Coastal Resiliency Planning for
the Surf Drive Area
EXECUTIVE SUMMARY (DRAFT) - August 2020

Introduction & Project Need
With almost 70 miles of shoreline along Buzzards
Bay and Vineyard Sound, the Town of Falmouth is
particularly vulnerable to coastal flooding due to
storm surge and future sea-level rise. Many areas
vulnerable to flooding contain public infrastructure and facilities, commercial development,
and residential communities that can be adversely
impacted by flooding. The Town of Falmouth has
therefore taken proactive steps to fully evaluate
its risk and establish an integrated climate change
planning and preparedness strategy.

Surf Drive and the adjacent shoreline already
experience significant stressors (e.g., regular
inundation, erosion, overtopping, storm damage,
ecosystem evolution, etc.) under today’s climate
conditions. Storm damage to the roadway and the
bike path can cause disruption to the collocated
utilities, including water, sewer, and electricity.
Climate change and sea-level rise will increase the
frequency and severity of these stressors,
resulting in increased vulnerability in the future.
Results from the town wide Climate Change
Vulnerability Assessment and Adaptation Planning
project indicate extreme vulnerability to flooding
will occur as soon as 2030. The Town of Falmouth
therefore sought funding through the MVP Action
Grant Program to complete a detailed coastal
resiliency planning study for the Surf Drive area.

To better understand the risk to individual
municipal assets from flooding, the Town of
Falmouth commissioned the Woods Hole Group
to conduct a detailed town wide climate change
flood vulnerability assessment, which was
completed in January 2020. This study identified
the Surf Drive area and assets as one of the most
vulnerable areas in Town.

To achieve the Town’s goals (below), this study
provides a conceptual phased management
approach to improve the coastal resiliency of the
Surf Drive Study Area over time – identifying key
time frames and sea level thresholds for action.
This process utilized a dynamic adaptation
pathways approach, which utilizes the following
key steps:

Surf Drive Study Area Boundary

1)
2)
3)
4)
5)
6)

Identification of the problem
Identification of key assets at risk
Development of potential actions
Assess efficacy of actions
Develop implementation pathways
Develop phasing and implementation plan

Goals of the Surf Drive Coastal Resiliency Planning Study
1.

Maintain and promote clean and welcoming coastal resources and marine environments, which is the
cornerstone of the Town’s cultural identity and financial foundation.

2.

Improve the resiliency of the natural resources and infrastructure along the Surf Drive coastline.

3.

Balance the use, access, and enjoyment of coastal resources, while accounting for geologic and
ecosystem shifts in response to weather-related impacts and sea level rise. As part of this,
• Preserve, restore, and enhance coastal ecosystems to better absorb impacts;
• Protect the operational capacity of vulnerable infrastructure systems;
• Foster the dynamic natural system’s own resiliency; and
• Encourage community-wide institutional adaptability.
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Step 1: Identification of the Problem
Figure 1. Future mean high water (MHW) extents.

Although this study focuses primarily on
the risks from flooding, when considering
term adaptation plans for coastal areas,
other coastal hazards, such as erosion,
cannot be ignored. The following coastal
hazards were considered:
1. Daily High Tide Flooding
2. Storm Surge Inundation
3. Coastal Erosion

1. Daily High Tide Flooding
2. Storm Suge Inundation

Sea level rise will result in an elevation of high
tides each day, creating shallow “nuisance
flooding”. However, nuisance flooding can have
significant impacts, as inundated roads cannot
provide reliable transportation corridors or
emergency access and buildings surrounded by
water cannot be readily accessed.

Storm surge is the rise in water level caused by a
storm. The probability of inundation during storm
events was evaluated using the Massachusetts
Coast Flood Risk Model (MC-FRM), a highresolution hydrodynamic model that simulated
tides, waves, winds, storm surge, and sea level
rise to identify locations at risk of flooding. The
model was used to evaluate present-day risks
(2008), as well as climate change influences for
2030, 2050, and 2070 time-horizons. The resulting
flood risk maps (Figure 2) can then be used to
identify the estimated annual probability, or
likelihood, that any location within the model will
experience flooding. Much of the Surf Drive Study
Area already has a high probability of inundation
during a storm event today; this risk will only
increase in the future given sea level rise.

Comparing future MHW elevations for the Surf
Drive area (Table 1) with the existing topography
provides an understanding of what areas are likely
to be impacted by daily tidal flooding between
now and 2070 (Figure 1).
Table 1. Mean high water (MHW) elevations.

Year
2008
2030
2050
2070

MHW (ft, NAVD88)
0.8
2.2
3.5
5.3

Figure 2. Present day (2008) inundation probability.

By 2050, high tide flooding will most notably
impact approximately 1,200 ft of Surf Drive, the
Mill Road parking lot, residential areas around
Fresh River Lane, Stratford Road, and Bywater
Court, and 975 ft. of Mill Road.
By 2070, high tide flooding will impact additional
large sections of Surf Drive, parts of Oyster Pond
Road, Elm Road and Assonet Road, a significant
stretch of the Shining Sea Bikeway, numerous
parking areas along Surf Drive, the Surf Drive
beach bathhouse, the sewer lift station, and a
significant residential area.
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Step 1: Identification of the Problem
Flood Pathways Assessment

3. Coastal Erosion

To better understand how sea level rise and storm
surge flooding will enter the built upland
landscape, a flood pathways was completed. The
major entry points for water flow in present day
include Mill Road and the Mill Road parking lot,
with flooding from Salt Pond, and various points
along Surf Drive and Fresh River Lane (Figure 3).
By 2030, the Surf Drive Beach Parking Lot, Elm
Road, and Walker Street become major flood
pathways during a storm. However, because the
ground elevations in this area are so low, by 2050
and 2070, floodwater will enter the landscape
over wide areas along Surf Drive and individual
flood pathways are no longer possible to identify.

Although the focus of this study was flood risk,
when evaluating long term adaptation options for
a coastline, it is valuable to consider erosion as
well. The Massachusetts Office of Coastal Zone
Management has completed a statewide shoreline change assessment. Using data compiled
from the mid-1800s to 2009, rates of erosion or
accretion have been determined at transects
every 50-meters along the shore (Figure 5).
Figure 5. Shorelines and analysis transects from
CZM’s Shoreline Change Project.

The average long-term (mid-1800s to 2009)
shoreline change rate within the Surf Drive Study
Area is -0.4 feet/year, indicating a slow, but steady
erosional trend. The paved roadway of Surf Drive
and coastal engineering structures have likely
influenced this rate over the last century. Surf
Drive, the Shining Sea Bikeway, and the Trunk
River sewer main have been repeatedly damaged
in recent years by undermining caused largely by
coastal erosion.

Figure 3. Present-day flood pathways for the Surf
Drive Study Area.

A flood pathways analysis was also completed for
Town Hall. In present day, the southern edge of
Town Hall will be inundated by water flow from
the south and the southern Town Hall parking lot
will become inundated from the west (Figure 4).
Figure 4

.

Erosion along the Shining Sea Bikeway
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Step 2: Identification of Key Assets
The next step in an adaptation pathways
approach was to identify important at-risk
assets. This study identified the flood risk to
each asset and gathered information about
the current use and importance of each. The
following assets were considered:

2. Sewer Infrastructure
Under present day conditions, 0.4 miles of the
Woods Hole sewer main along the bikeway has a
50-100% annual chance of inundation during a
storm. By 2050 and 2070, daily high tide flooding
will regularly inundate sections of the Woods Hole
sewer main, 0.2-miles of sewer infrastructure
along Surf Drive and Mill Road, and 0.3 miles of
sewer infrastructure in the Bywater Court
neighborhood, which could result in infiltration.

1. Roads and the Shining Sea Bikeway
2. Sewer Infrastructure
3. Other Utilities (Water/Electrical)
4. Town Buildings and Parking Lots
5. Low-Lying Residential Neighborhoods
6. Natural Resources

Today, the Surf Drive sewer lift station is
vulnerable to flooding during a 10% chance event.
The likelihood of flooding increases in the future.
The area around the lift station begin to
experience daily high tide flooding by 2070.

1. Roads and the Shinning Sea Bikeway
Under present-day water level and storm
conditions, 1.6 miles of Surf Drive and adjacent
connecting roads face a 50-100% annual chance
of inundation during a storm (Figure 6), meaning
these sections of roadway are likely to flood at
least once every other year. In addition to storm
impacts, sea level rise will result in daily tidal
flooding of 0.2 miles of Surf Drive and Mill Road,
in addition to sections of Bywater Court by 2050.
By 2070, an additional 0.8 miles of Surf Drive and
roads in the Bywater Court area will experience
daily tidal flooding.

Surf Drive Pump Station

Under present-day conditions, approximately 0.3
miles of the bikeway has a 50-100% annual
chance of inundation as a result of storm surge,
and a 0.4-mile section of the bikeway adjacent to
Oyster Pond and Salt Pond will be at risk of daily
tidal flooding by 2070 (Figure 6).

3. Other Utilities (Water/Electrical)
Presently, 0.5 miles of the Surf Drive water main
along and water infrastructure within the Bywater
Court residential area has a 50-100% annual
chance of inundation during a storm. Small
sections of the water distribution infrastructure
along Surf Drive and the Bywater Court area are
also threatened by daily high tide flooding by
2050. By 2070, regular daily high tide flooding will
impact an additional 0.8-mile section of water
main along Surf Drive.

Figure 6. Flooding vulnerability of roads and the
Shining Sea Bikeway due to storm surge.

The electrical substations within the Mill Road
parking lot and off Elm Street both have a 50100% annual chance of inundation during a storm
under present day conditions. The Mill Road
power substation will become vulnerable to
flooding as a result of daily high tides by 2050 and
the Elm Street substation by 2070.
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Step 2: Identification of Key Assets
4. Town Buildings and Parking Lots

5. Low-Lying Residential Neighborhoods

There are two main municipal buildings (Town
Hall and Mitchell Bathhouse) and six key parking
lots within the study area. The lower level of Town
Hall is vulnerable to inundation during a 5%
chance storm today and a 20% chance storm in
2030, with flooding coming from Siders Pond. The
back parking lot already has a 50-100% annual
chance of inundation during a storm today and
will be vulnerable to regular high tide flooding by
2070.

A significant portion of the Old Stone Dock and
Surf Drive neighborhoods is extremely low-lying.
Under present day conditions, 122 structures
already have a 50-100% annual chance of
inundation during a storm event (indicated by red
shapes in Figure 7) and an additional 123
structures have a 20-50% annual chance of
flooding (indicated by yellow shapes in Figure 7).
By 2050, regular daily high tides will flood 30
homes in this area and by 2070 the number of
homes and structures impacted by daily high tide
flooding will increase to a total of 169, with
flooding coming predominantly from Salt Pond
and Fresh River.

The Mitchell Bathhouse is also vulnerable to
flooding during a storm, with a 20% annual
chance of inundation today and a 50% chance in
2030. The Surf Drive Beach parking lot has a 50100% annual chance of inundation due to storm
surge in present day and will vulnerable to regular
high tide flooding by 2070.

Figure 7. Flooding vulnerability of residential
neighborhoods due to storm surge.

There are four additional dirt parking lots along
Surf Drive. All four of these parking lots are
extremely low lying and already have a 50-100%
annual chance of inundation during a storm event
in present day. In addition, all four are expected to
be impacted by regular high tide flooding by 2070.

6. Natural Resources
There is a coastal beach that runs the entire
length of the project area and a series of
disconnected low dunes. Unsurprisingly, given
their proximity to the waterline, much of these
natural resources have a 50-100% annual chance
of inundation during a storm event even under
present-day conditions. Overtime, however, as sea
level rises and erosion continues to act on the
beach, the width of the dry high tide beach will
decrease without intervention. By 2030, the dry
high tide beach will be narrowed to half its
current width and by 2070 high tides will regularly
flood almost all of the existing coastal beach. In
addition, the elevation of the roadway at each
pond inlet is low enough that without action by
2070 water will flow over the road and the barrier
beach into these coastal ponds at high tide, rather
than through the existing culverts.

Town Hall from Siders Pond

Mitchell Bathhouse
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Step 3: Development of Potential Actions
Once the risks and vulnerabilities to key assets
have been evaluated, the next step in a dynamic
adaptation pathways approach is to develop and
consider a full range of potential adaptation
actions, which can help reduce or eliminate those
vulnerabilities. The four main themes used to
develop potential actions to address the
vulnerabilities of the Surf Drive Study Area are:

Themed Approach for Resilience Building
Asset-specific actions can also be considered
collectively within each of the resilience themes.

Theme: Natural Resources
The Natural Resource theme relies on restoration
and enhancement of natural systems to improve
coastal resiliency and reduce flood vulnerability.

1. Natural Resources – Emphasize
ecosystem health and resilience

Notable recommendations in this theme include:

• Protect vulnerable sections of Surf Drive with
beach and dune nourishment in the short-term
• Abandon Surf Drive along the barrier beach
and discontinue utilities and services by 2050
• Elevate low-lying sections of the Shining Sea
Bikeway through installation of a boardwalk
• Relocate the Woods Hole sewer main by 2050
• Elevate and floodproof the Surf Drive Sewer
Pump Station by 2030
• Relocate the Elm Road electrical substation to
higher ground by 2070
• Replace the Mitchell Bathhouse with portable
facilities by 2030
• Install an earthen berm to protect Town Hall
and the lower Town Hall parking lot
• Construct living shorelines along Salt Pond and
Fresh River to avoid regular tidal inundation of
residential areas by 2050

2. Protection – Emphasize protection and
maintenance of infrastructure
3. Connection – Emphasize maintenance of
access, transportation, utility corridors
4. Managed Retreat – Emphasize a balance
of uses with increased costs and risks in
the future

Asset Specific Potential Actions
Based on the themes above, a series of potential
actions was identified for each of the assets
described in the previous section. Additionally,
the expected implementation timeline for each
action was specified, based on a high sea level rise
scenario. As an example, potential adaption
actions for Surf Drive are listed below in Table 2.
Table 2.
Asset

Potential adaptation actions for Surf Drive (along the barrier beach).
Potential Actions
Protect vulnerable sections of roadway with beach/dune nourishment

Surf Drive
(Along
Barrier
Beach)

Research and develop policies for phasing out Town services to private
homes and roads in vulnerable areas
Engage in public outreach to prepare residents for future changes (e.g.,
ending road maintenance)
Cease maintenance of Surf Drive along the barrier beach (roadway can still
be used, but remove pavement if damaged during storms)
Remove existing Surf Drive pavement along barrier beach and construct
extended Surf Drive bridge
Elevate road and add revetment or sheet pile wall for protection
Construct tall flood barrier (i.e., seawall) seaward of at-grade roadway
Abandon Surf Drive (remove any remaining pavement)

6

Theme

Estimated
Timeframe
2030
2030
2030
2050
2050
2050
2050
2070

Step 3: Development of Potential Actions
Theme: Protection

Theme: Connection

The Protection theme emphasizes protecting and
maintaining existing infrastructure, features and
services in their current locations.
Notable recommendations in this theme include:
• Elevate Surf Drive and install armoring, or leave
at grade while installing a flood wall to protect
roadway and residential areas
• Construct a stone revetment or sheet pile wall
to protect bikeway and Woods Hole sewer
main
• Elevate or floodproof Mitchell Bathhouse in
the short-term
• Beach and dune nourishment of public beach
• Install a tidal control structure on Fresh River
and Salt Pond inlets by 2050

The Connection theme emphasizes maintenance
of vital access (including public access to the
beach), and transportation and utility corridors.

Notable recommendations in this theme include:
• Maintain Surf Drive along the barrier beach in
the short-term and convert it to an extended
bridge in the long-term.
• Relocate portion of bikeway by 2050 (Figure 9)
• Floodproof Surf Drive pump station by 2030
• Woods Hole sewer main remains in current
footprint but is buried at greater depth
• Elevate or floodproof the Mill Road electrical
substation by 2050
• Replace the Mitchell Bathhouse with portable
facilities by 2050
• Install a tidal control structure at the Fresh
River inlet by 2050
• Elevate low-lying sections of Mill Road and Surf
Drive to protect residential neighborhoods
• Beach and dune nourishment between Mill
Road and Shore Street to ensure beach access

Theme: Managed Retreat
The Managed Retreat theme emphasizes
balancing the use, access and enjoyment of the
coastline and its resources, while planning for the
geologic and ecosystem shifts likely to occur in
response to sea-level rise.

Figure 9. Proposed relocated bikeway along Oyster
Pond Road.

Notable recommendations in this theme include:
• Maintain Surf Drive in the short-term and
abandon road and water main in the long-term
• Abandon the southern portion of Mill Road
• Reroute or elevate low-lying sections of
bikeway through installation of boardwalk
• Relocate Woods Hole sewer main by 2050
• Relocate Surf Drive pump station by 2070
• Relocate Mill Road and Elm Road substations
by 2050 and 2070, respectively
• Remove all structures and roads from tidally
influenced low-lying neighborhood and
develop a waterfront park (Figure 10)
• Relocate Town Hall services
• Remove all existing development from barrier
beach

Figure 10. Proposed waterfront park stages in the
mid-term (2050). Light green areas represent upland
park areas, while dark green areas represent tidal
wetlands.
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Step 4: Assess Efficacy of Actions
This section will evaluate the estimated costs, as well as the potential benefits and adverse impacts of each
of the individual actions described in the previous section. The cost estimates provided should be
considered planning level estimates.

Evaluation of Potential Surf Drive Actions
A major consideration for the barrier beach portion of Surf Drive is whether to maintain the roadway in
place, and if so, how to protect it, or to abandon the roadway through a phased retreat plan. Key potential
actions, along with their estimated costs, target effects and potential adverse impacts, are listed below:
Estimated
Cost

Potential Actions
Protect vulnerable sections of roadway with beach/dune
nourishment

$7.2 mil

Research and develop policies for phasing out Town services
to private homes and roads in vulnerable areas

N/A

Engage in public outreach to prepare residents for future
changes (e.g., ending road maintenance)

N/A

Cease maintenance of Surf Drive along the barrier beach

N/A

Remove existing Surf Drive pavement along barrier beach
and construct extended Surf Drive bridge

$143 mil

Elevate road and add revetment or sheet pile wall for
protection
Construct tall flood barrier (i.e., seawall) seaward of at-grade
roadway

$29-60 mil
$31-50 mil

Abandon Surf Drive (remove any remaining pavement)

$845k

Target Effects

Adverse Impacts

Enhances coastal
ecosystem function
Balances present use
w/future cost;
abandon road
Builds public
awareness of risk and
need for change
Avoids continued
maintenance cost of
high-risk asset
Maintains access and
utility connections

Not a long-term
solution
Loss of homes; no
connection along Surf
Drive
Potential push back
from residents

Protects existing
infrastructure
Protects existing
infrastructure
Avoids continued
maintenance cost of
high-risk asset

Loss of accessible
beach; aesthetics
Loss of accessible
beach; aesthetics
Potential push back
from residents

Potential push back
from residents
Loss of homes; no
connection to beach

Proposed future conditions under the Natural Resources
theme: and undeveloped, natural barrier beach
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Step 4: Assess Efficacy of Actions
Evaluation of Potential Shining Sea Bikeway Actions
Similar to the barrier beach portion of Surf Drive, a major consideration for the bikeway is whether to
maintain the bikeway in place, to elevate it, to relocate it or to abandon a portion through a phased retreat
plan. Key potential actions are listed below:
Estimated
Cost

Potential Actions
Revetment or sheet pile wall to protect bikeway

$3-10 mil

Abandon section of bikeway

$312k

Elevate bikeway on a boardwalk

$2-3 mil

Shift dirt parking lot near Trunk River to higher elevation

$181k

Relocate portion of bikeway along Oyster Road

$151k

Target Effects

Adverse Impacts

Protects existing
infrastructure
Avoids continued
maintenance cost of
high-risk asset
Maintain bikeway;
enhances eco-system
functions
Maintains access and
parking at less
vulnerable location
Shifts assets to less
vulnerable location

Loss of accessible
beach; beach erosion
Loss of bikeway and
beach access
None

None

Bikeway removed
from beach

Example of a boardwalk bike path at Coast Guard Beach in Eastham

Evaluation of Potential Mill Road and Surf Drive (Eastern Section) Actions
The eastern section of Surf Drive (from Mill Road to Shore Street) was evaluated separately from the barrier
beach portion of Surf Drive. Additionally, due to its proximity and connection to Mill Road, actions for these
two road segments were considered together. Potential actions are listed below:
Estimated
Cost

Potential Actions
Protection of Mill Road and Mill Road parking lot through
nature-based solutions

$7-9 mil

Elevate Mill Road and the eastern section of Surf Drive

$25-47 mil
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Target Effects

Adverse Impacts

Avoids hard
structures; enhances
eco-system services
Protects low-lying
neighborhood;
maintains road-way
connection

Large footprint on
private property
Loss of accessible
beach; beach erosion

Step 4: Assess Efficacy of Actions
Evaluation of Potential Mitchell Bathhouse and Surf Drive Parking Lot Actions
The Surf Drive Study Area contains Surf Drive Beach, Mitchell Bathhouse and a large paved parking lot. Key
potential actions are listed below:
Estimated
Cost

Potential Actions

Target Effects

Adverse Impacts
No permanent
facilities

Remove bathhouse; transition to portable facilities

$160k

Floodproof (or elevate) bathhouse

$10k

Removes asset from
high-risk area; beach
access
Provides protection to
asset in place

Remove parking lot pavement (parking will be shifted to new
parking lot by waterfront park)

$250k

Removes asset from
high-risk area

$10k (stairs)

Provides protection to
assets in place

$12.6 mil

Preserves and
enhances eco-system
function

Beach facilities remain in place (protected by wall); install
stairs and/or ramp to access beach
Perform beach and dune nourishment to protect beach access
hub

Not a long-term
solution
No beach facilities;
longer walk from
parking
Loss of accessible
beach; beach erosion
None

Evaluation of Potential Low-Lying Neighborhoods Actions
The neighborhood in the Bywater Court area just north of the Surf Drive Beach parking lot represents a
large concentration of homes that are not only extremely vulnerable to storm surge flooding today but will
begin to be impacted by regular daily high tide flooding by 2050. Key potential actions are listed below:
Estimated
Cost

Potential Actions
Begin planning for buy-outs or regulatory changes for homes
in low-lying neighborhoods

N/A

Protection of low-lying neighborhoods through nature-based
solutions

$13-17 mil

Remove houses and roads from tidal area; establish salt
marsh and transition to waterfront park (including new
parking and beach access)

$83 mil

Neighborhood protection by elevation of Mill Road and
eastern section of Surf Drive

$25-47 mil

Target Effects

Adverse Impacts

Planning for phasedretreat plan

Potential push back
from residents

Protection of
neighborhood;
enhance eco-system
services
Removes assets from
high-risk area; create
beneficial new use
Protects low-lying
neighborhood;
maintains road-way
connection

Large footprint on
private property

Loss of residential
neighborhood
Loss of accessible
beach; beach erosion

For similar comparisons of costs, target effects and potential adverse impacts for adaptation action options
for other Surf Drive Study Area assets, please refer to the main Surf Drive Coastal Resiliency Plan report.
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Step 5: Develop Implementation Pathways
Dynamic adaptation pathways can provide a unique visualization of the potential adaptation actions
previously presented in this study and how they can fit together into an overall implementation strategy
over time.

How to interpret dynamic adaptation pathways figures?
A key to interpreting these figures is presented below. As you move left to right along a colored/themed
pathway for a particular action, at key time steps you will encounter “transfer stations”, representing
decision points and opportunities to shift to a different action (i.e., move up or down along one of the
vertical paths). In many cases, the most beneficial and cost-effective approach is to phase in different
actions over time, as rising water levels prompt an alteration in the way an asset may be used. Some
actions will be effective throughout all time frames considered (solid colored line will continue to the right
edge of the figure). For others, an adaptation tipping point (the point where that action can no longer
function as intended) may be reached at a certain water level, indicated by a black vertical bar. When this
occurs, the solid colored line representing an action will either end at that tipping point terminal (i.e., that
action is no longer effective), or the line will continue past the tipping point terminal as a dashed line (i.e.,
that action will have a change in function).
Another feature to consider when interpreting the dynamic adaptation pathways figures is whether each
path is light or bold. Pathways that are depicted as lightly shaded lines are technically possible but either
not yet required or not recommended. These paths could still be selected at an earlier time than required;
however, if sea level rise does not occur at the rate projected, then this adaptation may not ever be
required.

Finally, at the bottom of each figure are three threshold lines (see below): the amount of sea level rise in
feet, and at what outyear that amount of sea level rise is expected to occur given a high (RCP 8.5) or
intermediate (RCP 4.5) sea level rise scenario. The bottom two lines provide a range of actionable timelines
for when each action will be needed and effective. The top line, indicating the total amount of sea level rise
in feet, can be compared to actual measured water levels over time to track whether climate change
impacts are proceeding closer to the high or intermediate scenario. For the purposes of the individual asset
discussion below, all timelines will be discussed related to the high sea level rise projections.

11

Step 5: Develop Implementation Pathways
Using dynamic adaptation pathways to chose a preferred implantation plan for Surf Drive
The status quo (i.e., current actions) will only be effective for maintaining this asset until approximately
2030 (or approximately 1.4 feet of SLR from 2008 conditions), at which point a tipping point will be
reached, as indicated by the vertical black bar in the figure below. At that point, a different pathway should
be chosen.
Notable conclusions from the Surf Drive dynamic adaption pathways figure (bottom):
• Managed Retreat – Public outreach and policy planning can start today, until 2050 when a transition to
ending maintenance on the barrier beach portion of the road is recommended
• Connection Theme – Bridge construction is not recommended until 2050, but improved maintenance to
keep the roadway functional until that time may be warranted.
• Natural Resources Theme – Beach and dune nourishment are unlikely to be effective after 2050, at
which point the roadway should be abandoned and the pavement removed to restore a natural beach.
• Protection Theme – Storm protection measures can be constructed in the short-term (2030) but if the
goal of elevation is to protect from daily high tide flooding, then action is not warranted until 2050.
Notable conclusions of the Surf Drive pathway
scorecard (right):
• Preferred alternative includes Managed Retreat
and Natural Resources actions
• Preferred alternative is one of the most costeffective options, eliminating ongoing
maintenance and avoiding major infrastructure
development
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Step 5: Develop Implementation Pathways
Using dynamic adaptation pathways to chose a preferred implantation plan for Surf Drive
Bathhouse and Parking Lot
The status quo (i.e., current actions) will only be effective until approximately 2030 (or approximately 1.4
feet of SLR from 2008 conditions), at which point a tipping point will be reached, as indicated by the vertical
black bar in the figure below. At that point, a different pathway should be chosen.
Notable conclusions from the bathhouse and parking lot dynamic adaption pathways figure (bottom):
• Managed Retreat – Removal of the bathhouse (2030) and parking lot (2050) would remove these assets
from a high-risk area, avoiding expensive repairs in the future.
• Connection Theme – The bathhouse should be removed, transitioning to portable facilities by 2030.
Beach nourishment and access walkways could provide additional protection.
• Natural Resources Theme – Beach and dune nourishment could begin as soon as 2030, with continued
maintenance through 2070 and beyond. To remove hardscape/impervious surfaces the parking lot
pavement could be removed and replaced with shell by 2050.
• Protection Theme – The bathhouse could be floodproofed in the short-term (2030). Protective seawalls
should be constructed by 2050 to protect the parking lot, bathhouse, Surf Drive and nearby residences.
Notable conclusions from the bathhouse and
parking lot pathway scorecard (right):

• Preferred alternative includes Connection and
Natural Resources actions
• Preferred alternative is one of the most costeffective options, enhancing the coastal ecosystem, while preserving public beach access

For similar dynamic adaptation pathways figures and score cards for adaptation action options for other
Surf Drive Study Area assets, please refer to the main Surf Drive Coastal Resiliency Plan report.
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Step 6: Develop Phasing and Implementation Plan
Other Utilities –
• When Surf Drive is no longer maintained
(2050), close off and abandon the water main
along this section of roadway.
• Ensure that the Elm Road Martha’s Vineyard
electrical cable is buried securely back to the
existing substation
• Relocate the Mill Road and Elm Road electrical
substations to higher ground (2050/2070).

Recommended Phased Approach
Based on the feasibility and effectiveness of the
individual actions presented for the four themes,
the water level and timing thresholds presented in
the dynamic adaption pathways figures, and the
cost and effectiveness of each action, a
recommended phased implementation plan was
developed. This plan includes:

Town Buildings and Parking Lots –
• Remove the Mitchell Bathhouse by 2030 and
replace with portable facilities
• Beach and dune nourishment through 2070 to
protect the Surf Drive parking lot

Roads and Bikeway –
• Maintain Surf Drive in the short-term (2030)
but abandon roadway along the barrier beach
in the long-term, phasing out town services to
private homes (2050) and removing the
pavement (2070).
• Nourish beaches and dunes in the short-term
to protect the most vulnerable parts of road.
• Elevate a low-lying section of Mill Road and
Surf Drive to maintain travel and protect
adjacent residences (2050).
• Elevate one low-lying section of the bikeway
on a boardwalk and relocate another by 2050.

Low-Lying Residential Neighborhoods –
• Protected by Mill Road and Surf Drive road
elevation (2050).
• Install a tidal control structure on Fresh River
inlet by 2050.
Natural Resources –
• Remove all existing development from the
barrier beach, including the road, groins, and
water main, allowing the barrier beach to
migrate naturally.
• Remove culvert and transition the Salt Pond
inlet to an open waterway (2050).
• Salt Pond and Oyster Pond merge to form a
single large estuarine system (2070).

Sewer Infrastructure –
• Construct a temporary sheet pile wall to
protect the sewer main (and co-located
bikeway) in the short-term (2030).
• Relocate the Woods Hole sewer main along
Woods Hole Rd and Oyster Pond Rd (2050).
• Elevate or floodproof the Surf Drive Sewer
pump station by 2030.

2070

2030
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Additional Considerations
While many of the recommendations in this report
can be implemented within the current regulatory
environment, other actions, such as stopping
utility services and abandoning public roadways,
will likely require updated municipal policies.
Recommendations for this include:

Additional Design and Monitoring
The actions in this study present a varied set of
strategies that the Town may consider for future
coastal resiliency building to reduce risks from
future sea level rise and storm surge hazards. It
should be noted, however, that in many cases
these recommendations are preliminary and will
need further refinement in the design phase.

1. Targeted Municipal Planning
Planning for future risks and implementing
adaptation strategies requires coordination
between a variety of municipal departments and
committees. To ensure a continued focus on
resilience building, the Coastal Resiliency Action
Committee could meet regularly with department
heads to further discuss the findings presented in
this report and develop targeted plans for
implementing the adaptation recommendations.

Projected Timeframes

Monitoring future sea levels and adjusting the risk
assessments over time given evolving data and
projections will be important elements in the
Town’s planning efforts for the Surf Drive area.
Comparing actual measured sea level increases in
the future with the thresholds along the bottom of
each dynamic adaptation pathways figure will help
adjust the timeframes for implementation. This
study assumes a high sea level rise scenario, but
actual sea level rise over the next 50+ years may
occur at a different pace, and implementation of
the various actions should be adjusted accordingly.

2. Adopt Special Zoning for High Risk Areas
Zoning areas of Town as “no-build” zones or
limiting the number of times a structure can be
repaired if damaged can avoid future damages
from flooding and storms. Within these areas, the
Town could also mandate or incentivize resiliency
improving adaptations.

Broader Context

Finally, it is important to consider the results of
the study, which focused on reducing flood-risk to
key assets, in the broader context of other coastal
hazards, including coastal erosion. Three major
issues will need to be considered in more detail: 1)
How the coastal landscape and barrier beach will
evolve as result of storms, erosion and sea level
rise beyond the changes in flood elevation and
future high tides; 2) how those effects can alter
the timing and directions of the recommended
actions; and 3) how future changes in the
economy, technology or municipal planning
through 2070 will affect the development and
infrastructure that exists within the Study Area.

3. Long Range Planning for Managed Retreat
Some areas of the Study Area are at extremely
high risk of inundation both from storm surge, as
well as from future high tide flooding. In these
areas, protecting and maintaining infrastructure
may not be feasible. Managed retreat reduces
spending on repeated repairs, while allowing
ecosystems to migrate landward as sea level rises.
However, retreat is often the most controversial
strategy because it asks so much of people. There
are, nevertheless, approaches the Town can
pursue to encourage managed retreat:
a) But outs and incentives for relocation – Buy
out programs are most effective immediately
after a natural disaster. Incentives, such as
bonus payments to relocate nearby and/or
transfer of development rights can help retain
residents within Town.

Salt Pond

b) Withholding of services and divestment from
infrastructure - Residents who wish to remain
could privately repair and maintain this
infrastructure. The added cost would make
relocation more appealing.
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