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Introduction 

As we enter the 21st century, the impacts of climate change are becoming increasingly 

relevant. When the industrial revolution began in 1750, humans started to release excess 

greenhouse gases into the environment for 200 years without regard to the effects (Stein, T, 

2018). Toward the end of the 20th century, scientists began finding evidence that the atmosphere 

was steadily warming, and the cause was linked to the production of emissions (Kreimer, A., 

Arnold, M., & Carlin, A., 2003, p.91). At the time, there were very few effects of climate change 

that humans could witness firsthand; climate change existed only within the presence of data. 

Unfortunately, this is no longer the case in the present day. Among other weather-related events, 

climate change has revealed itself in the form of sea level rise and increased storm surge. 

Measurable differences in water height over the years include a maximum of 8 inches, with the 

amount nearly doubling since 1993 (Sweet et al., 2017).This has occurred particularly in the 

Mid-Atlantic coast and Gulf Coast (Climate Change Indicators, 2016). This increase worsens 

storm surges (Zachry, B. C., Booth, W. J., Rhome, J. R., & Sharon, T. M, 2015). The effects of 

climate change have a direct and pressing impact on coastal communities. 

Problems arise as inaction about sea level rise persists, diminishing quality of life for 

coastal residents. Recurring flooding due to higher tides can cause costly damage to town 

infrastructure, as well as residents’ homes and cars. Flooded roads are a hazard that can be risky 

or impossible to cross, meaning residents are prevented from leaving or returning to their homes, 

and first responders have more challenges reaching those in need of help (CDC, 2018). In 

extreme cases, the electrical grid may be compromised, presenting even greater hazards for 

residents and first responders alike. Roads, bridges, buildings, and the electrical grid can be 

grouped under the term “manufactured capital”, which simply means infrastructure built by 

humans and relied on by society. 

 In light of these risks, coastal municipalities have gradually begun to respond to the 

changes in their shoreline conditions. The goal for these communities is resilience, which is 

defined as "the ability of a system to absorb disturbance and still retain its basic function and 

structure” (Walker and Salt, 2006, p.01). This means that an ecosystem or community should be 

able to cope with external or internal disturbances without a major change to its balance or 

composition. Coastal resilience, specifically, is based around “flexibility, adaptability, and 

durability” (Beatley, 2012, p.19). Communities should be innovative and open-minded in finding 
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strategies to overcome the disturbances caused by climate change, and these solutions should be 

long-lasting and efficient. 

In our research, we will provide information to better inform resilience projects for the 

coastal region of Southern Maine, including towns such as Kittery, York, Ogunquit, Wells, 

Kennebunk, and Kennebunkport. It is beyond the scope of our research to fully quantify the 

vulnerability of each town, but rather this research will report on possible action plans these 

communities can carry out. There are four reactions towns may have when they experience sea 

level rise, including to protect, accommodate, retreat, or take no action. In order to provide 

practical recommendations to these communities, we quantified their general risk level and 

community traits through elevation and population. We researched what other comparable sized 

towns down the entire East Coast are already implementing in their area. Comparing communities 

of similar population and topography are our main priorities in this research. East Coast 

municipalities specifically are at risk given the frequent barrage of Nor’easters and hurricanes, 

which can bring catastrophic damage and flooding (Wu, S. Y., Yarnal, B., & Fisher, A). As the 

shoreline recedes, it will be important to make changes to key infrastructure in order to prevent 

disastrous consequences such as flooding and road washouts. Recently, there has been an 

increasing amount of information regarding the sea level rise forecast over the next century; 

however, most resilience plans are geared towards larger cities, rather than smaller municipalities 

with limited resources. 

In order to help administer Maine’s coastal resilience project, we must obtain answers to a 

few questions. Looking at other small communities on the coast, we ask two questions. First, what 

are small communities doing to adapt to increased flooding and storm surge? Small communities, 

in this case, consist of less than fifty thousand citizens. Our second research question is: what 

suggestions could we make for Southern Maine? These questions will be obtained through desk 

research on other communities along the East Coast, as well as conducting interviews with several 

residents in Southern Maine communities. 

Methods 

In our investigation, we conducted desk research and interviews to explore what measures small 

towns are planning or actively working towards to become more resilient to sea level rise in their 

communities. Desk research compiled implemented actions in small communities that have 
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responded to these impacts, specifically evaluating efforts related to manufactured capital. In 

addition, interviews captured the sentiments, priorities and other unique perspectives of individuals 

from communities in the process of reacting to climate change in Southern Maine, where coastal 

flooding is a threat. 

Initial desk research data collection began with breaking up the East Coast of the United 

States into groups of counties and individually reviewing basic demographic and topographical 

information about each town that abutted the shoreline. We decided which towns were best to 

evaluate by setting parameters; the criteria by which we refined our search was the town’s 

population size and their elevation above sea level. We focused on incorporated communities 

ranging from 1,000 people to 50,000 people located directly on the East Coast shoreline. This 

range was selected based on the population of towns throughout York County, Maine, which was 

selected because their current efforts to achieve coastal resilience highlighted a gap in knowledge 

of what actions they could take as low-population municipalities. We assumed that towns with a 

population size of less than 1,000 have inadequate resources to work with, whereas towns with a 

larger population size have numerous resources, likely infeasible for the targeted county. We 

omitted towns that were above 75 feet in elevation unless there was an indication of significant 

resilience measures. Towns with higher elevations were less likely to have projects and regulations 

in place regarding the impacts of sea level rise because coastal flooding is not anticipated.  

The best sources of information for desk research included municipal planning reports and 

scholarly articles for specific towns and cities adapting to coastal climate change. The goal was to 

find documentation describing what actions the municipality had taken to become more resilient, 

such as fortifying infrastructure, raising buildings, or enacting new policies to mitigate coastal 

flooding hazards. Hazard mitigation reports were especially desirable, considering the level of 

detail and the inclusion of cost information for each proposed solution. Given the tight schedule 

for research and the abundance of lengthy municipal documents, it was not feasible to thoroughly 

read every hazard mitigation plan completely. Several keywords were searched for in each article, 

which allowed us to locate relevant data. These keywords included coast,  sea, flood, zoning, 

seawall, permit, and ordinance. If a municipality did not showcase their efforts with these key 

terms or had limited available information, then we would not identify them as a star town.  

Collected data was then entered into an Excel spreadsheet, which was organized by 

columns that categorized responses. First, we divided what the municipality had policies for versus 
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what practices were already implemented. The information provided on the spreadsheet included 

categories such as the location, elevation, and population of the town. It was also extended to 

include whether coastal zoning, flood-related ordinances, sea walls, culverts, and raised bridges, 

roads, or buildings had been included. General notes to clarify the information were provided when 

necessary. This spreadsheet is available through the University of New Hampshire’s box that Dr. 

Cameron Wake has access to. Especially active towns are recorded in more detail on a separate 

document in addition to being added to the spreadsheet.   

For the interview portion, our collaborative group was provided with the contact 

information of 15-20 municipal government officials from York County in Maine. Our research 

project mentor, Dr. Cameron Wake, is a key participant in southern Maine coastal resilience efforts 

and provided us with the contact information for these municipal officials. Over the next three 

weeks, we coordinated interviews with ten government officials. Each member from the natural 

and manufactured capital group conducted at least one in-person interview that lasted 

approximately 30 minutes. Interview questions focused on the concerns of town officials regarding 

their county and the current coastal resilience actions being taken.  Notes and auditory recordings 

were taken in order to document the interaction with the greatest amount of detail and accuracy. 

Transcripts from interviews with southern Maine community members were then compiled and 

coded to uncover major themes.  

 

Results: Innovative Examples of Towns Building Coastal Resilience 

 Each town we assessed displayed different levels of investment in issues related to 

climate change. These efforts were largely dependent on their level of risk to coastal flooding 

and the amount of available funding. For smaller towns, defined roughly as those under 20,000 

residents, funding was not substantial enough to implement large projects. These smaller towns 

generally relied on policy, such as zoning and building codes, as well as using the National Flood 

Insurance Program (NFIP) to better protect property owners. Although these smaller towns were 

typically not planning or funding large scale projects, they were aware of their risks and used 

available resources to prevent losses from storm surge and sea level rise. Hazard Mitigation 

Plans were an extremely common method of planning and were noticed in many towns 

throughout the east coast. Sea level modeling and performed assessments of vulnerable areas 



 6 

were other common approaches to planning. Common constructed changes included adding rip 

rap to roadsides to break storm surge, and digging ditches or culverts to divert floodwaters away 

from roadways and buildings. It is worth noting that many of these small towns contributed to 

county-wide projects and initiatives. For many states located on the Eastern coast, North 

Carolina, South Carolina, and Virginia, counties with many small towns held larger regulatory 

capabilities than individual towns, and therefore enacted these changes on a larger scale. 

 For the small cities within our criteria (approximately 30,000 to 50,000 residents) that 

had a substantial amount of funding, there were usually committees or programs formed with 

dedicated funding to specifically address the risk of sea level rise and increased storm surge or 

climate change issues in general. While the actual outcomes of these actions varied, their efforts 

were typically more proactive and based on systems thinking rather than trying to treat a few 

specific symptoms of the greater climate resilience issue. Regardless of the town size, there were 

a multitude of actions that were recurring throughout our desk research.  

Of the 429 municipalities we evaluated, there were several that showed exceptional 

initiative. Nine of these projects were town-wide, two were county-wide, and two were state-

wide.  The towns and counties are marked in Figure 1 below, went above and beyond by 

showing interesting methods they have utilized when attempting to achieve resilience. These 

outstanding towns and cities are highlighted below, starting with those closest to southern 

Maine.  
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Figure 1: Towns along the East Coast that have made outstanding actions towards improving 

coastal resiliency 

 

Rockingham County, New Hampshire 

7 coastal towns 

Rockingham County is the largest county bordering the ocean in New Hampshire. The 

coastal towns within it, including Portsmouth and Seabrook, frequently faced flooding that came 

with high tides and storms. Not knowing their greatest areas of risk, the Rockingham Planning 

Commission mobilized a team of researchers (including our adviser, Dr. Cameron Wake) to 

evaluate the flooding risk of the coastline using GIS mapping techniques. The team provided 

flooding prediction maps that described where the most flooding would occur given several 

predictions of sea level rise to model their analyses. Along with this, the team generated a list of 

suggested actions for each town to take in order to make progress towards their coastal 

resiliency. Following the project’s completion in 2015, a new wave of funding came in, and the 

towns were then able to choose one item from each of their respective lists and take action with 
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guidance from the Rockingham Planning Commission. The actions each town took varied based 

on their known risks and their available funding. 

 

Beverly, Massachusetts 

Population: 41,816 

Elevation: 36 ft 

The town of Beverly is one of many municipalities in Massachusetts to take a holistic 

approach to prepare for sea level rise and increased storm surge, in this case going so far as to 

generate a stand-alone Coastal Resiliency Plan in addition to the city’s Hazard Mitigation Plan. 

The coastal resiliency team was made up of a diverse group of individuals, including engineers, 

planners, and members of other related committees such as the conservation commission and the 

open space & recreation committee. Last updated in 2017, this Coastal Resiliency Plan includes 

data organization (for ease of future planning), inundation modeling, and a detailed vulnerability 

assessment of town infrastructure. This information, such as the survey results listed below, 

helped the resiliency team make an extensive, prioritized list of the city’s options for adaptation. 

A more drastic project designed to reduce the flooding risk of the Bass River estuarine zone was 

to fortify the banks and install a tidal gate during a reconstruction of the Bridge Street Bridge; 

this was estimated to cost $1.1 million and would prevent storm surge from traveling upstream 

and causing inland coastal flooding. Less intensive efforts include performing a culvert 

assessment across the city and deciding which ones need to be upgraded to prevent stormwater 

inundation. In addition to a sustainable dock management plan, a $5.5 million dredging project 

was also considered to open up Bass Harbor for fishing boats to take refuge from incoming 

storms. This would shield boats from surge, hopefully reducing damage and overall losses. Note 

that the Bass River and Bass Harbor projects are such new considerations that they are not yet 

completed and the effectiveness of the solutions is presently unknown. However, implemented 

actions include the Beverly Zoning Ordinance, which was reported more effective at improving 

resiliency than the alternative of rebuilding the existing seawalls in Beverly. 
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Figure 2: A survey conducted by the city of Beverly, MA to gauge the importance of resources 

potentially affected by coastal flooding. Source: Beverly Coastal Resilience Plan, p. 22 

 

Resilient Massachusetts 

71+ communities, Massachusetts 

It is worth noting that Beverly is one of many towns in Massachusetts taking outstanding 

action towards improving their resilience to climate change thanks to extensive support from the 

Resilient Massachusetts Climate Clearinghouse Municipal Vulnerability Preparedness (MVP) 

program. This is a statewide initiative launched in 2017 in which the state Commonwealth works 

closely with municipalities to share information and improve access to resources related to 
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climate change response. More than 71 communities are a part of this program, making it easier 

to collaborate between academia and municipal officials to coordinate responses and make 

informed planning decisions. Topics addressed by the MVP program include but are not limited 

to transportation, recreation, energy, and local government. Nearly all of the coastal towns and 

cities in the MVP program have a dedicated Coastal Resiliency Plan in addition to their Hazard 

Mitigation Plan. 

 

Arverne, New York 

Population: 20,242 

Elevation: 7 ft 

Due to its vulnerable geographical location, initiatives to combat coastal flooding in 

Arverne started in the early 2000’s. The New York City Department of Housing Preservation 

and Development had paired up with two private developers: Beechwood Organization of 

Jericho and Benjamin Companies of Garden City, both from New York. Together, they created a 

development called Arverne by the Sea. They combined the use of both natural and 

manufactured capital to create this resilient community. For the manufactured capital, they 

included numerous different amenities. The homes were designed to be weather resistant through 

raising them 3 feet, including steel frames in walls, adding pressure resistant windows. Each 

home also had their own storm drain in the front yard. The new streets were set at specific angles 

to mitigate wind impact from storms. Their electrical system is very interesting, as it was placed 

underground and in waterproof vaults. This system proved effective, when Hurricane Sandy hit 

in 2012, they were the only town on Long Island with power, and their supermarket was opened 

quickly after. This public and private funding for the Arverne by the Sea Project had cost around 

$100 million dollars. The initiative taken by Arverne in the early 2000’s has proved to be 

beneficial to this day and well into the future. 

 

Edgemere, New York 

Population: 14,219 

Elevation: 7 ft 

In 2015, Edgemere set up the Resilient Edgemere Community Planning Initiative. City 

agencies, residents, town officials and local organizations worked together to come up with a 
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plan on combating sea level rise. They spent around $70 million for a number of methods to 

combat the issue at hand. One method was raising around 107 houses located in vulnerable areas 

by  3 feet. Along with that, they installed new bulkheads as well as infrastructure repairs on 

pipelines. Furthermore, the town of Edgemere raised Beach Channel Road and two others. These 

roads are essential as they are emergency evacuation routes. In this project, Edgemere also 

incorporated aspects of natural capital, for example, installing a vegetated berm on the shoreline. 

The project was completed in 2017. 

 

Hoboken, New Jersey 

Population: 53,455 

Elevation: 7 ft 

 After being struck by superstorm Sandy, the town of Hoboken realized they needed to 

make a monumental change. In 2017, Hoboken opened its first resiliency park. The park is able 

to store 200,000 gallons of water during storm events. They are currently working on a second 

resiliency park, to be open within the next year that will be able to store up to 2 million gallons 

of water. The parks are designed to have a storage tank under the ground, which holds the bulk 

of the storm water. Additionally, there is a large cistern that can hold around 50,000 gallons of 

water. The parks have a berm, terrace, and resilient boathouse which will also mitigate impacts 

of the water. Along with that, they designed the surrounding roads and alleys to diminish any 

excess water runoff. Hoboken was granted over $100 million dollars for their second park, as the 

first one showed excellent measures of coastal resilience. 

 

Poquoson, Virginia 

Population: 12,408 

Elevation: 3 ft 

Poquoson, Virginia is located on the tip of Virginia’s Lower Peninsula bordering the 

Chesapeake Bay, Poquoson River, Bay River and Wythe Creek. Poquoson has many facets to 

their strategy of tackling coastal resiliency by working at a local level as well as partnering with 

national organizations. They are committed to elevating houses on the 100 year floodplain. In 

addition, manufactured homes must be anchored using flood ties and frame ties. On a larger 

scale, this municipality continues to work with  NASA Langley Research Center to create an 
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advanced computerized mapping tool to better inform emergency personnel and town planners.. 

Poquoson is a leader for many other counties in Virginia; its work was even cited in a 

neighboring floodplain study to give inspiration to Hampton. In addition, they have created a 219 

page Hazard Mitigation Plan to highlight recent natural disasters to their coast, discuss their 

vulnerability assessment, quantify their potential losses from natural disasters, and addressing 

strategies to deal with coastal threats that face them today. In this document they cited their 

Capital Improvements plan, which outlines a Shore Tidal Flooding Drainage project, Storm 

Drainage Retrofits, Flap Valves, and Tide Checks.  

 

Currituck, North Carolina 

Population: 4,532 

Elevation: 7 ft 

Currituck stands out from many other local towns and counties as it gives an expansive 

level of stormwater management controls for citizens in its StormWater Manual. Their plans 

span many facets of physical infrastructure suggesting permeable pavement for roads, cisterns 

for draining floodwater from houses, and vegetative sewer strips. It recommends and outlines 

plans improving their Unified Development Ordinance and implementing more Low Impact 

Developments. Currituck County also conducted a hydrologic modeling study to predict the 

erosion of specific soils from runoff. In addition, they are in the process of partnering with Dare 

County to draft a 648 page Hazard Mitigation Plan to better protect the Outer Banks.  

 

Myrtle Beach, Virginia 

Population: 36,480 

Elevation: 26 ft  

 Myrtle Beach in Virginia is a popular coastal tourist destination for many. The city of 

Myrtle Beach prioritizes the threats from sea level rise high, and has mitigation infrastructure 

and plans already in place. They have implemented a non conversion ordinance. This 

ordinance  prevents future construction from dismantling improvements that have been made to 

better equip properties for sea level rise and storm surge. In addition, the city’s ditches and drains 

are on a constant cutting and cleaning schedule, as well as pipe cleaning and catch basin repair to 

ensure that these infrastructures are being managed efficiently and drainage is maximized. New 
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homes must be elevated 3 feet above base flood elevation. The most expensive and arguably the 

most impressive infrastructure the city has implemented is their deepwater ocean outfalls. This 

75 million dollar project takes stormwater drainage and transports it 1,400 feet back into the 

ocean. The city was able to complete this project by charging residents and businesses a monthly 

stormwater utility fee of $6.25 per Equivalent Resident Units. In addition to all that Myrtle 

Beach already does, they have outlined short term and long term solutions for stormwater 

management including the creation of stormwater ponds, open channel improvements for their 

roads and intersections and enlarging/adding drainage pipes. 

 

Tybee Island, Georgia 

Population: 3,127 

Elevation: 10 ft 

 Tybee Island is highly prone to flooding because of it’s 10 foot elevation and landform as 

a barrier island. Actions began in 2012 with the Federal Reserve, which funded the Community 

Climate Adaptation Initiative. Based on the results, the city then made several alterations to 

better prepare for future flooding conditions. One of the decisions by the city included spending 

$60,000 on two tide gates on stormwater outfalls, and planning to flood-proof the electronics 

controlling three public water wells for $200,000 per well. State transportation officials also 

decided to raise the Tybee Island main highway, along with two other bridges, for $74 million. 

 

Camden County, Georgia 

Population: 54,666  

Elevation: 33 ft 

 Camden county in Georgia has been relying heavily on technology to combat sea level 

rise. A “flood risk tool” app was created for the county’s citizens to monitor, which combines 

local establishments and land use data with predictions of sea level rise and flooding data. The 

purpose of this tool is for informed land development planning and purchasing. Within this app, 

there are local resources, instructions on how to lessen flood risk most efficiently, and how to 

best prepare for extreme weather events.  
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Florida Resilient Coastlines Program 

60+ communities 

Florida Legislature and the Florida Coastal Management Program provides funding for 

the Florida Resilient Coastlines Program (FRCP). The FRCP program offers financial and 

technical support for communities to prepare for the ongoing effects of sea level rise. In 2020, 

the Florida Resilience Coastlines Program was awarded state funding by the Florida Department 

of Environmental Protection. The funds were distributed to approximately 60 communities 

throughout the state of Florida. The majority of the work plans do not exceed $100,000 and 

include a variety of unique methods to achieve coastal resiliency.  

 

Hallandale Beach, Florida 

Population: 37,800 

Elevation: 6 ft 

 Individuals from various sectors within the city worked with the Hallandale Beach City 

Commission to devise a number of projects for combating sea level rise and flooding. This plan, 

known as the Sustainability Action Plan, proposed low impact development (LID) strategies as a 

key component to creating a resilient community. The possible strategies included permeable 

pavements, vegetated rooftops, and rain barrels. The plan also proposes that LID strategies will 

be achieved through incentivizing or mandating through municipal code. Bioswales installations 

are also being explored in pilot projects. Finally, the city also provides an online brochure 

offering techniques to citizens on flood-proofing their homes. These techniques include placing 

chemical or physical barriers inside the walls of homes, constructing a small flood wall outdoors 

or orienting drainage routes in a way that does not interfere with the home itself.  

 

Results: Interviews with Southern Maine Community Stakeholders 

 

Interviews with southern Maine community members revealed common concerns among 

interviewees, the variation in the level of resilience in each town, the social institutions that work 

best for bridging communities and how involved they were on the topic. Foremost, two major 

resiliency concerns came out of the interviews: first, roads need to be clear at all times to provide 

travel for workers, evacuation routes, and access for first responders during a disaster; second, 
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floodwater management is a priority due to water contamination concerns. Certain towns, such 

as Wells, partnered with MIT to conduct an adaptive research project. Therefore, it was 

identified as taking more actions towards achieving resilience than others nearby. Likewise, each 

town’s actions varied from one to the next. It was discovered that all of the towns, regardless of 

their existing preparations, struggled at some level with allocating funding for the purpose of 

improving coastal resilience, despite acknowledging the value of the coastal infrastructure. 

Lastly, it was noted by several interviewees that the community needs to be involved as much as 

possible, increasing awareness, education, and activism to truly facilitate major change with 

minimal setbacks. 

 

Table 1: Themes from southern Maine stakeholder interviews. 

Themes Quotes 

Towns need exceptional 

funding, which may be hard 

to receive despite coastal 

zones being so important 

“... our main focus is to generate a sufficient amount of revenue in order to be 

able to carry out these projects.” 

“...from a town's perspective, we’re a big community around 60 square miles 

about 
one-third of that is from Route 1 to the water. And our valuation of the town is 

$3.4 billion. And two-thirds of that is in that one-third area from Route 1 to the 

ocean.” 
 

“Building culverts and bridges is something that communities are used to 

doing... ... It probably comes down to an issue of funding it--prioritizing what 

infrastructure they are looking at” 

Youth and community is a 

driver of change 

“... community center that's where we vote that's where the kid’s sports are 

kind of located so that's a really great unifying place.” 

“...we bring the population along and not everybody but maybe 60-70%. A 

solid group of people that's really saying this is really important. What that 

means to me is that we have a shared understanding of the challenges and the 

vulnerabilities and a shared vision of what to do next.” 
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“But I think when we think about these small businesses they're playing a 

really important role in [this town] right now in providing the space for people 

to get together.” 

“They get trained and go out and talk to community members and it’s 

considered a safer approach when talking… ... people can have strong issues… 

… and when young people talk to them, they tend to have their barriers down.” 

“...the state does have a pretty old population. The median age is older than in 

a lot of areas and so bringing in new people is important. I think trying to 

incorporate planning for the potential impacts of climate change while 

planning for sort of maintaining population growth and bringing younger 

people in the community is one of the bigger issues for [this town] right now.” 

“One of the things that we try to do is work with communities... ...and look at 

how they incorporate and build resilience in different areas of the community, 

so not just focused on infrastructure. Social institutions are a critical piece.” 

“We were invited to participate in a MIT adaptive research project back in 

2014. That began to bring a public face to climate change. It was play acting 

where they tried to get the community 
involved in climate change problems. 
We had a lot of situations involving different people in the community playing 

different roles from planning board members, real estate professionals, to 

officers, it was a good idea.” 

Some are much less prepared 

than others 

“A number of them have already started planning for climate change and 

have… ...taken somewhat of a piecemeal approach... ...some of the actions are 

not part of a broader climate change strategy”  

“...we have to play the long game... ...Because it's not about the next 5 or 10 

years, it’s about the next 100 or 200. And I would say, in terms of [this town] 

we’re at the very beginning of that process.” 

“[How to be more resilient is] a tough question, since this group is very new. 

Right now our main focus is to generate a sufficient amount of revenue in 

order to be able to carry out these projects. Unfortunately, without money we 

really can’t get the project started” 
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“what may be a financial priority from a service standpoint may not be the 

same priority that the town has which is why we need to do that work in order 

to meld the two” 

Roads are most common 

concern 

“...communities really need to look at where flooding occurs on their roadways 

because that impacts access and ability to evacuate if needed, there are going 

to be some major issues… ... in the future”. 

“In addition, the roads into and out of the shipyard are already vulnerable and 

so there is a really big concern that when we get flooded those workers may 

not be able to get up or off of the shipyard. There is a perspective of national 

security there and but then there is the perspective of completely snarling up 

any kind of traffic or any kind of evacuation that might need to happen in and 

around the shipyard.” 

“It’s a significant undertaking to reroute major traffic routes. It’s not a matter 

of saying “hey we’ll buy up 20 acres of undeveloped land to reroute the 

roads.” 

Threats to public health 

because of water 

contamination 

“... a few areas in low-lying areas that are not on public sewer so they've got 

septic systems that are potential hazards if they were to become inundated” 

the other issue besides roads is wastewater a lot of that is built along those 

properties along the river properties… ...and if we aren’t careful that can go 

into the river” 

“ But I think one of the more immediate challenges is if a backyard septic 

system floods. There's a lot of exposure to bacteria and a greater immediate 

threat than damage to actual infrastructure” 

 

Discussion 

Our research explored what small coastal communities are doing and how they are planning 

to adapt to increased flooding and storm surge on the East Coast. In addition, we investigated 

which of these measures implemented have proven most effective in mitigating the adverse effects 

of flooding related to sea level rise in East Coast towns. Lastly, we sought to determine if these 
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possible solutions could be implemented in one or more of the towns of interest in Southern Maine 

considering their priorities, finances, and geography. 

Desk Research 

Examining the numerous towns along the coast showcased why small towns do what they 

do, and general methods these said towns applied. It appears many towns have a lack of funding 

to provide for resiliency projects, so they have to take a less hands-on approach. They tend to 

turn to policy to tackle these issues, implementing various zoning codes and building ordinances, 

for example, as their major effort. When a project is being put into place, it is typically to fix 

specific issues, such as singular roads or installing culverts, rather than a long term scheme. 

Another prevalent feature in certain states was to work at the county level, in order to share 

resources and work as a team to combat the issue at hand.  

 

Smaller towns also concurrently face another challenge. Existing research on coastal 

resilience has already been done for larger municipalities, who possess bigger budgets and more 

resources; there unfortunately is little research assembled to guide smaller coastal communities 

on their next steps towards resiliency. The research we compiled was conducted with the aim to 

fill the current gap on this lack of information. Small towns and large towns alike are vulnerable 

to coastal flooding. However, small municipalities typically lack the funds to enact the changes 

needed to prepare and often do not have dedicated grant writers or regional planning 

commissioners to seek the funds from other sources such as FEMA. This issue was indicated in 

the interviews as well; participants mentioned the uncertainty of where the finances originate 

from, as well as a lack of conclusion on where the funding should be allocated. Some small 

towns have found ways to enact low-cost solutions or have found funding for larger projects. 

Our star towns were able to obtain funding through various different ways: teaming up with 

private stakeholders, grant awards, and taxpayer money are a few examples. These towns fall 

into a similar scope of southern Maine’s geographical location and population. The towns had a 

similar size, elevation, and population to the Maine towns participating in the coastal resiliency 

project.  
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Numerous small communities stand as great examples for others to follow. These towns 

that enacted the most adaptation measures were ultimately selected to discuss in our results, not 

only showed exceptional action towards improved resilience, but also demonstrated a 

particularly unique strategy or effective solution worth noting in a specific showcase of the town. 

 

Most exceptional towns jump started their initiatives through two ways-- by being either 

proactive or reactive. Many of these towns have been affected by negative weather events such 

as hurricane Sandy, which immediately raised their awareness of the need to establish change for 

their survival. In other cases, these towns conducted vulnerability assessments and took 

preventative actions such as based on an analysis of the problem. They typically became aware 

by either conducting a vulnerability assessment or meeting with a town planner knowledgeable 

of the topography and repetitive loss properties. Cases like these included barrier islands, or 

towns with a high density of infrastructure located almost directly on the coastline. This sparked 

the towns to conduct change before flooding and storm damages were incurred, outweighing the 

cost of the prevention measures. Regardless of these towns' individual influence that prompted 

them to apply changes, their solutions merit acknowledgment. They all applied innovative 

techniques that stood out among the hundreds of other towns analyzed. 

Interviews 

The local knowledge from the perspective of southern Maine citizens during interviews 

reiterated a considerable portion of the findings in our desk research. Public health and sewer 

systems were among some of the most highly addressed concerns in Hazard Mitigation Plans and 

were brought up in several different instances by interviewees, as noted in Table 1. This is likely 

because it is considered to inflict more immediate damage to the citizens, potentially including 

loss of life, which is far more costly to a community than infrastructure damage. There are 

identifiable methods and experts in charge of alleviating sewage system problems, as long as 

funding is available, making it a more straightforward solution to achieve. This is drastically 

different from other problems brought up by storm surge and sea level rise, since there are typically 

not well-known steps to success and it also must be dealt with on a case-by-case basis.  
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The issue of roads was a considerable concern for municipal representatives during our 

interviews. There were also several towns in our desk research, small and large alike, that planned 

to apply rip rap or ditching, or even raise a road entirely, to divert floodwaters; funding was 

frequently an issue, however, and roads were typically only raised by a few towns that were 

recognized as taking outstanding measures, and were thus outlined in our results section. This 

included the towns of Edgemere, NY which raised their roads, Arverne, NY which angled their 

roads to mitigate wind exposure and Tybee Island, GA which stated plans to raise the main 

highway by several feet. Roads are especially important in flooding events because they provide 

evacuation routes and access points for first responders, but a full-on plan to raise a road can be a 

costly endeavor. In southern Maine, one of the roads along the coast that needs to be raised is 

Route 1A, which is a state road. Therefore, the towns would need to coordinate with the State of 

Maine to fund and implement changes. 

Both the interviews and the desk research provided evidence of how the inclusion of youth 

and bringing together the community has pushed efforts forward and increased the attention on 

climate change. Towns that were impacted by storms had the support of the general public when 

it came to allocating funds towards climate change resilience. Likewise, the most active towns 

interviewed in Southern Maine made sure to connect their resiliency efforts to the public in some 

way. Therefore, producing greater social cohesion through institutions, organizations, and 

activities, while also ensuring that the population is on the same page could lead to the creation of 

better solutions. Along with this, ensuring that different age groups are represented seems to be 

another characteristic of successful resilience planning and development. This was highlighted in 

several interviews, where interviewees noted that bringing the community together was an 

essential step to kickstart resiliency. They provided an understanding of where deeper problems 

lay, and suggestions on how to fix them.  One town that enacted many adaptation measures from 

our desk research, Arverne, NY also demonstrated benefits of social cohesion. In the beginning 

phases of their resiliency project, they held various workshops where over 75 members of their 

community attended. These participants were able to gain deeper knowledge of the project, as well 

as give their personal recommendations. This was a large factor in the success of their resilient 

development called Arverne by the Sea.  
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Participants also mentioned that many of the towns throughout southern Maine seemed to 

be in different stages of their planning for resiliency. This point was reaffirmed after conducting 

desk research on the entirety of the East Coast. Some towns had no plans at all-- whereas others 

were actively working on solutions or had already implemented several measures. As the issues of 

flooding and storm surge continue to grow in magnitude, it is likely that there will be a noticeable 

difference between towns that began planning earlier than others. Based on officials’ interview 

responses from each town, Wells appeared to have taken the most steps towards educating their 

committee members and the general public alike. This was done through several efforts, including 

a trip to get testimony from officials in New Jersey hit by hurricane Sandy, as well as participating 

in an MIT (Massachusetts Institute of Technology)-led event designed to engage the community 

with climate change issues (see Table 1 for direct quote). Kittery, in particular, seemed to have 

quantified the climate change issues facing their town and the vulnerabilities within their 

infrastructure or planning, but seemed unsure of what their most effective next steps would be. 

This research project contained certain limitations. Our ability to work in-person was cut 

short due to COVID-19. Due to social distancing measures to prevent the spread of the novel 

Coronavirus, we conducted all of our interviews with Maine municipal officials over the 

software “Zoom”, rather than meeting in person.  We intended to interview 20 officials, and 

although we contacted each one consistently, we were only able to interview a total of 9. Many 

officials never responded to our emails, which may be explained by the hectic nature of adjusting 

to a pandemic situation. This major transition into working remotely likely caused us to miss 

useful input from interviewees that we could have applied to this research. Another limitation we 

faced was that in many cases, it was challenging to find information pertaining to coastal 

resilience online. Many of the towns did not have the information readily available. Whether it 

was due to them taking no action or just simply not presenting the information properly is 

unknown. 

 

Promoting coastal resilience is a complex problem numerous communities are working 

on solving. Each town we analyzed had varying levels of concern on infrastructure focused 

projects  promoting coastal resiliency, and they took different approaches. These results can be 

applied more generally, as the Maine towns will need to figure out their own formula. We found 

a few different methods many towns used that provided beneficial results. It is essential to 
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understand your specific vulnerabilities, and to prepare before storms hit. Also, having a strategic 

approach as well sorting out funding early on will allow for a smoother process. Our research 

shows that there are towns applying out of the box solutions to this complex problem. It also 

displayed why certain towns are unable to accomodate or protect due to their individual 

circumstances.  

 

This research conducted is intended to be a pathway for additional research conducted on 

a town level with a context-specific scope. One solution will not fit for all towns, given the wide 

diversity of topography, priorities, and available funding. What we would recommend to all 

towns, however, is not to stall on finding the solution that is right for them, because it can be a 

long and arduous process. It is crucial to investigate the vulnerabilities facing a given town as 

soon as possible, whether that means hiring a research team or simply having a conversation with 

the municipal planner. If funding is a driving factor, start with policy-based solutions for limiting 

flooding hazards. Changing building codes or zoning laws will be necessary in the long run and 

can significantly mitigate the cost of damages in the event of a storm. It may be helpful to 

designate a grant writer to seek additional funding to enact more physical solutions to recurring 

coastal flooding. Almost as important as funding is community involvement in the issue of 

climate change. When people are aware of the vulnerabilities these measures seek to mitigate, 

they tend to be more open to changes associated with adaptation.  
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Appendix A 

Interview Questions 

 

1.  In what way are you involved in understanding or responding to climate change  

impacts in your town? 

2. Thinking broadly, in what ways is your town already resilient to climate change? 

3. In what ways is your town most vulnerable to coastal flooding as it pertains to physical  

infrastructure  like buildings, roads, and docks to (OR coastal flooding as it pertains to   

natural resources like wetlands, salt marshes, beaches and upland areas?) 

a. Prompt 1 (if only 1 example is provided): Can you provide another example or  

two? 

b. Do you have any ideas for how your community can build resilience to these  

specific vulnerabilities? 

c. For you personally, what impacts related to coastal flooding are most important to  

address in your town?  

4. What social institutions in your town (such as churches, non-profit groups, town  

committees, neighborhood associations, etc) do you participate in or do you know others  

involved in? Which are the strongest at bringing together to address important issues in  

our community? 


