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ABSTRACT

The impending threat of sea level rise (SLR) to coastal communities around the world is
increasing every day. Impacting both humans and our ecosystems, climate change and global
warming are wreaking potentially irreversible havoc on many communities that live near the
ocean. An in-depth analysis of the risk posed to these communities is vital in planning for, adapting
to, and mitigating the impacts of SLR. The first step in this assessment is examining both the
critical infrastructure of an area, including buildings, roads, emergency services and aquifers, as
well as the regional ecosystem services threatened by SLR, such as erosion protection from dunes
and carbon sequestration from wetlands. One community suffering directly from the threat of SLR
is Phippsburg, Maine, a coastal town home to around 2,000 people. This thesis is the beginning of
a comprehensive and integrated risk analysis that will aid the town of Phippsburg in planning for
their future. I conducted a variety of geospatial analyses in ArcGIS to determine which areas are
most vulnerable to inundation based on the impending SLR in Phippsburg and the associated storm
surge projections. The results suggest that coastal homes, roads, and bridges are in the most danger,
and I make a variety of future planning recommendations for Phippsburg to appropriately adapt to
the changing planet. The town of Phippsburg is in moderate to severe inundation danger as the
century progresses, and the town’s comprehensive plan, as well as the citizens of Phippsburg, will
benefit greatly from further data collection and analysis.
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L. INTRODUCTION

In coastal settings all over the world, rising sea levels threaten land, homes, livelihoods,
and communities (Correll et al., 2018; Titus et al., 1991; Wu et al., 2009). As global temperatures,
greenhouse gas emissions, and continued industrial growth are all on the rise, the impacts of
human-caused climate change will soon be felt in a multitude of ways, namely the onset of rising
sea levels, ocean acidification, warmer temperatures, and extreme weather events (Jay et al., 2018).
Maine’s rocky bluffs, sandy beaches, and coastal communities are susceptible to both short and
long term effects of sea level rise (SLR), due to Maine’s location in the North Atlantic sea level
rise hotspot (Hay et al., 2015; Sallenger et al., 2012; Wu et al., 2007; Yin et al., 2009). In this
paper, I explore the potential coastal vulnerabilities in Phippsburg, Maine, a coastal town in south
central Maine (see Figure 1). Phippsburg is currently in the drafting stages of its 2020
comprehensive plan, and for coastal communities, considering future climate change impacts for
the coming decade and the coming century are crucial for effective development and budget

planning.
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L'Jﬂ‘
V3

Figure 1. Location of Phippsburg, Maine.

Not only are coastal communities the most vulnerable to SLR, but these regions also

experience flooding and seasonal storm events which will only exacerbate the real implications of
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rising sea levels. Flooding and storm events raise the high tide, which, in low-lying, coastal areas,
can be enough to inundate a region without the added variable of SLR. Seawater inundation will
affect homes, roads, other commercial developments and critical infrastructure, in addition to
Maine’s coastal ecosystems. While beach systems like Popham State Park are naturally protected
by salt marshes and dunes, the potential migration and/or loss of these systems is just as important
to study and plan for as land inundation.

Although the realistic timeframe of SLR is unknown, both short-term and long-term
planning are necessary to ensure that coastal communities like Phippsburg are prepared for the
future. While comprehensive plans are generally for the coming decade, the decisions made, plans
written, and budgets allocated in these plans make lasting impacts through the end of the century.
Hence, considering how coastal Phippsburg will look in 2100 today serves as an important
foundation for planning and adaptation.

The type of adaptation that a community chooses should be based on the kinds of coastal
threats facing the region, in addition to the areas and infrastructure most vulnerable to SLR.
Adaptation strategies range from physical barriers like seawalls to managed community retreat.
My primary research question is: What coastal property and critical infrastructure in Phippsburg
are most vulnerable to flooding from sea level rise and storm surge under moderate and severe
emissions scenarios by the end of the century? Using ArcGIS, I mapped four sea level rise
scenarios onto Phippsburg to illustrate and analyze the primary coastal vulnerabilities in the town.
I found that the main focus of town planners should be coastal parcels and roads (specifically
homes by Popham Beach), in addition to the areas most susceptible to marsh migration in the
future. I also provide recommendations for the comprehensive planning committee and process

to inform future adaptations in Phippsburg.
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II. REVIEW OF THE LITERATURE
SEAS ARE RISING

Beginning in the early 20th century, the rate of global sea level rise increased sharply in
relation to the relatively stable background of the past ~2000 years (Church and White 2006, 2011;
Engelhart et al., 2009). Rapidly increasing sea levels are consistent with global temperature rise
for at least the past millennium (Kemp et al., 2011). Hence, sea level rise (SLR), driven by
anthropogenic global climate change, presents a clear and highly consequential risk to the United
States over the coming decades and centuries. The consistent burning of fossil fuels, rapid
urbanization and industrialization, and deforestation of our planet has brought us to understand
that climate change is human caused. Rising seas threaten permanent damage, displacement, and
submersion of extensive coastal land, infrastructure, ecosystems, and communities (Correll et al.,
2018; Titus et al., 1991; Wu et al., 2009). While scientists agree that the future rate of global sea
level rise will be controlled primarily by the thermal expansion of oceans and the melting of
glaciers, ice caps, and ice sheets (Church et al., 2013; Kopp et al., 2014), the timeline and severity
of rising seas are still debated.

The most widely accepted, accredited, and utilized climate change scenarios are known as
Representative Concentration Pathways, or RCPs (van Vuuren et al., 2011). These projections
cover the years 1850-2100, and essentially model the effects of different concentrations of
greenhouse gases on our climate’s future. These scenarios are driven, in part, by the various
pathways towards GHG emissions reductions that society makes, specifically how much we reduce
emissions by and in what timeframe. While van Vuuren et al.’s RCPs do not explicitly quantify
sea level rise, future SLR scenarios are closely related to these RCPs (Dickson et al., 2020; Kopp
et al., 2014). The four RCPs are described below, and all scenarios are by 2100 (Dickson et al.,

2020; van Vuuren et al. 2011):
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o RCP 2.6 refers to scenarios with very high cuts to our greenhouse gas emissions in the

future, otherwise known as “low emissions”, and leads to a 2.8°F temperature increase by

2100, compared to 1850-1990.

e RCP 4.5 refers to intermediate emissions, and would require a major emissions decline

after 2050. Global temperatures would rise by 4.3°F on this pathway.

e RCP 6.0 is another intermediate scenario, leading to emissions stabilizing in the latter half

of the 21st century, and leading to 5.4°F of warming by the end of 2100.

e RCP 8.5 is the business as usual, high emissions projection, as this is the track we are

currently on. With this pathway, we see 7.7°F of warming by the end of the century.

Global sea level (GSL) rise projections are often modelled after RCPs. Horton et al.

conducted an expert assessment in 2013, and, in a seminal 2014 paper, Kopp et al. made similar

projections to those made by Horton et al. with a 90% probability: GSL rise of 0.3-0.8 m under

RCP 2.6; 0.4-0.9 m under RCP 4.5; and a GSL rise of 1.8-2.5 m under RCP 8.5 by the year 2100

(Kopp et al. 2014). These findings were later corroborated by Nauels et al. (2017) and Sweet et al.

(2017). See Figures 2 and 3.
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Figure 2. Global mean sea level rise by 2100, showing the probabilistic range and conditional probabilities for

developing RCPs (Sweet et al. 2017).



Seas Are Rising: Assessing Coastal Vulnerabilities in Phippsburg, Maine 10

NOAA Global Mean Sea Level (GMSL) Scenarios for 2100
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Figure 3. Global mean sea level rise in meters by 2100, including the low, intermediate, and high RCPs (Sweet et al.
2017).

Coastal communities around the globe are most vulnerable to ocean changes and epitomize
the notion of “at-risk” territory for SLR and its consequences. But sea levels will not all rise the
same amount; in fact, localized subsidence and variations in temperature and salinity across the
globe will have dramatic implications for the vulnerability of coastal communities in the coming
centuries. This is referred to as relative sea level rise, which accounts for both subsidence of the
earth’s surface and rising sea levels.

The Atlantic coast of North America has been identified as a hotspot for SLR (Hay et al.,
2015; Sallenger et al., 2012; Wu et al., 2007; Yin et al., 2009). Dynamic redistributions of ocean
mass, changes in the gulf stream, and long-term changes in winds, air pressure, freshwater vents,
and ocean currents are all contributing factors. In a 2007 study, Wu et al. estimated a total
inundation of 2,600 km? for the mid and upper Atlantic region by 2100. Accounting for local high
tide ranges in the analyses leads to a 3,800 km? inundation by the end of the century. The Gulf of
Maine is also getting warmer at an alarming rate: by 2050, it will be 1.5°F warmer than today
(Fernandez et al. 2020). This region is seeing increases in precipitation (up 12% for the century),

as well as periods of severe drought (Walmsley et al. 2010). New England and the Northern

Atlantic region are both prone to tropical storms and cyclones. The Gulf of Maine sees between 2
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and 5 tropical storms a year, and more storm events lead to a higher frequency of storm surge
(more on that later).

With the longest coastline of any state in the country, Maine’s varied and extensive coast
has even more localized SLR projections. Phippsburg is located on the northern edge of Casco
Bay, about 40 miles northeast of Portland. As the largest metropolitan area in Maine, Portland is a
populated and vulnerable coastal community; hence, most major projections for the state use tide
gauge data from Portland. Four scenarios, developed by Sweet et al. in 2017, have been used by
Slovinsky and Dickson to create potential SLR scenarios for Portland by 2100. The Scientific
Technical Subcommittee for the state of Maine’s Climate Council recommends preparing for a
likely range of sea level rise associated with the high scenario from Sweet et al. 2017 (Dickson &

Slovinsky 2020). See the projections below, in Table 1.

67% PROBABILITY SLR (FT) IS BETWEEN:
RCP 4.5 RCP 8.5 SW17-I SW17-H SW17-H
1.1-3.0 1,6-3.9 3.0-4.6 4.5-7.0 1.7-9.3

Table 1. Likely range of SLR in feet by 2100 with a 67% probability, using Kopp et al.’s RCPs and Sweet et al.’s
scenarios. SW17-I = intermediate, SW17-IH = intermediate-high, and SW17-H = high.

FLOODING AND STORM SURGE

While SLR represents a massive threat to our coasts, we must also consider the other annual
changes and events that our climate brings, including storms and floods. Storm surge refers to the
abnormal rise of water generated by a storm, over and above a predicted astronomical tide
(National Ocean Service, 2019). While the southern region of the US eastern seaboard experiences
hurricanes, New England and the Upper-Atlantic experiences Nor’easters, which result from the
mixture of arctic cold air from polar jet streams and warm air coming up from the Gulf of Mexico
(National Weather Service). When examining storm surge, it is important to consider the highest

astronomical tide (HAT), which refers to the highest predicted tide at a given location, in a given
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year. SLR will inevitably elevate future tide levels, meaning that the HAT in 2100 will be higher
than the HAT today; the question is by how much? Due to increasing global temperatures and
changing weather dynamics, storm surges in the Gulf of Maine may increase 0.3 to 0.5 feet in the
next 40 years independent of sea level rise (Yin et al., 2020).

High tides in low lying areas cause flooding, and flooding tends to be worse when storms
hit during high tide. Flooding refers to a temporary overflow of water onto a previously dry area,
and accounts for the most common natural disaster in the US (ready.gov, 2020). Floods occur in
heavy rain, when ocean waves hit land, when snow melts quickly, or when dams, levees, or other
coastal structures fail. Large rain events and the runoff to low-lying areas that follows is also a
major cause of flooding events. Between 2001 and 2015, Portland experienced an average of 6.5
flooding events/year; by 2045, Portland is expected to see an average of 46.1 flooding events/year
(Dahl et al., 2017). The EPA’s Climate Resilience Evaluation and Awareness Tool (CREAT)
estimates that, while today Portland is flooded an average 5 days/year, with an additional 3.3 ft of
SLR, there will be an average of 361 flooded days/year—i.e., essentially year-round flooding
(EPA, 2020). SLR does not occur in a vacuum, and as we consider how to best plan for, manage,
and mitigate rising seas, understanding and accounting for storm surge, tides, flooding, and other
climate change factors is crucial.

ADAPTATION STRATEGIES

Sea level rise, flooding, and storm surge are independent and interrelated threats, and they
are also most experienced locally. In considering the variety of approaches necessary to mitigate
and manage these threats (including at the international, national, and state levels), local and

municipal management play a crucial role in the success of communities’ ability to combat climate
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change. There are four main categories of adaptation strategies: protection, accommodation,
management/avoidance, and retreat (Butler et al., 2016; Mitchell et al., 2013; Wong et al., 2014).

e Protection includes soft or hard engineering systems to prevent existing land from
flooding and erosion due to SLR. This may include levees, storm surge barriers, and beach
and dune nourishment and/or marsh creation.

e Accommodation refers to the process of altering existing structures, assets, and
infrastructure to reduce vulnerability to SLR. This may include raising buildings and roads
above flood levels and creating warning systems for towns and communities.

e Management/avoidance aims to eliminate/prevent development in high risk areas,
including new zoning laws or setbacks for the town. This strategy is helpful in planning for
future development, but does not include plans for existing infrastructure as a benefit.

e Retreat refers to the relocation of existing assets, infrastructures, and people to places that
are less vulnerable to SLR impacts.

Each of these four tactics has benefits and drawbacks, and as coastal communities navigate the
decision-making process for coastal adaptation, it is important to consider factors such as
population size, existing infrastructure, projected growth, and surrounding land use.

Coastal communities across the globe are experiencing SLR in different ways and at
extremely varying rates. Hence, there is no uniform response. New York City is planning to build
a $335 million seawall around Manhattan. Certain regions in Florida are planning to raise all roads
and streets by 2 feet, while other municipalities in the state are opting for a natural infrastructure
solution, which includes the construction of dunes, mangroves, oyster reefs, and seagrass habitats.
In Virginia, coastal communities are purchasing and building a pump and drainage system for the

rivers and tributaries by the coast. And off the coast of Louisiana, certain coastal communities are
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in the midst of the 36-home resettlement process (Sea Level Rise ,2020). As SLR is affecting
communities across the country at varying rates, local governing bodies are charged with assessing
their own municipalities and implementing their own plans. With SLR adaptation, there is no
formula or one-size-fits-all approach; while some municipal budgets and socio-political cultures
may lean toward protective measures such as seawalls, other communities may believe that
accommodation measures, or even retreat, may be more cost-effective or appropriate for that
community.

THE COMPREHENSIVE PLAN

With approximately 5,200 miles of affected coastline, Maine is particularly susceptible to
SLR. Although Maine has been aggressive with coastal zoning legislation at the state level, these
regulations are often aimed at protection of shoreline habitats from erosion, rather than specific
climate change mitigation measures. Hence, coastal towns and municipalities are largely
responsible for local land use and climate change-specific adaptation planning. Damariscotta and
Vinalhaven have already seen their downtown areas impacted by flooding. Portland has been
affected most by nuisance flooding and higher than average tides. Across the state, however,
residents have experienced more frequently inundated causeways, roads, and even ferry terminals
(Arnold, 2020).

Historically, Maine has prioritized climate change and its impacts, investing resources in
its coastal communities. In the 1990s, Maine was a national leader, with only two other states, to
have specific SLR policies in place, though Maine’s coastal program dates back to 1978. Maine’s
coastal program acknowledged and developed legislation based on SLR starting in 1979 (though
referring to it as natural post-glacial rise), and, in the late 1980s, Maine became a national leader

with a new set of coastal laws, the sand dune rules (SDRs). Today, SDRs, which are a part of the
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Coastal Wetlands Act, prohibit the building of new hardening structures such as seawalls, and
contain restrictions on development in high hazard, 500-year flood zones. Maine SDRs also
include the strictest nationwide retreat policy: not allowing any structure to be rebuilt if it was
damaged more than 50% in a storm unless the permittee can demonstrate that the building site will
remain stable after allowing for a 3 ft rise in sea level over the next 100 years (Moser, 2005).

While SDRs represent a concrete and specific lawmaking tool for coastal resilience,
research and planning processes can take a variety of forms. In a recent 2016 study on land use
planning adaptation and SLR, Butler et al. identified three categories of adaptation initiatives that
municipalities can take: 1) a hazard assessment, which can include current impact identification,
hazard identification, and/or a vulnerability assessment; 2) non-binding adaptations, which can
include an action plan or a local mitigation strategy; and 3) adaptation commitments, which can
include a comprehensive plan, capital improvement, and/or land development codes. Butler et al.
also recommend an “ideal approach”, which states the importance of a vulnerability assessment,
adaptation initiatives that support community resilience, and land use planning that includes close
monitoring of local SLR vulnerability. Ultimately, comprehensive plans serve as the foundation
for more actionable steps for adaptation and resilience, including the four main strategies outlined
above. However, these plans are only as strong as the follow-through on the part of town officials,
consultants, and concerned and committed citizens to take action to ensure the safety and resiliency
of their communities.

So how are municipalities responding? Comprehensive plans, which are 10-year guides for
municipal level decision making around resource allocation and land-use, are a crucial first step in
forecasting future growth for towns. In the past ten years, approximately 130 cities and towns in

Maine have successfully completed and submitted comprehensive plans (Municipal Planning
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Assistance Program, 2020). Although the state of Maine does not require comprehensive plans
(Schauftler, et al. 2013), comprehensive planning documents are legally binding and come with a
number of state-based incentives to encourage smart and sustainable forward thinking.

Municipalities with comprehensive plans can enact localized legitimate zoning, obtain
grants, issue National Resources Protection Act (NRPA) permits, among other benefits (Maine
DACF, 2016). To successfully write a comprehensive plan, towns must assemble a regional
comprehensive planning committee, consisting of elected officials and interested and committed
citizens. Some of the required elements of the plan include a vision statement, a public
participation summary, a future land use plan, and topic area components, which can range from
natural resources, to housing, to the local economy (State Planning Office, 2011). Considering,
including, and analyzing climate change impacts is optional in Maine; however, addressing SLR
and flooding impacts is, yet again, crucial in setting coastal town agendas and opening
conversations with citizens and governments.
CRITICAL INFRASTRUCTURE & ECOSYSTEM SERVICES

In understanding which areas of a community are most vulnerable to SLR, we must
consider the natural environment, the ecosystem services, the human geography, and the critical
infrastructure of the area. Roads, bridges, and buildings (both residential and commercial) are often
taken for granted in our people-centric discussions of climate change and its impacts, but in
thinking about emergency response, disaster relief preparedness, vulnerability to flooding, and
potential evacuation, roads and bridges are clearly invaluable infrastructure. In low-lying
communities, roads also tend to be lower than surrounding land in order to allow water to drain
onto the street. In considering the impact of SLR on roads, however, we must consider that roads

are often the first to flood in a storm/high tide event (Titus, 2002).



Seas Are Rising: Assessing Coastal Vulnerabilities in Phippsburg, Maine 17
Bridges also pose a unique challenge to communities facing SLR. For peninsulas such as
Phippsburg, as well as so many other coastal towns in Maine, narrow strips of land, raised bridges,
and causeways link these communities to the greater state. These causeways are often low lying
and are the first to flood. Cement pavement is impermeable, meaning that in the event of a storm
event or flood, water simply runs off or floods roads and bridges, rather than draining into grass
or soil nearby. And of course, roads and bridges are how community members travel to work,
school, and home. In considering Phippsburg specifically, Popham Beach State Park is a tourist
destination in the state of Maine, with one highway leading to it. In smaller communities such as
Phippsburg, one flooded road could leave a number of homes, streets, and amenities inaccessible.
Including roads and bridges as critical infrastructure to be prioritized in the SLR vulnerability
assessment is strategic and important. Other forms of critical infrastructure to consider include
hospitals, fire stations, schools, and other public spaces necessary in an emergency response.
Though quite a different form of infrastructure, marshes and wetlands provide protection
from erosion, and water quality improvements, and serve as storm surge buffers, permeable surface
area in flood events, and vibrant habitat for wildlife (NOAA). With 5,300 miles of tidally
influenced coastline, Maine beaches range from sandy to rocky, high energy wave action to low
energy bays and inlets (Maine DEP 1999). There are approximately 145,069 acres of intertidal
habitats in the state. Of this, salt marshes make up roughly 20,000 acres, and in the South Central
region (where Phippsburg is located), there are 6,866 acres of salt marsh on the coastline. This salt
marsh acreage is fundamentally responsible for coastal protection of ecosystems and communities.
Coastal wetlands and salt marshes are also being lost at an alarming rate--just as rising seas are
affecting land and people, salt marshes and other staples of our ecosystem are in danger (Texas

A&M). The salt marsh and wetland natural response to SLR is inward or upland migration,



Seas Are Rising: Assessing Coastal Vulnerabilities in Phippsburg, Maine 18
meaning that as seas rise, coastal marshes in Maine are going to migrate inland (as seen in figure

4).

Coastal marshes, uplands, forests, and estuaries provide critical habitat and
ecosystems services throughout the Northeast.

Present

Bluffs will erode, and barrier islands

and beaches will migrate landward,
Forests, uplands, and marshes will either adapt to changing erode, or narrow, particularly where
conditions by migrating landward or will become submerged. sediment supply is limited.

Possible Future

Coastal erosion and flooding will
require ongoing efforts to protect
or adapt existing development.

Figure 4. Coastal areas today, and the possible future of bluff erosion and beach and marsh migration, illustrating how

SLR will further affect developed coastal communities (Fourth National Climate Assessment Ch. 18.7, 2018).

As our coastlines move and shift dynamically over the next century, understanding how marsh
migration will affect municipalities is another crucial step in the comprehensive plan for the future.
Key ecosystem adaptation should not be hindered by future land use development.

As anthropogenic climate change’s impacts are becoming increasingly real for coastal
communities in the US, we must work to understand the causes, consequences, and trajectory of
SLR in the coming century. The comprehensive planning process is ideal for conducting
vulnerability assessments, evaluating priorities, and allocating resources for coastal communities
thinking strategically about the future. While there is no adaptation plan that works for all
communities, municipalities must examine the local critical infrastructure in danger to determine

a realistic set of SLR adaptation and mitigation measures.
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I1I. METHODOLOGY
STUDY AREA
This project is focused on Phippsburg, Maine, located in Sagadahoc County. Phippsburg

is a peninsula in the south central region of Maine, situated on the northern edge of Casco Bay.
The population of the town is 2,130, with 97% of residents identifying as white. The median
household income is $72,419, with 1,026 households in the town (ACS 5-year estimate, 2018).
Nine small villages make up the town of Phippsburg, and the preservation of these villages, as well
as the rural character of the town, ocean access, and historically significant sites, are among the
most important features of Phippsburg’s future planning efforts. As of the most recent
comprehensive plan, Phippsburg was the third fastest growing town in Sagadahoc county
(Phippsburg Comprehensive Plan 2006).

The coast of Maine is made up of a combination of rocky shorelines, sandy beaches, salt
marshes, bluffs, and dunes, and the Phippsburg region is home to each of these coastal features.
The geology of Phippsburg consists mostly of granite bedrock with some deeply sloping schists in
the north-south direction. In considering Phippsburg’s vulnerability to sea level rise, Popham
Beach State Park represents a coastal environment entirely different from the rest of coastal town
boundaries. The sandy beach, dunes, and tidal marshes behind Popham have undergone centuries
of erosion already, making these coastal features all the more vulnerable to rising seas. Popham
makes up 529 acres of the town and is home to one of the largest sandy beach environments in
South Central Maine (Phippsburg Comprehensive Plan, 2006). Both the Kennebec and Morse
Rivers run alongside the Popham Beach area, and while the Kennebec is far larger, the Morse is
responsible for the majority of erosion and beach changes in Popham throughout history (Gordon

and Dickson, 2016).
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In addition to Popham, tidal wetlands are extremely important in Phippsburg, for both
environmental and community resilience. Along the Kennebec River, which is located on the
eastern edge of the peninsula, the marshes and flats that line the river shores provide year-round
protection from flooding. Coastal marshes and wetlands are also integral to SLR resilience, as they
are responsible for buffering wave energy and can store significantly higher levels of saltwater
than dryland. Gravel and clay bluffs, which are commonly found in Maine’s coastal regions, also
benefit from the natural rebuilding and inland migration of salt marshes in response to SLR. Some
major dune and beach systems in Phippsburg include Popham, Seawall Beach, Small Point Beach,
and Bailey Beach (Phippsburg Comprehensive Plan, 2006). These represent some of the sand
systems that will prove to be most vulnerable in response to rising seas. Figure 5 indicates which

coastal regions in Phippsburg are most stable.

g N

Other

- = Highly Unstable
Unstable
Stable

No Bluff
Unmapped

0 0.2505 1 Miles _ Sources: Esri, H in. Intermep, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GecBase,
. : IGN, K. Survey, EsriJapan, METI, Esri China (Hong Kong). {¢) CpenStreetiiap

; ster NL, Ordn.
R Y O O™ | contributers, and the GIS User Community
Created 11/21/2020

Figure 5. Coastal bluff stability in Phippsburg.
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METHODS

To assess Phippsburg’s coastal vulnerability to SLR in the coming century, I relied heavily
on publicly available Geographic Information Software (GIS) data from the state of Maine. Free,
online datasets for a variety of infrastructures, land use types, and natural environments are readily
available. After collecting data, I created a series of maps in ArcGIS to show Phippsburg’s
vulnerabilities to two different SLR scenarios, in addition to existing highest astronomical tide
(HAT) and storm surge, also known as SLOSH. I analyzed road segments, bridges, and land
parcels in danger, as well as marsh migration in the area in the coming century.

The datasets I used to create mapping fall into two distinct categories: (1) Phippsburg
infrastructure and environment and (2) SLR projections. The infrastructure in question includes
land parcels, conserved land, wetlands, marshes, wells, roads, bridges, schools, hospitals, and
emergency stations. Fortunately, the last three listed (schools, hospitals, and emergency stations)
are located in the center of the peninsula, rendering these crucial areas safe from current SLR
projections. For the second category, I chose to map HAT, HAT + 3.9 ft, HAT + 10.9 ft, and
SLOSH onto the region in question. Maine has six published SLR scenarios for the state, which
range from 1.2 to 10.9 feet. After assessing global mean sea level (GMSL) rise scenarios and
reviewing various other regional plans, I settled on a low scenario (3.9 ft.) and a high scenario
(10.9 ft). While comprehensive plans are generally for 10-year periods, these estimates are for
2100. Infrastructure vulnerabilities and land use planning today will influence the future of
communities through the end of the century and beyond, and as stated in the review of the
literature, the timeframes associated with climate change projections are not exact.

Sweet et al.’s low estimate, which sits below RCP 2.6, is around 3 ft of GMSL rise, while
their highest scenario, parallel to RCP 8.5, is around 8 ft of GMSL rise. Accounting for Maine’s

accelerated SLR rates, I selected 10.9 ft as a cautious high estimate.
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e Highest Astronomical Tide (HAT): highest predicted tide in a year, in feet, NAVDSS.
*Note that two tide gauge stations are located in Phippsburg, one at Hunniwell Point (near
Popham) and one on the eastern coast of the peninsula on the Kennebec River.

e HAT + 3.9 ft: low projection

e HAT + 10.9 ft: high projection

e Sea Lake and Overland Surges from Hurricanes (SLOSH): combined storm surge
inundation from category 1-4 hurricanes at mean high tide.

After selecting my SLR projections, I mapped each scenario (including HAT and SLOSH)
onto the town and commenced with geospatial analyses. I estimated the number of parcels
inundated for each scenario and miles of road inundated, and determined which bridges may be in
danger. Note that SLR projection mapping does not account for erosion and other physical
shoreline changes; Popham, for example, will experience significant wave and wind erosion in the
coming decades, which will affect the coastal region independently of rising seas. As the effects
of SLR will be felt quite locally, I selected six locations in Phippsburg on which to focus. These
locations can be seen in figure 6. With the exception of the Basin Preserve location, which is an
important plot of conserved land in Phippsburg, these sites are generally most affected by
inundation projections. I also show conserved land areas in Phippsburg in all maps, for the purpose
of future land-use planning in these areas. Coastal areas of the town which are already conserved
(and hence, generally non-developed), are areas which should continue to be conserved; coastal
areas that will experience significant inundation are potential areas that Phippsburg could choose

to conserve or preserve in the future.
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Figure 6. Map of Phippsburg, showing the six mapped sites.
Lastly, I mapped marsh migration under two different SLR projections, 3.3 ft and 6 ft. This

is due to limited data availability, as marsh migration datasets for 3.9 and 10.9 feet were not
available. Marsh migration refers to the natural response of marshes and wetlands to SLR: to move
inland and upland. In considering future land development in Phippsburg, being able to predict

where these ecosystems will move is crucial.
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IV.  RESULTS

Assessing which areas in coastal communities are most low-lying and vulnerable to SLR
is a crucial step in the comprehensive planning process. By mapping various SLR projections onto
the parcels, roads, and conserved land in Phippsburg, we are able to see which critical
infrastructure, property, and ecosystems are most vulnerable. In the following sections, I examine
the impacts of SLR, SLOSH, and marsh migration in Phippsburg, using six key sites to more
closely examine the effects of SLR on roads, parcels, and acreage.
ACREAGE AND PARCEL LOSS

Phippsburg is approximately 45,440 acres total, with 2,147 registered parcels within the
town boundaries. After overlaying four different SLR scenarios onto the town, I compiled the
quantitative results in Table 2. Note that the highest astronomical tide (HAT) has the possibility

of inundating 720 acres of land a year; though as we move forward with climate changes, the HAT

itself will be higher.

HAT HAT + 3.9 HAT + 10.9
acres inundated 720 (0.01%) |809 (0.02%) (970 (0.02%)
parcels inundated 574 948 1062

Table 2. Acres and parcels inundated under four different projections, with acreage percentage of Phippsburg

represented for each layer. SLOSH refers to hurricane categories 1-4 combined.

After examining all mapping, Popham has the most area and parcels inundated (see Figures 7 and
8). After closely examining the satellite imagery for Popham, it is clear that there are many
beachfront homes which are in vulnerable positions to both high tide and to future SLR and storm
surge. Winnegance will also experience a significant amount of flooding (even at high tide),
however satellite imagery reveals that buildings in this region are located on or adjacent to

Highway 209 and are significantly spread out. Hence, Popham is the first area of priority in terms
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of parcels and acres inundated, due to the density of its residential developments. To see more SLR

site maps, see Appendix A.
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Figure 8. Satellite imagery of Popham Beach in Phippsburg. Note the beachfront homes.
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ROADS & BRIDGES

Considering inundated roads is critical for land use and emergency planning. Phippsburg
homes that will not be accessible by emergency vehicles will need other forms of contingency
infrastructure and transportation support when this inundation becomes a reality. I found that under
HAT + 10.9 ft, 6 miles of roads in Phippsburg will be inundated, and with SLOSH, all hurricane
categories combined, 31 miles of road will be inundated. I also found that two Phippsburg bridges
are in danger of flooding: the Winnegance Bridge (see Figure 9) and the Phippsburg Sluiceway

(see Figure 10). Additional road inundation maps are presented in Appendix C.
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Figure 9. Road inundations and bridge inundation at Winnegance, Phippsburg.
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Figure 10. Road inundation and bridge inundation at Parker Head, Phippsburg.
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Highway 209, or Main Road, is vulnerable to flooding in each of the three road inundation
sites through which the highway runs. In Small Point, Highway 216 or Small Point Road is also
vulnerable to both SLOSH and HAT + 10.9 ft. flooding (see Figure 11). In rural areas such as
Phippsburg, the flooding of highways can effectively cut off huge portions of the peninsula, as
roads and thoroughfares are few and far between. The possible flooding of both highways 209 and
216 would eliminate emergency vehicle access, as well as the evacuation routes for approximately

570 addresses (TNC, 2020).
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Figure 11. HAT + 10.9 and SLOSH road inundation at Small Point.
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SLOSH & STORM SURGE

While Popham and Small Point (which includes the Bates Morse Mountain Conservation
Area) both show high levels of flooding in SLOSH, these areas are also home to lots of sandy
beach and wetland areas. Winnegance, however, also shows high flooding during storm surge (see

Figure 12).
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Figure 12. SLOSH inundation at Winnegance, Phippsburg.

Including the Winnegance Bridge, this area is adjacent to the Winnegance Creek, with areas of

land which are not nearly as permeable to water as the wetlands and sandy beaches of Popham and
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BMMCA. This is an area of particular concern with regards to storm surge. To see more SLOSH
mapping, see Appendix B.
MARSH MIGRATION

I mapped marsh migration in four coastal locations under two different scenarios: 3.3 feet
and 6 feet of relative SLR. While Winnegance and Small Point show the most amount of marsh
migration, see Figure 13 for the Parker Head map, which is of particular residential interest. Here,
we see that with 3.3 feet of SLR, marshes will be migrating into parcel land. While many of these
parcels are not built up (potentially due to the already migrating Mill Pond), these areas will be
especially vulnerable to storm surge and SLR as the marshes, flats, and wetlands in this area move.
Future development in this area, and any areas of potential marsh migration, would curtail the
ability of the marsh to migrate, fundamentally undermining its ability to provide flood mitigation
and other ecosystem services, such as carbon sequestration. This point is important, considering
that the population in this area is expected to rise, which may drive further residential land

development.
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Figure 13. Marsh migration at Parker Head, Phippsburg.
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V. DISCUSSION

In the following sections, I will be discussing the potential vulnerabilities and impacts of
SLR in six key sites in Phippsburg (see Figure 6 for a map). Understanding how SLR will affect
the future is important, and prioritizing specific coastal areas, streets, and parcels is a crucial step
in land-use planning and development for the coming decades.
POPHAM BEACH

Popham Beach stands as the most overall vulnerable area in Phippsburg, with a number of
beachfront homes (see Figure 8) and a relatively unstable coastal bluff (see Figure 5). While
Popham’s low lying sand spits, dunes, and mudflats make this region generally permeable to sea
water and susceptible to wave absorption, these features also mean this area is especially
vulnerable to climatic changes, due to the fragility of the beach system. Not only could storm surge
(seen below in Figure 14) inundate Highway 209, but Figure 7 shows that high tide can flood this
road, as well. Flooded roads, however, are of less severity in comparison to flooded homes. See

Figure 14 below to see hurricane inundation areas on Popham.
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Figure 14. SLOSH inundation for hurricane categories 1-4 at Popham.
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The fragility of this region is further highlighted by understanding that high tide inundation will
likely become greater throughout the next decade, meaning that SLOSH inundation, seen above,
will grow as well. Storm surge is in addition to the existing tide, meaning that SLR in the coming
decade will amplify the damage of future storm events, even if storm surge is held constant.
SMALL POINT

The SLR vulnerabilities at Small Point are largely a result of the expansive salt marsh
adjacent to the Bates Morse Mountain Conservation Area (BMMCA). Today, the BMMCA
walking area is completely flooded at high tide, but perhaps of more concern for future planning
are the beachfront homes on Small Point Beach and Flat Point, as illustrated in Figure 15. While
Small Point Beach is not susceptible to nearly as much inundation as other “blue” areas on the
map, these are some of the most vulnerable properties, again, due to the beach system in which
they are located. The area in red just north of Small Point Beach is Flat Point, an area with a
number of homes which are clearly quite vulnerable to future SLR inundation. The Morse
Mountain wetland area will also have significant marsh migration (seen in Appendix D), which

will be an important factor in considering adaptation techniques for parcels in this location.
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Figure 15. Small Point Beach (the southern location) and Flat Point (the northern location) homes outlined in red.
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SEBASCO

The Sebasco area is another relatively developed coastal location. While the SLR and
SLOSH projections for this area are not as alarming as other locations in Phippsburg, Pine Drive,
the road adjacent to Wah-Tuh Lake, will be completely inundated under the 3.9 ft. scenario, and

is potentially flooded during HAT currently (see Figure 16 for the mapping and satellite imagery).
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Figure 16. Sebasco SLR inundation on the left, with satellite imagery of the indicated area on the right.

THE BASIN
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The Basin was selected as a mapping location due to its conservation properties, and,
fortunately, I found that this area will not be heavily inundated by SLR. The preserve itself is in
good position, along with the homes just north of this area. The Nature Conservancy-owned area
is about four miles of coastline and 1900 acres (TNC, 2020), and the saltwater inlet known as the
Basin is also protected from major SLR damages. One potential idea for TNC and other private

easement owners in Phippsburg to consider is to expand the conservation area to more low-lying
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coastal areas, as conserving these areas will eliminate the possibility of future development in areas
most threatened by SLR.
WINNEGANCE

The Winnegance Bridge and surrounding areas are virtually certain to experience flooding
and inundation in the future (see Figures 9 and 12 for Winnegance maps). As the Winnegance
Bridge is the only driveable access point to Phippsburg, other than a small road south of the
Winnegance Creek, this area must become a priority for future planning.
PARKER HEAD

Parker Head is a peninsula-shaped location on the Kennebec River. Aside from the possible
inundation of the Phippsburg Sluiceway (see Figure 10), the only other particularly vulnerable
region includes the homes located on Parker Head Road, just south of the peninsula (see the red

outline in Figure 17).
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Figure 17. Parker Head SLR inundation on the left, with satellite imagery of the indicated area on the right.
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PROJECT LIMITATIONS

While GIS maps and spatial data are quite valuable for projecting a variety of possible
futures onto geographic regions, my project and its results have limitations. The bulk of my maps
and geospatial analyses are reliant upon the public parcel map for Phippsburg. This map, however,
does not reflect the presence of actual buildings, nor does it include accurate and complete land
use data for the town. Hence, I am not able to distinguish which parcels are developed and which
are not. In addition, the quantity and quality of publicly available assessor data, land use data, and
digitized maps for Phippsburg is limited. In considering the actual vulnerability of commercial and
residential buildings in Phippsburg, building footprints (including building elevation) will also be
necessary to complete a true vulnerability analysis. If and when these data are updated, far more
in-depth and accurate spatial analyses for the town will be possible.

As with all climate models, the GIS data layers I used to conduct my geospatial analyses
are estimated projections, not certainties. Climate scientists and SLR experts must work with
hundreds (sometimes thousands) of variables to predict and model climate change, thus any
unexpected or accelerated developments in our climate could greatly affect these models and their

outputs.
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VI.  RECOMMENDATIONS

As established in the review of the literature, there are a variety of SLR adaptation
strategies implemented by local governments, ranging from seawalls to retreat. While there is no
right answer or formula for how to mitigate and adapt to SLR, there are important first steps in
data collection and assessment which will inform prioritized areas and immediate action in the
next decade. Phippsburg is well positioned considering that the school, emergency buildings, and
aquifers are all located safely inland and upland in vulnerable coastal regions. This leaves buildings
(including homes), roads, and wetlands as the infrastructures of concern. In this section, I will
share my recommendations and conclusions from my research findings, including imperative next
steps for Phippsburg, as well as other coastal communities in Maine that are facing similar climate-
based threats.

SLR mapping is a valuable introductory tool to understand town-wide vulnerabilities and
to prioritize certain regions of the coast that A) will experience the most inundation, and/or B) are
the most populated/developed. Maine has some of the most extensive coastal zoning policies of
any state in the country, and analyses like these can help inform future policy decisions, at both
municipal and state levels. The first step forward for Phippsburg is to systematically collect more
data. While it is not unusual for a small town to have limited digitized data, information such as
land use codes and building elevations will be crucial for a full analysis of Phippsburg’s
vulnerabilities to climate change. To begin, I recommend surveying parcels which I have shown
will be inundated in the coming century. Data that must be collected includes building footprints
(such as showing which homes have basements, among other features), building elevations, and

building use types. It is imperative to collect this data, as it helps to turn the abstract mapping into
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action. As our changing climate progresses, coastal residents will need to know when and at what
rate water will be flooding their homes.

I also recommend that a more refined and detailed analysis of roads be done to quantify
the amount of time that roads in question could be impassable to emergency vehicles and potential
evacuators. While I have established which Phippsburg roads and bridges are in danger of
inundation under two different scenarios (HAT + 10.9 feet and worst case scenario storm surge),
future emergency service planning will rely on knowledge regarding how quickly this water will
dissipate.

BUILDINGS

Hard and soft engineering solutions are perhaps the most common way to address SLR that
we see today, and while the approach to each is quite different, they both fall under the category
of protective measures. Hard solutions refer to levees, bulkheads, and seawalls, while soft solutions
refer to coastal wetland creation/restoration, dunes, beaches, and living shorelines. Another way
of thinking about the difference between these approaches is green vs. grey approaches: green
strategies refers to adding or restoring vegetation, plant life, and beach systems for protection,
while grey adaptations include adding human-made walls, usually made of concrete for coastal
protection (Spiegel, 2016). The most realistic location in Phippsburg for either of these solutions
is Popham Beach, where we see retreating beaches and rising tides. Ecosystem resilience tells us
that living shorelines are far preferable to hard solutions, as bulkheads and seawalls prevent
migration, increase erosion, and have negative consequences for coastal ecosystems (NOAA,
2020).

Raising homes is the primary adaptation strategy for the accommodation category, and this

is generally the choice of individual homeowners, not the decision of a municipality, so it is not a
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main focus of this recommendations section. While estimating future sea levels is important,
knowing the elevation of coastal homes is essential to understanding their vulnerabilities, and
many management-based SLR solutions rely on this data. Figure 18 from Warren, Rhode Island’s
comprehensive coastal planning committee shows the importance of knowing current building
elevation, estimating future SLR, and hence, estimating the future base-flood elevation, or BFE.
BFE refers to the elevation of surface water at which there is a 1% chance of having a flood in any

given year, also known as a 100-year flood (FEMA, 2020).

] : Properly elevated building
BFE including

wave effects

100-year sﬁllwater\!

levati
N 7 e e
Normal water level L w-—T " - ‘,, nﬁMit-d
*. — Improperly elevated (pre-FIRM )building % e 3”’6;
T -
Shoreline Vegetated
Region

Figure 18. Building elevation & BFE diagram (Town of Warren, RI, 2020).

Some coastal cities and towns in the US have implemented freeboard requirements, which require
the lowest floor of new buildings to be a certain elevation above BFE, with the typical requirements
being between 1 and 3 feet (Wetlands Watch, 2020). This is one policy-based adaptation technique
to ensure that new developments are built responsibly and future-facing.

Lastly, retreat is an adaptation option. While managed retreat is a necessary route for
particularly low-lying and vulnerable coastal communities that are currently experiencing major
SLR impacts, it is the most extreme adaptation option and has significant economic, political, and
social implications. As there are an estimated 1,062 parcels inundated in total in Phippsburg,

timeline, strategy, and location would need to be negotiated between residents, landowners, and
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town officials. Other questions to consider in thinking about retreat include, but are not limited to:
1) who would pay for retreat? 2) would it be incentivized? 3) how much space is actually available
for development? and 4) which families/households would have priority in new home selection?
While retreat is not my primary recommendation for building-based adaptation, it must be
recognized as a possibility and an option for Phippsburg.
ROADS & BRIDGES

Considering the timeline and strategy for road and bridge adaptation is quantitatively
different than the plan for home adaptation. This is because roads (though not bridges) can flood,
to a certain extent, and not be completely impassable. While wet roads are not ideal, and can be
dangerous, the reactive solutions in response to a storm or flood event can include closing road
segments, for example, until the road is slightly drier. There are two main categories of adaptation
strategies for ensuing inundated roads and bridges. The first is to raise threatened road segments
and bridges, which is a process already underway in some US cities and towns. Using the Nature
Conservancy’s Coastal Resilience mapping tool, I found that it would cost an estimated $6,850,000
to update inundated roads in Phippsburg (TNC 2020). The alternative to raising roads and bridges
is to build new ones. While there is no price estimate for this, both of these options require
significant funds, equipment, people, and time to complete. As I previously stated, further analyses
on the duration of inundation will also be key in understanding the best future course of action for
road adaptation.
WETLANDS & MARSHES

The main threat to coastal wetlands and marshes is not technically rising seas--it is the
possibility that development will constrain their migration. As previously established, marsh

migration refers to the natural response of wetlands to rising sea levels, which is to move inland
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and upland. As marshes are dynamic ecosystems with high water permeability, their continued
existence and function are crucial in retaining coastal resilience. In thinking about disaster risk
reduction for parcels and roads, marshes are also responsible for significant wave energy
absorption, and do the very important job of serving as natural barriers for coastal developments.
By preserving and restoring coastal wetlands, we will also ensure much needed protection for
beachfront homes in the future.

The preservation of coastal wetlands and marshes can be closely related to the creation of
living shorelines, a common SLR adaptation strategy. While living shorelines is a broad category,
referring to a variety of processes, one common route is to restore and rebuild coastal wetlands
and marshes that have been damaged or depleted in the past. As Phippsburg has already secured
significant conservation acreage around the peninsula, I recommend that, in consultation with the
marsh migration mapping, areas in the migration zone which are already conserved remain
conserved. In addition, conservation easements should be considered in locations where parcels

are in or near the migration zone (see Appendix D for marsh migration maps).



Seas Are Rising: Assessing Coastal Vulnerabilities in Phippsburg, Maine 43

VII.  CONCLUSIONS

Phippsburg, Maine is particularly vulnerable to SLR in the coming century, due to the
North Atlantic SLR hotspot and the vulnerability of many of its bluffs, including the Popham and
Small Point Beach areas. As part of the town’s comprehensive planning process, I have mapped
four different SLR scenarios onto Phippsburg, focusing on six coastal sites in the town which are
particularly vulnerable. Studying SLR, storm surge, and marsh migration scenarios and their
impacts is a crucial first step in planning for adaptation strategies, future development plans, and
resource allocation for the coming century.

After conducting geospatial analyses in ArcGIS, I found that while schools, emergency
buildings, and other critical town infrastructure are located safely inland, a significant number of
buildings, road segments, and privately owned land and buildings, and potentially developeable
land will be affected by rising seas in the coming century. While adaptation efforts range from
living shorelines to managed retreat, the town of Phippsburg will need to invest time and resources
in collecting additional, supplementary data to conduct a true vulnerability assessment. Although
scientists are unsure what the realistic time frame is for SLR projections, Phippsburg must engage
in proactive planning now in order to ensure that lived-in properties and vital roads are not flooded
without an adaptation or mitigation plan.

This project is just the beginning of important planning for the town of Phippsburg. I
recommend that a working committee be established in Phippsburg, first and foremost to move
the data collection process forward that would enable a thorough and systematic vulnerability
assessment of buildings, critical infrastructure, and ecosystem services. Homes that are set to be
inundated in the coming century must be individually surveyed for home levels, elevations, and so

as to begin adaptation discussions with homeowners. Main roads, which are integral to emergency
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vehicles and evacuation procedures, must also be surveyed, and further research should be
conducted on the duration of road inundation in the event of storm surge. Though my analysis was
somewhat limited, [ have determined that some of the most vulnerable areas in Phippsburg include
the Popham Beach and Winnegance bridge areas.

Climate change’s effects are already being seen and felt in coastal communities across the
globe, and while Phippsburg will experience SLR in the coming century, the beginning stages of
a vulnerability assessment are underway. This continuing assessment will assist town officials,
residents, policymakers, and scientists in knowing what is most at stake, and in what timeframe.
With continued commitment to data collection and analysis, Phippsburg will be able to convene a

working group to plan and implement a SLR adaptation plan, supported by localized science.
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APPENDIX A. SLR Inundation Maps

A.1. SLR Inundation at the Basin
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A.2. SLR Inundation at Winnegance
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APPENDIX B. SLOSH Inundation Maps

B.1. SLOSH Inundation at Small Point
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B.2. SLOSH Inundation at the Basin
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B.3. SLOSH Inundation at Sebasco
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B.4. SLOSH Inundation at Parker Head
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APPENDIX C. Road Inundation Maps

C.1. Road Inundation at Popham
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C.2. Road Inundation at Sebasco
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C.3. Road Inundation at the Basin
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APPENDIX D. Marsh Migration Maps

D.1. Marsh Migration at Winnegance
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D.2. Marsh Migration at Small Point
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D.3. Marsh Migration at Popham
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APPENDIX E. Wells Map
E.1. SLOSH Inundated Wells
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