is
vulnerable tothe 3.0 ft scenarigTableb).

0 Those values correspond 12.8% and 15.8% of thiewn-wide assessed property vady
respectively, andepresent 11% and 146 the Town's FY21 municipal budget

0 Singlefamily residential homes make up the majority of the assessed property impacted
by flooding, followed by mukliamily residential homes.

Lower Village Businesssand the road and bridge through Lower Village into Kennebunkport

are inundated in both the 1.6 ft and 3.0 ft scenario. Parking lots and road access to docks along
the Kennebunk River are cut off by inundation from both the 1.6 ft and 3.0 ft scenarios.
Mother@ = a A RRf S3 Déand Crésceat SuBeachedire afl Gulnerable to flooding.

0 The parking area in front of Kennebunk Beach is vulnerable to the 3.0 ft scenario and
the neighborhood to the north has several residential properties that are vulnerable to
the 3.0ft scenario.

Road access to 50 parcélK I G I NJ y-@5k of foadMds Ouioff By fldoding with the 1.6

ft scenario. That number increases to 104 parcels cutoff from the 3.0 ft scenario.

Access to and from the peninsulaighborhood of Lords Point Road cut off by road flooding
near the intersection with Beach Avenukhe coastaheighborhood between Beach Avenue
andD 2 2 O K Q & vulnai&ble {o both the 1.6 ft and 3.0 ft scenaribeeneighborhood off

Great Hill Roads partially inundated, especially on the landward side, by both inundation
scenarios and road access to the area is cut off by flooding from both scenarios all the way to
the intersection with Sea RoaBased on Censutata, these neighborhoods are located in an
area of elevated social vulnerability due to the percentages of the population living alone, over
the age of 65, and with annual household income less than the county and town median
income. This area also has the segdmghest percentagef people that speak English less than
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well out of all block groupsThese demographic characteristics can limit the adaptive capacity of
people to deal with flood hazards. These areas also haetatively high percentagd9.7%)f
structures built before 197@nd are likely more sensitive to flooding as they are likelybuoit

to modern floodplain management standards noted in theSocial Vulnerability section of this
document, these demographic data are from theSl.Census Bureau and have a margin of error
associatedwith them. Further, they are estiatesaggregated at thélock group levedather
thanan accurate representation of neighborhood specific demographasal knowledge
provided byKennebunkrask Force members suggests thmany homes in this area are
seasonal homeand have a high value

Properties alon@rescent Surdnd ParsonsBeaclesare particularly vulnerable to flooding as

the area and access to it via Hart and Parsons Beach Roads is cutoff by inundation in both
scenariosThearea that has relatively high percentage of structures built before 1970 and are
likely more sensitive to flooding as they are likely not built to modern floodplain management
standards

Infrastructure Impacts

Sea level rise threatens surface and subsurface infrastrudtuwmadation of surface infrastructure can
cause shorterm disruptions due to road closures and limited access to infrastructure. It can also cause
substantial damage to infrastructure, including pavement, culverts, stormwater infrastructure, and
utility infrastructure. Higher water levels can reverse or reduce efficiency of stormwater drainage and
wastewater outfall operations.

Along the coast, groundwater and saltwater are naturally separated by the seaward movement of
groundwater. As seas rise, landward intrusion of seawater pushes groundwater levels up and shifts the
interface of fresh groundwater and saltwater inland. Studiesducted in coastal New Hampshire show
that sea level rise induced groundwater rise is projected to extend up to three to four times further
inland than surface tidal water inundation from sea level*fise

Lowlying coastal communities and important infrastructure are at risk of impacts including intrusion of
saltwater into groundwater and drinking water resources, increased flooding from higher coastal water
tables, and water damage to roadways and othérastructure from below. Researchers are working to
model and assess this phenomenon in New England to better understand coastal hazards stemming
from sea level rise. No assessment has yet been completed for Kennebunk, however, subsurface
stormwater, tranportation, and utility infrastructure; contaminated sites; septic systems; and drinking
water wells in coastal areas will likely be negatively impacted by rising groundwater and saltwater
intrusion. Rising groundwater can impede the ability of septic syst® function properly as the

vertical separation between the groundwater table and leachfield is reduced. This can result in
contamination from septics into groundwater and nearby surfaegers.The U.S. Geological Survey
(USGS)otes that if too muchrieshwater is pumped from an aquifer system, saltwater iwagrate
landward. Wells located near the landward migrating freshwater/saltwater interface, saltwater could

30Knott, J.F.Jacobs,).M.;Daniel,J.S.andKirshenP.,2019.Modelinggroundwaterrise causedoy sealevelrisein
coastalNewHampshireJournal of Coastal Resear8(1),143¢157.CoconutCreek(Florida) |ISSN0749208.
31U.S. Geological Survey. 20h&ps://www.usgs.gov/missiorareas/waterresources/science/saltwatentrusion
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be contaminated from saltwater entering the well, threatening drinking water supplies. However, the
USGS also notes that this is less likely to happen with residential wells and is a larger concern for
municipal or communitysize wells where pumping rat@se much higher.

In Kennebunk, most coastal areas in tolmave access tpublic waterby Kennebunk, Kennebunkport,

and Wells Water Districtimiting vulnerability of private drinking water wells from saltwater intrusion

(Map 15. The majority of coastal parcels east of the Mousam River are served by public sewer.

However, parcels west of the Mousam River, including Parsons Beach and Crescent Surf neighborhoods,
parcels located off of Shoreline Way, Seagrass leestern half ofGreat Hill Road, and areas along the
Kennebunk River north @hristensen Lane just north bbwer Village/Docsquareare not served by

public sewer. Septic systems in those areas could be vulnerable to failure due to rising groundwater

(Map 19.

1 Roughly 5.5 miles of road are impacted by the 1.6 ft scenario and almost 8 miles are impacted
by the 3.0 ft scenari¢Table6, Map 13, andMap 15). A complete list of roads impacted by both
flooding scenarios can be foumd the end of this section.

Table6. Road length and classification impacted by storm surge from the 1% annual chance event plus 1.6 feet and 3.0 feet of
sea level rise. (Sourc@PDC. 2022. Economic Resilience Assessment and Plan for Coastal Ygrk County

RoadLength (ft) | Road LengthNliles) and

Impacted Classificationthpacted
Storm surge + 1.6 ft 5.42
SLR Local: 3.07
28,598 Private:1.77
Secondary: 0.58
Storm surge + 3.0 ft 7.74
SLR Local: 4.51
40,867 Private: 2.31

Secondary: 0.92

1 Route 9/Western Avenueés a significant route for local and regional travel angasticularly
vulnerableto floodingalong various segments, includingar the Wells border, over the
Mousam River, and at the Kennebunk River

1 Beach Avenuésvital for access to the beach and to coastal neighborhoods gratiEularly
vulnerable to flooding, with most of the road flooded by the 3.0 ft scenario and portions of it
flooded by the 1.6 ft scenario.

1 Boothby Roads also an important access road to coastal neighborhoods and is vulnerable to
floodingwith both modeled scenarios.

A small portion o6 dzZNNXB f f Q& and biiige ar&vulneabldrto inundation, primarily from
the 3.0 ft scenario, but a portion of the bridge is vulnerable to the 1.6 ft scenario. The road is the
only crossing over the Kennebunk River for quite a distance both up and downstream.

9 Parsons Beach and Hart Roaal® vulnerable to flooding from both scenarios and are the only
access routes teesidential properties alon@rescent Beach

1 Table7 shows wastewater and water infrastructure, as well as other critical facilities, that are
vulnerable to flooding from the 1.6 feet and 3.0 feet scenar@nnebunk, Kennebunkport &
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Wells Water Districis responsible for water infrastructure and the Kennebunk Sewer District is
responsible for wastewater infrastructure.
0 Thewastewater treatmentplant andparking lot are inundated by flooding and access
to and from the plant via Water Street is impacted by flooding from both the 1.6 ft and
3.0 ft scenariosThe estimated replacement cost of the plant, in 2018 dollars, is
between roughly $4.6 million and $13.7 millighn
o Observations from Town staff indicate that the sewer pump station on Boothby Road,
which is vulnerable to both the 1.6 and 3.0 ft scenarios, is already routinely impacted by
floodwaters.
0 There are no schools, public safety, emergency response, or healthcare facilities
exposed to the modeled flood scenarios.
1 Most coastal areas of Kennebunk are served by public water, limiting vulnerability from
saltwater intrusion into well§Map 15)
 Coastay SAIKO2NK22Ra& V, Bdrsbids Beach, @fid TescenSSurfaiid along the
Kennebunk River north of Lower Village/Dock Sqaaeeon public sewer, but those sewer lines
are located in areas that aexposed to flooding fronsea level ris¢Map 14) Thesecond half of
Great Hill Roadoes not appear to be served by semvthusseptic systems in tht areacould be
at risk of failure from sea level induced groundwater rise, posing risk of contamination to nearby
surface waters and groundwater.
9 Based on an assessment by the Maine Geological Survey, coastal engineered sttagures
seawalls, bulkheads, jetties, etm)the following areas are vulneraliie overtopping by
flooding from the modeled current 1% annual chance storm event, not including sea level rise.
o Riprap along Parsons Beach Road over the Back Creelknletk@ear the mouth of the
Mousam River)
0 Sections of bulkhead along Crescent surf beach
0 Sections of bulkhead and rifap along Great Hill Road on both the ocean and landward
side of the peninsula.
0 Most of the bulkhead and ripld L] a4 SOUG A 2y & dndkeniébunkBeldR Qa t 2 A y (
o Almost all of the sections of bulkhead and-rgp along Beach Avenue.
o All of the bulkhead along the Lower Village area, including the marina, and around
521 ySQa 2 KINF®

Road Name Road Classification Impacttfatdstéyéslt_c;rerISR:Ji;gee +16 Impact]?tdsk;ﬁslt_c;rvrglsl_;;gee *+30
Arundel Way Private vV \Y
Atlantic Cir Private \ \
Bayberry Ave Private \% \%
Bayberry Ave Local \% \%
Bayberry Ave Private \%
Beach Ave Local \Y Vv
Boothby Rd Local \% \%

32 Eastern Research Group, Inc. State of Maine. 2020. Assessing the Impacts Climate Change May have on the
{GFriSQa 902y2Yeés wS@SydzsSas FyR Ly@gSaidyYySyid 5SOAaAz2yay =;
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Bruen PI Local \% \%
Christensen Ln Local \Y,
Coveside Ln Private \Y,
Crescent Ave Local \Y \Y,
Crescent Surf Dr Private \% \%
Doanes Wharf Rd Local \% \%
Durrells Bridge Rd Local \% \%
Dutcher Ln Local \% \%
Ebb Tide Ln Private \Y \Y,
Evergreen Ave Local \% \%
Fairway Dr Local \%
Forest Hill Ln Private \Y \Y,
Gooch Ave Local \Y \Y,
Great Hill Rd Local \Y \Y,
Harbor Ln Private \Y \%
Harris Ln Local \Y \Y,
Harts Rd Private \Y \Y,
Hickory Ln Local \% \%
Larboard Ln Local \Y \Y,
Leeward Ln Private \ \%
Little River Way Private \Y \Y,
Lords Point Rd Local \Y \Y,
Magnolia Ave Private \% \%
Marsh View Ave Local \Y \%
Mineral Spring Way Private \Y \Y,
Oak St Local \Y,
Oceanside Ln Private \Y Y,
Parsons Beach Rd Private \% \%
Peninsula Dr Local \% \%
Preserve Dr Local \% \%
Railroad Ave Local \Y \%
Ridge Ave Local \Y \Y,
Robie Rd Private \Y \Y,
Sand Dollar Ln Private \Y
Sea Garden Cir Private \Y Y,
Sea Grass Ln Private \% \%
Ship Locks Dr Private \
Shoreline Way Private \% \%
Starboard Ln Private \% \%
Surf Ln Local \% \%
Valley Ave Local \%
Water St Local \Y \Y,
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Western Ave Route 9 Secondary \% \%
Woodland Ave Local \Y Y,

Economic Impacts

1 More than 300 jobs, over $20 million in labor income, nearly $30 million in area gross domestic
product, and over $53 million in revenue may be affected in some way by sea level rise and
storm surge.

1 1 out of every 25 jobs in Kennebunk is impacted by the 3.0 ft scenario, and nearly $1 out of
every $20 generated in Kennebunk is connected to a business that is directly impacted by
flooding from the modeled scenarios

1 Flood vulnerability of Lower Village, an economic hub in Kennebunk, the beaches, and
waterfront infrastructure will likely have significant economic impacts for the community,
threatening jobs, business revenue, tourism activity, and recreational activity.

Table7. Sewerand water infrastructure and facilities impacted by storm surge plus 1.6 feet and 3.0 feet of sea level rise.
(Source: SMPDC. 2022. Economic Resilience Assessment and Plan for Coastal York County.)

Infrastructure Vulnerable to SS + 1.6 Vulnerable to SS Not
Type ft SLR Scenario +3.0ft SLR | vulnerable
Scenario to 1.6 ft or
3.0ft
Scenarios
Treatment Plant Yes Yes -
8

(Boothby Road,
Wells Roacdhear

3 the Route 9
(Boothby Road, Wells| Mousam River
Wastewater ~ Sewer Pump Stations' Roadnear the Route 9 crossing Great 29
Mousam River crossing Hill, Larboard
and Great Hill) Lare, Lakebrook,
Doares Warf,

Deer Trees, and
Grants Farm)

SewerGravity Mains 17,724 ft 22,838 ft 166,785 ft
Sewer Force Mains 6,795 ft 8,955 ft 51,263 ft
1
. . 1
Water Water Structures (Station and Spring (Spring House) 49
House)
Water Mains 136,172 ft 167,432 ft 1,127,962 ft
Other critical | Schools, public safety ) ) 19
Facilities and emergency
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response, nursing
homes, and healthcare
facilities
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Legend

D Kennebunk boundary

I Highest Astronomical Tide (HAT)

- 1% Annual Chance Storm Surge + HAT + 1.6 ft SLR
1% Annual Chance Storm Surge + HAT + 3.0 ft SLR 4
HAT + 6.1 ft SLR

HAT + 8.8 ft SLR
Roads Impacted by Surge + HAT + 1.6 ft SLR
Roads Impacted by Surge + HAT + 3.0 ft SLR

Data Source: Maine Geological Survey, Federal Emergency Management Agency,
Ransom Engineering, SMPDC
Map Created by SMPDC

Map 13a. Roadsimpacted by storm surgieom the 1% annual chance (i.e. 1€ar) evenplusl1.6 feet and 3.0 feet afea level riscRoad impacts account for bridge elevation,
as LIDAR was used to confirm whether a bridge would be overtopped based on bridge deck elevations and the water stidaseétéeainundation scenario. So, even if the
Aydzy RFGA2Y 02 dzy R labNRgeltHelbd@de isBnly jprajectedia @ Siviklated by water if it is shown as red or orange on theSoape: SMPDZD22.
Economic Resilience Assessment and Plan for Coastal York)County
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Legend

I:I Kennebunk boundary

- Highest Astronomical Tide (HAT)

I 1% Annual Chance Storm Surge + HAT + 1.6 ft SLR
1% Annual Chance Storm Surge + HAT + 3.0 ft SLR
HAT + 6.1 ft SLR

Legend

D Kennebunk boundary

I Highest Astronomical Tide (HAT)

- 1% Annual Chance Storm Surge + HAT + 1.6 ft SLR
1% Annual Chance Storm Surge + HAT + 3.0ft SLR ¥
HAT +6.1 ft SLR

HAT + 8.8 ft SLR
Roads Impacted by Surge + HAT + 1.6 ft SLR
Roads Impacted by Surge + HAT + 3.0 ft SLR

HAT + 8.8 ft SLR
Roads Impacted by Surge + HAT + 1.6 ft SLR
Roads Impacted by Surge + HAT + 3.0 ft SLR

Data Source: Maine Geological Survey, Federal Emergency Management Agency,
Ransom Engineering, SMPDC
Map Created by SMPDC

Data Source: Maine Geological Survey, Federal mergency Management
Agency, Ransom Engineering, SMPDC
Map Created by SMPDC

Map 14b. Roadsimpacted by storm surgieom the 1% annual chance (i.e. 1€ar) evenplus1.6 feet and 3.0 feet afea level riscRoad impacts account for bridge elevation,
as LIDAR was used to confirm whether a bridge would be overtopped based on bridge deck elevations and the water stidaseoétéesinundation scenario. So, even if the
AydzyRFGA2Yy 02 dzy R labNRgeltHelbd@de isBnly jprdjectedie @ S idvikated by water if it is shown as red or orange on theSoape: SMPDZ022.
Economic Resilience Assessment and Plan for Coastal York)County
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% Kennebunkport
A -

Rl o -
Coopers Town of

Corner. % Kennebunkport

e 8

Four,Corners

Kennebunk Sewer and Gravity Mains (1.6 ft Scer

Storm surge plus 1.4 ft sea level rise

Kennebunk
\Beach

Kennebunk Sewer and Gravity Mains (3.0 ft Scer

Starm surge plus 3.0 ft sea level rise

Kennebunk Sewer Pump Stations
Wulnerable to both 1.6 frand 3.0 ft of 5LR
plus 55
@ Vulnerable te 3.0 ft of SLR plus S5

_ Motvulnerableto 1.6 ftor 3.0 ft of SLR plus
TS5

Map 15. Kennebunk sewer mains and pump stations located in areas vulnerait@io surgerom the 1% annual chance (i.e. 39€ar) evenplus1.6 feet and 3.0 feet afea
level rise(Source: SMPD@022. Economic Resilience Assessment and Plan for Coastal York County
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Legend

Kennebunk Water Mains (1.6ft Scenario)

Storm surge plus 1.6 ft sea level rise

Kennebunk Water Mains (3.0ft Scenario)
% Kennebunkport

-

Starm surge plus 3.0 ft sea level rise

\

Kennebunk Water Structures £ :
Town of

- i Kennebunkport
_ Motwu nerable to 1.6 ft or 3.0 ft of SLR plus 2
" 58
Vulnerable to both 1.6 ft and 3.0 ft of SLR y
plus 55 3 o N “\Lower.Village
A Ve
e

Four’Corners

Kennebunk
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Map 16. Kennebunk water mains located in areas vulnerabktdom surgerom the 1%annual chance (i.e. 16fear) evenplusl1.6 feet and 3.0 feet afea level risgSource:
SMPDC2022. Economic Resilience Assessment and Plan for Coastal Yorl County
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Impacts to the Natural Environment

Beach Erosion

Rising seas ammbastal storms threaten local beaches and dune systems through erosion and flooding.
Hardened coastal structures, like seawalls, roads, and homes, prevent beach systems from migrating
inland as ocean levels increase. Additionally, how beaches will faréneiease sea level is related to
sediment supply, both sources and volumes of the supply. Sand and gravel for beaches can come from
rivers, eroding bluffs, the offshore seafloor, or marine shells. Shorelines that have been engineered to
prevent erosionprotect property, and stabilize the shoreline offer reduced sediment supply to beaches.

T 2A0K modc FaG 2F aSlt f S@S f(diskihca ol thy Bedn/hlowiaes] Qa4 RNE
seawallor dune edge)s projected to decrease by 2.6 acres, or by almost 60%. With 3.9 feet of
sea level rise, the dry beach width is projected to decrease by almost.90%

9 {SI tS3St NxnasS Aa SELISOGSR G2 tSIR (2 tz2aa 27
beach will impact local species, including piping plovers and other shorebirds that use the beach
for nesting.

1 Monitoring data fromthe Maine Geological Survepnducted as part of the Maine Beach
Mapping Progrand K2 ¢ G KIF G Y2ad 2F YSyySodzy1Qa o6SI OKSa |
of their width over the past several yeg2016¢ 2020) However,Parsons Beacdt the outlet
of the Mousam River and Crescent Surf Beachagpiite mouth of the Little Rivenave
experienced erosion at the rate of between roughly 0.5 ft and 3.75 feet per year between 2016

and 2020.

X Town oﬁ";' ]

ennebunkport

Map X:Mapped shoreline change alokgnnebunkThis map shows the rate of beach change, in feet per year, from data
collected from 2016 through 2020. A positive value (green lines) represents a rate of beach growth, while a negative value
(yellow/orange/red linesjepresens a rate of beach losgSource: Maine Geological Survey. Maine Beach Mapping Program.
Maine Beach Mapping viewer)

33 Maine Geological survey. 2021. Unpublished analysis of the impact of sea level rise on dry beach width of
al AySQa alyReé oSIkOKSao
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Marsh Migration

While sea level rise threatens inundation of the beach system, it also has the potential to facilitate the
landward expansion, or migration, of tidal marshes. However, this landward migration can only occur if
saltmarshes are healthy and there are not phgtbarriers, such as stonewalls, roads, or buildings, that
inhibit marsh movement. The Maine Natural Areas Program (MNAP) has mapped areas that could
support marsh migration with future sea level ridéap 17). Protecting these areas will be crucial for
ensuring the londerm viability of local tidal marshes, which provide tremendous natural benefits and
services including wildlife habitat, flood contralater quality protection and carbon saggestration

1 Areas alon@Back Creek Lak@ear the mouth of the Mousam River behind Parsons Beach)

Little River, Kennebunk River, and Mousam Rivespecially near the Route 9 crossing are

identified as being able to support future marsh migratiSignificant portions of land adjacent

to the tidal rivers have been conserveahich can help to ensure that future development

g2y QG AYLI OG YAINIGAY3I YIFINBKSaE Ay (GKz2asS | NBI &
f Theresidential and undevelopeareasaroundD 2 2 O K Q &nd itsNiB afies are also

mapped future marsh migration areas, overlapping with existing yards of homes between

Goocha and Middle Beaches and the porithere is very little existing conserved land in that

area.
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£ 4

Legend ‘
A] Conserved Lands %
- Current Tidal Marsh '
| Potential Marsh Migration, 3 ft SLR
\7‘ Potential Marsh Migration, 2 ft SLR

| Potential Marsh Migration, 1 ft SLR

5%
e

0 0.4 0.8 1.6
e \Viles

Data Source: Maine Natural Areas Program
Map Created by SMPDC

Map 17. Existing conserved lands (purple) and areas that could support future migration of existing tidal marshes with future
sea level rise. The areas are rmal lands within existing tidal estuaries that could be inundated and facilitate the

development of ne areas of tidal marsh if sea level rises by 1, 2, or 3.3 feet above current highest annual tide (HAT). (Source:
Maine Natural Areas Program. Sea level rise scenarios are from the Maine Geological Survey.)
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ExtremeTemperatures Air Quality
Key Takeaways

T alAySQa | @SN} 3IS | yydz
by 3.2°Fsince 1895 and could warm an additional

2-4°F by 2050

1 Southern Maine is expected to experieradenost 3
times moreW S E i NB Y S byKii&I2060sfroml

4 daysper yearcurrentlyto 13.

1 Exposure to extreme heat is a significant public
health concern and can be especially dangerous 1
older adults, infants, people with existing health
conditions, and those who have limited access to

air conditioning.

1 Extreme heat will exacerbate the impacts of urbar

WKSIFG AaftlyRaQxr GKS
areas of socially vulnerable populations in
Kennebunk, such as in the downtown area.
1 There are fewer days with beleffeezing
temperatures and snow cover, leading to an

borne diseases like Lyme disease.

Background Information, Trends, & Projections
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. . Figure3. Maximum, mean, and minimum
increase in pest outbreaks and prevalence Vector siatewide annual temperatures from 1895 to 20

(Source: MCC STS. 2020.)

Climate change is causing increased temperatures and more frequent extreme temperature

occurrences. In Maine, the average annstatewide temperature has increased by 3.8fkce 1895

(Figure3). Winters are warming faster than other seaspand coastal areas have warmed more than
the interior of the Statedimate models project that Maine could warm an additional 2 to 4°F by 2050
and up to 10 °F by 2100 dependingglabal greenhouse gas emissioBstreme heat days are expected
to be 2to 4 times more frequent in Maine by 2050creasing the likelihood of heatwaveSouthern
Maine is expected to experienamost 3times moreW S E (i NB Y S  uf 1 louplily 13days pek
year, where the heat index (a combination of temperature and relative humidity that approximates the

A N o A A

WFSE GQ (S YLISNI &S teNdarly 2002519 R B addiition t6 extreme heat, there is
research showing that more sherm temperature variability and volatility may be happening as a

result of climate change.

34 MCC STS. 2020. Scientific Assessment of Climate Change and Its Effects in Maine. A Report by the Scientific and
Technical Subcommittee (STS) of the Maine Climate Council (MCC). Augusta, Maine. 370 pp.
%5 Fernandez, 1.J., Schmitt, C.V., Birkel, S.D., Stancioff, E., Pershing, A.J., Kelley, J.T., Runge, J.A., Jacobson, G.L. &
Mayewski, P.A. (2015. Ay SQ&a [/ tAYIF (S CdzidzZNBY Hnanmp . LIRFGiSo®

hNBY 23X
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Five of the ten warmest years on record have
occurred within the past ten years, based on
average annual temperatures from National
Weather Service (NWS) data collected between
1989 and January of 2023 in Kennebunkport, th
NWS data collection station clest to
KennebunkTable8). The warmest average
monthly temperatures for the summer months
(June, July, and August) have also occurred
within the past ten years and have been 8.1
4.3Fwarmer than the monthly mean
temperature [Table9). 2023was thewarmest
January on recordyith an average temperature
of 31.9°, which is 8.5 warmer than the January
mean temperature.

Table8. The top ten warmest years based on average
annual air temperatures measured in Kennebunktbie
closest station to Kennebunk)989¢ January 2023. (Source:
National Weather Service).

Number of Days
Heat Index >=95 °F

2000s = 2050s

p—14.013.5]

Portiand.

Sanford {45 $13.0

Fort Kent

*-{0.01.5]

Presquelsle T 1.0 2?57

Millinocket 1 1.5 =» 6.5

Year Average Annual
Temperature (°F)

1 1989 49.9
2 1998 49.0°
3 2021 47.8
4 2010 47.7
5 2012 47.6°
6 2020 47.2
7 1999 47.0°
8 2006 47.0°
9 2022 46.8
10 2016 46.7
19892023 Average 45.3°

Table9. Years with the warmest average monthly temperature during the summer months compared with the mean monthly

Map 18. Average number of days when the heat index i:
greater than or equal to 9% at selected sites for 2000
2004 and 205@ 2054. Predicted values derived from a «
km downscalsimulationof one ensemble member of the
CCSM3 model for the IPCC A2 emissions scenario. So
Fernandez et al. (2015)igure from MCC STS. 2020.)

temperatures for those months measured in Kennebunklogtclosest station to Kennebunkp89¢ January 2023. (Source:

National Weather Service.)

Month Year Average | Mean Temperature Difference Between
Temperature| (°F) 1989-2022 | Mean and Average o
(°F) Warmest Month
June 2021 65.7 61.6° +4.1°
July 2013 70.5 67.4 +3.7°
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August 2018 70.4 66.1° +4.3

Urban Heat Islands

9EGNBYS KSIG RlIe@&a Ay alAyS gatt SEIFOSNDIGS GKS
lot of impervious surfaces, such as buildings and pavement, that absorb @miitr@eat. The Trust for

Public Land notes that extreme heat exacerbatgdilban heat islands can lead to increased respiratory
difficulties, heat exhaustion, and heat stroke.

The two maps below show areasennebunkhat are hotter than the average temperature for the
community as a wholéMap 19). The map on the right shows the location of building footprints in

relation to heat islands. The maps show the relative heat severity measured on a scale of 1 to 5, with 1
being a relatively mild heat area (slightly above the mean fotala), and 5 being a severe heat area
(significantly above the mean for thewn). (Heat island temperature data: 3feter resolution based

on data derived from Landsat 8 imagery band 10 (grelendl thermal sensor) from the summers of

2019 and 2020

In Kennebunk, areas east of the Mousam River along Alfred Road bet®8eantl the northern border

of town, and the Route 1 corridor are mapped as having elevated ground temperatures in relation to the
restof the community. The Alfred Road and Route 1 corridor near the b&derdelare mapped as

having moderate to severe heat severgtydalso have elevated social vulnerability due to a relatively

large percentage of households in that area having annual income levels below state and county median
incomes and also a large percent of the population over the age of 65 and living alone. The Alfred Road
area has a lower concentration of buildings compared with someutban heat island areas of town

but has moderate to severe heat island severity. Knowingrevheeas of high heat are located can

inform mitigation and adaptation strategies.
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Urban Heat Island Severity, Kennebunk
3 T Pt T

Legend

Contiguous United States Cities Heat
Severity 2020

Value
Miid
Mild to Moderate
Moderate
Moderate to High

Severe

Map created by SMPDC.
Heat island severity data source: Trust for Public Land

Urban Heat Island Severity, Kennebunk

Legend

- Building Footprints

Contiguous United States Cities Heat
Severity 2020

Value
Mild
Mild to Moderate
Moderate
Moderate to High

Severe

Map created by SMPDC.
Heat island severity data source: Trust for Public Land

Map 19.Urban heat island severity (left) overlaid with building footpr{night). (Data source: heat island severity data, Trust for Public Land; building footprints, Microsoft)
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Public Health Impacts

Extreme heat is one of the most significant impacts of climate change on human lasaltis the

leading cause of weatheelated deaths across the United Stat&xposure to extreme heat has been
linked with a wide range of health issues, including heatstroke, heat exhaustion, impacts on kidney
function, dehydration, fetal health, mental health, and exacerbatioprefexisting health conditions

(34). Extreme heat is also linked with increased deaths and emergency department visits. From 2011 to
2015 and 2017 to 2019, York County had the second highest number of annual emergency department
visits for heatrelated illness across Maine, with Cumberlandiityg seeing the highest numbéfs

Figured4 shows peak emergency department visits for heglated illnesses to hospitals in York County
between 2018 and 2023, the years for which monthly data is available.

Residents of cooler climates, like Maine, are less physiologically adapted to extreme heat exposure, and
experience disproportionate health effects on hot days when compared to residents of warmer
climates. Additionally, the prevalence of air conditionioge of the most effective tools for preventing

heat iliness, is significantly lower in Maine than in the rest of the region and the cotin@grtain
populations, including older adults, infants, pregnant women, and people who have chronic diseases or
who are sick already may feel much worse or have serious problems in extreme heat. Further, people
with limited access to air conditioning, owtdr laborers, and unhoused populations are also more
vulnerable to the impacts of extreme heat. A survey conducted by the Maine Behavior Risk Factor
Surveillance System found that in 2014, 70.8% of homes in York County had some form of air
conditioning, he highest percentage of all Maine counties. However, as noted above, York County also
had the second highest number of heat illness emergency department visits.

3¢ Maine Health Data Organization (MHDOata analyzed and display prepared by the Environmental Public

Health Tracking Program. Data updated: 06/2021.

STMCC STS. 2020. Scientific Assessment of Climate Change and Its Effects in Maine. A Report by the Scientific and
Technical Subcommittee (STS) of the Maine Climate Council (MCC). Augusta, Maine. 370 pp.
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Figure4. Numberof heat illness visits to emergency departments in York County from 2018 to 2023. (Source: Maine Center for
Disease Control and Prevention, Maine Tracking Network.)

Climate change can impact air quality and lead to worsening air poll#tiomospheric warming

associated with climate change has the potential to increase gréenvel ozone in many regions, which
may cause public health issues apresent challenges for compliance with the ozone standards in the
future. The impact of climate change on other air pollutants, such as particulate matter, is less certain,
but research is underway to address these uncertainfi€sgure5 shows the number of days in York
County with an &hour averageozoneconcentrationthat exceeded the National Ambient Air Quality
Standard of 0.070 ppm, established December 28, 2015. Previous standards were set at .075 ppm from
20082015 and .080 prior to 200&esearch for this assessment could find no cause of the relatively
high number of exceedances between 2001 and 2007. An analysis Mathe Department of
Environmental Protection affirmatively demonstrates tihdaine emissions are insignificant

contributors tonon-attainment of ozone for the ®iour ozoneair quality standardS. Regardless of the
cause, individuals with existing health conditions, older populations, and children are especially
vulnerable to poor air quality.

38 US Environmental Protection Agen&yr Quality and Climate Change Reseavebpage.
39 State of Maine Clean Air Act Section 176A(a)(2) Petition. 2020.
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Number of Days 8-hr Ozone Daily Max > 0.070 ppm
2000-2022
in York County, ME
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Figure5. Number of days during which theh®ur average ozone concentration exceeded national air quality standards.
(Source: US EPA AirData portal)

The prevalence of tickborne diseases, including Lymegplasmosisandbabesiosishas increased in

York County in recent yearSigure6 shows that rates of all three diseases have increased since 2001.
Figure6 shows the incidence rate (per 100,000 people) of confirmed and probable cases of tickborne
disease irKennebunkBetween 2016 and 2020eiknebunkhad theeighthhighest rate of babesiosis

and fifth lowest rate of anaplasmosi$all York County communities.
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Rate of Tickborne Disease
York County, Maine 2001-2020
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Figure6. Annualincidence rate (per 100,000 people) of confirmed and probable cases of tickborne
YorkCountp al AyS / 5/ Q&8 Ly¥FSOGA2dza 5AaS8Ias

t N2 3 Nbinillafce Haketl ypSrR
reports from healthcare providers, laboratories, and other healthcare part(@eta Sourcea I A y' S

/ 5/ Q& LYTSOGA
Program collected and analyzed population data from the U.S. Census Bureau to calculate state and county rates of tickborne
disease. Maine CDC used population data from Maine CDC Data, Research, and Vital Statisticso@)é&Negg townlevel

digehegmpulationn

rates of tickborne disease. The Maine Environmental Public Health Tracking Program prepared the data displpgatedta u
05/2021. Display updated: 05/2021.

Tablel0. Rateand number of confirmed and probable cases oflickne disease iKennebunk2016-2020. (Source: Maine

Center for Disease Control and Prevention. Infection Disease Program. Maine Tracking Network Data Portal.)

Rate and Number of Tickborne Diseases in Kennebunk, 22020
Anaplasmosis Babesiosis Lyme
Confirmed and 8 8 53
probably cases
Rate (per 100,000 12.5 12.5 82.6
people)

Impacts to the NaturdEnvironment
LYONBFaAy3 FYyR AKATFTOAY3I GSYLISNI (dzNBa

gAtt
vegetation. 8orter winters less snowa rapid expansion of pests (e.g., winter tickgesence of
parasites previouslgnly found furthersouth, heat stressmore frequent and higher flooding of tidal
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marshesinvasive specieand changes in available prey spedt#tdshreaten local species and natural
areas.ncreasing temperatures impact biodiversity and affect ranges where species can live. Scientists
predict that 349%58% of species will go extinct given current climate change scenarios if they are unable
to disperse to new locations, while 33% will stilgo extinct even if they can disperse to future areas

that are within their current climatic nich@@4).

Whilea | A yg®W®&idg season has lengthened ovethlke to warming temperaturessome years have
seen killing frosts in late sprimmdearly fall. It is uncertain whether such events will become more or
less frequent in the futuregbut the trend of longer growing seasons and warmer falls is expected to
continue. Climate radel projections indicate thah the future,it is likely that increased evaporation will
dry surface soil layers, particularly in the warm sed&drhese changes will impact local agricultural
activities as well as home gardeners.

Drought& Wildfires

Key Takeaways

91 Despite wetter conditions overall, changipgecipitation patterns caused by climate change
have contributed to the emergence of drought conditions in southern Maine in recent years.

0 There have beed periods of severe to extreme drought in York County since 2000, 3 of
which have occurred in the last 7 years.

1 Average annual snowfall across the state has decreased about 2 inches since 1895 because
more precipitation is falling as rain rather than snow. Lower spring snowpack reduces aquifer
recharge, contributing to the emergence of drought.

0 Since 2017 maximum monthly snowfall amounts recorded in West Kennebunk have
declined steadily compared to the previous 2 decades.

1 Communities supplied by groundwater wells, rivers, or smaller lakes are at greater risk of water
guantity and quality impacts from drought.

o Inthe last decade the Kennebunk, Kennebunkport, and Wells Water District (KKWWD)
which manages Kennebu®kpublic water supplyhas experienced water quantity
challenges due to increasing customer demand.

o KKWWD now supplements the primary Branch Brook supply with several groundwater
wells. These past challenges indicate potential vulnerabilitpweer water quantities
during moe frequent, prolonged, or intense droughts in the future.

0 There are 571 private wells in Kennebuwarid groundwater levels were historically low
during the most recent droughts

0 During the2020 and 2022roughts45 and 15 dry wells were reported in York County
respectively.

1 Wildfire risk may increase with more frequent, severe, and intense droughts, and though the
likelihood of wildfires may remain lgwuch an event could have major impacts on the
community.

40MCC STS. 2020. Scientific Assessment of Climate Change and Its Effects in Maine. A Report by the Scientific and
Technical Subcommittee (STS) of the Maine Climate Council (MCC). Augusta, Maine. 370 pp.
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o In 2018 a major wildfire burned 60 acres near the KennebunkSamdordtown line.
This fire was not associated with a regional drought, but more wildfires have occurred
across the Statduring drier years suggesting that more frequent, prolonged, or intense
droughts in the future have the potential to increase wildfire risk in Kennebunk
threatening public safety and the natural environment.

Background Info, Trends, & Projections

Annual precipitation in York County has increased 6.9 inches since 1895 (see Extreme Storms &
Precipitation) and is expected to continue to increase with climate change. Despite wetter conditions
overall, changing precipitation patterns caused by clim&i@nge have contributed to the emergence of
drought conditions in southern Maine in recent ye&rBuring the winter, precipitation is increasingly
falling as rain rather than snow. Average annual snowfall across the state has decreased about 2 inches
since 1895, and reduced snowpack depth has been even more pronounced in southern, coasfal areas.
Spring snhowmelt recharges freshwater aquifers, so less snowpack in the spring diminishes spring
recharge and results in a lower water table. Low rainfall during the spring and summer, along with
higherthan-average temperatures can further deplete the watable, increasing the risk of summer

and fall droughtg?

In the last few years Maine hagperienced some of the drieperiodsin over a century. The driest May

to September period since 1895 occurred during the 2020 drought, and September 2020 was the driest
month since 1893 In York County there have been four periods of severe to extreme drought since
2000, which occurred during the summer and fall months of 28002, 2016, 2020, and 2022. There

was also an extended period of moderate drought in 2(Hi§ure?).

1 2001-2002: 73%L00% of the county was in a severe drought for 28 weeks from the end of
October to May 2002

1 2016: 67%L00% of the county was in a severe for 22 weeks from August to December, and 95%
of the county was in an extreme drought for 4 weeks from the end of September to mid
October

1 2020: 74%100% of the county was in a severe drought for 12 weeks from September to
December, and 709%6% of the county was in an extreme drought for 6 weeks from late
September to the end of October

1 2022: 66% of the county was in a severe drought faeéks in August

41 ME Drought Task Force Report, 10/6/2028ps://www.maine.gov/mema/hazards/droughtaskforce

42 University of Maine, Maine's Climate Future, 20B@ps://climatechange.umaine.edu/climatenatters/maines
climatefuture/

43 ME Drought Task Force Report, 10/6/2088ps://www.maine.gov/mema/hazards/droughtaskforce

4 ME Climate Council, Maine Climate Science Update 20&t//climatecouncil.maine.gov/reports
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U.S. Drought Monitor (USDM) for York County, ME

Weekly percent of area in drought
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Figure7. Drought conditions in York County from 2000 to 2022. Four severe to extreme droughts have occurred over the last 20
years and have been more frequent in the past decade. Data s@u&@®rought Monitor

As part of the Maine Cooperative Snow Survey, snowpack depth data have been collected at a survey
site in West Kennebunk since 1950 and reported to the Maine Geological Survey. Dueyteaa Gdp
between 1975 and 1990, we have focused on data from 1698« presentFigure8). In the past 30

years, March has generally been the snowiest month in this reg§ietween 1990 and 2000, snow

depths were relatively lowThe greatest maximum monthly snow depths recorded at the site occurred
between 2001 and 2008, and to a lesser extent between 2014 and 2017. In the last 5 years recorded
snow depths have declined steadily compared to the previous 2 decades.

Maine Cooperative Snow Survey
West Kennebunk Survey Site
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Figure8. Maximum snow depth at Saco Tannery Survey Site,-2092 Data source: Maine Geological Survey Cooperative
Snow Survey
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Combined snowfall amounts in Kennebunk during the winters of 2028nd 202122 were about 20 4

feet less than the previous 30 years, based on data from the Maine Drought Task Force. The snowfall
deficit overthesetwo winters resulted in reduced spring snowpack depth and aquifer recharge and
contributed to the emergence of a summer and fall drought in 282% future precipitation patterns in
southern Maine continue to shift towards more rain and less snow, the risk of drought will likely
increase.

Water Supply Impacts

Intense and prolonged droughts have the potential to diminish surface and groundwater supplies and
degrade water quality® Communities supplied by groundwater wells, rivers, or smaller lakes are at
greater risk of water quantity and quality impacts from drou¢fhthe Town of Kennebunk is serviced by
the Kennebunk, Kennebunkport, and Wells Water District (KKWWD) andrBBeook is the primary
a2dz2NOS 2F YSyySodzy1Qa Lzt AO g+ GSN) adzZLlLi & &

Water Quantity

h@dSN) GKS tFrad wn @SFNR YY225 KlFa aSSy | adzmadlydaa
because of a large influx of seasonal residents in the summertimectBBxrook alone cannot meet

peak summer demand, so KKWWD supplements the Branch Brook supply using several groundwater

wells. The district also has an agreement with neighboring water utilities in Biddeford and York to

purchase additional water supplies ifgessary. In the future, more frequent, prolonged, or intense
droughts have the poteritit (G2 SEF OSNB I GS YY225Q5% SEA&AGAY I 61 GSN

The United States Geological Survey (USGS) monitors daily streamflow conditions in Branch Brook. Since
2008, the lowest streamflows were recorded in September 2016, September 2020, and Auguyst 2022
coinciding with the three most prolonged and intense droughts in the region since 2008.

Groundwater supplies can also be impacted by drought. The USGS monitors groundwater levels in York
County at an index well iBanford(Figure9). Since 2000, the lowest recorded groundwater levels

occurred in November 2002, October 2015, and October 2€di6ciding with the 2002 and 2016
severedroughtsand the 2015 moderate droughGroundwater levels were also low in October 2020,
coinciding with the 2020 drought.

4 ME Drought Task Force Report, 10/6/2028ps://www.maine.gov/mema/hazards/droughtaskforce
46 ME Climate Council, Maine Climate Science Update 202t//climatecouncil.maine.gov/reports

47 Casco Bay Estuary Partnership, Climate Trends in Casco Bay, 2015:
https://www.cascobayestuary.org/publication/climatends-in-the-cascebay-region/

48 Kennebunk, Kennebunkport, and Wells Water Disttittps://www.kkw.org/aboutus-2
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USGS Groundwater Index Well, Sanford, Maine
Depth to water level, ft below land surface
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Figure9. Groundwater levels in York County measured at an index wedinford 20012021 Data source: United States
Geological Survey

In addition to the groundwater wells that KKWWD sigesupplement surface water supplies from
Branch Brook, there are a total of 571 private wells in Kennebunk (383 wells have location data and are
displayedn Map 20), and 75% of these wells are for domestic use.

Since 2020, the Maine Drought Task Force has collected data about wells that run dry due to drought
(Tablell). In 2020, 45 wells in York County ran dry compared to 2 in 2021, and 15 in 2022. Though these
data are limited, they correlate with the intensity of the 2020 drought compared to the 2022 drought. In
the future, more frequent, prolonged, or intense drougltould pose a risk to KKWWD and the

hundreds of homeowners and businesses in Kennebunk who rely on groundwater wells as their water
source.

Tablell Number of dry wells in York County in 2020, 2021, and 2022. Data source: Maine Emergency Management Agency

Maine Dry Well Survey

Year 2020 2021 2022
York County 45 2 15
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Map 20. Location of aquifers and private wellskennebunkandwell use type. Data source: Maine Geological Survey
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