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Executive Summary:
Located on the northernmost tip of Cape
Cod, Provincetown’s history has always
been tied to the sea. Beginning in the late
1700s, Provincetown boomed from maritime
industries such as fishing and whaling.
Provincetown’s proximity to the sea makes it
especially vulnerable to the impacts of rising
sea levels and coastal flooding. While the
town has taken significant steps to increase its
climate resiliency, it must continue to adapt,
or it risks the sea slowly washing away the
rich heritage and history of the community it
helped create.
In 1989, Provincetown’s National Register
of Historic Places registration form for the
harborfront was approved, legally identifying
the area as a national historic location. A
local ordinance then recognized the area
as a historic district in April 2003. It is
exceptionally low-lying, with 511 of the 1,192
historic structures located within the Federal
Emergency Management Agency (FEMA)
floodplain. The historic district is critical to
the character of the town, housing many
of its residents and helping to support a
large tourism industry that bolsters the local
economy. The Field Projects team partnered
with Provincetown’s Planning Department to
identify potential adaptation strategies and
generate a set of recommendations designed
to improve the district’s resilience to sea level
rise and flooding.
A literature review was conducted alongside
research of applicable case studies. Through
this, the team first identified a variety of
potential adaptation strategies available to the
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town. These strategies were divided into three
categories: “Going Up,” “Gaining Ground,”
and “Planning for Future Spaces.” The team
explored different methods for elevating
buildings in “Going Up” along with alternative
techniques such as wet floodproofing and dry
floodproofing areas below flood elevation.
Strategies investigated in “Gaining Ground’’
include coastal armoring, beach nourishment,
and other nature based solutions such as living
shorelines. Lastly, “Planning for Future Spaces”
considered green and grey infrastructure
solutions, as well as different types of
temporary flood barriers. The team weighed
the advantages and disadvantages associated
with each strategy as they relate to the historic
district.
In order to identify which historic structures
are a high priority for adaptation, the
team engaged with the local community
by distributing a survey asking residents to
list their favorite historic buildings in town.
The survey results revealed that residents
place a high value on public buildings: 71%
of respondents mentioned Town Hall, 64%
mentioned the Public Library, and 38%
mentioned the Unitarian Universalist Meeting
House. The buildings noted by the community
vary in base elevation, and only half of the
10 most commonly mentioned buildings are
located within the current FEMA floodplain.
Although some of these properties are
located outside the flood zone, many are still
susceptible to the impacts of sea level rise,
which will continue to expand the zone’s
boundaries. Provincetown is projected to
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experience between 1.0 and 6.5 feet of sea
level rise, with one projection predicting up to
8.0 feet by the end of the century. The project
team utilized geospatial data to demonstrate
the impact of different magnitudes of sea
level rise on the town’s historic structures.
If sea levels were to rise 1 foot, 18 buildings
in Provincetown’s historic district would be
inundated with water. Under the intermediate
prediction of 3 feet of sea level rise, 45
buildings would be inundated. If sea levels
were to rise near the high end of the forecast
at 6 feet, the number of buildings that would
be impacted increases exponentially to 471.
With both the current and the future risks in
mind coupled with the expressed sentiment
of the 66 survey respondents from the
community, the team constructed a scenarios
schema to provide its recommendations. Six
scenarios were explored. The first analyzes
the impact of Provincetown taking no action
in response to sea level rise and increased
flooding. Scenarios two through four highlight
those strategies which the team found to be
most applicable to Provincetown within each
category. Scenarios five and six are respectively
short- and long-term syntheses of methods
among the categories.
Scenario one deserves particular consideration.
While not recommended by the team, it
offers a backdrop to the other five scenarios
in a poignant display of the necessity of
community action for resilience. The town has
the opportunity to focus its efforts on other
infrastructure projects and effectively passes
the burden of land and structural preservation
to individual property owners. As a result,
only those who have the knowledge and
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monetary means to protect their properties
will. The other properties along the shore will
be inundated constantly and devastatingly.
This is worsened by a simple fact: even those
buildings not in the floodplain are at risk of
damage from flooding events.
For the 511 structures in either FEMA Flood
Zone V or A, this damage is physical. Still,
for the surrounding community outside the
floodplain, the damage is to the communal
identity and economic prosperity. Annually,
Provincetown hosts 60,000 seasonal visitors
who come for the area’s character and
maritime activities. This forms the economic
foundation for the town as well as an integral
extension of the town’s contemporary identity.
If the beaches erode and the buildings along
the harbor are destroyed because individual
property owners could not afford to protect
them, then the visitors and all they mean for
the area would also erode. That is, scenario
one’s tactic of doing nothing is equivalent
to the destruction of the very history and
character that any action on the town’s part
would seek to protect. Provincetown’s public
image as a quaint, close-knit fishing village,
aside from its inclusivity of the LGBTQ+
community, is instrumental in its external
draw. Still, it is also accurate: the survey results
mentioned above show residents’ devotion to
their community.
There is a will to protect Provincetown’s
historic district--this Field Project set out
to find a way. In the short-term, the use of
temporary barriers to withhold flood-waters
in conjunction with elevating the most at-risk
buildings is recommended. Buildings not fit
for elevation could be retrofitted using a wet
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floodproofing approach. Finally, landscape
elements that support water infiltration and
retention should be more widely utilized.
In the long-term, the elevation of
neighborhoods, including not only the
structures but also the roads and peripheral
infrastructure in some cases, is advised
with an emphasis on the use of amphibious
architecture. This should be combined with
ongoing beach nourishment projects and
other strategies to dissipate wave energy as it
reaches the shore. Finally, floodgates can be
installed along Commercial Street so that all
areas landward are protected.
The town of Provincetown is actively trying
to increase the resiliency of its community,
and the research team has worked to provide
the most effective and accurate information
concerning adaptation to rising sea levels
and increased flooding. Ultimately, the town
will decide its own course of action, but the
research team has been delighted to help along
the way.
An ArcGIS Sotrymap associated with this report
can be found at: https://storymaps.arcgis.com/
stories/ac20d49e5c794f6eb898fc0a267cd45a
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INTRODUCTION:
This report’s title page shows 44 Commercial
Street in Provincetown, MA, which was
constructed back in 1855 (Dunlap 2010). This
historic home was one of roughly 50 properties
damaged during a 2018 record-breaking high
tide of 11.5 feet of seawater, which swamped
homes and businesses during a winter storm
(Myers 2019). The majority of Provincetown’s
residents live at similarly vulnerable properties
to 44 Commercial Street, which is part of the
town’s historic district. This part of the town
spans approximately 300 acres of land divided
into roughly 1,241 separately owned parcels

(United States Department of the Interior
1989). Figure 1 illustrates Provincetown’s
historic district and the vast amount of historic
structures within it.
The historic district in Provincetown is critical
to the character of the town, housing many
of its residents and helping to support a
large tourism industry that bolsters the local
economy. During the summer, Provincetown’s
population swells from 3,000 to 60,000;
artists, families, and members of the LGBTQ+
community flock to Provincetown due to
its unique blend of history and culture and
walkable downtown (Provincetown Office of

Figure 1: Town of Provincetown structures and historic district, Paige Dunlevy
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Tourism 2021).
The historic district in Provincetown is critical
to the character of the town, housing many
of its residents and helping to support a
large tourism industry that bolsters the local
economy. During the summer, Provincetown’s
population swells from 3,000 to 60,000;
artists, families, and members of the LGBTQ+
community flock to Provincetown due to
its unique blend of history and culture and
walkable downtown (Provincetown Office of
Tourism 2021).
When tourists come to visit Provincetown,
they may go and build a sandcastle on the
beach. They don’t expect it to last forever.
Subconsciously, they are aware that the coastal
environment is constantly changing, and at a
certain point, their design will wash into the
sea (Sea Grant 2021). The historic district faces
a similar fate due to the threats caused by
flooding and erosion, which are exacerbated
by sea-level rise (SLR). Just as an individual
would look to build a wall around their
sandcastle to protect it from the impending
waves, Provincetown seeks to protect its
historic district with any means possible. This
project will explore what adaptation strategies
Provincetown has at its disposal.

INTRODUCTION
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Goals of the Project
This project sought to understand and assess
the risks climate change-induced SLR and
increased storm surge pose to Provincetown’s
historic built environment. The town initiated
the project partly due to the lack of focus
on resilience in Provincetown’s previous
strategic planning. Provincetown is dependent
on the features of its unique location at the
northern tip of Cape Cod. As the initial project
proposal suggests, “Retreat is not an option
for a historic community nestled on a sand
dune between a working harbor and the
Cape Cod National Seashore.” While retreat
was not a recommendation by the Project
Team, Provincetown needs a plan for coastal
resiliency and climate adaptation that ensures
the survival of the historic district.
The team completed a comprehensive
assessment of Provincetown’s historic
district vulnerability to flooding and SLR and
has identified strategies and determined
measures to build a more resilient community
in Provincetown. The desired outcomes
of this project are policy and planning
recommendations to address risk and add
value to Provincetown’s historic resources
and community character. Beyond identifying
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strategies for future implementation, this
project created visualizations that can be used
for public presentations and town meetings
to further enhance public education and
awareness around resiliency.

This project sought to answer the following
questions:
1. Five hundred eleven historic structures
in Provincetown are located within the
FEMA floodplain. Of these, which historical
structures can be identified as ideal and
desired for adaptation?
2. How can a structure be prepared for
adaptation without disproportionately
altering the site’s historical characteristics
and significance?
3. What adaptation measures can
Provincetown implement to protect its
historic built environment from flooding
and SLR?
4. Considering the rate of SLR and the amount
of time required for adaptation, what is
the most appropriate course of action
for Provincetwon given the available
information?
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HISTORICAL BACKGROUND:
Designing appropriate adaptation
recommendations for Provincetown’s historic
district requires an understanding of the town’s
history and development. It also involves
consideration of the town’s vulnerability to
flooding in the past and evaluating its present
landscape. This ensures that the Field Projects
team’s proposed strategies are effective,
consistent with traditional architecture, and
help preserve the town’s maritime character
cherished by residents. The team’s proposed
solutions build off of studies already completed
by the town’s planning department addressing
flood risk and coastal resiliency.

Project Partner
For this research, our Field Projects team
partnered with the Provincetown Planning
Department, which is responsible for all
permitting and zoning within the town and any
alterations of the historic built environment.
Currently, there are two principal staff
members within the department, namely Ellen
Battaglini, the town’s Permitting Coordinator,
and Thaddeus Soule, the town’s Resident
Planner. There is also a 10-member planning
board with seven members active as of the
time of writing, chaired by Brandon Quesnell.
For this project, the primary contact was
Thaddeus Soule, with whom communication
was maintained throughout the semester.
In recent decades, town staff, boards, and
committees, along with scientists, engineers,
and planners, have developed multiple
plans and reports in response to and in
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preparation for a changing environment.
While the most recent Local Comprehensive
Plan was completed and approved over 20
years ago, numerous studies have also been
published to direct the town’s planning and
development. These include the 2012 Open
Space & Recreation Plan, 2016 and 2021
Hazard Mitigation Plan, 2016 Vulnerability
Assessment, 2018 Sewer Capacity Survey, 2018
Harbor Management Plan, 2018 Cape Cod
Regional Policy Plan, and the 2019 Community
Resiliency Building Workshop. The analysis of
these documents and many others internal
and external will help determine a plan for
coastal resiliency and climate adaptation for
Provincetown’s historic district. This report will
help the town visualize, compare, and contrast
what different mitigation strategies to SLR
will look and feel like throughout its historic
district.

Community Context and History
The Cape Cod peninsula is geologically young,
forming 15,000 years ago through fluctuations
of a continental glacier (Dangerous Labs
2016). The landmass is made up of earthen
material pushed together during glacial
advances and sediment deposition during
glacial retreat. Over the next thousands of
years, the climate warmed, and the glacier
withdrew from the region to the north, with
meltwaters rising ocean levels more than 400
feet (Dangerous Labs 2016). Wind and water
have steadily eroded the eastern face of Cape
Cod, transporting sand to the southern and
northern tips in the form of barrier beaches
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and expansive dunes. These natural processes
have and continue to change the coastal
landscape.
Long inhabited by the Nauset Tribe before the
European Encounter, Bartholomew Gosnold,
an English explorer, first named modern-day
Provincetown “Cape Cod” in 1602 (Archer
1602). Both indigenous and European settlers
valued this land for its access to the sea and
great fisheries.
Provincetown is located on the northernmost
tip of Cape Cod, MA, containing approximately
three miles of coastline and 9.7 square miles
of land within town borders. Seven square
miles of this land is under the jurisdiction of
the Cape Cod National Seashore (CCNS) with
the remaining 2.7 square miles under the
jurisdiction of the town. This latter portion is
commonly denoted as “town land.”

Following the American Revolution,
Provincetown’s economy boomed from
maritime industries such as fishing and
whaling. For the 100 years to follow, the
town flourished as a close-knit waterfront
community, with homes and businesses
spanning the harborfront, connected by
footpaths. The town only became accessible
by land in the 1870s when East Harbor was
dammed, and dikes were put in place. The
two most prominent pathways in town were
designated “Front Street,” located along the
harbor where commerce and socializing were
centered, and “Back Street,” located further
from the waterfront (Paine 1992). They were
later renamed Commercial Street and Bradford
Street, respectively.
Over its many years of development,
Provincetown has maintained the atmosphere
of an 1800s fishing community, and the town

Figure 2: A map of Massachusetts, pinpointing Provincetown, Paige Dunlevy.
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has prioritized preserving this character. Most
of the town’s structures are built in the colonial
cape cod architectural style with wood frames,
gabled roofs, cedar shingle siding, a central
chimney, multi-panel windows, and shutters.
A few buildings, such as 314 Commercial
Street, draw on Queen Anne, Victorian design
elements while others incorporate Federalist
architecture. Many buildings in the town’s
historic district were constructed before 1850,
and protecting these structures is crucial for
preserving the town’s unique architectural style
and visual character.
Tens-of-thousands of tourists are attracted to
Provincetown each summer, like the indigenous
and early European settlers, by the town’s
location and maritime opportunities on the
open ocean and in its protected harbor (CityData 2021). This attraction as a summertime
destination and maritime community is
depicted in its demographics. Provincetown is
home to significantly higher property values
compared to the rest of Massachusetts (MA).
The median property value in Provincetown
during 2019 was approximately $652,084,
while the state’s median value was $418,600.
Concerning Provincetown’s inhabitants,
though, the town residents are considerably
older than those in other municipalities with
a median age of 57.9, compared to the state
median of 39.7. This puts them at greater risk
of health issues due to the effects of severe
and prolonged flooding (City-Data 2021).
Finally, something no statistic can fully capture
is the pride the residents have for their homes
in “P-Town.” Of the 2,642 year-round residents
many were born and have lived their whole
lives within the town. Literally and figuratively,
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the region has weathered storms throughout
its existence. While adapting to SLR may be a
marathon rather than a sprint, it is a challenge
to which this tight-knit community will rise.

Historical Significance
Planning for Provincetown’s future means
considering its past. Historic preservation is
critical to the town because preserving the
built environment is an essential tool of land
use planning. Historic preservation is critical
to the town because preserving the built
environment is an essential tool of land use
planning. The town has capitalized on the
historic district to attract tourists and help the
local economy. However, when considering
Provincetown’s future, which is threatened
due to flooding, erosion, and SLR, one must
consider what the town is fighting to preserve.
It is essential to explore the cultural landscape
in Provincetown, including natural and humanmade components of the town and how they
have changed over time (Longstreth 2008).
The first city to establish a historic district
was Charleton, SC, in 1931, which had strong
community support but no legal precedent and
was established without enabling legislation
from the state (Tyler, Tyler, and Ligibel 2018).
This paved the way for the National Historic
Preservation Act in 1966, which established
the National Register of Historic Places (Tyler,
Tyler, and Ligibel 2018). This encouraged locally
regulated historic districts, authorized enabling
legislation to fund preservation activities, and
established historic preservation as a more
integral part of American society (Tyler, Tyler,
and Ligibel 2018).
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Historic preservation looks to the significance
of a place and helps us understand why a
building or place should be preserved, why it is
meaningful or useful, and what aspects require
the most urgent protection (Mason 2004). It
should be noted that “by making the fixing of
places and their meaning the primary emphasis
of preservation, we have unduly objectified and
scientized our understanding of memory and
historicity” (Mason 2004). An article by Randall
Mason (2004) Fixing Historic Preservation: A
Constructive Critique of “Significance” speaks
to this process, noting that “once judgments
are made about a site, its significance is
regarded as largely fixed. Such inertia needs
to be overcome, and each site’s significance
needs to be seen as time-bound and in need of
periodic revision.” This statement brings up the
question of: Does placing so much importance
on the historic preservation of the buildings
noted in this report only preserve a specific
period and for a narrow group of individuals?
As Jane Jacobs, the well-known urbanist and
activist, says, “There is no logic that can be
superimposed on the city; people make it, and
it is to them, not buildings, that we must fit our
plans” (Tyler, Tyler, and Ligibel 2018).
Erosion, flooding, and SLR treat all structures
equally and do not avoid a structure because
it adds to the history or character of the
community.
When the town residents were surveyed about
the historic district, one community member
noted:

I always ask myself is, “What’s being preserved?
For whom? And for how long?” I don’t live under
the illusion that everything must be preserved or
restored to the “original” town: 1850? 1900? 1967
when I first started coming to Provincetown for the
season and more. And I don’t believe most experts
can transcend their own education and zeitgeist
to envision realistic preservation and restoration
for several generations away.” - Dr. John PetersCampbell

This community member noted “realistic
preservation,” which is the primary focus of this
report. The historic district will need to adapt
to the threats it faces. The town has done this
before; it floated houses located on Long Point
across the harbor to Provincetown in 1850
due to a decline in fishing stock. Today these
Long Point Floaters, as they are known, are
marked with a white-on-blue plaque showing
a house in the water (Setterlund 2021). The
town will need to practice realistic preservation
and capitalize on its history while preserving
its future. Monetarily speaking, the historic
district adds economic value to the town,
and therefore it is worth preserving. Yet, it is
unrealistic to think the town will look the same
twenty years from now. Historic structures will
need to change to survive because there is no
value in a historic structure if it floats out to sea
or crumbles to the ground. Just as the town did
with its floaters, it will need to focus on realistic
solutions to salvage these structures’ value to
owners and the town alike.

“I’m afraid of the adaptations to rising sea level and
what that will do to the texture of the town. At the
same time, I recognize their necessity. The question

HISTORICAL BACKGROUND

13

OVERVIEW OF THE PROBLEM
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Overview of the Problem:
Climate Change
In its 4.5 billion-year history, the Earth has
undergone many periods of heating and
cooling. Varying levels of natural greenhouse
gases (GHG) (primarily water vapor, carbon
dioxide (CO2), methane, nitrous oxide, and
Ozone) along with other substances in the
Earth’s atmosphere radiate the sun’s rays
that heat the planet, directly correlating to
global temperatures. Geological and biological
processes can cause GHG levels to fluctuate,
storing GHGs such as carbon in the ground

or oceans. At the turn of the 19th century,
the technological innovation that spawned
the Industrial Revolution created more
carbon intensive ways of manufacturing
goods and standards of living, ultimately
releasing more GHGs into the atmosphere and
warming the planet. Over the past 171 years,
human activities have raised atmospheric
concentrations of CO2 by 48% above preindustrial levels found in 1850 Figure 3. This
increase is higher than what has naturally
occurred over the prior 20,000 years (NASA
2021).

Figure 3: A graph showing CO2 levels during the last three glacial cycles utilizing NOAA ice cores (NOAA 2021).
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With warmer temperatures, water stored as
ice in glaciers and the polar ice caps melts
and introduces more water into the oceans.
The tide gauge station in Wood’s Hole, Cape
Cod, has registered an average SLR of 0.11
inches per year since 1932 (totaling 9.79
inches as of 2021), while the station on nearby
Nantucket has recorded an average of 0.14
inches of SLR since 1965 (Provincetown Hazard
Mitigation Plan, 2016). While this increase
may seem minimal, the rate of SLR is expected
to accelerate over the coming decades as ice
melt and thermal expansion are expedited
by climbing temperatures. Consequently,
Provincetown is projected to experience
anywhere from 1.0 to 6.5 feet of SLR by 2100
Figure 4.

SLR dually threatens the town’s coastal areas.
First, since the area is built on porous sand,
the rising water table will eventually impact
many of the town’s subterraneous structures,
such as drainage pumps. Second, as mean sea
levels rise, “high water elevations will move
landward, and areas of coastal shorelines will
retreat” (Provincetown Hazard Mitigation Plan,
2016). This will expose additional portions
of the town to both tidal inundation and
stormwater flooding. Changes in the shoreline
will also expose new areas in the town to
erosion and potentially impact the bay’s
natural sediment transport processes.
With warmer temperatures, water stored as
ice in glaciers and the polar ice caps melts

Figure 4: A graphical depiction of SLIR projections, representing time (years) on the X-axis and SLR (meters) on the
Y-axis (Waldo 2016).

OVERVIEW OF THE PROBLEM

17

and introduces more water into the oceans.
The tide gauge station in Wood’s Hole, Cape
Cod, has registered an average SLR of 0.11
inches per year since 1932 (totaling 9.79
inches as of 2021), while the station on nearby
Nantucket has recorded an average of 0.14
inches of SLR since 1965 (Provincetown Hazard
Mitigation Plan, 2016). While this increase
may seem minimal, the rate of SLR is expected
to accelerate over the coming decades as ice
melt and thermal expansion are expedited
by climbing temperatures. Consequently,
Provincetown is projected to experience
anywhere from 1.0 to 6.5 feet of SLR by 2100
Figure 4.
SLR dually threatens the town’s coastal areas.
First, since the area is built on porous sand,
the rising water table will eventually impact
many of the town’s subterraneous structures,
such as drainage pumps. Second, as mean sea
levels rise, “high water elevations will move
landward, and areas of coastal shorelines will
retreat” (Provincetown Hazard Mitigation Plan,
2016). This will expose additional portions
of the town to both tidal inundation and
stormwater flooding. Changes in the shoreline
will also expose new areas in the town to
erosion and potentially impact the bay’s
natural sediment transport processes.

Storm Events, Flooding, and Erosion
Provincetown has faced coastal flooding
and erosion throughout its recent history.
While these hazards will be exacerbated by
future SLR, the town is still vulnerable to
their impacts in the present. Since the 1870s,
Provincetown has recorded over 30 flooding
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events. For example, as early as 1931, the
town reported an exceptionally high tide that
flooded the Provincetown Inn and basements
along Commercial Street (Provincetown
Hazard Mitigation Plan 2016). As shown
in the photograph below, much of the soil
in Provincetown Harbor consists of sand,
constantly being altered. Wave action, wind,
and currents move sand up and down the
shoreline, while sand is also carried onshore
and offshore by waves, tides, and currents
(Sea Grant 2021). Water, wind, and sediment
movement significantly impact Provincetown’s
historic district.
Coastal flooding in the low-lying areas of the
town has predominantly been caused by severe
storm events such as Nor’easters (winter
storms), tropical storms, and hurricanes. These
storm events can create storm surges as high
winds and changes in pressure raise the sea
level multiple feet and push water inland into
the town. The storms can also worsen tidal
inundation, especially when stronger wave
action coincides with king tides – the day of
the year with the greatest tidal range due
to the alignment of the sun and moon (EPA
2011). Powerful storms that rapidly raise water
levels and accelerate coastal currents cause
the most significant loss of coastlines (Morton
2021). Additionally, heavy rainfall or rapidly
melting snow associated with these storms can
overwhelm the town’s aging urban drainage
infrastructure -- usually leading to backups
around the Town Hall area and subsequently
flooding Commercial, Bradford, and Ryder
Streets (Provincetown Hazard Mitigation Plan
2016).
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Photo 1: Provincetown Harbor (USACE).

These flood hazards can cause major damage
in the town, especially in higher risk areas.
When categorizing a property’s flood risk, the
100-year and the 500-year floodplains are
both considered (NYU Furman Center 2017). A
100-year floodplain is a location where there
is a 1% probability of flooding each year, while
a 500-year floodplain includes areas with a
0.2% probability of flooding each year (NYU
Furman Center 2017). FEMA has created a
Flood Insurance Rate Map which identifies
Special Flood Hazard Areas (SFHA) utilizing this
flooding probability (FEMA 2020). SFHAs are
labeled to show the severity of flood hazards.
Provincetown’s historic district is in Flood Zone
A, Zone B, and Zone V. Zone ‘V’ can signify
‘velocity’; water is flowing with the increased
hazard and damage of wave action. “A” means
‘altitude’; water goes up and goes back down,
but it lacks the damaging wave action of a ‘V’
zone” (Boggs 2009). Zone A includes areas
that are subject to a 1% chance or greater of
flooding, while Zone X includes areas that are
subject to 0.2% change or greater of flooding.
Zone V is similar, but it has additional hazards
associated with velocity wave action (CoreLogic
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2010). SLR first impacts Zone V, then flows
into low lying areas that constitute Zone A,
followed by Zone X. Knowing which buildings
in the historic district lie in either Zone A, Zone
V, or Zone X is important in deciding which
adaptation strategy will be most appropriate.
Below is a map that shows the current A and V
Flood Zones in Provincetown.
In addition to storm events, the town is
affected by natural processes of sediment
transport. Erosion is the primary sediment
transport that removes sand from a coastal
area. Some areas experience the opposite
of erosion, accretion, which is the addition
of sediment. These processes are influenced
by natural factors such as beach slope,
sediment size and shape, wave energy, tides,
storm surge, and nearshore circulation (Sea
Grant 2021). Human activities also alter
the shoreline, such as dredging, removal of
vegetation, and construction (Sea Grant 2021).
Studies show that while the general shape of
the Provincetown Harbor shoreline has not
changed significantly over the past 150 years,
there are areas that experience considerable
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Figure 5: The green represents the two subzones of Zone A, AE and AO, the purple represents Zone V, and the yellow represents Zone
X, Paige Dunlevy.

accretion and erosion of sand and sediment.
The Provincetown Harbor Management Plan,
which was last updated in 2018, discusses the
shoreline changes in Provincetown Harbor,
noting that they are the result of natural and
anthropogenic factors including “the direct
placement of dredged material on the beach,
and the alteration of wave‐induced erosion
caused by the construction of seawalls along
the shore, the installation of wave attenuators
in the Harbor, and the construction of the U.S.
Army Corps of Engineers (USACE) breakwater
off‐shore” (McKinsey 2018). Some examples of
sediment accumulation sites in Provincetown
include Ryder Street and Gosnold Street,
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while erosion occurs at Court Street and the
West End boat ramp, among other locations
(McKinsey 2018).
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Figure 6: Map of SLR in Provincetown, Paige Dunlevy.

Design Considerations for the Historic
District
The National Register of Historic Places,
Adaptation Standards
The entirety of Provincetown’s historic district
was enrolled in the National Register of
Historic Places in 1989. The Secretary of the
Interior manages a set of standards on the
rehabilitation of historic buildings, including
on flood adaptation, but these standards are
only regulatory for buildings in the Register if
they are receiving federal assistance through
programs such as Historic Preservation Fund
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Grants or the certified historical structures
federal tax incentive program. The standards
on flood adaptation are intended instead to
serve as guidelines for all historic structures.
They are not designed to offer case specific
recommendations but provide broad advice
that must be interpreted in the local context.
Overall, the standards promote adaptation
measures that increase a building’s resiliency
but maintain significant historical materials,
features, and spaces. They also encourage
increasing resiliency in scalable phases, by
employing adaptation strategies now that are
conducive to larger measures in the future
(Eggleston, Parker & Wellock, 2019).
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Provincetown Historic District Commission
To maintain Provincetown’s “visual character
as a 19th century seaport, [which] is of vital
importance to the town’s economy and way of
life,” the town established the historic district
Commission to preserve the existing historical
architecture (15.11, Provincetown General
Bylaws). The commission has jurisdiction
over any new construction, alteration, or
demolition that impacts “external architectural
features” and is “visible from a public way”
(15.6, Provincetown General Bylaws). The
commission reviews all such construction
proposals in the district, holds a public
hearing, and then decides if the construction
appropriately matches the town’s character.

Massachusetts Residential Building Code
Recent updates to the Massachusetts State
Building Code (MSBC) require that any new
construction or “substantial improvements”
(renovations or repairs that amount of 50% of
the property’s value) in flood zones consider
flood elevation in planning the height of the
first floor [780 CMR R322]. It stipulates that in
Zone A on FEMA’s Flood Insurance Rate Maps
(FIRMs) the horizontal beams of the lowest
floor must be above the 1% flood elevation.
In Zone V, this “lowest horizontal member”
must be two feet above the 1% flood elevation.
Lastly, the code describes that all new or
improved homes in coastal dune areas should
be built on pilings with an open footing, and
it also requires that all structures in the 1%
floodplain are reviewed for compliance [780
CMR R322].
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Methodology:
The following sections outline six significant
tasks that were explored during this project.
Tasks included Task (1) a review of existing
plans and reports about Provincetown and
studies applicable to the three categories

of adaptation; Task (2) the examination of
existing examples of each strategy; Task (3) an
analysis of the advantages and disadvantages
associated with each resiliency strategy; Task
(4) visual renderings of adaptation solutions;
Task (5) conducting surveys and interviews;
and Task (6) synthesizing findings to create final
report and presentation.

Figure 7: Visualization of Tasks.

Task 1: Comprehensive Literature Review
To achieve the project’s goals, the team first
completed a comprehensive literature review
of coastal adaptation strategies, focusing on
three categories of approaches as proposed by
the town of Provincetown and outlined below:
“Going Up,” “Gaining Ground,” and “Planning
for Future Spaces.”
Additionally, the team examined related
studies and planning done previously in the
Provincetown Historic District. This included
the following:

METHODOLOGY

•
•
•
•
•
•

Provincetown Local Comprehensive Plan
(2000).
Provincetown Harbor Plan (2012).
Provincetown Hazard Mitigation Plan
(2016).
Vulnerability Assessment (2016).
Provincetown’s Sewer Capacity Survey
(2018).
The Cape Cod Regional Policy Plan (2019).
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Task 2: Review of Case Studies
The team utilized case studies of similar
coastal historic districts and their resilience
strategies to inform decision-making. Previous
case studies help identify potential challenges
to the implementation, advantages, and

disadvantages of the methods discussed. This
helped the team evaluate the practicality and
relevance of different strategies related to
Provincetown’s historic built environment,
emphasizing maintaining the town’s character.

Task 3: Advantages and Disadvantages of Each Strategy
An examination of the advantages and
disadvantages of each strategy was conducted
to determine which strategies would be
most effective if implemented by the town.
Properties that have already deployed
resilience strategies such as “Going Up” (509
Commercial Street and 51 Commercial Street)

were examined as well as specific strategies
outlined in case studies.
Note: The terms home, house, and structure
are used interchangeably with the term
building(s) in this report, but can also be
applied to other types of buildings.

Task 4: Visual Representation
The project team used GIS analysis and prior
studies to produce a series of maps that
illustrate existing historic structures, flooding
scenarios, and SLR predictions. Vulnerable
locations that will need to be adapted in
order to be preserved and protected were
pinpointed. This included analyzing the
FEMA Flood Map, the National Oceanic and
Atmospheric Administration (NOAA’s) SeaLevel Rise Predictor, and other data from
MassGIS (FEMA 2021, NOAA 2020). One of the
group’s primary goals was creating important
visualizations that the town can utilize to
create presentation materials to build public
education and increase awareness.
Within the area that the team has identified
as the focus of study are numerous historical
sites shown in Figure 1. The red triangles
represent historic buildings in the town. These
maps show where within the historic district
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infrastructure is located and what is deemed
historic. However, these maps do not show
us a scale of how vulnerable the buildings
are, and these maps can also be challenging
to understand if an individual does not have
experience with GIS or mapping systems. The
team’s work is an essential contribution to the
town’s public education because this project
includes a vulnerability scale, simplified maps,
and the information interfaced with flooding
dangers.
Collected data was aggregated into a rendering
of potential actions along a timescale
ranging from short to long-term actions and
infrastructure. This rendering was based on
the one utilized in the Resilient Boston Harbor
document series. The group also used the
Woods Hole Historic District Planning study
created by Sarah Korjeff and the Cape Cod
Commission (CCC) as a model for creating
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maps to display the infrastructure and built
environment in question (Korjeff 2018). The
team constructed a map of Provincetown’s
historic structures which conveyed the preplan and post-plan vulnerability of the public
infrastructure. Additionally, the team created
visual renderings of our implementation plan,
for example utilizing SketchUp to demonstrate
architectural changes to a building where the
infrastructure has been raised to increase
resiliency. In addition, the team included

pictures of existing interventions from case
studies and project spotlights. The team used
the following plans as models in their work:
• Resilient Boston Harbor (2019): https://
www.boston.gov/environment-and-energy/
resilient-boston-harbor
• Woods Hole Historic District Planning Study
(2018): https://www.falmouthma.gov/
DocumentCenter/View/4904/CCC-WHHistoric-District-Planning-Study-May-22nd2018?bidId=

Task 5: Surveys
The team conducted anonymous online
surveys of current, many of them long-term,
residents of Provincetown, MA, to gauge which
buildings in Provincetown’s Historic District are
most important to them. 66 survey responses
were collected and included in our analysis.
The survey questions include:
• What is your age?
• How long have you lived in Provincetown,
MA?
• Do you live in Provincetown for more than
six months of the year?
• Do you have a business that is located in a
historical building in Provincetown’s historic
district?
• Do you live in a historical building that is

•

located in the historic district?
What are your five favorite buildings in
Provincetown’s historic district? List from
favorite (#1) to least favorite (#5). If you
know them, please include the buildings’
names and/or addresses. If not, please
describe them as best as you can

The team also conducted interviews with town
planners in municipalities throughout the Cape
Cod region as well as with planners affiliated
with the regional planning authority, the CCC,
to inquire about past projects undertaken
in the region. Such projects included not
only climate adaptation projects but also
public communication and decision-making
techniques.

Task 6: Final Report and Presentation
The completion of this document serves as
the final written report. The team developed
a set of recommendations based on the best
practices identified in the research. Based
on this set of recommendations, the group
produced an implementation plan tailored
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to Provincetown. Additionally, the team
completed a presentation summarizing the
process and findings which was shared with
the town departments and leadership.
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Visual Representations
The project team created sets of maps and
visualizations through using various web-based

programs. Each map was made to be as simple
as possible, so that anyone from the public
could comprehend the data and understand
what is being represented. Data from the FEMA

Figure 6: Map of SLR in Provincetown, Paige Dunlevy.

28

COASTAL RESILIENCY

Flood Map, NOAA’s SLR Predictor, and MassGIS
OLIVER were analyzed and used to produce
SLR and Flood Zone maps. MassGIS OLIVER
also provided data on the historic buildings
in Provincetown’s historic district. This data
was then interfaced with the information
regarding the flooding dangers of SLR.
Vulnerable structures and locations that need
adaptation to be preserved and protected were
pinpointed.
Figure 6 shows the SLR map that the team
created that represents the Low, Intermediate,
High, and Extreme modes of SLR by 2100,
provided by NOAA (Lindsey 2021). Building on
the SLR map, Provincetown’s historic structures

were added in Figure 8 to show which
structures would be impacted by SLR. Under
the low (1-ft) model of SLR by 2100, 18 of
the 1,192 buildings in Provincetown’s historic
district would be impacted, approximately
1.5%. Under the intermediate (3-ft) model, 45
buildings would be impacted, approximately
3.8%. As SLR projections become more severe,
the impact to historic buildings dramatically
increases. Under the high (6-ft) model, 471
buildings would be impacted, approximately
39.5%. In the most extreme (8-ft) model of SLR,
613 out of 1,192 structures would be impacted,
approximately 51.4%, over half of all historic
structures in Provincetown.

Figure 8: Historic Structure Data, including SLR, Paige Dunlevy.
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Figure 9: SLR and Flood Zone Data in Provincetown, Paige Dunlevy.

In Figures 9 and 10, Flood Zones A and V were
added on top of SLR to show the similar area
of impact. Despite its similar area, the Flood
Zones impacted 111 fewer structures than
the 8-ft model, equating to 42.1% of historic
structures in Provincetown. It is important
to acknowledge that because of SLR and
increased flooding, Flood Zones will expand
and become a greater flooding threat to more
historic structures.
In addition to maps, the team created
digital renderings of key components of our
recommendations. Utilizing Sketchup, the team
demonstrated the architectural and visual
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impact of our proposed adaptation strategies.
We believe providing these renderings uniquely
portrays how potential changes will be
experienced by the local community. While our
maps and research offer convincing support
for our recommendations, the community
may still be resistant because Provincetown’s
beloved character is due in a large part to
its human scale-streetscapes. Through these
visualizations we attempt to show that
adaptation measures can be implemented in a
way that preserves the spatial relationships of
building to each other and to the surrounding
environment.
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Figure 10: Historic Structure Data, including SLR and Flood Zones, Paige Dunlevy.
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ADAPTATION STRATEGIES
05

ADAPTATION STRATEGIES:
The team examined the following three
adaptation strategies: “Going Up,” “Gaining
Ground,” and “Planning Future Spaces.”
“Going Up” is a method that involves physically
raising infrastructure such as commercial
and residential buildings,as well as wet and
dry floodproofing. “Gaining Ground” focuses
on coastline defenses and utilizes strategies
such as the design and construction of living
shorelines, berms, beach nourishment,
and permanent flood barriers in order to
gain and protect ground area. Lastly, for
the “Planning for Future Spaces” strategy,
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the team explored multiple landscapes and
infrastructure improvements to combat SLR,
including temporary flood barriers, grey
infrastructure, and green infrastructure that
would complement the town’s character.
By incorporating these intentional design
strategies and improvements in spaces
throughout Provincetown, the town can
work to effectively address SLR and protect
its built environment. The team examined
these three strategies in detail, and made
recommendations about how they could be
applied to Provincetown.

COASTAL RESILIENCY

Going Up
Due to SLR, Provincetown has seen a significant
increase in flooding and flood levels in the past
few years. One adaptation strategy for the
town’s historic district is to elevate its buildings
and infrastructure. Elevating helps prevent
floodwaters from reaching inhabited areas of
a building (FEMA 2014). Some methods that
FEMA suggest are either to elevate “the entire
house, including the floor, or by leaving the
house in its existing position and constructing
a new, elevated floor within the house” (Aerts
2018). Another method of “Going Up” is
floodproofing, which has two different types,
wet and dry. Wet floodproofing allows for
water to enter enclosed uninhabited areas of
a building to limit the damage to the structure
by balancing the hydrostatic pressures (Aerts
2018). While dry floodproofing is the method
of making the area below the Design Flood
Elevation (DFE), the elevation of the highest
flood, watertight (FEMA 2014).
Many buildings in Provincetown’s historic
district are not in compliance with the state
building code regulations for flood zones. MA
regulations are aligned with FEMA’s guidance
which states that these buildings will need
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to be brought into compliance if they have
been Substantially Improved or have been
Substantially Damaged (FEMA 2014). A building
is considered to be Substantially Improved
when any improvements are made to the
structure that cost equal to or greater than
50 percent of the building’s original market
value (FEMA 2014). Additionally, a building
is considered Substantially Damaged if it has
“damage of any origin sustained by a structure
whereby the cost of restoring the structure to
its before damaged condition would equal or
exceed 50 percent” of the original market value
(FEMA 2014).
The strategies outlined in “Going Up” may have
implications for historical buildings that may
not apply to newer properties. For example,
elevation may affect a property’s historical
integrity by changing features of historical
significance. Also, wet and dry floodproofing
often involve the replacement of building
materials and may not be appropriate for
buildings whose integrity is dependent on the
authenticity of materials used (Department of
Economic Opportunity 2015).
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Elevating Structures
The goal of elevating buildings is to raise
the lowest floor to or above the Base Flood
Elevation (BFE) to prevent the floodwaters
from reaching living areas (FEMA 2014).
There are two different approaches to
elevating: raising the entire home, and
constructing a new, raised floor within the
home. When choosing an approach, one must
consider how high the home will need to be
elevated, whether the existing foundation is
incorporated, other hazards, how to access
the house, and which technique is appropriate
(FEMA 2014). FEMA has four methods of
elevating in their “Homeowner’s Guide to
Retrofitting” depending on the five different
foundations as seen in the image to the right.

Figure 11: Types of Elevated Structures (FEMA).

Method #1:
Elevating on Continuous Foundation Walls
This method is used mainly in areas where
the risks of wave action and high-velocity
are low. Still, even at these levels, the
continuous foundations are susceptible to
structural damage (FEMA 2014). If possible,
it is suggested to use an open foundation
when elevating the house. This would mean
detaching the home from the foundation
and then raising it on jacks for the extended
foundation to be built (FEMA 2014). This is
one of the easiest methods to elevate the
home though it might require some additional
construction (FEMA 2014). It is also possible
to enclose the new foundation, but this would
require wet floodproofing to be implemented
into the new foundation.
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Figure 12: Elevating on Continuous Foundation Walls Graphic
(FEMA).
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Method #2:
Elevating on Open Foundations
Open foundations consist of vertical structure
members that help support the home at key
points and because they are less of an obstacle
for flood flows this type of foundation can be
used in areas that have risks of wave action and
high-velocity flood (FEMA 2014). The different
methods to elevating open foundations are:
• Piers: Piers are usually built with masonry
blocks or cast-in-place concrete (FEMA
2014). The conventional use for piers is for
holding vertical loads, so the horizontal
loads of those associated with floods can
still cause damage. As a result, piers should
generally be used in low to moderate wave
action and high-velocity flow, and low risk
of earthquakes (FEMA 2014).
• Posts: Posts are usually made of wood or
steel and can be used where wave action
and high-velocity flow are low to moderate
(FEMA 2014). Posts are braced together
and are taller and slender than piers,
making them less stable.
• Piles: Piles are usually made out of wood
but also can be fiber reinforced polymer,
steel, or precast concrete. They tend to
be “less susceptible to effects of highvelocity flow, wave, debris impact, erosion,
and scour than other types of open
foundations” (FEMA 2014). However, this
method of elevating does require more
space because the house often needs to
be moved off the existing foundation and
set on a cribbing while operation of jetting
piles into the ground is complete (FEMA
2014). Piles are constructed in areas where
other elevation methods cannot be used.

GOING UP

Figure 13: Elevating on Open Foundations Graphic (FEMA).
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Method #3 and #4:
Elevating by Extending the Walls of the Home
or Moving the Living Space to an Upper Floor
Masonry homes on slab-on-grade foundations
have two different methods for elevating
(FEMA 2014).
1. Remove the roof, extend walls upward,
replace roof and build a new, raised floor at
DFE. This works best when the floor needs
to be raised less than 4 feet to reach DFE
(FEMA 2014).
2. When the DFE is over 4 feet, it is better to
“Abandon the entire lower floor, or lower
enclosed area, of the home and move
the living space to an existing or newly
constructed upper story” (FEMA 2014).
The limitation of these methods is that the
parts of the home that are below the DFE
are going to be exposed to flooding and the
damage that comes with it (FEMA 2014). This
means that everything below the DFE needs to
be made of flood damage resistant materials.
Also, the lower areas cannot be used as a living
space but can be used for parking, building
access, or storage instead (FEMA 2014).

Photo 2: A House Undergoing Extension of its Walls (FEMA).

Advantages
•

A property that has been elevated reduces
the risk of damage to the building and
its contents. This is a useful practice
because elevation eliminates the need to
move vulnerable contents to areas above
water level (except when lowest level is
used for storage) (FEMA 2014). This can
help to reduce the physical, financial, and
emotional strain that comes with floods
(FEMA 2014).
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Disadvantages
•

Costs may be prohibitive for these
strategies (FEMA 2014). Elevation can be
expensive based on building size, design,
and height of elevation required. It will cost
more to elevate historical buildings than
newer buildings (Aerts 2018, Department
of Economic Opportunity 2015). There are
additional costs associated with elevating
structures e.g. bringing up to current code,
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•

•

•

•

Elevation to or above BFE can bring
the building into compliance with the
community’s floodplain management
ordinance or law (FEMA 2014). This
can reduce flood insurance premiums if
property is raised to BFE (Department of
Economic Opportunity 2015).
There are limited environmental
concerns to the elevation of structures
(Department of Economic Opportunity
2015). Additionally, the area under an
elevated structure can provide space for
other purposes, such as storage or parking
depending on the type of new foundation
used and the height (Department of
Economic Opportunity 2015).
Elevated structures can be a vivid
reminder of flooding risk and can raise
public awareness of SLR (Department of
Economic Opportunity 2015).
Elevation techniques are well known and
contractors are usually readily available
(FEMA 2014). Additionally, the practice
does not require additional land (FEMA
2014).

•

•

•

•

•
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plumbing changes, etc. (FEMA 2014).
The appearance of the building may be
changed (FEMA 2014). Elevation can also
affect a building’s historic integrity by
changing features of historic significance
(Department of Economic Opportunity
2015). It may also be infeasible for certain
buildings due to their construction
or location (Department of Economic
Opportunity 2015).
Access to the building might be affected
(FEMA 2014). There may be decreased
accessibility to the building, especially for
those with restricted mobility (Department
of Economic Opportunity 2015). For
example, the elderly and those with
disabilities.
Elevation may cause a building to become
top heavy and more susceptible to other
hazards, such as high winds. The strategy is
not useful in places that have high-velocity
flows, waves, fast-moving ice and debris,
and erosion (unless special measures are
taken) (FEMA 2014). A design professional
will need to determine if the elevated
building can withstand all horizontal and
vertical forces (Department of Economic
Opportunity 2015).
Elevating buildings may lead to poor
community aesthetics. This is especially
true when there is a mix of elevated and
non-elevated buildings next to each other
as elevation can disrupt a property’s
relationship with the surrounding
environment for example, with the road
and surrounding buildings (Department of
Economic Opportunity 2015).
The building must not be occupied
during a flood (FEMA 2009). Methods
of retrofitting do not always completely
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protect the home from flooding, especially
if the flood waters are above the DFE
(FEMA 2014). Structural damage may still
occur.

Figure 14: A Chart of Elevation Costs (FEMA).

Figure 14 shows how elevating a building
differs depending on the construction type.
It also provides broad information on which
foundation types would be more costly to
elevate. The red arrow shows that the least
expensive types are foundations that have a
basement, crawlspace or that are open. While
the more expensive types are the slab-on grade
foundation (FEMA 2014). In a numerical sense,
Jeroen Aerts in “A Review of Cost Estimates for
Flood Adaptation,” estimates that the cost of
elevating a building would be approximately
$19,000 to $194,000 (2018). These costs are
subject to change, especially with historic
buildings.
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Wet Floodproofing
Wet floodproofing allows for floodwaters
to enter uninhabited areas of the home to
balance the hydrostatic pressures to reduce
the chances of wall failures and structural
damage (FEMA 2014). These areas may include
a crawlspace, basement, or other enclosures.
Wet floodproofing is typically used when
other retrofitting methods are too costly
or are not feasible for other reasons. Since
floodwaters enter the home, the construction
and finish materials below the DFE should be
resistant to flood damage and water, and the
area cannot be used as a living space (FEMA
2014). However, this type of retrofitting is
not practical to use on slab-on-grade homes
if the living space is near or at ground level
(FEMA 2014). To know if wet floodproofing
is suitable for a certain house will rely on the
flood conditions, the required elevation, the
design of the home, and whether the home
needs to be brought into compliance if it is
being Substantially Improved or has been
Substantially Damaged (FEMA 2014).

Figure 15: Wet Floodproofing Diagram (FEMA).

Disadvantages

Advantages
•

•

Wet floodproofing reduces the physical,
financial, and emotional strain of floods
(FEMA 2014). Additionally, if this practice
is used the costs for moving or storing
contents after a flood warning may be
covered by flood insurance (FEMA 2014).
It is less costly than dry floodproofing and
there are a wide range of water-resistant
materials available at a reasonable price
(Department of Economic Opportunity
2015).
The loads on walls and floors are less
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•

•

For buildings that can be classified as
Substantially Damaged or Substantially
Improved, wet floodproofing can be
considered as an option for bringing them
into compliance with a community’s
floodplain management ordinance or
law. However, this can only be done if
buildings’ areas located below BFE are
only used for parking, building access, or
storage (FEMA 2009).
The building will get wet inside and
periodic maintenance might be required
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•

•

for wet floodproofed buildings than
dry floodproofed buildings as there is
a reduced risk of structural collapse
as hydrostatic pressures can equalize
(Department of Economic Opportunity
2015).
Wet floodproofing does not require
additional land (FEMA 2014). The
appearance of the house isn’t usually
affected by wet floodproofing (FEMA
2014). Compared to other methods, wet
floodproofing has limited environmental
implications (Department of Economic
Opportunity 2015).
No matter the size of the building or
the effort of the intervention, wet
floodproofing can reduce the overall
amount of flood damage (FEMA 2014).

•

•

(FEMA 2014, Department of Economic
Opportunity 2015). The building must
not be occupied during a flood and might
not be habitable for some time after,
depending on the flood depth and amount
of damage (FEMA 2014). It is necessary to
limit the uses of the floodable area (FEMA
2014).
This method does nothing to minimize
the potential damage from high-velocity
flood flow and wave action (FEMA 2014).
Also, floodwaters that enter the structure
can potentially be contaminated by
sewage, chemicals, and other materials.
Standing water and moisture may cause
excessive mold growth. Extensive cleanup
may be needed post-flood (Department of
Economic Opportunity 2015).
Preparing the structure for flooding takes
time and will need advanced warning and
resident intervention. This might include
moving any valuables that are kept below
the projected flood levels (FEMA 2014,
Department of Economic Opportunity
2015).

Figure 16: Chart of Wetflooding Costs (FEMA).
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Figure 16 shows the breakdown of wet
floodproofing depending on the different
construction types and foundation types. The
column to the right shows the relative cost of
wet floodproofing. The least expensive option
is converting the already existing crawl space
to be 2 to 4 feet above the lowest point of
the ground level next to the structure, which
is also known as the Lowest Adjacent Grade
(LAG) (FEMA 2014). The more costly type of
wet floodproofing is converting the basement
to a height of 8 feet above the basement floor.
Wet floodproofing would cost around $2,414
at the lowest for a residential building and up
to $34,070 for office buildings (2018). Broken
down a little more for a residential building
it is roughly $377 to $2,217 per square foot;
however, the maintenance cost after wet
floodproofing is relatively low (Aerts 2018).

Dry Floodproofing
Dry floodproofing makes the house watertight
below the DFE (FEMA 2014). Issues to
consider when deciding whether or not dry
floodproofing a home is effective are flood
duration, flow velocity, and the potential
for wave action and flood borne debris. This
method works best for floods that last a
couple of hours and when the depth of the
floods are less than 2-3 feet (FEMA 2014).
If the flood depth is higher than the DFE
then risk of damage to the walls and floors is
increased because of the inability to equalize
the hydrostatic pressures. Walls that are
frame and masonry veneer are most at risk
to be damaged at low flood depths, and
they are more difficult to make watertight
(FEMA 2014). To make the home watertight
means sealing walls with waterproof coatings,

GOING UP

Figure 17: Dry Floodproofing Diagram (FEMA).
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impermeable membranes, or supplemental
layers of masonry or concrete (FEMA 2014).
Doors, windows, and other openings that are
below the DFE are required to have permanent
or removable shields to block the water from
entering (FEMA 2014).

Advantages
•

•

•

•

Dry floodproofing is beneficial because
it reduces flood risk to the house and
its interior contents by making the area
below the DFE watertight (FEMA 2014).
Dry floodproofing is less costly than
the other retrofitting methods such as
elevating and wet floodproofing (FEMA
2014). Additionally, dry floodproofing
a building with an existing basement
can potentially reduce flood insurance
premiums (NY Department of City Planning
2013).
Dry floodproofing also has limited relative
environmental consequences (Florida DEO
2015). Similar to the other practices in the
Going Up section dry floodproofing does
not require additional land to be acquired
for the practice (FEMA 2014). It also allows
for continued use of a building’s lowest
floor (NY Department of City Planning
2013).
Dry floodproofing can result in a reduced
physical, financial, and emotional strain of
floods (FEMA 2014).

Disadvantages
•

•

•

•

•
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Damaged to house exterior or other
property is not reduced by dry
floodproofing (FEMA 2014). “Dry
floodproofing may not be used to bring
a Substantially Damaged or Substantially
Improved building into compliance with
the community’s floodplain management
ordinance or law,” as it does not satisfy any
National Flood Insurance Program (NFIP)
requirements (FEMA 2014).
When utilizing this practice, ongoing
maintenance is required and flood
insurance premiums will not be reduced
(FEMA 2014). Installing temporary
protective measures requires proactive
actions and warning time (FEMA 2014).
Dry floodproofing is not recommended
for buildings with wood frame walls or
basements, which are common in historic
buildings (Department of Economic
Opportunity 2015).
Dry floodproofing can cause an increase
in hydrostatic pressure on exterior walls
that could cause structural damage to the
building (City of Boston 2018).
Flood characteristics can alter the ability
of dry floodproofed properties to avoid
damage. Properties should use a different
adaptation option if they are expected to
be exposed to floods that are longer than
24 hours, are over 3 feet in depth, are of
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•

•

•

high-velocity, or that involve the potential
for wave action or floating debris (Florida
DEO 2015).
This method does nothing to minimize the
potential damage from high-velocity flood
flow and wave action (FEMA 2014).
Appropriate personnel and adequate
installation time must be considered
(Florida DEO 2015). This can be especially
dangerous for tourists who may not be
prepared to set up dry floodproofing
measures. The building must not be
occupied during flooding because there
are flood risks that this method may not
prevent (FEMA 2014).
Waterproofing materials and flood shields
may not be aesthetically pleasing or
acceptable in historic districts (Fema 2014;
Florida DEO 2015). Shields and sealants
may leak (FEMA 2014).

Figure 18: Chart of Dry Floodproofing Costs (FEMA).

Figure 18 shows some of the components
needed to dry floodproof a house at the height
of 3 feet. The least expensive option is to
use a waterproof membrane, which is a thin
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continuous layer that is put on a surface to
create a water-tight seal. The more expensive
way to dry floodproof the house is to install
a metal flood shield, a barrier that is put up
before a flood to keep the water from entering
the home. The cost of dry floodproofing
depends on the type of method used and flood
depth. It is estimated to cost around $9,000 to
$23,000 (Aerts 2018). It is the least expensive
of the previous adaptation strategies in this
section, but it is not recommended to dry
floodproof if the DFE is over 3.3 feet (Aerts
2018).

Amphibious Architecture
Amphibious architecture is a type of flood
mitigation strategy that allows an ordinary
structure to float on the surface of rising
floodwaters rather than being flooded by
them. A buoyancy system is used to allow the
house to float as high as needed during a flood.
The system “beneath the house displaces the
water to provide flotation as needed, and a
vertical guidance system allows the rising and
falling house to return to exactly the same
place upon descent” (Buoyant Foundation
Project 2021).

Figure 19: A structure prior to an amphibious retrofit (English et
al. 2018).

The house is put on a buoyant foundation
which consists of three different elements:
•

Buoyancy blocks that are placed under the
house to provide flotation.
• Vertical guide posts that help the house
stay in while going up and down.
• A structural sub-frame that brings
everything together.
While being a newer method of “Going Up,”
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Figure 20: A structure following an amphibious retrofit (English
et al. 2018).
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amphibious architecture has proven to work
in many places including Louisiana and South
Carolina.

Disadvantages

Advantages
•

•

•

•

•

The cost of elevating amphibiously is
usually less expensive than fully elevating.
This strategy also is useful when there
is a lack of construction space because
additional ground is not needed (Anderson
2014).
Being a passive system, the house will only
rise when flooding occurs, and will remain
on the ground under normal conditions.
The mooring posts that allow the house
to rise also help minimize the chances of
lateral swaying of the house (Anderson
2014).
Ideally works with houses that are either
elevated enough to have a crawl space,
or ones that have existing crawl spaces.
Additionally, the houses should be in areas
that do not have high-velocity flood flow
and wave action (English et. al. 2018).
Amphibious architecture has limited
environmental impact. Building resiliency
through retrofitting avoids complete
demolition and rebuild of a structure.
The aesthetics of the house will have little
to no change until the flood event, in
which the house will lift with the water, as
seen in Figure 20.

GOING UP

•

•

The “house must be loaded symmetrically
to maintain even leveling” and it is also
still subject to external loadings from
wind, rain, and ice (Anderson 2014).
Not all historic buildings should be
considered for this method due it being
in the early stages of the development
(English et. al. 2018). It is recommended
for fairly small houses that are constructed
with relatively light-weight materials
(English et. al. 2018).
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Case Studies:

Darlington, Wisconsin

The case studies in this section provide
examples of how the previously discussed
adaptation measures (dry floodproofing, wet
floodproofing and elevation) have been applied
to historic buildings. They show how buildings
have been modified to reduce damage caused
by floodwaters, which is one of Provincetown’s
major goals.

Darlington’s historic Main Street had been
exposed to the effects of major flooding
events for over fifty years due to its location
along the Pecatonica River. After a flooding
event in 1993, the community decided to
implement mitigation strategies to protect
the main street from future flooding events.
During their planning process, much focus

Photo 3: Combination of Wet and Dry Floodproofing Methods Used in a Building on the Main Street of the Historic District in
Darlington, WI (FEMA 2013).
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Photo 4: Raised Interior First Floor of a Building on the Main Street of the Historic District in Darlington, WI (FEMA 2013).

was placed on retaining Main Street’s historic
and community value. Under Darlington’s
FEMA-approved Hazard Mitigation Plan,
nineteen commercial historic buildings in its
downtown business district were retrofitted
with mitigation techniques that protected
the buildings while maintaining the district’s
historic character. These techniques included
raising the first floors of some buildings to BFE
or dry floodproofing the first floor to BFE.
Elevation by raising the first floor was feasible
because many historic buildings had high
ceilings, which allowed for the first floor to be
raised without elevating the entire building.
Buildings were also allowed to flood at
street level (Florida DEO 2015). For example,
basements were no longer used and filled with
materials such as concrete or gravel (FEMA
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2013). In some buildings, wet floodproofing
techniques were used to prevent damage
by equalizing the water pressure inside and
outside of the buildings. Dry floodproofing
techniques such as flood shields were also
used to protect the first floors of buildings
from being damaged by floodwaters (FLorida
DEO 2015). After these measures were
implemented, the town was able to withstand
major flood events in 2007 and 2008 (FEMA
2013). Consequently, hese flood mitigation
strategies have successfully protected the
historic storefronts and character of main
street, increased protection of buildings
from flooding and had positive financial
consequences for the city (Florida DEO 2015).
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Figure 21: The Farnsworth House (National Trust for Historic Preservation 2021).

Farnsworth House, Plano, IL
Over the past 60 years, floods have caused
significant damage to Farnsworth House, a
historic house designed by famous architect
Ludwig Mies van der Rohe in 1955, now also
a museum and a National Historic Landmark.
Consequently, in addition to repairing the
damage that was already done to the building
and looking at the impact of flooding in
the area, the National Trust for Historic
Preservation invested almost five hundred
thousand dollars to figure out the best solution
to protect against future flooding.
Ultimately, it was decided that the ideal
solution was to employ amphibious

architecture. This would raise the house
temporarily during a flood event and then
lower it back to its original position once the
flood threat has subsided. The lower terrace
would also be permanently detached from
the rest of the house and be allowed to flood.
While the $2.5-3.0 million price tag was the
most expensive option, it was determined that
this was the best way to protect and preserve
Farnsworth House (National Trust for Historic
Preservation 2021).

Figure 22: Diagram of the Farnsworth House and its Hydraulic System (Robert Silman Associates 2014).
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Gaining Ground
The historic district and the population
that lives along Provincetown’s coast face
the economic and social impacts of coastal
erosion, storm surge, and SLR due to climate
change. As noted by Scyphers et al. (2011),
“Shorelines at the interface of marine,
estuarine and terrestrial biomes are among the
most degraded and threatened habitats in the
coastal zone because of their sensitivity to sealevel rise and storms.” The town’s shorelines
are complex; some parts of the coastline,
such as Ryder Street and Gosnold Street, are
experiencing sediment accumulation, while
others, such as Court Street, the West End
Boat Ramp, and additional locations, are
experiencing the impact of erosion (Town of
Provincetown 2016). Provincetown’s shoreline
will need to be protected and preserved in
the coming years as the town faces increased
natural and anthropogenic threats. Human
activities that can alter natural shoreline
processes include beach nourishment,
dredging of ports and coastal approaches,
construction of harbors and sedimenttrapping dams, and the use of shoreline
armor (NOAA 2021). Shoreline protection has
come in the form of armoring the shoreline
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with seawalls, breakwaters, and jetties. This
type of protection seeks to mitigate the
impacts of storm surge and wave attenuation.
Provincetown has used this strategy before,
having constructed a 2,500-foot long
breakwater that rises 15.5 feet above mean
low water and seeks to calm the harbor waves
before they reach the central piers where
the fishing fleet is moored (Dunlap 2010). As
shown in the photo below, the breakwater is a
formidable presence in the harbor; however,
it does not entirely protect the historic district
from the ocean’s threats.
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Photo 5: Aerial View Looking Over Provincetown’s Harbor (Cape Cod Times).

The town can employ additional methods to
protect Provincetown’s historic district. Many
shorelines like Provincetown’s are under the
same natural and/or human-induced erosional
pressures; these towns are left with limited
options to address the issue (Dean 2005).
Options include correcting the erosional cause,
which is usually practical only if the cause is

human-related, retreat from the shoreline,
armor the shoreline, and beach nourishment
(Dean 2005). As stated previously, a retreat
of the structures and doing nothing are not a
recommendation. However, other measures
may be taken. These methods are examined
below.

Figure 23: Various SLR Adaptation Methods (Heurtefeux).
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Beach Nourishment
One method that Provincetown, like many
other coastal towns, has explored is beach
nourishment. Beach nourishment is a practice
utilized to mitigate coastal storm damage or
chronic erosion by replacing sand on an eroded
beach (Armstrong et al. 2016). It has been a
leading form of coastal protection in the United
States for four decades (Armstrong et al. 2016).
This is a practice that is referred to as a “soft
structural” response that allows sand to shift
and move with waves and currents (USACE
2020).
Provincetown has identified this practice as
a way to ideally improve the quality and use
of local beaches while protecting the historic
district. Recent studies conducted in the
town, such as Increasing Coastal Resiliency
and Reducing Infrastructure Vulnerability
by Mapping Inundation Pathways, note that
beach nourishment is a crucial tool to protect
the town from flooding and SLR (Town of
Provincetown 2016). The study recommended
developing a plan for long‐term beach
nourishment, taking into account any cyclical
nourishment needs and dredging projects, as
well as anticipated impacts from SLR (Town
of Provincetown 2016). The town currently
conducts nourishment in some beach areas,
particularly at town landings, for example, at
Atlantic Street (Town of Provincetown 2018).
A renourishment effort currently permitted at
Court Street receives sediment from accreting
areas near MacMillan Pier, and Ryder Street
Beach is an additional potential nourishment
location (Town of Provincetown 2018).
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Figure 24: Two Styles of Beach Nourishment (USACE).

“A higher and wider beach berm is designed
to reduce wave energy. New sand dunes may
need to be constructed or existing dunes
improved to reduce damage from inundation.
By acting as a protective barrier, dunes help
prevent flooding and storm damage caused
by storm surge, wave runup, and overtopping.
Berm height and width, dune height, and
offshore slope are critical elements of a
beach nourishment design. Sometimes a
feeder beach, which stockpiles beach fill for
distribution naturally to other parts of the
project area, may be required. In some cases,
sand is placed in shallow water so waves can
move it gradually toward the beach; in other
cases, sand may be placed offshore in an
underwater berm. Hard structures such as
groins may be included to reduce the forces
that cause rapid sediment losses and extend
the time between renourishment events”
(USACE 2020).
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Advantages
•

•

•

•

A beach that has undergone beach
nourishments absorbs wave evergy,
protects upland areas from flooding, and
mitigates erosion (USACE 2020). This is due
to the fact that the beach helps to provide
a barrier between storm waves and the
land helping to absorb stronger waves,
weakening the waves energy from reaching
the historic district.
Beaches have economic value and
therefore managing their landmass is
critical. The value of beach use in the
CCNS is estimated to be more than $246
million each year, based on visitation data
from the CCNS (Cape Cod Commission
2021a). Nourishment can help to restore
recreational areas at a beach, and if
there is more acreage at the beach it will
draw more residents and tourists. Beach
land loss is a “non-market value—that
is, no money changes hands from the
degraded experience. However, because
the beachgoing experience is an important
driver for tourism in Barnstable County, this
lost value will likely translate into significant
losses in tourism-related revenue” (Cape
Cod Commission 2021a).
A wide beach is a more effective energy
absorber, especially significant in low lying
areas such that severe storms can impact
upland structures (Dean 2005). Beach
nourishment is to place a wave absorber
(the beach) seaward of upland structures
thereby reducing the wave heights and
energies occurring at any upland location
(Dean 2005).
Beaches serve as habitats for multiple
species including birds and sea turtles
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Disadvantages
•

There are activities during beach
nourishment construction phase that
can be harmful to local ecosystems;
this can include the nourishment sand’s
quantity, and the nourishment technique
and strategy (Speybroeck et al. 2006).
There is a lack of research regarding the
consequences of beach nourishment.
Recently, there has been an increased
prevalence of “dredge-and-fill” programs,
similar to what Provincetown is currently
deploying, which seeks to protect coastal
communities from shoreline erosion
(Peterson and Bishop 2005).
• Biological effects of beach nourishment
can occur from the individual organism
level up through the entire ecosystem.
Beach nourishment can negatively impact
beach habitats. This can include depressing
nesting in sea turtles and reducing
the densities of invertebrate prey for
shorebirds, surf fishes, and crabs (Peterson
and Bishop 2005). There are direct impacts
which are generally easier to observe and
quantify than other types, this includes
physical changes to the environment
(Greene 2002). “Direct impact with
dredging vessels is a significant concern,
given the estimated 400 sea turtles that
die per year in coastal areas as a result of
collisions with boats. Recently, a hopper
dredge took five sea turtles during a beach
nourishment project at Bogue Banks, North
Carolina during November 2001-March
2002” (Greene 2002).
There are also indirect effects which occur
as a result of secondary responses, such as
a shift in fish populations (Greene 2002).

COASTAL RESILIENCY

(Dean 2005). Sea turtles are an endangered
species in the United States and require
a certain beach width for successful
nesting. Coastal armoring constructed to
limit coastal retreat will result in gradual
narrowed beaches such that sea turtle
nesting habitat is impaired (Dean 2005).
As shown below, the sand being added to the
beach helps to create more distance between
the land and the sea.

•

•

•

Beach nourishment can create a false
sense of security for homeowners on
the coast. A study conducted, indications
of a positive feedback between coastal
development and beach nourishment
found that houses in beach nourishing
zones are signiﬁcantly larger and more
numerous than those in non-nourishing
zones (Armstrong et al. 2016).
This practice involves adding sand to a
land mass, and that sand will eventually
erode away. The sand is not permanent;
projects will only add sand in the short
term and require constant upkeep.
Beach nourishment projects are expensive
due to their large construction costs.
Significant funding is needed in order to
implement these types of project.

Photo 6: Kitty Beach,Columbia, NA, (Coastal Review Online).

Coastal/Shoreline Armoring or Hardening
Traditionally, shoreline protection has come in
the form of hardening or armoring, including
structures such as seawalls, breakwaters, and
jetties. The Massachusetts Department of
Conservation and Recreation (DCR) completed
a report in 2009 examining MA coastline
management. The report notes that the state
has 1,284 hard structures (bulkheads, seawalls,
revetments, groins, jetties, and breakwaters),
such as the Provincetown breakwater (DRC
2009). In MA, roughly 8% of the state’s
coastline is protected by publicly owned
structures. These armored shorelines are used
to protect the natural shorelines from erosion
and flooding threats to coastal communities.
This method is often viewed as permanent and
non-retreating structures, allowing for efficient
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Photo 7: Provincetown Breakwater (Devers).
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and effective shoreline management (Scyphers
et al. 2011). There are multiple approaches to
creating barriers between the ocean and the
land such as revetments, vertical walls, and
mounds as seen in the figure on the right.
“Shoreline armoring has come under increased
fire for its expense, negative aesthetic
consequences, and environmental effects,
such as habitat loss. However, this strategy
is still utilized in many areas of the eastern
U.S.”(Grabowski et al. 2012).

Figure 25: Types of Armoring (Zhu 2010).

Disadvantages

Advantages
•

•

•

•

Hard structures can be effective at
preventing passive, natural erosion
immediately behind the armorment.
Thus, they can be useful for preserving
specifically valuable properties or
historically important structures.
Shoreline armoring has a positive effect
on property values. However, in certain
locations it has been shown to also
negatively impact adjacent, unprotected
property values. (Brucal and Lynham 2021).
Armoring infrastructural approaches
are deeply ingrained in certain cultural
contexts and institutional practices
(Seddon et al. 2020). This is due to their
extensive use and applications. There
is already societal trust around their
approaches when it comes to mitigating the
impacts of powerful storms.
Projects are appropriate for high-energy
storm events such as hurricanes. This
hard engineering approach is useful when
mitigating strong storm events.

56

•

•

•

•

Armored shorelines can prevent sandy
beaches, wetlands, and other intertidal
areas from moving inland as the land
erodes or SLR (NOAA 2021). There is ample
evidence that armored beaches tend to
be narrower and steeper, and therefore
less desirable for recreation than beaches
that are not armored (Clayton et al. 1992;
Leatherman 1988).
Armoring shorelines acts as an “ecological
barrier,” which separates coastal lands
from wetland functions, reduces filtration,
nutrient uptake, increases wetland
loss, and changes to coastal ecosystems
(Bilkovic et al. 2016).
Armoring causes immediate “placement
loss” since the sheer size of these
structures covers a certain percentage of
the beach area (Griggs 2010).
Coastal armoring can cause
“impoundment loss” in areas where sand
from eroding dunes or cliffs previously
represented a significant portion of
sediment supply to adjacent beaches but is
now trapped by hard structures (Brucal and
Lynham 2021).
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•

•

Coastal armoring reflects wave energy,
magnifying the power of retreating waves.
These stronger retreating waves pull sand
away and create a steeper underwater
slope in front of hard structures. This
steeper slope can impede littoral drift
of sand, preventing sediment from
replenishing beaches down current (Brucal
and Lynham 2021).
Hard protective structures are a significant
investment, as armoring one meter of
shoreline costs between $6,000 and
$25,000 (Griggs 2004).

Nature-Based Solutions (NBS)
These protection methods seek to integrate
natural elements, often referred to as
either living shorelines or NBS. The goal of
living shorelines is still to protect property
and prevent erosion, but at the same time
improve habitat, water quality, and ecological
conditions for organisms (The Woods Hole
Group 2017). An example would be vegetative
plantings combined with hard structures
to restore or enhance ecosystem services
generally delivered by naturally vegetated
shores (Gittman et al. 2016). Nature-based is a
broad term that includes “a range of shoreline
stabilization techniques with a footprint
that is made up mostly of native material,
and incorporates vegetation or other living
elements alone or in combination with some
type of harder shoreline structure for stability
(oyster reef)” (Woodard & Curran 2019).
An example below displays a stretch of
privately owned land in Cape Point, NC where
a series of plastic nets were filled with oyster
shells and packed side-by-side in front of the
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Figure 26: Delaware Living Shoreline (McShane).
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shoreline above the water level at low tide
(Talton 2016). The bags break wave action
before it reaches the shore, helping to protect
against smaller wave action. The project spans
about 200 feet of shoreline along two different
properties. The project took volunteers less
than a week to fill the bags and place them in
the water (Talton 2016).

Photo 8: Oyster Shells Gathered in Bags (Coastal Review).

Floating Housing
Due to the town’s abundance of waterfront
property, the town could explore floating
architecture. Provincetown has a celebrated
history of floating homes. The town has what
are known as ‘floaters’ which are homes that
were floated across the harbor and assimilated
into the town (Setterlund 2021). At the tip of
the town sits Long Point which was settled
in 1818 due to its proximity to abundant
fishing grounds (Donahoe 2012). When fishing
stocks declined the homes were relocated,
beginning in 1850. Between thirty and forty of
the houses were placed on rafts and floated
across the harbor to Provincetown (Setterlund
2021). Today these Long Point Floaters, as
they’re known, are marked with a white-onblue plaque showing a house in the water
(Setterlund 2021).

Photo 9: Provincetown Long Point Floaters Plaque (Realtor.
com).

It could be time for the town to explore floating
houses again. “When neighborhoods designed
to float adapt to the environmental changes
around them, living on water as independent
floating communities existing in a sustainable
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symbiosis between the built and natural
environments, we would not only have
changed our conception of dwelling, but also
the idea of city” (Cerro 2020).

Examples
Many parts of the world utilize houseboats
as a housing option, and some individuals
in Provincetown have begun exploring this
option. Some floating homes can already be
seen in Provincetown’s harbor.

Photo 10: (Ptown Houseboat).

Arkup livable yachts allow individuals to live
in comfort and luxury enjoying life between
the sea and the city, for an average cost
of $5,500,000 (Arkup 2021). “Dock in a
metropolitan marina or anchor in a tranquil
bay. When elevated on its hydraulic pilings, the
vessel is as stable as a house, and protected
from the action of the waves” (Arkup 2021).
Photo 11: An Arkup Yacht (Arkup 2021).

Advantages
•

•

A floating house on water is moored in
place, and it can rise on the water when
necessary, which would be responsive to
both a gradual SLR due to climate change
and to a sudden rise of water level due to
flooding or hurricanes (Moon 2015).
This practice could help to save properties
where land has eroded away and the
structure is at risk of falling into the
ocean. Recently Mike Winkler, owner of
Winkler Construction & Crane of North
Truro, moved private shacks from North
Chatham’s eroding outer beach onto a
mooring in the harbor (Myers 2014).
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Disadvantages
•

•

There are many challenges when it comes
to living on the water in a houseboat.
“The trade-off for unparalleled water views
includes toting fresh water and propane for
cooking, refrigeration and heat, repairing
fussy equipment, and remembering that
unless your possessions are firmly tied
down, they could all go flying with the next
wave. And it means commuting to town or
a job by dinghy” (Myers 2014).
Buildings will be subjected to strong
wind, waves, rain, and ice, because of
this floating houses need to be able to be
reached safely in the winter (Stopp and
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•
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Strangfeld 2010). It is unclear how practical
this method will be as it relates to historic
structures.
The local outdoor climate will affect the
building materials and cause intense
corrosion of materials (Stopp and
Strangfeld 2010). Buildings will need to be
retrofitted to adapt to this method.

COASTAL RESILIENCY

Case Studies:

This case study highlights important findings:

The following case studies provide examples
of how the previously discussed adaptation
measures (beach nourishment, NBS, shoreline
armoring, and floating houses) have been
applied to shorelines. These case studies
explore how to mitigate SLR, erosion and storm
surge along vulnerable shorelines.

•

•

The time of year eelgrass is restored
matters. It should be restored in early
spring rather than the summer monthsthis helps ensure that the eelgrass survives.
Using a clean Pacific oyster half shell
(Crassostrea gigas) bagged up and placed
into mounds helped to build reefs and

Photo 12: San Francisco Bay Nearshore Linkages Project (Kimmel).

San Francisco Bay Living Shorelines:
Nearshore Linkages Project
This project created native ecosystems
including oyster reefs and eelgrass beds
to protect the shoreline, minimize coastal
erosion, and maintain coastal processes while
enhancing natural habitat for fish and aquatic
plants and wildlife (Judge et al. 2017). By
using living shorelines, this project saw a 30%
reduction in wave energy measured in the San
Francisco Bay (Judge et al. 2017).
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•

•

aided in oyster recruitment. The bag
mounds provide physical shoreline
protection while the bottom portion of
mounds became buried in sediment (Judge
et al. 2017).
Clean oyster half shells are extremely
limited in California. The project
recommended shell recycling programs
with restaurants and commercial shellfish
growers could be established to generate
more shells which could be utilized for
restoration (Judge et al. 2017).
Restoration projects that incorporate both
oyster reef and eelgrass together maximize
habitat value (Judge et al. 2017).
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Figure 27: Diagram Depicting Features of the Nearshore Linkages Project (EAS).

Miami Beach, Florida Nourishment Project
Before beach nourishment, Miami Beach was
a relatively narrow strip of sand fronting the
Atlantic Ocean (Finkl 1981). The area saw
leveling of coastal dunes, the last natural
defense against waves and storm surge,
make way for resorts and hotels (Finkl 1981).
Armored structures such as seawalls and
bulkheads at the high-water mark were put in
place to protect against erosion. However, this
actually increased the erosion rate because
wave energy steepened offshore slopes causing
the beach to narrow (Finkl 1981). “As the
beaches eroded, so did the tourism base and
the economy of this area. The nourishment
project has revitalized the economy of the area
such that as of 1991, there were 20 million
visitors annually to this 9.94 miles beach,
more than twice the number of the combined
visitations to the three most visited National
Parks in the U.S. The total income attributed
to the U.S. economy by beach tourists is
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$260 billion with $60 billion in Federal taxes”
(Houston, 2002). Miami Beach relies on its
beaches for tourism and continues to utilize
beach nourishment as a tool for erosion
control. In a recent project funded by the
federal government, $16 million worth of sand
was added to the beach to provide erosion
control (Vassolo 2020). During this anticipated
project, crews will dump 100 truckloads of
sand every day, a total of 61,000 tons of sand
will be used (Vassolo 2020).
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Photo 13: Miami Beach Undergoing Nourishment (USACE).

Sand Motor “Mega-Nourishment”
Implemented in the Delfland Coast,
Netherlands
This project was conducted to test the
upscaling of regular sand nourishment along
the Dutch coast, carried out by Rijkswaterstaat,
the Dutch Ministry of Infrastructure and Water
Management Works (Climate ADAPT 2020).
In this region, 9 million people live in coastal
areas that are severely exposed to the risk of
coastal flooding (Climate ADAPT 2020). Instead
of a smaller nourishment project such as
the one in Miami, FL the Sand Motor project
underwent a mega-nourishment project.
The project involved a large amount of sand
extracted offshore and deposited along the
coast in a single operation to form a hookshaped peninsula, which aimed to make use
of natural processes to redistribute the sand
over time (Climate ADAPT 2020). “The Sand
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Motor is a buffer against SLR, also mitigating
the impacts of storm surges and coastal
flooding. The intervention equals the amount
of regular sand nourishment in the region for
twenty years. Except for possible exceptional
situations, this implies that during this period
and probably even longer that no additional
nourishment will be needed” (Climate ADAPT
2020).
In addition to erosion control, the project has
also (temporarily) created additional space
for leisure activities and nature development,
while helping the research team acquire a
better understanding of the behavior of the
coastal system (Climate ADAPT 2020). Four
years following completion of the project,
a complete assessment conducted in 2016
indicated success in coastal protection,
creation of new habitat for local flora and
fauna, and a new large sand shoal offering new
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Photo 14: Time Series of the Sand Motor Project (Dutch Water Sector).

opportunities for recreation (Climate ADAPT
2020).

•

Project Objectives:

•

•

•

•

Protection of the shoreline against flooding
from sea by maintaining safe water
defenses.
Maintaining the coastline (with the base
coastline as the reference) and preserving
all coastal functions.
Maintenance of the coastal foundation
in the context of relative SLR, meaning
preserving the equilibrium between the
mean sea level and the sediment budgets.
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•

Encouragement of natural dune growth
and preservation of a wide beach along the
Delfland Coast.
Knowledge development and innovation
with the aim of determining the extent
to which coastline maintenance and
added value for leisure and nature can be
achieved in conjunction and in perspective
with SLR.
Creation of an appealing leisure and nature
area on the Delfland Coast (Climate ADAPT
2020).
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Planning for Future Spaces
Over its 400-year history, Provincetown’s linear
pattern of town development has been defined
by its geography, sandwiched between 4,500
acres of sand dunes owned by the CCNS and
the harbor whose rising water now threatens
the town (Town of Provincetown 2000). It’s a
common saying in Provincetown that “there
is no land left to develop,” where planning
for development within a summer tourism
destination has presented a suite of physical
constraints. The historic district has seen an
increase of overhead utility lines, off-street
parking (resulting in a reduction of green
spaces), and six-foot high privacy fences within
subdivisions, contradictory to town character
(Town of Provincetown 2000). Moreover, often
undervalued is the economic importance
of the town’s 300-acre historic district, the
second largest in the State (surpassed only by
the 580-acre Church Street - Cady Hill Historic
District in North Adams, MA) (Massachusetts
Historical Society 1985). Development has
also stressed the town’s protected open space
and recreational land, limiting this to two
cemeteries totaling 22.0 acres, eight town
landings, 15.0-acre Foss Woods, 24.4-acre
Railroad Right-of-Way (ROW) abutting Foss
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Woods, 7.5-acre Shankpainter Pond upland,
the Water Resources District, and Motta Field
(Town of Provincetown 2000). Most of these
areas are situated away from the waterfront
and historic district.
In an effort to plan for the town’s future,
policies have been implemented to encourage
traditional maritime character and architecture
and to restrict development within the FEMA
Flood Zone V and sensitive wetland resource
areas (Town of Provincetown 2000). In 2012,
Provincetown updated its Open Space and
Recreation Plan goals for protecting natural
resources, conserving open space, and
providing a varied recreation program (Horsley
Witten Group 2012). In addition to goals of
increasing accessibility to recreation and open
space, the plan aims to use conservation
easements to increase pocket parks and
greenway land (Horsley Witten Group 2012).
A Community Resiliency Building Workshop
in 2019 suggested subsurface stormwater
recharge to be considered in new paving,
repaving, and development projects moving
forward (Woodard & Curran 2019). With this
interest in planning for a more sustainable
and resilient town, what mitigation strategies
could be implemented within the downtown
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historic district that will not only complement
its character and economic viability, but
also provide resilience and safety from its
vulnerability to SLR in the coming years?
“Planning for Future Spaces” analyzes
the capacity of specific green and grey
infrastructural adaptations to accomplish these
various goals, as well as the use of temporary
barriers. The goal of these adaptations
is to adequately manage environmental
factors, with particular interest in water
volumes, through the use of biotic or abiotic
components which recreate or mimic natural
ecosystem processes (National Estuary 2014).
The use of biotic infrastructure is deemed
“green” while abiotic infrastructure is deemed
“grey.”
While some areas ideal for SLR strategies may
be difficult to adapt because they fall on private
land, public parcels and public rights-of-ways
can offer similar or increased protection from
SLR. In 2019, Provincetown acquired a halfacre waterfront parcel between 389 and 401
Commercial Street in the historic East End. The
parcel had previously been used as a parking
lot but now is available for various recreational
opportunities, including waterfront access with
incorporation of SLR adaptation strategies.
Below are some appropriate strategies that
can be implemented in this location, as well as
other vulnerable areas in town, which create
active and flexible spaces that can fulfill a
variety of needs while also helping to protect
Provincetown from SLR.
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Temporary Barriers and Grey Infrastructure and Improvements
Temporary Barriers
Temporary barriers are most applicable for
blocking narrow flood pathways between
elevated structural barriers, where more
permanent solutions are constrained by
cost, limited space, existing development,
infrastructure, or need to maintain access at
existing grade under all but storm conditions
(Boston Planning and Development Agency
2019). Temporary barriers serve a significant
purpose in the short-term and can even be
upgraded in a specific area to provide a longterm solution to SLR. Sandbags have been a
traditional, cheap defense against rising waters
during a storm or precipitation event, but more
effective and efficient alternatives exist (Boston
Planning and Development Agency 2019). Both
active (assembly required, human intervention
needed) and passive (measures already in
place that activate as SLR occurs) temporary
barriers exist and can be used to help mitigate
flooding from SLR in Provincetown (Town of
Provincetown 2018).

Photo 15: A Floodgate System (Arcadis 2018).

Method #1:
Deployable Walls
Flood walls or barriers are vertical flood
protection that must be installed and/or
deployed prior to a flooding event in order
to function. Deployable walls can be used
to shield specific locations or individual
properties. Multiple products exist that can
be tailored to site-specific needs, including
lightweight materials (aluminum, plastic, or
composite material) of varying height and
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Photo 16: A Deployable Wall System (City of Boston 2019).
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width (The Flooding Company Commercial Ltd
2021). Deployable walls can be as short as 16
inches or as high as 9 feet, as wide as a single
doorway or the length of a street.
Consideration should be given if walls are
deployed in public ROWs such as roads or
sidewalks to ensure public access and safety
are not impaired. The product must meet
specific design, inspection, and maintenance
requirements set by the USACE to be
considered for the National Flood Insurance
Program (Boston Planning and Development
Agency 2019). Product suppliers in the U.S.
include AquaFence and Geodesign Barriers.

Photo 17: Another Example of Deployable Walls (Aquafence
2021).

Method #2:
Floodgates
Floodgates are an example of a passive
temporary barrier that does not require action
to deploy. Barriers can be self-activated from
water pressure, without the use of electricity.
Floodgates function best when combined
with other site-specific adaptation strategies,
including flood walls to maximize effectiveness
(A Better City 2015). Floodgates are designed
to protect against a certain level of flooding
and will fail if waters rise higher than the
barrier. FloodBreak is a U.S. company that has
installed a number of automatic floodgates
across cities and towns in the country.
Dutchdams is a European company that has
explored innovative floodgate technologies
including the Dam-In-Dam and Cleverdam.
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Photo 18: FreeView Floodgate System (Right) Installed in
Indianapolis, IN (FloodBreak 2021).
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Method #3:
Inflatable Barriers
Inflatable flood barriers are another temporary
barrier that must be deployed prior to a
flooding event. Inflatable barriers are long,
tubular light weight structures that can be
easily transported to a location of concern.
Once in place, the barriers are initially inflated
with air and maneuvered into place before
being filled with water, replacing the air and
molding to the ground surface to create a
heavy barrier resistant to water seepage
(Geoline Ltd. 2020). Once the flooding event
and risk subsides, inflatable barriers can be
disassembled, transported, and stored offsite.
Inflatable barriers come in multiple lengths
and can be stacked during significant flooding
events. Product suppliers include Tiger Dams in
North America and Geoline Ltd. in the United
Kingdom.

Photo 19: A Prepared Inflatable Barrier (Arcadis 2018).

Advantages
•

•

•

Temporary flood barriers do not require
significant alteration to permanent/
existing structures or buildings within the
flood zone. Barriers can be retrofitted to
the space that needs protection.
Temporary barriers can be cost effective
relative to permanent strategies. Active
barriers such as deployable walls and
inflatable barriers are less expensive
options compared to passive barriers such
as floodgates.
Depending on location, fewer joints
and effective connections between
individual temporary barriers can make
flood barriers leak resistance and keep
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Disadvantages
•

•

•

Human intervention is necessary to
deploy active temporary barriers such as
deployable walls and inflatable barriers.
Planning and lead time is required to install
barriers prior to flooding events.
Temporary barriers must be maintained,
stored, and transported to and from the
location of concern. However, long term
maintenance costs are usually low.
The ground conditions of where
temporary barriers are installed must be
considered. Metal flood plates might be
necessary in order for a deployable barrier
to be effective (The Flooding Company
Commercial Ltd 2021).
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•

•

•

floodwaters out (The Flooding Company
Commercial Ltd 2021).
Some barriers are faster to install than
others, notably inflatable barriers. Passive
temporary barriers like flood gates do not
need any form of human deployment and
initiate when floodwaters rise.
As suggested by its name, temporary
barriers are temporary. They only need to
be deployed prior to a significant flooding
or storm event, such as king tides, storm
surge, and heavy rainfall. Active barriers
are not a permanent eye sore, and passive
barriers are constructed in place and do
not need to be manually deployed from
flooding events. Recessed flood gates
minimize disruption to existing building
aesthetics.
Temporary barriers don’t cause any longterm environmental impacts. They are
temporarily deployed within the built
environment and are deconstructable once
a flooding threat subsides. Marine life is
not impacted.

•

•

Temporary barriers are not ideal for high
velocity zones (Zone V) or areas with
wave action (A Better City 2015). However,
temporary barriers are effective in typical
zones of flooding (Zone A) further inland
and away from significant wave action.
There could be high upfront costs to
purchase temporary barriers. Notably,
constructing passive temporary barriers
like floodgates in comparison to acquiring
active temporary barriers like deployable
walls or inflatable barriers.

Grey Infrastructure and Improvements
Grey infrastructure is defined as hardengineered structures designed to protect
built-up areas, strong enough to withstand
coastal forces and high enough to reduce risk
from storm surge or SLR (City of Boston 2017).
As the name suggests, common materials used
for grey infrastructure include concrete, metal,
stone, and other hard surface materials. Grey
infrastructure has traditionally been used for
solutions to water-based problems, typically
not delivering multiple benefits and usually
costly, requiring maintenance and upkeep.
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However, new technologies and smarter
designs are allowing grey infrastructure
to complement natural solutions. Grey
infrastructure is not always a “one size fits all”
approach and certain solutions could make
sense for specific locations constrained by
permanent structures.

Method #1:
Elevating and Bolstering Critical Infrastructure
Critical infrastructure, including utilities
(electric, gas, and water) and roadways are
often located in areas susceptible to flooding
and SLR. When relocating critical infrastructure
is infeasible, elevating and bolstering can be an
effective method to ensure resilience.
Overhead utilities such as electric lines can be
both an eyesore and a hazard during storm
events, where burying lines underground can
be an effective solution. Underground gas
and water pipelines should be assessed and
bolstered if needed due to SLR or located
within a Zone V flood plain that is susceptible
to wave action.
While utilities can be installed underground,
roadways must be kept dry and above
floodwaters for safety and access. Physically
raising roads or sidewalks to a higher elevation
can protect both the travel route and
landwards assets behind the raised surface,
providing dual functionality. Surfaces can also
be retrofitted with other adaptive solutions to
SLR, including surfaces prepared for temporary
barriers, grey, or green infrastructures to be
installed. However, it should be noted that
raising roads and sidewalks is difficult to
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Photo 20: A Roadway Before and After Being Raised in Miami
Beach’s Sunset Harbor Neighborhood (Schuler 2018).
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implement in confined and urban spaces due
to grade changes between abutting properties
where accessibility challenges can occur.

Method #2:
Infilitration
Infiltration is the process of water on the
ground surface seeping into subsurface soil.
Grey infrastructure typically restricts infiltration
because impervious surfaces don’t allow water
to move from surface to subsurface. However,
permeable alternatives, including porous
asphalt, porous concrete, and pavers, are
becoming viable and affordable options to use
on once-impervious space. Small voids allow
stormwater to drain through an aggregate,
creating less runoff into stormwater systems
and/or flooding on paved roadways. Permeable
pavement can be used in modular paving
systems (pavers, concrete grids) or poured in
place (porous asphalt) (Stormwater Handbook
2014).

Photo 21: Porous Asphalt (Stormwater Handbook 2014).

Photo 22: Concrete Pavers (Stormwater Handbook 2014).

Method #3:
Pumping and Drainage Infrastructure
Pumps are used to discharge water from
stormwater drainage systems. Especially in
coastal municipalities, stormwater systems can
be backed up when tides rise to a level greater
than the downstream outflow pipe of the
system. Backed-up water can flood into streets
and buildings if not enough storage is available
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Photo 23: Another Example of Porous Pavement (City of Boston
2019).
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in the drainage basin. Pumping infrastructure is
used to pump collecting water downstream of
the stormwater system above the level of high
tide or by force into a water body to effectively
dispel water from the system.
Check valves are often installed within drainage
infrastructure so rising tides do not backflow
within a drainage pipe and into the stormwater
system. When check valves are in place, runoff
from the drainage basin can begin to pool and
flood on impervious surfaces or areas of poor
infiltration. Verifying check value function
is critical to ensure that valves open once
floodwaters recede and stormwater can drain
from any inundated areas.
Drainage infrastructure conveys water without
providing any form of filtration or pollutant
removal. Individual catch basins and drainage
channels should be maintained regularly to
ensure proper function and that capacity is not
exceeded. As the drainage basin increases in
size or larger storm events occur more often
with greater precipitation, pipe diameter from
stormwater transport, runoff, and discharge
might also need to be increased.

Figure 28: Diagram of a Pump System (Charleston, SC 2019).

Figure 29: Diagram of a Functioning Check Valve (Charleston, SC
2019).

Method #4:
Stormwater Detention Practices
Detention practices temporarily store
stormwater during a flooding event and allow it
to drain or discharge when stormwater recedes
or the precipitation event concludes. Devices
such as cisterns and underground detention
basins can be used to store stormwater
during significant storm events. These selfcontaining systems capture water that can
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Photo 24: Below Ground Extended Detention Structure (City of
Boston 2019).
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later be released or pumped in a controlled
manner. Above ground models typically
range in size from 1,000 - 5,000 gallons while
below ground models range from 5,000 20,000 gallons. These are useful methods
to reduce stormwater runoff in constrained
sites or urban areas (EPA 2014). Parking lots
or parks are examples of larger open spaces
where underground stormwater detention
systems can be installed without permanently
interrupting sight lines in the area.

Advantages
•

•

•

•

•

When properly designed and installed,
grey infiltration and detention
mechanisms can reduce the downstream
stormwater load that causes flooding.
Discharge of pollutants carried by
stormwater can also be reduced, improving
water quality.
Some grey infrastructure can be
implemented in constrained spaces.
Large areas are not needed for techniques
such as porous pavement, underground
stormwater detention, and drainage
infrastructure
Grey infrastructure that is itself elevated
such as electrical or other utilities
are protected from SLR. Larger grey
infrastructure that is elevated such as
streets or sidewalks protects landward
assets.
Grey infrastructure that is underground is
out of sight and doesn’t aesthetically alter
the existing natural or built landscape.
Grey infrastructure can be effective at
keeping water out of low-lying areas.
It can divert or pump water away from
populated areas during king tides, storm
surge, or heavy rain events.
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Disadvantages
•

•

•

•

•

Grey infrastructure can be extremely
expensive to construct and to maintain.
Not only is there substantial upfront capital
needed to fund these types of projects, but
some types require regular maintenance,
including vacuuming out spaces in porous
asphalt, cleaning drainage infrastructure
and pumping systems, and repairing
systems routinely or as damages occur.
Some grey infrastructure can be
challenging to construct in dense areas.
Connectivity and accessibility concerns
exist with abutting structures or properties
when streets or sidewalks are raised.
Certain techniques such as raising structure
could divert water onto abutting properties
and exacerbate flooding (Schuler 2018).
Installation of grey infrastructure can
be disruptive for the duration of its
construction.
Some grey infrastructure such as pumps
have limited capability to function during
power outages when no electricity
is available. Backup options such as
generators would need to be viable.
Grey infrastructure often doesn’t
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mimic ecosystem processes or yield
environmental benefits. Pumps can
introduce turbidity or chemicals from
runoff into waterways that could impact
wildlife and water quality.

Green Infrastructure, Green Spaces, and LID Landscaping
Green Infrastructure
Green infrastructure uses biotic components
(living components that affect an ecosystem)
to manage stormwater. Depending on the
strategy, these components may mimic the
way grey infrastructure works, such as the
use of simple vegetated conveyance channels
to transport water in a similar fashion as a
curb and gutter system, or they may operate
in ways that grey infrastructure does not,
such as employing evapotranspiration--the
combination of evaporation of water from
the soil surrounding a plant and the uptake
and subsequent release of additional water
as vapor through the plant’s respiration cycle,
dubbed transpiration--in wet swales (Water
Science n.d.). Here, methods deemed as green
infrastructure are those which have a very
close abiotic substitute.

Photo 25: A Grass Swale Receiving Roadway Runoff (Ekka and
Hunt 2020).

Method #1:
Drainage Channels
Drainage channels are the simplest type of
conveyance channel. The main purpose of a
drainage channel is to allow for non-erosive
transportation of water to a management site,
such as a storm drain. Their typical design
allows for optimal performance during a
10-year storm event. Unlike more complex
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Photo 26: A Drainage Channel Alongside a Roadway (MassDEP
2008).
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Photo of swale in road median showing concrete drain outlet

Figure 5. Bioswale in Parma, Ohio. Note the underdrain emptying into the
outlet structure.

conveyance channels, drainage channels
do not remove sediment or pollutants from
stormwater.

Method #2:
Grass Channels
Grass channels, sometimes referred to as
grass swales, convey water while preventing
erosion, but they also implement features that
allow for pollutant removal from stormwater
loads. There are several features that may be
present in grass channels. Often, check dams,
earthen dams constructed at periodic intervals
meant to retain a certain amount of water,
are used to increase hydraulic retention time-the amount of time water stays in one area. A
Photo 27: Grass Channel with an Underdrain System (Ekka and
highly permeable or engineered soil medium
Hunt 2020).
may also be used with an underdrain system
that enhances water filtration and infiltration
into the surrounding soil. Finally, a sediment
forebay or other pretreatment method may
be used in conjunction with a grass channel
to remove sediments from incoming water in
order to avoid clogging the infrastructure (Ekka
and Hunt 2020; MassDEP 2008). Some sources
may call a grass channel with an underdrain
https://content.ces.ncsu.edu/print_image/11948
system a dry water quality swale.

Method #3:
Wet Swales

Photo 28: A Sediment Forebay in a Stream System with a Check
Dam in Photo Foreground (Nebraska H2O 2017.

Wet swales are a hybrid between grass
channels and constructed wetlands. As with
grass channels, they are linear constructions,
but they do not include engineered media
or an underdrain system. They are built into
the existing soil and hold water in numerous
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4/9/2021

shallow cells along the swale. Like a wetland,
these ponds must remain wet through a
combination of water inflow and a high
seasonal water table. Wetland vegetation and
fauna are typical in these constructions (Ekka
and Hunt 2020; MassDEP 2008).

Color photo of plants between house wall and sidewalk

Figure 7. Wet swale in Montreal, Canada.

Photo 29: A Wet Swale in Montreal, Canada (Ekka and Hunt
2020).

Advantages
•

•

•

•

Disadvantages

These constructions allow for non• These structures are susceptible to
erosive water transport, protecting the
damage from vehicles and weather
surrounding landscape and vehicular
conditions. Areas that experience snow
traffic along roadways. This transport
should not use them for storage, and plants
replaces the need for grey infrastructure
and grasses should be chosen according
such as curb and gutter systems (MassDEP
to the expected inflow, ie. if saltwater is
2008).
common, salt-tolerant species should be
Water quality is increased in grass
planted (MassDEP 2008).
channels and wet swale systems.
• Pretreatment of sediment-heavy
Suspended solids separate out of
water is necessary to avoid clogging
ponded water in sediment forebays and
the construction, otherwise it can fail.
bioretention cells, and other pollutantshttps://content.ces.ncsu.edu/print_image/11950
Features such as sediment forebays and
are filtered as the water infiltrates the
vegetated filter strips are commonly used
underlying soil (MassDEP 2008).
(MassDEP 2008).
Grass channels can be designed to
• Because gravity is the main propellant,
recharge groundwater. Water may infiltrate
these features may be impractical in very
the underlying soil. As it continues to
flat areas.
percolate through the soil, it eventually
• Vegetation health requires maintenance.
reaches the water table and becomes part
Flora help in the treatment and removal
of the groundwater or aquifer.
of stormwater, but they are susceptible to
Flora can provide co-benefits, including
damage and disease. Their health should
wildlife habitat, air purification, reduction
be regularly checked.
in the urban heat island effect, carbon
storage, and increased aesthetic value
(MassDEP 2008).
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Green Spaces
Green spaces usually incorporate larger tracts
of land that may be used for multiple purposes.
Because they encompass more land, they tend
to be capable of managing larger quantities of
water but with the tradeoff of being harder to
site, particularly in urban areas.

Method #1:
Constructed Stormwater Wetlands
Constructed wetlands consist of an area
designed to remain wet even during non-flood
periods. This adaptation sequesters flood
waters in landscape depressions which allow
for evaporation and reduce peak stormwater
flow. The vegetation and wildlife that inhabit
these wetlands are similar to those found in
comparable naturally occurring ecosystems.
*There are five general types of constructed
wetlands which are similar but with various
design elements. Based on limited applicability,
only an overview is provided here. For more
information, see (Town of Franklin 2014;
MassDEP 2008).

Figure 30: Concept Design of Langone Park in Boston, MA,
Designed to Flood During Storm Events (City of Bsoton 2019).

Photo 30: A Constructed Pocket Wetland (MassDEP 2008).

Method #2:
Floodable Spaces
Areas of land may be designed such that the
majority of space sits below-grade but with
higher surrounding walls. During flood events,
water can flow over these outside walls and
be sequestered in the portion of land sitting
below-grade. Outside of flood events, the
below-grade portion can serve a number of
different purposes, such as recreational open
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Photo 31: A Larger Bioretention Cell Designed as a Park Outside
of Flood Events (City of Beaufort 2013).
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space or a community gathering area (City of
Beaufort 2013).

Method #3:
Infiltration Trenches and Basins
The process of infiltration occurs when surface
water percolates into subsurface soil. Water
is absorbed into air pockets within the soil
and travels downwards due to gravity until
it eventually joins the existing groundwater.
Infiltration basins and trenches assist the water
in doing so by expanding the size of the air
bubbles between the soil particles. Trenches
consist of layers of stone and gravel which
store water below ground until it infiltrates
the underlying soil. Basins may be larger than
trenches and utilize a higher percentage of
highly permeable soil. Water is then held in the
basin until it infiltrates (MassDEP 2008).

Photo 32: An Infiltration Trench Filled with Stone (MassDEP
2008).

Disadvantages

Advantages
•

•

•

Floodable spaces and infiltration
structures recharge groundwater. These
systems are designed such that water
infiltrates the underlying soil. As it
continues to percolate through the soil,
it eventually reaches the water table
and becomes part of the groundwater or
aquifer.
Because these systems are larger, they
can accommodate higher quantities of
stormwater before they overflow.
Water quality is increased in these
systems. Suspended solids may be
separated out of water flows through
the use of systems such as vegetated
filter strips in addition to settling out of
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•

•

•

The aesthetic appeal varies by strategy.
While floodable spaces that double as
community gathering sites and wetlands
may add to the aesthetic and dynamic
value of their surrounding areas, infiltration
sites may be less appealing.
These adaptations are not universally
applicable. In particular, infiltration
trenches and basins require highly
permeable soil while floodable spaces
require sizable parcels of land (MassDEP
2008).
Pretreatment of sediment-heavy
water is necessary to avoid clogging
the construction, otherwise it can fail.
Features such as sediment forebays and
vegetated filter strips are commonly used
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•

ponded water in systems such as sediment
forebays, and other pollutants are filtered
as the water infiltrates the underlying soil
or is taken up by flora (MassDEP 2008).
Flora can provide co-benefits, including
wildlife habitat, air purification, reduction
in the urban heat island effect, carbon
storage, and increased aesthetic value
(MassDEP 2008).

•

(MassDEP 2008).
Vegetation health requires maintenance.
Flora help in the treatment and removal
of stormwater, but they are susceptible to
damage and disease. Their health should
be regularly checked.

Low Impact Development (LID)
Landscaping
The design features incorporated in an
area’s landscape can be highly effective in
managing stormwater, particularly when LID is
incorporated. This type of development utilizes
green infrastructure to mimic or incorporate
natural ecosystem processes to manage
environmental factors (EPA 2020). A number
of techniques are applicable in both suburban
and urban contexts. They are most effective
when tailored to the local flora and fauna,
thereby providing benefits both in the form of
water management and bolstering the health
of local ecosystems.

Photo 33: A School Athletic Field Sited on Top of a Parking
Garage Roof in Washington D.C. (EPA 2012).

Method #1:
Bioretention Cells
Where tree box filters and stormwater planters
are permeable surfaces created at-grade,
bioretention cells are depressed below-grade
in order to retain water during flooding events.
They are often planted with shrubs or flowers
to enhance the aesthetic appeal as well as
enhance water management capabilities
through the addition of evapotranspiration,
but unlike other landscaping strategies, they
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Photo 34: A Bioretention Cell in a City ROW (City of Beaufort
2013).
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are not always vegetated. These systems allow
for but do not require an underdrain, and they
may be designed to integrate with existing
stormwater infrastructure or to recharge
groundwater (MassDEP 2008; Town of Franklin
2014).

Method #2:
Blue Roofs
Blue roofs are mainly designed to reduce peak
flows of rainwater by slowing water movement
off of the roof. They utilize temporary storage
structures, such as check dams, trays as seen to
the right, and restricted outlets off of the roof
to inhibit water movement (Town of Franklin
2014).

Method #3:
Green and Brown Roofs

Photo 35: A Blue Roof System (Town of Franklin 2014).

Green roofing is a system that utilizes flora in
a soil medium on top of a structure to manage
stormwater along with other benefits, such
as creating wildlife habitat. These may be
either extensive, which includes thinner soil
media and a restricted set of viable flora, or
intensive, which includes deeper soil media
and a greater variety of flora. Water is removed
mainly through evapotranspiration. A variant of
green roofs is green walls, wherein a building’s
external walls may be used as a site for plant
growth (MassDEP 2008).
Green roofs may also be left unplanted. In
this case, the roof would be deemed a brown
roof, wherein an unplanted soil medium is left
available for natural colonization of local flora
through wind and wildlife dispersal.
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Photo 36: The Extensive Rooftop Garden at Tufts’s Tisch Library,
taken by Frank Siteman (McNeil 2011).
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Method #4:
Stormwater Planters
As with tree box filters, stormwater planters
are typically implemented along sidewalks as
part of a green streets initiative. These planters
include flora in a soil medium and may be
surrounded by a concrete curb. This adaptation
creates permeable ground amidst traditionally
impervious surfaces, and if a curb is present,
bioretention may be possible (Town of Franklin
2014).

Method #5:
Tree Box Filters

Photo 37: A Series of Stormwater Planters Along a Roadway
(Mann n.d.).

Tree box filters are commonly seen in many
urban areas along sidewalks and are part
of a “green streets” umbrella of green
infrastructure. They consist of a tree planted
in a porous soil medium within a concrete
cylinder. Outfitted with an underdrain system
in case of overflow, this adaptation both
beautifies and provides stormwater a point
of infiltration along what would otherwise
traditionally be an impervious surface
(MassDEP 2008; Town of Franklin 2014).

Photo 38: A Tree Box Filter System (City of Huntington Beach,
CA n.d.).

Disadvantages

Advantages
•

•

Water quality is increased in vegetated
systems. Suspended solids may be
separated out of water flows through the
use of systems such as vegetated filter
strips, and other pollutants are filtered as
the water infiltrates the underlying soil or is
taken up by flora (MassDEP 2008).
Flora can provide co-benefits, including
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•

Pretreatment of sediment-heavy water
may be necessary to avoid clogging the
construction, otherwise it can fail. This is
particularly applicable to smaller systems
such as tree box filters and bioretention
cells depending on their location.
Vegetated filter strips are often employed
(MassDEP 2008).
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•

•

•

•

wildlife habitat, air purification, reduction
in the urban heat island effect, carbon
storage, and increased aesthetic value.
Roofing can also increase the insulation
efficiencies of the involved building
(MassDEP 2008).
These adaptations are highly flexible in
their design and may be used in smaller
areas. This makes them ideal for denser
urban areas. They can also be implemented
on a city-wide scale by the municipality or
in a small portion of a person’s yard.
These adaptations all contribute to
reduced peak water flow rates during
flooding events. Roofing methods are also
capable of reducing total runoff by up to
50% in addition to flow attenuation (EPA
2009; MassDEP 2008).
Maintenance levels may be low, for
example in systems such as blue roofs
and extensive green roofs. They receive
rainwater, which lacks the suspended solids
present in most runoff. Extensive green
roofs, unlike intensive ones, have flora
which are usually self-sustaining without
considerable human input.
Tree box filters, stormwater planters,
and bioretention cells can be designed
to recharge groundwater. Water may
infiltrate the underlying soil. As it continues
to percolate through the soil, it eventually
reaches the water table and becomes part
of the groundwater or aquifer.
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•

•

Vegetation health requires maintenance.
Flora help in the treatment and removal
of stormwater, and additionally in food
production in the case of intensive green
roofs, but they are susceptible to damage
and disease. Their health should be
regularly checked.
These adaptations are not universally
applicable. Concerning roofing, not all
buildings are structurally capable of
withstanding the load of an alternative
roofing system, particularly intensive green
roofs. Inclines pose a further challenge,
both to alternative roofing systems and
bioretention cells. The former are usually
not seen on gabled roofs and the latter are
usually not placed on inclines greater than
20% (MassDEP 2008).
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Case Studies:
The case studies in this section provide
examples of how the previously discussed
adaptation measures (temporary barriers, grey
infrastructure and improvements, and green
infrastructure) have been applied in different
projects across a variety of coastal cities. They
show how projects utilizing one or more of
these adaptation methods contribute to the
resilience and identity of their neighborhoods,
many of which are portions of historic districts
much like Provincetown’s.

Lower Manhattan Climate Resilience Study
In New York City, lower Manhattan invested
in coastal resiliency plans following severe
flooding from Superstorm Sandy in October

2012. The storm flooded 17% of land surfaces
in the City, and caused $19 billion in damages
and loss of economic activity (NYSEDC 2019).
In response, the City has developed a resiliency
study and plan within the four most impacted
areas in lower Manhattan: Battery Park City,
The Battery, Financial District and Seaport,
and Two Bridges (Brooklyn and Manhattan
Bridges). While long-term climate threats and
adaptations were studied in support of the
creation and integration of urban co-benefits,
Lower Manhattan established a suite of
near-term solutions to mitigate for SLR in the
interim.
Numerous constraints exist within the Seaport
district that must be considered when
planning adaptation strategies. This includes
historic buildings, existing utilities and critical
subsurface infrastructure, the elevated FDR

Figure 31: Overview Map of Districts in Lower Manhattan (NYCEDC 2019).
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Figure 32: Rendering of Temporary Inflatable Barriers Underneath FDR Drive (NYCEDC 2019).

Drive, 3 inches offset from columns and
footings, varying bulkheads and subsurface
conditions, active waterfront commercial and
recreational uses, existing office and residential
buildings, and subway tunnels. Interim flood
protection measures were proposed for this
area, including inflatable barriers known as
Tiger Dams, to be deployed “just in time” in the
event of a flooding event by the New York City
Office of Emergency Management (NYCEM)
(NYCEDC 2019).

Figure 33: Two Bridges Coastal Resilience Rendering (NYCEDC
2019).
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Within the Two Bridges district, projects are
in progress that will utilize a combination
of permanent deployable and passive flood
protections for a 100-year storm surge in 2050
(NYCEDC 2019). Flood gates are proposed as
underground infrastructure at the end of view
corridors, flipping up during storm events.
The neighborhood’s climate resiliency aims to
preserve view corridors, waterfront access,
public open space, open-air seating, fitness,
and athletic courts (NYCSDC 2019).

Figure 34: Another Two Bridges Coastal Resilience Rendering
(NYCEDC 2019).
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Spring/Fishburne Drainage Project

Photo 39: The Wet Well Drop Shaft and Location of the Future Pump Station of the Spring/Fishburne Drainage Project Along the Banks
of the Ashley River (Charleston, SC 2019).

Beginning in 2009, the City of Charleston, SC
began an ambitious, near $200 million plan
to improve stormwater drainage in areas
surrounding the Septima Clark Parkway (US
Route 17), a highway that bisects a major
portion of the City. Much of the Parkway
and surrounding roads are located on filled
tidelands, low-lying land that is the first
to flood during tidal events and collect
stormwater during precipitation events. First,
the surface collection system pipe network was
replaced along the highway and surrounding
streets. A deep tunnel system was constructed
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to connect the drainage system and vertical
drop shafts throughout the system. For the
final phase, a wet well, outfall, and ultimate
pump station will be constructed on the banks
of the Ashley River, capable of moving 360,000
gallons of water per minute out of the system.
The pumps will provide the energy needed to
avoid flooding in the upstream portions of the
stormwater drainage system and push water
into the Ashley River without needing to wait
for high tide to subside. This full scale approach
to stormwater drainage displays the capital
necessary to innovatively solve flooding issues
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within a city.

City of Beaufort, SC’s 3BGI Program
Beaufort, SC is a coastal city with interests in
protecting its historic district much akin to
Provincetown. Also facing increased flooding
from SLR, Beaufort decided to incorporate
green infrastructure for stormwater
management. Its 3BGI, or Block-by-Block Green
Infrastructure program, is a system used to
determine the best practices for mitigation
and adaptation on a block-level scale (City of
Beaufort 2013).

•
•
•
•

Maintain the traditional character of the
block;
Maintain the informal nature of the streets,
lanes, and gardens where they exist;
Maintain the soft edges found along
neighborhood streets; and
Encourage informal gardens throughout the
neighborhood (City of Beaufort 2013).

In 1999, the City developed several guidelines
in its effort to preserve the historic Northwest
Quadrant:

Working with the EPA, the City of Beaufort
managed to design a green street corridor
along with a vegetated infiltration basin which
together beautify community space, manage
stormwater, and preserve the look and feel
of the historic neighborhood. The overall
project was estimated to cost $500,200 (City of
Beaufort 2013).

Figure 35: Layout for a Vegetated Infiltration Bsain (City of
Beaufort 2013).

Figure 36: Existing Conditions Report for Beaufort, SC (City of
Beaufort 2013).
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Photo 40: A Street-Level View of the Vegetated Infiltration Basin in Beaufort, SC (Google Maps 2019).

Spokane, Washington’s West Broadway
SURGE Program
The concept of the City of Spokane’s SURGE
program, or Spokane Urban Runoff Greenway
Ecosystem program, was to find a way to
mitigate pollution in stormwater runoff.
Their concern was two-fold: the urban water
reservoirs were facing higher pollution risks as
was the Spokane River, affecting downstream
water quality and wildlife. Replacing the
existing curb and gutter system used alongside
the City’s roadways was identified as the best
method to beautify the city while protecting
groundwater from contamination and
preserving natural drainage systems.
After receiving a $599,000 American Recovery
and Reinvestment Act (ARRA) loan in 2010, the
program undertook the West Broadway project
which included building 37 stormwater planters
along with five other drainage structures
and over 1,200 yd2 of permeable sidewalks.
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Photo 38: A Series of Stormwater Planters Along a Roadway
(Mann n.d.).

Not only did this protect the waterways
initially targeted for pollution control, it also
provided the City an opportunity to engage in
placemaking practices through the design and
construction of various combinations of native
flora which would be well-adapted to the local
climate.
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SURVEY
03
06

Wh a t a re y o u r fa v o ri t e h i s t o ri c b u i l d i n g s ?

PR O V I NC ETO W N
H I S T O R I C B UI L D I N G
S UR V E Y

D o y o u l i v e i n P r o v i n c e t o w n , MA f o r m o r e t h a n 6 m o n t h s o u t o f
the y ear?
Ar e y o u i n t e r e s t e d i n p r o t e c t i n g P r o v i n c e t o w n ’ s h i s t o r i c d i s t r i c t
from the effects of cl im ate chang e?
If y our answ er to both questions is y es, cl ick here or g o to the
l ink bel ow to participate in a 5-10 m inute surv ey aim ed at
finding out w hich of the buil ding s in P rov incetow n' s historic
district m ean the m ost to y ou.
T o participate, pl ease g o to the fol l ow ing l ink :
h t t p s : //f o r m s . g l e /X 3 L i r e f b m H p L Q g i 6 8
T hank y ou in adv ance for prov iding this im portant feedback .

Survey:
The team designed and conducted an online
survey of Provincetown’s residents to gauge
which buildings in Provincetown’s historic
district were most important to them. A poster
was distributed around town to ensure the
team reached as many residents as possible.
Links to the survey were also shared via social
media and email. The survey was completed
by 66 respondents who stated their favorite
historic buildings as well as other opinions that
they had about climate change adaptation
measures and/or Provincetown’s historic
district. Respondents were sampled via selfselection as the link was shared so that all
residents of Provincetown who wanted to
participate could do so.
As shown in Figure 37, the survey was mostly
completed by respondents who were in the
55-64 year old age group. This is representative
of the town’s population as the town’s median
age is 57 years old (United States Census
Bureau 2019). The sample population was also
overwhelmingly made up of respondents who
were residents of Provincetown (93.9%), as
shown in Figure 38. Only 21. 2% of respondents
had a business in a building located in the
historic district. However, 30.3% lived in
a historic building located in the historic
district. As shown in the table below, the
buildings which were mentioned the most in
respondents’ answers were Provincetown’s
Town Hall and the Provincetown Public
Library, which had 47 and 42 survey mentions,
respectively. Some of the reasons for
respondents’ selections included the buildings’
historic significance, beauty, and their easily
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recognizable features. One respondent stated
that the buildings they chose were “critical to
the town’s history and character, and are most
threatened by rising sea levels due to location.”
Another respondent explained that “preserving
the [historic] architecture is what makes
Provincetown unique.”
In terms of limitations, the survey could have
potentially been affected by undercoverage
and non-response biases. Team members
were unable to visit the location directly to
distribute and advertise surveys due to the
COVID-19 pandemic. If team members had
been able to physically go to Provincetown
rather than relying on online distribution and
advertisement, we could have potentially
reached a larger sample and avoided
undercoverage bias. This is evidenced by the
fact that no one from the 18-24 age group was
represented in the survey. Additionally, our
inability to physically travel to Provincetown
may have caused non-response bias. Although
the team reached out to multiple organizations
and businesses via social media, none
responded in time to complete or distribute
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Figure 37: Pie Chart Showing Respondents’ Ages, Kameice
Francis.

Figure 38: Pie Chart Showing Percentage of Respondents Who
are Residents of Provincetown, Kameice Francis.

Figure 39: Pie Chart Showing Percentage of Respondents Who Have a Business Located in Provincetown’s Historic District, Kameice
Francis.
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Building
ID

Property Name
and Address

1

Town Hall,
260
Commercial St

2

Public Library,
356
Commercial St

3

Unitarian
Universalist
Meeting House,
236
Commercial St

4

Freeman
Building,
330
Commercial St

5

Captain Jack's
Wharf,
73A-B
Commercial St

6

Oldest House,
72 Commercial
St

Number
of Survey
Mentions

Building
Materials

Current Usage

Flood
Zone

Elevation
Above
Sea Level

Recommendations
made by the Project
Team

47

Brick
Basement,
Wood
Frame

Administrative,
Public

A (AO)

3.3 ft

Temporary Barriers;
Bioretention
Landscaping; Wet
Floodproofing

42

Wood

Public

None

23 ft

N/A

6.6ft

Temporary Barriers;
Bioretention
Landscaping

25

Wood

Public

A (AE)

10

Wood

Administrative,
Public

A (AO)

9.8 ft

Temporary Barriers;
Bioretention
Landscaping; Wet
Floodproofing

8

Wood
Cottages,
Wood
Pillars

Residential,
Rental Cottages

V (VE)

6.6 ft

Elevating; Replacing
Piers; Emerald Tutu

6

Wood

Residential,
Private

500-yr
floodplain
(X)

9.8 ft

Elevating; Deployable
Walls

7

Grozier-Cabral
House,
160
Commercial St

5

Wood

Residential,
Private

None

16.4 ft

N/A

8

Provincetown
Art Association
and Museum,
460
Commercial St

4

Wood

Commercial,
Education

None

16.4 ft

N/A

9

Mary Heaton
Vorse House,
466
Commercial St

4

Wood

Residential,
Private

None

13 ft

N/A

10

Benjamin Lancy
House,
230
Commercial St

6.6 ft

Elevating and Wet
Floodproofing;
Temporary Barriers;
Amphibious
Architecture

SURVEY
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Wood

Commercial

500-yr
floodplain
(X)
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the survey before the survey’s deadline.
What was most striking from the survey’s
metadata was the value placed in public
buildings. The top four properties were all
for public or administrative use, suggesting
residents’ desire to protect those structures
that are used for congregation and/or the
benefit of others. The close-knit community
that Provincetown is often credited with
was expressed in the survey’s results. Also
noteworthy was the majority of buildings that
were constructed of wood, characteristic of the
region, age of buildings, and Provincetown’s
seaside history.

data. That is, people not only need access to
data but also the means to accurately interpret
the data as non-scientists. Oftentimes, data
visualization of the data is used as a technique
to make the interpretation more easily
understood. With successful data visualization
and scientific communication, residents can be
better informed to make or support important
policy and planning decisions surrounding
flooding and SLR.

While the buildings identified in the survey
results range in elevation and susceptibility
to SLR, four of the ten buildings were not
located within a Flood Zone or within the
most extreme (8-ft) model of SLR by 2100. It’s
fortunate that while much of Provincetown’s
historic district and structures are located in
the Flood Zone and elevations susceptible to
SLR, half of the buildings identified as favorites
by the public were not. At this time, adaptation
strategies for SLR do not need to be considered
for these four properties. It is important to
note that while these four structures are not
currently susceptible to flooding from SLR, that
could change as SLR occurs/continues and the
Flood Zone continues to move landward to
higher elevations. These properties should be
reassessed as risk factors change.
Having the most current information available
to the public is imperative for accurate
risk assessment and mitigation decisions.
Equally important as accessibility of data
is the accessibility of the information and
consequences thereof as concluded from the
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Figure 40: Survey Structures, Numbered by Mentions, in Comparision with SLR Aeras, Paige Dunlevy.
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PROJECT SPOTLIGHTS
07

Project Spotlights:
While this Field Project report aims to
recommend future adaptation strategies for
the historic district in regard to SLR, the town
of Provincetown has already implemented
and is in the process of planning various
adaptation projects around town. This section
highlights projects that have already been
completed, including Commercial Street
porous pavement and elevating property at
509 Commercial Street, and projects that are
getting underway, including the Emerald Tutu
Trial Study, an outfall relocation and drainage
improvements on Ryder Street, and a dune
enhancement on Ryder Street beach. While
there’s much work to be done to mitigate
the impacts of SLR on the built environment,
Provincetown is actively exploring strategies
to adapt its town to the threat of storm surge
and significant precipitation events. The ability
for Provincetown to continue to implement
adaptation strategies is essential to make it a
more resilient town.
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Current Adaptation Effort: Emerald Tutu Trial Study
Overview
The award-winning Emerald Tutu project
was initially designed for increasing coastal
resiliency in the Boston Harbor. The proposal
consists of a hexagonal grid of floating marsh
mats that are anchored to the seafloor and
connected to each other. This practice is a
NBS. The individual units are 8 feet in diameter
and contain a mixture of coconut fiber and
wood fragments wrapped in a layer of cloth
and nylon netting. The tops of the modules
are seeded with marsh grass and a network of
roots expand below water. The system works
to dampen the inertia of storm surges by
transferring energy among its interconnections,
helping to prevent crisis flooding. It also
provides additional habitat for shore birds,
as well as creates an underwater ecosystem
among the system of roots -- increasing
biodiversity and improving water quality.
The project is currently on hold in Boston,
but the Emerald Tutu team is working with
the town of Provincetown to trial prototype
mats, as well as a few smaller test beds, in the
bay along Route 6. The mats will require helix
anchors that can be installed by either barge
or diver. The team will study the effect of wave
action, as well as survival of different species of
grass and variable soil mixes.

Figure 41: Rendering of the Emerald Tutu Project (Emerald Tutu
Project).

Photo 41: Aerial of MacMillan Pier from Over the Harbor
(Marinas.com).

Potential Benefits of Large-Scale
Implementation in the Harbor:
•

Provincetown’s bay is often tainted by old
and leaking septic systems. The filtering
provided by the root system will improve
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Figure 42: Rendering of a Single Unit as Created by Emeral Tutu
(Emerald Tutu Project).
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•
•

•

water quality for recreation as well as the
health of all marine life.
Increased habitat for Cape Cod’s
endangered shorebirds.
Increased public access to oceanfront
resources through the potential
incorporation of floating pathways.
Increased overall resilience to storm surges.

Potential Limitations of Large-Scale
Implementation in the Harbor:
•

•

While the network dampens the inertia of
storm surges, it has little impact on tidal
flooding that plagues the historic district.
While the network could easily avoid
aquatic transportation lanes near
MacMillan Pier, this opening may channel
some of a storm surge into the center of
the historic district.
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Porous Pavement: Commercial Street
Overview
Commercial Street runs parallel to
Provincetown Harbor and is one of the closest
public roadways to the waterfront. In 1992,
Massachusetts Department of Environmental
Protection (MassDEP) placed Provincetown
Harbor on its Clean Water Act section 300(d)
list for impaired waters. Pollutants from
untreated stormwater would run off from
impervious surfaces in town and discharge
into the harbor from drainage outlets. Beaches
along Provincetown Harbor experienced high
fecal coliform bacteria levels above bathing
beach standards because of this runoff of
untreated stormwater (Harper 2016). To
remedy this issue, porous pavement on
Commercial Street was selected because of
space limitations and presence of utilities
in the town, and its location adjacent to the
harbor. The permeable pavement assists with
drainage on the roadway, allowing stormwater
to permeate through the surface and infiltrate
into the ground. With the ability to infiltrate up
to 70-80% of annual rainfall, porous pavement
can improve both stormwater drainage and
treatment, making it an optimal solution for
Commercial Street.

Photo 42: Commercial Street During Construction of Porous
Pavement (Harper 2016).

Photo 43: Commercial Street After Construction of Porous
Pavement (Harper 2016).

Following a stormwater assessment funded
by Massachusetts Office of Coastal Zone
Management (CZM) in 2003, along with
modernization of Provincetown’s sewer system
and wastewater treatment facility, the porous
pavement project on Commercial Street was
designed and funded. Phase 1 of the project
was completed in 2013 along the central
downtown portion, between Winthrop Street
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and Johnston Street (2,700 linear ft). Phase 2
was completed in 2015, from Winthrop Street
to the West End parking lot (2,950 linear ft).
Phase 3 was completed in 2017, from Johnson
Street to Howland Street (2,300 linear ft). As a
result, Provincetown Harbor water quality has
improved from reducing stormwater runoff.

Figure 43: Porous Pavement Project Location and Phasing (Harper 2016).
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Outfall Relocation And Drainage Improvements: Ryder Street
Overview
A Massachusetts Municipal Vulnerability
Preparedness (MVP) program grant application
was submitted by the town for the Ryder Street
Outfall Relocation and Drainage Improvements
in 2019. The application included permit
level designs for a Notice of Intent with the
Provincetown Conservation Commission and
MassDEP for relocation and improvements
of a 36” drainage “nuisance outfall sump” on
Ryder Street. The proposed project is located
in an intertidal zone and FEMA floodplain,
often submerged during high tides and/or
storm events. Backup of the outfall can cause
flooding of critical infrastructure and facilities,
including Town Hall, the town pier and parking
lot, Ryder Street, and Gosnold Street. The
outfall discharges from over 45 impervious
acres of Provincetown’s downtown, carrying
likely polluted stormwater onto Ryder Street
beach, and creating a sort of “petri-dish” for
beachgoers and the general public.

Figure 44: Plan View of Recommended Stormwater
Improvements of the Ryder Street Outfall (Waldo n.d.).

The project aims to:
•
•

Reduce the amount of runoff by increasing
upstream infiltration.
Relocate and enlarge existing drainage to
handle future stormwater loads.

Photo 44: Stormwater Outfall Manhole Located at Ryder Beach
(Waldo n.d.).

However, because solutions are limited by the
built environment including a lack of townowned parcels available to increase upstream
infiltration, the relocation and improvements
to drainage is essential for the resiliency of the
area. The project will restore and remediate
the project site, improve water quality and
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groundwater recharge, improve public health,
and reduce long-term maintenance in the
project area. The project is located within
an environmental justice community, whose
income is reliant on tourism, and tourism
is dependent on the quality of resources,
infrastructure, and aesthetics in the area.
The town budget can only afford $100,000 in
drainage improvements a year, and the MVP
program is an ideal fit to fund the project.
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Dune Enhancement: Ryder Street
Overview
In 2018, a significant nor’Easter hit
Provincetown that caused 11.5 feet of SLR from
a storm surge that flooded a large portion of
the downtown. A section of low-lying beach on
Ryder Street acted as an inundation pathway
or channel for rising water to flow into the
downtown and flood numerous streets and
buildings, including Town Hall.
The Ryder Street beach dune enhancement
project aims to address one of the town’s
most vulnerable areas identified in the 2016
Provincetown Hazard Mitigation Plan (Town
of Provincetown, 2018). In 2018, the town set
forth to acquire funding to perform design
and permitting of a dune enhancement at
the low-lying portion of Ryder Street beach. If
done successfully, this project would increase
protection for landward areas while allowing
the beach and dune systems to continue
natural processes of erosion and accretion of
sand (Town of Provincetown 2018). The dune
enhancement is proposed 5-7 feet above
existing grade of the beach and will contain
matted walkways over the dune at Ryder Street
and Gosnold Street for beachgoers to access
the beach.

Photo 45: Aerial Photo of Downtown Provincetown, MacMillan
Pier, and Ryder Street Beach (to the Right of the Pier) (Town of
Provincetown 2018).

Figure 45: Aerial Rendering of the Proposed Dune
Enhancement (Town of Provincetown 2018).

As of spring 2021, Provincetown has
successfully acquired property rights, designed,
and permitted the project and now awaits
funding to construct the dune. This project,
in coordination with the Ryder Street outfall
relocation and drainage improvements project
will transform Ryder Street beach into a
resilient area for Provincetown’s residents,
tourists, and built environment.
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Elevating Properties: 509 Commercial Street
Overview
A number of buildings located on the
waterfront of Provincetown harbor have been
elevated to meet FEMA floodplain regulations.
FEMA regulations are triggered by Substantial
Improvement, when any repair, reconstruction,
addition, or any other improvement meets
or exceeds 50% of the market price of
the building (Ward 2018). Buildings at 51
Commercial Street, 71 Commercial Street, and
501 Commercials Street have all had to be
raised by approximately 4 feet to meet FEMA
regulations.
The building located at 509 Commercial Street
has undergone more significant raising due
to its location in a Zone V flood zone. In order
to pass compliance with the building code,
the building was approved to be raised 9 feet
above the BFE in 2019. This local decision was
more or less forced due to the Massachusetts
Historic Commission (MHC) choosing to
ignore an interpretation of a lift exemption
for historic buildings in the FEMA regulation
(Ward 2019). The lowest floor of the building
now sits 17.1 feet above sea level and includes
a new exterior staircase to access the home
(Provincetown Zoning Board of Appeals, 2020).
509 Commercial Street represented a
significant debate in Provincetown about
elevating historic buildings in regards to other
homes in the area. Raising buildings, especially
as high as 9 feet can have a substantial
impact on the character and aesthetics of
a neighborhood, especially if neighboring
homes are left unraised and variations are
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Photo 46: 509 Commercial Street Side Veiw, Pre-Construction
(Ward 2019).

Figure 46: 509 Commercial Street Front View, Pre-Construction
(Redfin).
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created among buildings. Yet, SLR and FEMA
regulations dictate that building code in flood
zones.

Photo 48: 509 Commercial Street Side View, Post-Construction,
Thatddeus Soule.

Photo 47: 509 Commercial Street Front View, Post-Construction,
Thaddeus Soule.
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SCENARIOS
08

Scenarios:
Following are six scenarios representing
various options available to Provincetown.
Scenario one looks at the cost of doing nothing

in response to SLR, scenarios two through four
explore recommendations specific to the types
of adaptation strategies already covered, and
scenarios five and six focus on short and longterm strategies.

Figure 47: Visualization of Scenarios, Kameice Francis.
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1. Business as Usual
Although doing nothing is not a recommended
scenario for Provincetown, it is nonetheless an
option. Doing nothing means that the town can
use its revenue for other infrastructure projects
in town not related to SLR adaptation or
resiliency. This strategy will reduce the town’s
burden, placing more responsibility on the
individual property owner who can adapt their
properties as they please.
Doing nothing comes at a severe cost to the
town. A recent Climate Action Plan produced
by the (CCC) spoke to the consequences of
doing nothing, noting “Direct impacts of
coastal erosion are likely to include loss of
and/or damage to residential, commercial,

and public properties; loss of the contribution
of high-value properties to the local tax base;
loss of roads and emergency access routes;
loss of and damage to cultural and historic
structures; and structural damage from one
property damaging adjacent properties” (Cape
Cod Commission 2021). There will be costs and
risks to individual residents who will potentially
be displaced, increasing fiscal and social stress
to community members. There will also be
decreasing affordability of housing, as only
the wealthy will be able to afford to adapt and
recover. Community character will be lost, and
the town is likely to suffer economically. In the
same Climate Action Plan, the CCC noted that
in the region by 2100, cumulative damages
from SLR and storm surge are projected to
total $15.3 billion, and total lost tax revenue
is projected to total $8.6 billion (Cape Cod
Commission 2021b).

Total Residential Value

$2,981,551,824

Total Commercial/
Industrial
Total Personal Property

$475,439,616

Total Valuation

$3,494,212,810

$37,221,370

Figure 48: Valuation Calculations for Provincetown Properties as of 2021,
Thaddeus Soule.
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When considering the economic impact of
doing nothing, it is essential to reference the
value of what currently sits on the 2.7 square
miles of town land on the tip of Cape Cod.
Below are the property values listed for the
current Fiscal Year (2021) in Provincetown.
The cost alone of doing nothing outweighs
any benefits. Beyond the importance of
preserving Provincetown for its historical
value, community, and residents, it makes
sound economic sense to invest in its future by
preserving its assets.
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2. Going Up
Elevating
As can already be seen on Commercial Street,
one solution to SLR is to elevate the structures
above the BFE. Elevating individual buildings
that are most exposed to flooding and SLR
risk will be a crucial step for Provincetown
to increase resilience. Several structures
in Provincetown have already been raised,

including 509 Commercial Street and 71
Commercial Street. While 509 Commercial
Street shown previously has an extreme height
of elevating, 71 Commercial Street, shown in
the above banner, demonstrates how elevation
can be achieved without the aesthetics
of the town changing too dramatically.
The Field Projects team recommends
that when elevating vulnerable buildings,
similar techniques to those employed by 71
Commercial Street should be utilized. One such
structure, 44 Commercial Street, is depicted

Figure 49: 44 Commercial Street, Elevation Rendering, Spencer Gorman.

SCENARIOS

113

on the cover on this report during an extreme
flooding event. As seen in the map in Figure
50, 44 Commercial Street falls within the 3-ft
model of SLR, and it is in Flood Zone A. Since
this building and others around it are already
experiencing flooding, it is imperative that the
town start implementing adaptation strategies

to combat the impacts of SLR. The Sketchup
model of 44 Commercial Street, Figure 48,
provides another example of how individual
structures can be raised while maintaining their
traditional character.

Figure 50: 44 Commercial Street with SLR Data, Paige Dunlevy.
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Photo 49: Captain Jack’s Wharf., Thaddeus Soule.

Based on the survey results, Captain Jack’s
Wharf is one of the most popular historic
structures in Provincetown. However,
because it extends off the shoreline, it is very
vulnerable to SLR and flooding. Captain Jack’s
Wharf is one of the only remaining wharves
in Provincetown. The facility is a historical
structure which hosts condominium cabins
(Coastal Engineering Company 2017). For
Captain Jack’s, we propose that the wharf
should be further elevated using Method #2:
elevating it on concrete piles to ensure that it
is not damaged by rising sea levels. Concrete
is an economical and durable choice that is
not susceptible to typical marine hazards,
such as insects and is fireproof. Another type
of material that can be used to elevate the
wharf is timber. Since the wharf is a light-duty
facility that is mainly used for lodging, it would
not necessarily need the level of protection
against wear and tear that is provided by other
materials. Timber should be pressure treated
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with an oil-borne or waterborne chemical
preservative to ensure that it is protected
against any potential threats such as decay
from water and insects (Pile Buck 2020).
The wharf and buildings similar to it should be
retrofitted to ensure that they are accessible to
the general public. One way this could be done
is to ensure that there is an accessible route so
that everyone, particularly for individuals with
disabilities, can access the wharf. This route
should fully comply with the Americans with
Disabilities Act (ADA) guidelines such as for the
location, width (which should be a minimum of
36 inches), and areas of rescue assistance. This
can be done by constructing a gangway that
would connect the wharf to the land. While
keeping the goals of resilience against SLR in
mind, it is recommended that the gangway
should be the least possible slope to ensure
that persons with disabilities can enter and
exit the wharf independently (US Access Board
n.d.).
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Figure 51: Site Plan for Captain Jack’s Wharf, Thaddeus Soule.

Photo 50: 72 Commercial Street, Oldest House, Thaddeus Soule.
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Another example of a house that the team
recommends elevating is 72 Commercial Street
or the “Oldest House,” Photo 50. This would
help to preserve this historic building from the
effects of flooding due to SLR. This building
would be elevated using Method #2 which
involves the use of piers to raise the building to
or above the BFE. We recommend not raising
the building to extreme levels to preserve
its historic character. The piers can also be
concealed using a variety of methods such as
by covering the sides of the house with wood
paneling and/or planting vegetation. These
methods were used in 71 Commercial Street,
shown in this section’s banner.
Any changes that are made to the building
should fully comply with the Americans with
Disabilities Act (ADA) guidelines to ensure
that the building is accessible to everyone,
including those with disabilities and who
are mobility-challenged. This could include
ensuring that there are accessible routes for
entry and exit into the building for example, via
the construction of ramps and railings (WBDG
Historic Preservation Subcommittee 2019). Any
ramps and railings constructed should also be
compliant with ADA guidelines.
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Wet Floodproofing
The Town Hall in Provincetown was the most
mentioned building in the survey. In addition,
it falls within the SLR areas and is in a flood
zone. To be able to preserve this at-risk historic
structure, some type of adaptation strategy
needs to be implemented. Of the “Going Up”
strategies, wet floodproofing would be the best
option. One reason for this is because, while
elevating seems plausible, the building could
become very top heavy and subsequently
threatened by high winds. Also, Town Hall is
located in an area that floods in large storms.
As a result, immediate action must be taken
and wet floodproofing would be the fastest
way of addressing this issue. Wet floodproofing
requires an uninhabited area of the home
whether it is a crawl space or a basement.
Since Town Hall already has a basement, it will
be easier and take less time and expense to
wet floodproof then it would to elevate the
entire building.

exterior and interior walls. Each enclosed
area is required to have two wall openings for
each enclosed area. This would mean that if
the basement was one contiguous area then
the two openings would be on either side
of the building on the exterior walls (FEMA
2014). If the town decides to keep some of
the enclosed areas in the basement, then
more openings would be needed to keep the
water flowing and not disrupt the hydrostatic
pressures. If the flood levels inside and outside
of the building are different due to lack of
openings, the chances of damage are higher.
Another requirement is that all the walls
in the basement must be built with flood
damage-resistant materials (FEMA 2014).
Before deciding to wet floodproof or make
any modifications, FEMA recommends that a
design professional or licensed contractor is
hired (FEMA 2014).

However, using the basement can also pose
a significant disadvantage for the Town Hall.
Figure 52 shows the floor plans of the Town
Hall basement and it is immediately evident
that the floor is filled with work space,
server rooms and other areas that would
be threatened in a flood. Making this floor
uninhabitable would mean moving all the
equipment and utilities to another location,
and also relocating anyone that has an office
there. This could potentially take an extended
period of time and increase the cost of wet
floodproofing the building.
There are other requirements when wet
floodproofing a basement, especially for
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Figure 52: Town Hall Basement Plan, Thaddeus Soule.
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3. Gaining Ground

beach nourishment would create added
recreational space from the widened beaches.

Beach Nourishment

The town has addressed its understanding
of the problems and suggestions for use
in the Provincetown Harbor Management
Plan Amendment (2018). In this plan, the
town addressed primary issues and goals.
Provincetown already has recommendations in
place that the town could implement in both
near and long-term planning.

This practice is practical because the town
is already utilizing and exploring beach
nourishment. As mentioned earlier, it has been
one of the leading forms of coastal protection
in the United States for four decades. Beach
nourishment absorbs wave energy, protects
upland areas from flooding, mitigates erosion,
and restores recreational areas. However,
this practice is not permanent, and the sand
will eventually erode. Projects will only add
sand in the short term and require constant
upkeep, the construction can be harmful to
local ecosystems, it is costly, and the practice
can create a false sense of security for
homeowners on the coast.
The town and the historic structures that
exist along the coast would benefit from the
strategy. Individual homeowners who live
along the coast would see reduced wave action
at their properties, while the town would
experience a reduction in flooding into the
town during storm events, helping to buffer
businesses on Commercial Street. In addition,
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1. Comprehensive Beach Nourishment Plan
Needed:
a. Issue: Sediment movementwithin
the harbor continues to be a problem.
b. Goal: Work to ensure that beach
nourishment projects that are
necessary are completed.
c. The town will work to do this
through a comprehensive beach
nourishment plan with a schedule for
existing priority projects and long‐term
projects (Town of Provincetown 2018).
2. Consistent Funding is Needed:
a. Issue: Beach nourishment does not
receive consistent municipal funding.
b. Goal: Ensure that all beach
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nourishment projects are adequately
funded.
c. Consistent funding sources are the
primary focus of achieving this goal.
“Beach nourishment should be a
standard part of the town’s regular
capital improvement plans and budget,
similar to street and sidewalk
maintenance” (Town of Provincetown
2018).
3. Need to Better Understand the Practice:
a. Issue: There is still a considerable
amount of scientific information that
the town needs to understand about
beach stability and erosion patterns.
b. Goal: To conduct beach nourishment
activities in consultation with regional
partners.
c. The town can do this by exploring
opportunities and identifying
organizations and neighboring
municipalities as potential partners on
beach nourishment‐related projects
(Town of Provincetown 2018).

Nature-Based Solutions
Provincetown needs to focus on three goals
when it comes to its shoreline. One, conserving
its natural infrastructure, which is already
providing free ecosystem services such as
erosion control; two, integrate low impact
development; and three, restore the resiliency
of its shorelines (Woodard & Curran 2019).
These goals can be accomplished through NBS.
The goal is to maintain and improve the landwater relationship while reducing erosion and
providing habitat (Woodard & Curran 2019).
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All of this will also enhance coastal resilience.
This strategy will help to mitigate the effects of
storm surge, protect/restore marshlands, and
increase biomass/biodiversity while improving
nitrogen removal over time. However, these
practices will not always be appropriate for
high-energy storm events such as hurricanes.
Like beach nourishment, NBS will safeguard
stretches of the historic district as a whole.
At the same time, it is providing additional
benefits to the community, such as increased
biodiversity and improved water quality.

This practice has started to be explored in
town for use, as was recently noted in a
Community Resiliency Building Workshop
Report (2019) produced by Woodard & Curran.
Additionally, CZM is participating in a regional
effort to increase resilience to SLR through
NBS (Commonwealth of Massachusetts 2018).
CZM is “developing region-specific information
on suitable natural infrastructure types (i.e.,
“living shorelines”) and is working with several
communities to implement and monitor a
range of nature-based coastal infrastructure
projects” (Commonwealth of Massachusetts
2020). The town should continue to explore
these practices in its near to long-term
planning.
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4. Planning for Future Spaces

events, flood gates that deploy instantaneously
with SLR would be the most applicable.

Temporary Barriers

Location is essential when considering usage
of temporary barriers. First, ground conditions
must be adequate to install temporary barriers,
where susceptible buildings located along the
harbor on sandy surfaces in flood Zone V might
need to be retrofitted. Private properties are
primarily located along the harbor, which could
afford retrofitting unsuitable surfaces to install
temporary barriers. For buildings within flood
Zone A, such as Town Hall, the project team
recommends using deployable walls to block
doorways and low-lying windows from SLR and
flooding, such as the one in Figures 53 and 54.

Planning for Future Spaces offers multiple
adaptive strategies that can help Provincetown
address SLR. While SLR itself will continue to
threaten Provincetown for years to come, its
exacerbation of flooding from daily tidal and
periodic large storm events such as nor’easters
or hurricanes currently poses the greatest
threat to the town. Fortunately, flooding from
tidal and storm events are predictable and can
be planned for, even if it’s only days in advance.
Temporary barriers may be the most applicable
near-term solution for this issue because
of their ability to block water from entering
narrow flood pathways or individual buildings,
their fast or instantaneous deployment, their
little to no impact to existing historic buildings,
and their relatively low cost in comparison to
permanent strategies. Temporary barriers such
as deployable walls or inflatable barriers can
easily be deployed in the off-season during
fall or winter storm events when large crowds
and Provincetown’s economic drivers such as
restaurants, shops, and other retail are not
heavily impacted. For cyclical daily high tide
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Figure 53: Town Hall without a Temporary Barrier, Spencer Gorman.

Figure 54: Town Hall with a Temporary Barrier During a Flooding Event, Spencer Gorman.

Beyond the immediate short-term, temporary
barriers could be used along public spaces or
ROWs. While public space is available at the
municipal parking lot at MacMillan Pier, the
West End Lot Beach, and the newly acquired
town property at 389-401 Commercial Street,
temporary barriers aren’t as applicable because
these areas either experience substantial and
expansive flooding beyond the public parcel
(MacMillan Pier) or don’t experience enough
flooding to warrant barriers. An inundation
pathway does exist at Ryder Street that could
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benefit from temporary barriers following
completion of the dune enhancement and
drainage outfall relocation project. Moreover,
Commercial Street itself offers an opportunity
to use temporary barriers, as the street
runs parallel to the harbor and intersects
floodwaters as it moves landward. Active
temporary barriers, likely inflatable barriers
because of their length and ease of installation,
could be deployed along Commercial Street in
downtown or other flood zones to adequately
protect landward assets. Barriers could be
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installed along either sidewalk or in the middle
of Commercial Street, but installing them
along the seaward sidewalk maintains usage of
Commercial Street during flooding. Deploying
barriers elsewhere would risk losing usage
of Commercial Street for emergency access.
Passive temporary flood barriers such as flood
gates could also be installed along the length
of Commercial Street and/or its sidewalks, but
due to limited space, they would only span so
high and could also restrict emergency access.
Long-term, temporary barriers might need
to be moved landward as SLR increases and
will eventually become ineffective. Yet, the
advantage of temporary barriers is that they
can be moved.

Stormwater Detention
Both grey and green infrastructure
improvements can offer site specific benefits
to protect Provincetown from SLR. While
the town is already densely developed and
might appear to offer limited space to plan
for resilient design and solutions, as we have
shown, parks, squares, and public ROWs can be
adapted.
Stormwater detention practices are a
technique that Provincetown could implement
and find impactful in reducing flooding risks.
These practices could be modified for SLR and
high tides as well, temporarily collecting rainfall
and surface water from tidal events in cisterns
or other detention structures before draining
or emptying post-flooding events. Both above
and below ground options exist and could buy
time before critical drainage systems back up.
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Large public properties near/in Flood Zones,
including Bas Relief Park, Portuguese Square,
Lopes Square, and the municipal parking lot
at MacMillan Pier offer the opportunity to
either install underground cisterns or sink the
entire parcel below the surrounding surfaces,
creating multi-use, floodable spaces that are
capable of detaining large quantities of water.
Furthermore, areas that are of particular value,
such as the limited number of parking lots,
could be sunk and then decked over near the
existing ground level, allowing a small gap
between the lip of the depression and the deck
for water to flow through. This option would
accomplish sequestering a significant volume
of water while simultaneously retaining use of
the space with minimal impacts to the coastal
vista.
More incremental options also exist which
either detain or retain water. Parking lots,
such as the one at the corner of School
Street and Tremont Street as well as Cottage
Street and Commercial Street, and property
boundaries, such as the vegetated strip along
186 Commercial Street and the garden at
165 Commercial Street, offer the chance to
incorporate vegetated bioretention cells or to
sink the existing vegetation a few inches below
the surrounding ground. These opportunities
present smaller, less expensive projects with
significant cumulative potential.
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5. Preferred Combination of Approaches
Short Term
While each of the “Going Up,” “Gaining
Ground,” and “Planning for Future Spaces”
scenarios offer selective adaptations for SLR, a
combination of strategies exist that are directly
applicable to Provincetown’s flooding concerns
right now. The Field Projects team has selected
the below strategies as ones that could create
the greatest impact for Provincetown in regard
to the ease of implementation and impact of
each technique in the short term.

Elevating and Wet Floodproofing
Both elevating and wet floodproofing buildings
are viable options for Provincetown. As with 71
Commercial Street and 44 Commercial Street,
elevating wooden buildings is both feasible
and can maintain their historic character and
charm. Two properties identified in the survey
that are ideal to elevate are Captain Jack’s
Wharf and 72 Commercial Street, the “Oldest
House.” Elevating these properties above BFE
and protecting them from the worst impacts
of SLR can preserve their very existence
and historic character and promote further
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resilient adaptation in town. Additional private
properties not identified in the survey whose
owners have the means can be elevated above
BFE, utilizing design professionals or licensed
contractors to determine how it would be best
to elevate them. Wet floodproofing is also
practical for certain buildings whose basements
can be retrofitted to allow water inside.

Temporary Barriers
Where larger historic buildings or critical assets
are located at grade, temporary flood barriers
can be an effective method to withstand
flooding from SLR. Town Hall was identified
as poorly suited for elevating and wet
floodproofing due to its size, composition, and
usage, but deployable walls at the doorway
would adequately protect the property
from rising flood waters. Deployable walls
could also be deployed on other properties
identified in the survey, including the Unitarian
Universalist Meeting House and the Public
Library under severe conditions. Alternatively,
inflatable barriers could surround individual or
collective properties and offer protection from
floodwaters. Following the Ryder Street dune
enhancement project that should amend a low

125

inundation pathway susceptible to flooding,
inflatable barriers could be deployed in the
area to prevent any kind of flooding similar to
the 2018 nor’easter that caused 11.5 feet of
flooding.

Green Infrastructure Outreach and
Programs
In some instances, public outreach or
incentivizing programs may make the most
sense to encourage private landowners to
implement strategies that would help the
town adapt to SLR and transition to a more
resilient community. Due to the limited public
land and vast private property ownership in
the historic district, infrastructure and design
improvements are difficult to implement
broadly. However, the cumulative impact
of small-scale implementations of these
adaptation measures across multiple properties
can substantially improve infiltration, drainage,
and detention of floodwater during storm
events. Opportunities do exist for the town
to redesign its parking lots and notable
buildings such as Town Hall and the Unitarian
Universalist Meeting House with tree box
filters/stormwater planters/bioretention cells/
pervious surfaces to promote infiltration of
rainfall. Some insight is also offered through a
topographical examination of the town. There
are a considerable number of areas that run
either between or behind parcels that are
adjacent to flood-prone ones and would be
well-suited for infiltration infrastructure, such
as the land running southwest from 14 Bangs
Street to 8 Kiley Court along Bradford Street
and the land between 3 Carver Street and 4
Court Street near Commercial Street.

126

COASTAL RESILIENCY

Figure 55: Rendering of the Existing Parking Lot at 186 Commercial Street, Spencer Gorman.

Figure 56: Rendering of the Parking Lot with its Vegetated Strip Sunk to Create a Bioretention Cell, Spencer Gorman.
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6. Preferred Combination of Approaches
Long Term
With the above scenarios laid out theoretically
and applied in the short-term, it is also
necessary to apply adaptations in a long-term
scenario. Just because Provincetown is now
looking to build its resilience as a response to
the current and near-future flood risk, that
does not mean that all adaptations are as
applicable as SLR continues and the frequency
and intensity of flooding events increases.
Explored here are the strategies that we
project will serve Provincetown best over the
next couple of decades.

Nature-Based Solutions
As SLR becomes a phenomenon best
measured in feet rather than inches, it would
behoove Provincetown to invest in NBS
structures in its harbor. Because NBS systems
are composed of more biotic components
which themselves grow and adapt, these
would be able to transform as SLR continues,
independent of constant human input. Cobenefits including increased water quality
and carbon sequestration would also increase
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Provincetown’s resilience broadly. Work such
as that done by Emerald Tutu will also be
instrumental in absorbing wave energy as it
reaches the shore. This is significant because
greater wave velocity translates to greater risk
of erosion and damage to structures, both as
they exist today and after elevation.

Elevating and Bolstering Existing and
Critical Infrastructure
Another option includes elevating and
bolstering critical infrastructure, which is
essential for safety and ensures resiliency
during flooding events. Electrical utilities can
be buried to reduce the likelihood of overhead
failure and reduce undesired sight lines.
Low-lying streets without many buildings or
structures could also be raised. While elevating
roads in dense areas such as Commercial Street
can present challenges, less developed public
roads prone to flooding like the intersection
of Bradford Street (6A) and Ryder Street are
ideal for adaptation. This area would benefit
from elevating above anticipated SLR and
flood elevations in order to maintain a critical
connection between the western and eastern
portions of town during flooding. Buildings
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and structures in the area can be retrofitted to
match the raised grade change of the street.
Pumps and associated infrastructure offer
yet another mechanism to move floodwaters
caused by SLR and precipitation out of the
town. Eight of 11 pumps in Provincetown
were labeled as high risk by the Increasing
Coastal Resiliency and Reducing Infrastructure
Vulnerability by Mapping Inundation Pathways
report because of their location and criticality
to the community (Town of Provincetown
2016). During a significant storm event, these
pumps can be impacted by flooding and/or
power outages that could severely impact the
public health, the built environment, or the
natural environment (Town of Provincetown
2016). The applicability of installing additional
pumps, stronger pumps, raising pumps, and
retrofitting pumps with check valves if not
already installed throughout town should also
be explored as SLR continues.

Elevation of Neighborhoods

By the year 2100, sea level may rise by over
six feet from levels seen in 2000 (Waldo 2016).
With the lowest-lying portions of the town
at sea level, buildings could be inundated
with eight feet of water as a base line. With
factors such as king tides and storm surges
considered, a single-story building could be
fully submerged during a flooding event.
Even with the implementation of several
other adaptation measures, it is highly likely
that many buildings would have to be raised
from their current elevations. While the
short-term analyzes the viability of elevating
specific buildings, the long-term would look
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at the viability of elevating whole corridors
or neighborhoods. This would help protect
the community character so central to
Provincetown, but it would also require much
more effort than any single building.
Beyond traditional elevation, the incorporation
of amphibious architecture would also provide
the town significantly enhanced resilience
through the use of a dynamic strategy that
allows each structure to adapt to changing
conditions. This option may help in the longterm because rather than doing sitework for
each individual parcel to determine the best
elevation height at the time and projecting
into the future, amphibious architecture allows
buildings to float on the surface of the water,
be it low-tide or during a storm surge. Utilizing
this process could thus incorporate a greater
degree of standardization, saving the town
time and money while also increasing resilience
through real-time, per-building environmental
adaptation. The risk of traditional elevation is
that, should a property be raised only slightly,
there could be a point in the future when it
must be raised again.

Floodgates
While Provincetown’s linear development
along the harbor fosters vulnerability to SLR,
this very development could aid in protection
of its built environment. Commercial Street
is the first major public road that encounters
flooding from SLR, high tides, or storm surge.
Its dense development is central to the
character and community of Provincetown, and
adaptations must be tailored to maintaining
its unique form. Passive temporary barriers,
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specifically floodgates, are an innovative
strategy that could provide protection from
SLR and flooding yet remain unnoticeable
under non-flooding circumstances. If installed
strategically along the seaward sidewalk or
roadside of Commercial Street, the floodgates
would deploy as water encounters the
structure, protecting all landward buildings
and assets of Commercial Street. During
deployment the vertical walls could still allow
access on the landward sidewalk or roadway.
While challenges do exist with the seaward
buildings still bearing the effects of SLR,
elevating or wet floodproofing tactics coupled
with floodgates along Commercial Street could
successfully protect a significant amount of the
historic district.

Raise Low-Lying Portions of Commercial
Street
In the historic district there are two especially
low-lying portions of Commercial St -- one
stretch between the Coast Guard station and
Captain Jack’s Wharf, and one stretch in the

center of town that extends in both directions
from the MacMillan Pier. There are a couple
reasons that make elevating the entirety of
these two corridors, the road and the abutting
parcels, a viable option. First, these areas
serve as inundation pathways, allowing storm
surge and eventually sea level rise to flood
properties further inland, such as Town Hall
(Woodard & Curran 2019). Raised roadways
serve as a form of permanent flood barrier
and can be combined with floodgates for
further protection. Second, the two low-lying
stretches represent some of Provincetown’s
most densely constructed urban areas. Often
structures encroach on the road to the point
where the sidewalk becomes nonexistent.
Without significant setbacks from the
thoroughfares, simply elevating the buildings
or roads in isolation would create a drastically
different experience for pedestrians as the
structures would appear to tower over them.
Thus, raising the roadway and surrounding
surfaces along with the buildings can preserve
Commercial Street’s human-scale aesthetic
while greatly increasing the resiliency of all
surrounding buildings.

Figure 57: An Inundation Pathway Depicted by the Green Line from Ryder Street Beach Up Past Commercial Street to Gosnold Street.
Town Hall is Shown to the Right of the Inundation Pathway (Woodard and Curran 2019).
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To demonstrate the potential for raising an
entire section of the town while preserving
its traditional character, the team identified
one block of Commercial Street in the center
of town between Ryder Street and Standish
Street. Along this stretch, the street lies a mere
3.3ft above sea level on average. This part of
town contains multiple historic buildings that
are also businesses, including, Mayflower Cafe,
the Black Dog General Store, Provincetown
Portuguese Bakery, and the Post Office Cafe
& Cabaret. It was important to highlight local
businesses as they are dependent on the
use of their ground level storefronts. One

example being the Mayflower Cafe which
has been open since 1929. The restaurant
is known for its family atmosphere, paper
placemats and murals of waterfront scenes and
caricatures. David W. Dunlap notes in Building
Provincetown that the murals are by a local
woman named Nancy Whorf (1930-2009)
and that “the story was that she did those for
grocery money one winter when her husband,
who was a fisherman, was finding that the
fishing wasn’t too good.” This restaurant speaks
to the community character Provincetown
looks to preserve.

Figure 58: Historic Structure Data for Provincetown, Paige Dunlevy.
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Photo 51: Mayflower Cafe (Cape Cod Menus).

Photo 52: Painting Inside the Restaurant (Dunlap).
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Photo 53: Commercial Street (Johnson).

Photo 54: Commercial Street (Google Maps).
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The Black Dog

Post Office Cafe

Mayflower Cafe
Figure 59: SketchUp Rendering of Previous Commercial Street View, Spencer Gorman.

Temporary stairs
to allow access

New truss system to
prevent cracking of
old beams

Buildings elevated on 7
ft. concrete pillars

Foundations filled
to street level

Figure 60: Rendering of Buildings Along Commercial Street Raised on Concrete Pillars, Spencer Gorman.
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4 ft. of gravel/dirt fill
Stormwater and sewage
systems elevated

Old surface
broken-up to allow
infiltration

Figure 61: Rendering of Commercial Street Being Raised, Spencer Gorman.

Breakaway cedar boards cover
remaining 3ft of concrete pillars

Breakaways boards allow storm surge
to flow beneath buildings

Wide and permanent
stairs installed

Road and sidewalk repaved
Figure 62: Rendering of the Raised Street After Paving, Spencer Gorman.
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Street parking banned
for safety

Side alleys utilized for
ADA acceptability

Street planters used
to hide elevation

Figure 63: Rendering of Commercial Street After Completion of Elevating, Spencer Gorman.

136

COASTAL RESILIENCY

CONCLUSION
09

Conclusion:
Provincetown is not alone in regards to the
massive challenge its built environment faces
due to flooding from SLR. Other historic cities
and towns dotting the Atlantic coast, from
Boston to Miami are coming to terms with the
new reality of SLR and the choices that their
municipality will need to make to protect its
built environment. By utilizing and building on
strategies from other climate resiliency and
SLR or flooding resiliency plans, Provincetown
can begin to define what adaptations will
best support its most distinguishable historic
structures, historic district, and the town
as a whole. Careful planning for impending
SLR or the next Nor’easter, tropical storm,
or hurricane to hit the area is essential for
the town’s resiliency, and are far better
options than rebuilding following damage or
destruction to the built environment. While the
challenges of SLR can be daunting, successful
adaptations exist that are applicable for a
community based around the harbor.

Key Takeaways
The Field Projects team found that elevating
and wet floodproofing historic structures
depending on their foundation and applicability
is the best adaptation against SLR and coastal
flooding. In conjunction, temporary barriers,
specifically deployable and inflatable barriers
were found to be the most applicable for
low-lying flood pathways and large structures
that couldn’t be elevated or wet floodproofed.
Numerous locations, primarily private
properties exist around that could be adapted
for green infrastructure, green spaces, and LID
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landscaping to promote natural processes of
water infiltration and detention.
For the long-term, the Field Projects team
drafted multiple adaptations that Provincetown
could explore. Beach nourishments, critical
infrastructure improvements, elevating
neighborhoods, installation of floodgate within
Flood Zones along Commercial Street, and
raising low-lying portions of Commercial Street
were all identified as potential projects to
mitigate for SLR.
Visual data representations were developed to
display how specific data layers and features
spatially relate to one another. Figures of
SLR models (low, intermediate, high, and
extreme) and Flood Zones (Zones A and V)
were compared against Provincetown’s historic
district and structures. Under the extreme
(8-ft) model of SLR by 2100, over half of all
historic structures in town would be impacted.
The survey identified ten of Provincetown’s
1,192 historic structures that were deemed
by the residents most worthy of protection.
Of the ten, six were located within the Flood
Zone and areas of SLR projection, which were
recommended various adaptation strategies.
As evident from the results, town residents
who completed the survey value historic
structures with a public mission.

Significance of Adaptation Measures
While doing nothing to mitigate the worst
impacts of SLR is an option, it doesn’t bode
with Provincetown’s 400-year history.
Provincetown’s vitality depends on its historic
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structures, seaside charm, and close-knit
community, which becomes more and more
threatened by every inch of SLR. With every
action made towards adapting the built
environment to SLR, the town preserves part
of what makes it the treasured location it is
today. While the Field Projects team provided
an overview of the town’s ongoing and future
projects for adaptation in and around the
historic district, the team encourages the
town to continue to develop solutions to
protect against the rising seas. If a location
like Provincetown can manage to stave off the
worst effects of SLR, it’s solutions will provide
other cities and towns not only optimism but
a toolkit to combat SLR and coastal flooding in
their own neighborhoods.

Throughout its history, Provincetown has
shown resilience to build back and come
together to weather the most challenging of
storms. While the effects of climate change
and SLR might be its greatest challenge yet,
Provincetown has the ability to adapt if it
chooses to take action.

Areas of Future Inquiry
Pivotal next steps must occur to continue
adaptation of Provincetown’s historic district.
Considering the six scenarios presented, a
cost-benefit analysis would be extremely
useful to evaluate which adaptation strategies
might be best and most economically feasible
for the town. Beyond strictly costs and
benefits, the impact of different adaptation
strategies for specific buildings or larger areas
or neighborhoods towards environmental
justice or other vulnerable communities in
town should be considered. Those who are
most vulnerable to the impact of SLR must
be prioritized in the planning process. Also,
because many of Provincetown’s coastal
resiliency projects are funded through state
and federal grants, key funding sources should
be bolstered or new funding sources should
be explored to promote as many resiliency
projects as possible.
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Appendices:
Appendix A
Glossary

Abiotic - Not involving or produced by living organisms.
Accretion - The gradual deposition of coastal sand on a portion of a beach.
Adaptation - An adjustment to environmental conditions.
Amphibious Architecture - Flood mitigation strategy that allows structures to float on rising
flood waters.

Base Flood Elevation - The elevation of the surface water during a flood that has a 1 percent
chance of equaling or exceeding that level in any given year (FEMA 2020b).

Benthic Communities - Largely composed of macroinvertebrates, such as annelids, mollusks,

and crustaceans. These organisms inhabit the bottom substrates of estuaries and play a vital role in
maintaining sediment and water quality (EPA, ORD 2015).

Biotic - Of, relating to, or caused by living organisms.
Climate Change - Shifting of a region’s weather conditions over a long period of time (typically 30

years). Weather conditions consist of meteorological variables, including temperature, precipitation,
wind, humidity, and atmospheric pressure.

Design Flood Elevation - The highest flood elevation that a retrofitting method is designed to
protect against (FEMA 1999).

Estuarine - Of or relating to an estuary, where a freshwater source (stream, river) a salt water
source (tidally influenced).

Floodplain - Land that may be submerged by water during precipitation or tidal events.
Green Infrastructure - A resilient approach that mimics nature and uses plant or soil systems to
manage wet weather impacts, reducing and treating stormwater at its source that provides many
environmental, social, and economic benefits. (EPA 2009)

Grey Infrastructure - Conventional piped drainage and water treatment systems that use manmade, abiotic materials to move stormwater away from the built environment, traditionally from
impervious surfaces. (EPA 2009)

Historic District - A geographically defined area that contains a significant number of sites,
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buildings, structures, or objects considered to be valuable for historic or architectural reasons.

Hydraulic Retention Time - The average length of time water remains in an area.
Hydrostatic Pressures - Pressures exerted by water at rest (FEMA 2014).
King Tide - The highest of a naturally occurring, predictable rise of sea level caused by gravitational
forces exerted by the Sun, Moon, and Earth’s rotation. (EPA 2011)

Low Impact Development - An umbrella term that refers to systems that incorporate or mimic
natural ecosystem processes for resource management, particularly stormwater, as close to the
source as possible. These practices help improve water quality and protect aquatic systems while
having minimal impacts on the environment (EPA 2020).

Mitigation - The process or result of making something less severe, dangerous, painful, harsh, or
damaging.

Nor’easter - A storm event along the East Coast of North American where winds blow from the
northeast.

Ponded Water - A design technique where water is stored in a retention cell. Ponding depth is a

statistic of a management practice that states how deep a pool of water can be before the structure
overflows.

Resiliency - The ability to recover from or adjust to adversity or change and/or of something to
return to its original size and shape of being.

Sea Level Rise - It is the increased levels of the world’s oceans due to the effects of climate change
(National Geographic Society 2019).

Slab-on-grade - Type of foundation where the lowest floor is formed by a concrete slab which
rests directly on the ground (FEMA 2014).

Substantially Damaged - Where the damage to a building cost equal to or greater than 50% of
the original market value to restore (FEMA 2014).

Substantially Improved - Where the improvements to a building cost equal to or greater than
50% of the original market value (FEMA 2014).

Sustainability - Of, relating to, or using a resource so that the resource is not depleted of
permanently damaged.

Temporary Flood Barriers - Movable objects that are used to prevent rising water from entering
an area during a tidally influenced, storm surge, or precipitation event.

Underdrain System - A system used in many green infrastructure and LID adaptations that

includes a pipe buried under a soil medium that conveys excess stormwater to another area for
management (City of Beaufort 2013).
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Urban Co-Benefits - Opportunities of implementing design adaptations in a dense area that
promotes both climate resiliency and practical usage for the inhabitants of said area.

Velocity Wave Action - The characteristics and effects waves have while moving inland from
bodies of water such as an ocean or a bay (FEMA 2014).
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Survey Materials
What are your Favorite Historic Buildings?
Following is a research survey created by a graduate student team from Tufts University, in Medford,
Massachusetts. We are conducting a research study on the protection of historic structures in
Provincetown from the effects of sea-level rise, including situations such as increased flooding and
higher storm surges. This survey will ask you some questions for our research. It will take between
five and ten minutes of your time.
If at any time you don’t want to answer a question, you may skip it. If at any time you want to stop
participating, or you don’t want to start at all, close out of the survey form. Any information you
have provided will be automatically deleted and no longer available.
The content of this survey may be used in publications or presentations. The survey will ask some
identifying questions, including your name and length of residence in Provincetown.
If you wish not to answer, skip to the next question.
All data will only be presented in aggregate. No identifiable information about you will be shared
beyond the research team. The research team will do everything within our control to protect your
privacy, but there is always a chance that someone could find out about your participation in the
survey. People responsible for monitoring this research may be able to access the data, including
the Tufts University Institutional Review Board (IRB). If at any point our team wishes to quote an
identifying piece of information, including a statement that may be labeled as “anonymous” if you
wish, we will contact you at the provided source and ask your permission unless you authorize us
now to potentially quote you.
Find below an information sheet with the contact information for the lead researcher and the
contact information of the research oversight board at Tufts, the Tufts Social, Behavioral, and
Educational Institutional Review Board (SBER IRB), if you need to get in touch about this research at
any point in the future.
Submission of this survey with any amount of information provided is to be considered consent to
participate in this research.
Contact Information Sheet
For questions or concerns about the research study or procedures, or if you need to notify someone
of a complaint, please contact the Tufts research team.
If you have questions or concerns about your rights as a research participant, or if you would like to
discuss the study with someone outside of the research team, contact the Tufts SBER IRB.
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Tufts SBER IRB Contact Info:
Tufts University
Social Behavioral & Educational Research
Institutional Review Board (SBER IRB)
75 Kneeland Street, 6th Floor | Boston, MA 02111
Telephone: 617-627-8804
Email: sber@tufts.edu
Website: http://viceprovost.tufts.edu/sberirb/
Survey Questions
What is your age? Please note that you must be 18 years or older to participate in this survey
• 18-24 years old
• 25 to 34 years old
• 35-44 years old
• 45-54 years old
• 55-64 years old
• 65-74 years old
• 75 years or older
How long have you lived in Provincetown, MA?
• 0-4 years
• 5-9 years
• 10-14 years
• 15-20 years
• Over 20 years
• Other:
Do you live in Provincetown for more than 6 months of the year?
• Yes
• No
• Other:
Do you live in a historical building that is located in the historical district?
• Yes
• No
• Other:
Do you have a business that is located in a historical building in Provincetown’s historical district?
• Yes
• No
• Other:
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What are your five favorite buildings in Provincetown’s historical district? List from favorite (#1) to
least favorite (#5). If you know them, please include the buildings’ names and/or addresses. If not,
please describe them as best as you can.
Your answer
What are your reasons for your selections? (optional)
Your answer
Is there anything else that you would like to add?
Your answer
Do you agree to be directly quoted by name in our study? If no, then your answers will be aggregated
with the survey data in order to draw general conclusions.
• Yes
• No
• Ask me first
If you selected ‘Ask me first’, what is your contact information? Include your name, phone number,
and/or email address.
Your answer
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