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1.0 INTRODUCTION 

East Beach, in the Town of Westport, Massachusetts, is a low cobble dune segment of a 
geologically complex barrier beach system, separating the ocean from the important Westport 
River estuary. The barrier beach system is home to residents, water-dependent businesses, 
recreational areas, and priority habitat. East Beach serves multiple community lifeline, 
recreational, and ecological functions and is highly vulnerable to coastal flooding hazards, both 
historically and at present. 

Westport residents are concerned that the impacts of coastal hazards on East Beach are going to 
worsen over the coming decades due to sea level rise and storm intensification caused by climate 
change. The Town of Westport held a workshop in 2018, funded by a Municipal Vulnerability 
Preparedness (MVP) grant from the State, to identify priorities for building community resilience 
to climate change impacts. Workshop attendees unanimously identified East Beach Road as a 
priority concern.  

The Town obtained another MVP grant in 2019 for the East Beach Corridor Vulnerability Study, 
ǘƻ ŎŀǊǊȅ ƻǳǘ ŀ ŘŜǘŀƛƭŜŘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ /ƻǊǊƛŘƻǊΩǎ ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎ ǘƻ Ŏƻŀǎǘŀƭ ŦƭƻƻŘƛƴƎ ƘŀȊŀǊŘǎ 
under a changing climate and identify potential adaptive actions for the Town to take, with the 
involvement of local stakeholders. This report documents the results of this project and the 
process by which they were developed. 

This project had three primary goals: 

1. Develop a probabilistic assessment of coastal flood vulnerability within the East Beach 
Corridor, based on a foundational understanding of past impacts and current conditions, 
and supplemented by advanced physical modeling.  

2. Recommend a suite of adaptation alternatives, using the findings of the vulnerability 
assessment and in cooperation with the Town and stakeholders, to: 

¶ Maximize the useable life of East Beach Road (and utilities); 

¶ Address access in the event of a breach at the Let; 

¶ Protect property and infrastructure along East Beach Corridor; and 

¶ Protect seasonal trailer homes on East Beach. 
3. With feedback from stakeholders and the Town, develop a coastal resilience 

implementation roadmap to guide incremental and flexible adaptation investments over 
time and provide science-based thresholds for action. 

1.1 PROJECT TEAM 

The Town of Westport contracted Woods Hole Group and its subconsultant, Kleinfelder, to 
conduct the vulnerability assessment and adaptation planning study. To ensure that the study 
was informed by local knowledge and guided by local priorities, Woods Hole Group staff worked 
closely with a Town Steering Committee throughout the analysis. People who participated in the 
Steering Committee are listed in Table 1. 
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Table 1 Steering Committee participants. 

Name Title 

John Bullard Planning Board, Member (Steering Committee Chair) 

Brian Valcourt Board of Selectmen, Member 

James Whitin Planning Board, Chair 

Robert Daylor Planning Board, Vice-Chair 

Philip Weinberg Board of Health, Vice-Chair; Conservation Commission, Member 

Sean Leach Beach Committee, Vice-Chair 

Mike Sullivan Resident, Cherry & Webb Lane 

David Sprogis Resident, Bridge Road 

Jeffrey Bolton Resident, East Beach Road 

Tony Vivenzio Resident, East Beach Road 

Christopher Capone Conservation Agent) 

Jim Hartnett Town Planner (Project Manager) 

1.2 PUBLIC OUTREACH  

As noted above, achieving the goals of the project was dependent on the involvement of local 
stakeholders, both to raise public awareness of the escalating flood risks posed by sea level rise 
and storm surge to the East Beach Corridor, as well as inform strategies for adapting the Corridor 
to these changes over time. Public outreach activities were scheduled at each project milestone 
to keep the public and the Town officials abreast of the latest findings, gather input at crucial 
junctures, and facilitate active engagement over the lifetime of the project. At public meetings, 
Woods Hole Group presented information on climate change, flood modeling, the vulnerability 
and risk of the East Beach Corridor, adaptation options and implementation recommendations. 
Table 2 lists the meetings and public outreach activities organized as part of the project.  

Table 2 Summary of public outreach activities. 

Date Public Outreach Activity 

February 5, 2020 
 

Kick-off Meeting and interviews with Town staff and officials. 

April 30, 2020 
 

Steering Committee meeting to review findings from review of 
historical documents, prior studies, and coastal flood risk modeling. 

June 30, 2020  
 

Recorded webinar on findings from review of historical documents, 
prior studies, and coastal flood risk modeling; posted to Town of 
Westport project webpage and Vimeo account; mailed notification to 
186 property owners. 

July - September, 2020 Online survey (50 respondents) on impacts from past storms, public 
perceptions of future risk, level of support for action, and ideas for 
adaptation. 

October 7, 2020 Virtual Public Meeting (52 attendees) on vulnerability assessment 
findings and general adaptation strategies; posted notice of meeting 
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on Town website and events calendar; email notification to parties of 
interest. 

November 9, 2020 Steering Committee Meeting to review conceptual adaptation 
alternatives. 

December 2, 2020 Steering Committee Meeting to refine and prioritize conceptual 
adaptation alternatives. 

April 21, 2021 Steering Committee Meeting to review draft report comments and 
discuss next steps. 

May 13, 2021 Steering Committee Meeting to review the final report. 

May 18, 2021 Planning Board Meeting to review the vulnerability assessment 
findings and present the final adaptation recommendations and 
implementation plan to the Board and public. 

 

1.3 ACKNOWLEDGEMENTS 

The Town would like to thank the MA Executive Office of Energy and Environmental Affairs for 
supporting this project with an MVP Action Grant, without which this project would not have 
been possible. The Town would also like to thank the contribution of the Massachusetts 
Department of Transportation (MassDOT) under the direction of Steven Miller, Project Manager, 
and the Federal Highway Administration related to the modeling associated with the Boston 
Harbor Flood Risk Model (BH-FRM). The methodology from the BH-FRM was utilized as the basis 
for the development of the Massachusetts Coastal Flood Risk Model (MC-FRM), which was used 
for this study. The Town would also like to thank the Westport Historical Society and David Jones 
for sharing historical records with the project team, some of which are used in this report. Finally, 
and most importantly, the Town would like to thank the Steering Committee, public forum 
attendees, and online survey participants for their valuable contributions of time, knowledge, 
and ideas that informed this project. 
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2.0 VULNERABILITY ASSESSMENT 

The coastal climate change vulnerability assessment carried out for this project was focused on 
the East Beach Corridor, including the roadway, utility poles, and public and private properties 
located on East Beach between Horseneck Road and John Reed Road (Figure 1). The broader 
barrier beach system that East Beach is a part of, including its development, infrastructure, and 
natural resources, was considered contextually.  

 

Figure 1 East Beach Corridor Vulnerability Study Area and Context. 

The total barrier beach system has about 80 homes, a major boatyard, a restaurant, State and 
Town owned public beaches, and, on the East Beach segment, seasonal trailers. Horseneck Beach 
State Reservation, which hosts one of the largest public beaches in Massachusetts as well as 
campgrounds, is located on the barrier beach.  

There are only two routes to access and evacuate the barrier beach in an emergency, the westerly 
Route 88 Fontaine Bridge (a drawbridge) across the Westport River and the historical easterly 
East Beach Road connection to Horseneck Road. All the electricity, telephone, and 
telecommunications services are routed from the mainland to the private and public properties 
on the barrier beach system through the East Beach Road right of way on utility poles. 
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The barrier beach system also plays significant roles in preventing storm damage and controlling 
flooding along the Westport River estuary and supporting and protecting natural resources of 
environmental, economic, and recreational significance.  

The vulnerability assessment of the East Beach Corridor combines a foundational understanding 
of past impacts and current conditions with new insights from advanced physical modeling to 
estimate potential impacts of coastal hazards in the present as well in the near-term (2030-2050), 
medium-term (2050-2070), and long-term (2070-2100) future accounting for climate change. 
This section describes the data sources, modeling approaches, and findings of the vulnerability 
assessment, addressing the following hazards and impacts included in the scope of work: 

¶ Historic storm impacts (Section 2.1) 

¶ Historical and potential future erosion (Section 2.2) 

¶ Sea level rise and storm surge inundation (Section 2.3) 

¶ Nuisance overwash, major road damage, and breaching (Section 2.4) 

¶ Utility pole undermining (Section 2.5) 
 

A summary of the vulnerability assessment findings is provided in Section 2.6. 

2.1 HISTORIC STORM IMPACTS 

The East Beach Corridor and residents, businesses, workers, and visitors of the broader barrier 
beach system have repetitively been impacted by damaging coastal storms. Figure 2 shows a 
timeline of some of the major historic storms that have impacted Westport, Massachusetts. This 
section of the report describes and illustrates the impacts on East Beach from a selection of the 
most historic storms in addition to ongoing nuisance flooding and overwash events. 

 

Figure 2 Timeline of significant historical storms that have impacted Westport. 

2.1.1 Hurricanes of 1938, 1944, and 1954 

Many people lost their lives, sustained physical and psychological harm, lost incomes, or had their 
properties destroyed and taken by eminent domain because of the historic hurricanes of 1938, 
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1944, and 1954. These impacts are memorialized in the Westport Historical Society (WHS) and 
private collection records and the collective memory passed between generations of residents.  

Prior to the 1938 Hurricane, the Horseneck Beach and East Beach shorelines were highly 
developed with homes, hotels, stores, entertainment venues, houses of worship, stables, and 
other facilities. David Jones, a historian with ties to Westport, created a series of maps (Figure 3) 
showing the locations of buildings on East Beach pre-1938, based on historical insurance and 
property assessors maps, overlaid on recent aerial photos. Most of the structures on the ocean 
side were in beachfront areas that have eroded away over the past 80 years or so and are now 
submerged. The severe erosion has been caused by a combination of natural processes and 
human activities, according to past studies, but there is a lack of consensus on the degree of 
causation by each. 

 

Figure 3 Map of East Beach development before the 1938 Hurricane. 

¢ƘŜ мфоу IǳǊǊƛŎŀƴŜ ƛǎ ǘƘŜ άǎǘƻǊƳ ƻŦ ǊŜŎƻǊŘέ ŦƻǊ ǘƘŜ ŀǊŜŀΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ǘƘŜ ƘƛƎƘŜǎǘ ǿŀǘŜǊ ƭŜǾŜƭǎ ƛƴ 
recorded history at more than 14 ft above mean high water. Almost all the pre-1938 structures 
were destroyed in the hurricane as shown in an aerial taken in 1938 after the hurricane (Figure 
4), provided by David Jones, and other historical photos in the WHS and private archives. East 
Beach Road was covered with sand and debris 1-о Ŧǘ ŘŜŜǇΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ¢ƻǿƴΩǎ мфоу !ƴƴǳŀƭ 
Report. 
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Figure 4 Aerial photo of East Beach after the 1938 Hurricane. 

Figure 5 is an illustrative photo of the impacts on East Beach ŎŀǳǎŜŘ ōȅ ǘƘŜ мфоу IǳǊǊƛŎŀƴŜΩǎ 
powerful storm surge, wind, and waves. It shows the rubble of structures that have been 
damaged or destroyed, toppled utility poles, and large berms of cobble and sand pushed onto 
land where East Beach Road would have been. More harrowing are the historical accounts of 
residents that survived the flood, archived at the WHS. Due at least in part to the lack of early 
ǿŀǊƴƛƴƎ ŀōƻǳǘ ǘƘŜ ŘŀƴƎŜǊ ƻŦ ǘƘŜ ƛƳǇŜƴŘƛƴƎ ƘǳǊǊƛŎŀƴŜΩǎ ƳŀǎǎƛǾŜ ǎǘƻǊƳ ǎǳǊƎŜΣ нн ǇŜƻǇƭŜ ŘǊƻǿƴŜŘ 
ŀƴŘ ŘƛŜŘΦ !ŎŎƻǊŘƛƴƎ ǘƻ ŀƴ ƛƴŦƻǊƳŀǘƛƻƴŀƭ ǇƭŀŎŀǊŘ ŦǊƻƳ ŀ ²I{ ŜȄƘƛōƛǘ άǘƘŜ ȅƻǳƴƎŜǎǘ ǿŀǎ ǘǿƻ ȅŜŀǊǎ 
old, the ƻƭŘŜǎǘ уф ȅŜŀǊǎ ƻƭŘΦέ 
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Figure 5 Photo of East Beach after the 1938 Hurricane. 

After the 1938 Hurricane, some structures were rebuilt on East Beach. A few years later, the 1944 
Hurricane came through the area and again resulted in damage to structures, East Beach Road, 
and utility infrastructure on East Beach (Figure 6). 
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Figure 6 Photos of East Beach after the 1944 Hurricane (WHS).  

Two hurricanes impacted New England in 1954, Carol and Edna. Hurricane Carol was the more 
destructive for Westport, with similar water levels as the 1938 Hurricane and extremely powerful 
and destructive storm surge and winds. As shown in Figure 7, storm surge from Hurricane Carol 
lifted structures that had been rebuilt on East Beach, carried them into the Let, and deposited 
them on the marsh up to a mile upriver. After Hurricane Carol, most private properties on 
Horseneck Beach were taken by the State into public trust and the Horseneck Beach Reservation 
was created. This was highly controversial and consequential for Westport residents at the time. 
In interviews with Town officials, it was stated that the State intended to take properties on East 
Beach as well, but the Town negotiated to avoid the takings by limiting redevelopment of East 
Beach to only temporary seasonal structures, East Beach Road, and utilities. The few structures 
on East Beach that survived the hurricane were allowed to remain, and, of those that survived or 
have been rebuilt after subsequent storms, many have since been elevated on piles. 
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Figure 7 Newspaper clipping (WHS) and aerial photo of impacts after Hurricane Carol 
(1954). 

2.1.2 Hurricanes Bob (1991) and Irene (2011) 

Many residents have living memory of more recent hurricanes, like Bob in 1991 and Irene in 2011, 
which caused significant destruction to infrastructure and private property, but for perspective 
produced water levels only half and one third the height of the record 1938 Hurricane. East Beach 
Road and utilities were particularly impacted, leaving the community without or with diminished 
lifeline services and access to recreational resources for extended periods of time. tŜƻǇƭŜΩǎ Řŀƛƭȅ 
routines and quality of life were impacted according to online survey results, and businesses, like 
the Bayside Restaurant that relies on access from Horseneck Beach to attract visitors, suffered 
economically according to interviews with Town staff and officials.  

Figure 8 shows destroyed structures, East Beach Road completely covered by cobble and sand, 
and utility poles toppled by Hurricane Bob. According to interviews with Town staff and officials, 
after Hurricane Bob, the barrier beach was without electricity for 6 to 8 weeks and East Beach 
Road had to be entirely reconstructed. As in Hurricane Carol, structures from East Beach were 
carried into the Let by storm surge and wind.  
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Figure 8 Photo of East Beach Road after Hurricane Bob in 1991 (WHS). 

The most recent storm to have highly destructive impacts on East Beach was Hurricane Irene in 
2011. Figure 9 shows a large section of East Beach Road, about 750 ft long, that was destroyed 
by the combined impacts of storm surge and waves. The road remained unpaved for over 2 years 
after the storm. The Town proposed to add revetment stones to the shoreline along the 
vulnerable section that was damaged, but the State denied the proposal on environmental 
grounds. The Town moved the alignment of the road in the damaged section about 30-40 ft back 
towards the Let and reconstructed the road at a cost of about $95,000, but the utility poles (not 
owned by the Town) were left in place and are now on the ocean side of the road. According to 
a September 1, 2011 interview with South Coast Today, the Westport Board of Health estimated 
that 40 to 60 septic tight tanks were compromised on the Ocean side of East Beach Road, resulted 
in releases of untreated sewage. Figure 10 shows exposed tight tanks and damage left behind 
after Hurricane IreneΣ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ ¢ƻǿƴΩǎ нлмп ƎǊŀƴǘ ŀǇǇƭƛŎŀǘƛƻƴ ǘƻ the MA Office of Coastal 
Zone Management Coastal Resilience Grant Program. 
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Figure 9 East Beach Road damage from Hurricane Irene. 

 

Figure 10 Exposed and damaged septic tight tanks on East Beach after Hurricane Irene. 
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2.1.3 Ongoing Nuisance Flooding and Overwash 

In addition to less frequent but more impactful storms, East Beach is frequently flooded in less 
ƛƴǘŜƴǎŜ ǎƻǳǘƘŜǊƭȅ ǎǘƻǊƳǎ ŀƴŘ ƴƻǊΩŜŀǎǘŜǊǎ. The combination of moderate storm surge and waves 
results in ongoing coastal erosion and property loss; temporary road closures due to flooding, 
overwash sediment, and occasional debris; public and private maintenance costs; and emergency 
management costs. Recently, this has been occurring about twice a year in particularly low areas 
of the roadway, typically in winter, according to interviews with Town staff. The Highway 
Department and public safety staff work together to close the road at both ends during storms, 
and, after water levels subside, to clear the roadway of overwashed sediment. In past practice, 
the sediment removed from the north end of East Beach Road would be deposited on the south 
end of the Town Beach, where erosion is most acute. However, the State determined that this 
practice was not an officially permitted maintenance activity and the practice was stopped. 
Property owners impacted by the erosion caused by frequent storms have sought and obtained 
permits for nourishment of sediment on their lots. 

2.2 HISTORICAL AND POTENTIAL FUTURE EROSION 

As demonstrated in Section 2.1, the East Beach Corridor has historically been subject to both 
acute and chronic erosion caused by storm events. However, other natural coastal processes and 
human interventions have also influenced how the shoreline has changed over time. Woods Hole 
Group analyzed recent historic rates and patterns of erosion on East Beach to inform potential 
future projections of shoreline change. This section describes the available studies reviewed and 
historical shoreline change data analyzed to estimate the short- -term historical rates of erosion 
for the East Beach Corridor. It then provides results and analysis of potential future erosion 
impacts on infrastructure and private property under a scenario in which short-term historical 
erosion rates continue. 

2.2.1 Data Sources 

The primary source of shoreline change data available for the state of Massachusetts is the 
Massachusetts Office of Coastal Zone Management Shoreline Change Project (MSCP). The MSCP 
includes digitized historic shorelines depicting the local high-water line at approximately high 
tide. The historical shorelines are digitized from a variety of sources including Coast and Geodetic 
Survey (now the National Geodetic Survey) T-sheets, aerial and satellite imagery, and Lidar 
topographic surveys. The project demonstrates how the shoreline of Massachusetts has evolved 
from the early 1800s up to 2014. Rates of shoreline position change (the average distance the 
shoreline has moved in any year) are calculated along transects spaced approximately 50 meters 
apart along the entire coastline of the state.  

Long-term and short-term rates are calculated covering the last approximately ~150 years of 
change and ~30 years of change respectively. The rates are calculated using a linear regression 
methodology, and uncertainty values are available for each rate. The project was originally 
created in 1989 to identify erosion prone areas along the Massachusetts Coastline (Benoit, 1989). 
The project was then updated in 2001 and 2013 (Thieler et al., 2001 and USGS 2013) to update 
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the original analysis with shoreline position data created using more recent orthoimagery and 
Lidar datasets. In 2019, an additional project update was conducted to add two additional 
shoreline position datasets from Lidar data collected between 2010 and 2014 (Himmelstoss et 
al., 2019). 

2.2.2 Results and Analysis  

Figure 11 presents the digitized 1978, 1994, 2000, 2009, 2010, and 2013 shoreline positions for 
the East Beach Corridor project area from the latest iteration of the MSCP (Himmelstoss et al., 
2019). Additional shorelines are available from 1844, 1895, and 1934. However, due to concerns 
with the accuracy of the 1844 shoreline position in the project area and the large time gaps 
between these and other years during which potentially significant historical storms (e.g., 
hurricanes of 1938, 1944, and 1954) and human interventions (e.g., Gooseberry Island Causeway 
construction) took place in the project area, the older shorelines and long-term rates are not 
included in this report. A member of the steering committee identified and notified the State of 
an issue with the accuracy of the 1844 shoreline in the project area, and USGS plans to exclude 
this segment of the 1844 shoreline from future data releases. 

 

Figure 11 MSCP short-term historical shoreline positions for East Beach, Westport, MA. 

Figure 12 shows short-term (1978-2013) rates of shoreline position change calculated by MSCP. 
The transect lines are colored to indicate relative rates of erosion or accretion, with reds and 
oranges indicating erosion, and greens indicating accretion. Rates of change in units of average 
distance (in feet) of change per year are also labeled on every fourth (on the overview figure) or 
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second (on the zoomed-in inset figure) transect in the figure. Positive rates of change indicate 
accretionary shorelines, while negative rates of change indicate erosion.  

 

Figure 12 MSCP short-term historical shoreline change transects (1978 to 2013).  

2.2.2.1 East Beach 

As can be seen in Figure 11, East Beach has been erosional since at least 1978, with the shoreline 
moving landward over time. The MSCP analysis in Figure 12 shows that over the short-term 
period all transects along East Beach are erosional (negative rates of change) at a short-term 
average rate of change of -1.0 ft/yr (maximum -2.0 ft/yr and minimum -0.5 ft/yr ). The highest 
rates of erosion in the short-term period of observation are at the center of the beach (red 
transects in Figure 12). These rates of erosion are similar to others seen throughout the region, 
but not as high as those seen in other southern facing shorelines in Massachusetts, likely due to 
the larger grain size material that makes up the barriers in the region, as well as how the barrier 
is anchored in place. However, due to the thin width of East Beach and the importance of lifeline 
infrastructure located on it, any erosion is important. 

There is some uncertainty with the analysis presented by the MSCP that should be considered 
when evaluating the short-term shoreline change at East Beach. As seen in Figure 11, the 1994 
shoreline exists landward of all the other historical shoreline positions presented in the figure. 
This anomaly in the 1994 shoreline has been noted across the state for numerous projects. On a 
άǇŜǊŦŜŎǘƭȅέ ŜǊƻǎƛƻƴŀƭ ōŜŀŎƘΣ ƻƴŜ ǿƻǳƭŘ ŜȄǇŜŎǘ ǘƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ ǎƘƻǊŜƭƛƴŜǎ ǘƻ ōŜ ǘƘŜ Ƴƻǎǘ 
landward, and the oldest to be most seaward. However, in reality, beaches move back and forth 
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seasonally, as well as through time. For this specific case, however, it is possible that the extreme 
landward position of the 1994 shoreline is actually due a poor-quality aerial photograph, or 
because of one or more extreme storm events drastically altering the position of the shoreline 
for a short period of time, such as Hurricane Bob and the Perfect Storm in 1991. The 2013 MSCP 
ǳǇŘŀǘŜ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜ мффп ǎƘƻǊŜƭƛƴŜ Ƙŀǎ άƭŀǊƎŜǊ Ǉƻǎƛǘƛƻƴŀƭ ǳƴŎŜǊǘŀƛƴǘȅ ώǘƘŀƴ ǘƘŜ ƻǘƘŜǊ 
shorelines] due to source photography, registration errors, potential influence of storm events, 
ŀƴŘ ǇƻƻǊ ƛƳŀƎŜ ŎƻƴǘǊŀǎǘέ ό¢ƘƛŜƭŜǊ Ŝǘ ŀƭΦΣ нлмоύΦ ¢ƘŜ нлмо a{/t ǳǇŘŀǘŜ ŘƛŘ ƴƻǘ ŀŘŘǊŜǎǎ ǿƘŜǘƘŜǊ 
the 1994 shoreline may have a statistical impact on the short-term rates of change analysis.  

2.2.2.2 Horseneck Beach 

While not the focus of this study, shoreline change on Horseneck Beach was reviewed at a high 
level. Figure 12 shows that recently (1978 to 2013) the majority of Horseneck Beach, excluding a 
ƭƛƳƛǘŜŘ ŀǊŜŀ ƛƴ ŦǊƻƴǘ ƻŦ aǳƭƭƛƴΩǎ ²ŀȅΣ ƛǎ ŜǊƻǎƛƻƴŀƭ ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ǊŀǘŜ ƻŦ ŎƘŀƴƎŜ ƻŦ -1.0 ft/yr (or 
-мΦо ŦǘκȅǊ ƛŦ ŜȄŎƭǳŘƛƴƎ ǘƘŜ ƭƛƳƛǘŜŘ ŀŎŎǊŜǘƛƻƴŀƭ ǘǊŀƴǎŜŎǘǎ ǎŜŀǿŀǊŘ ƻŦ aǳƭƭƛƴΩǎ ²ŀȅύΦ  

Steering Committee members have shared the following anecdotal observations: 

¶ Cobbling on Horseneck Beach has increased from the easterly end of the beach westerly.  

¶ Lƴ ǘƘŜ мфтлΩǎ ŀƴŘ 19улΩs, Horseneck Beach in front of the westerly parking lot had no 
cobbles, but now DCR has to plow a path so that bathers can reach the water.  

¶ This year the cobbles extend westerly to Bakers Beach. 

2.2.2.3 Gooseberry Island Causeway 

In Steering Committee meetings, the Public Forum, and online survey, several residents have 
expressed a long-held concern that the construction of the causeway to Gooseberry Island in 
1922, and subsequent upgrades through 1943, have disrupted natural sediment supply to the 
East Beach shoreline (and possibly also to Horseneck Beach) and are a primary cause of the 
erosion that has occurred since its construction.  

A member of the Steering Committee independently reanalyzed and modified the 1844 MSCP 
shoreline, which is inaccurately placed in the MSCP data, and plotted the adjusted position with 
the others shoreline positions from a sample of MSCP transects. Based on their analysis and 
interpretation, ǘƘŜ 9ŀǎǘ .ŜŀŎƘ ǎƘƻǊŜƭƛƴŜ ǿŀǎ ǊŜƭŀǘƛǾŜƭȅ ǎǘŀōƭŜ ǇǊƛƻǊ ǘƻ ǘƘŜ ŎŀǳǎŜǿŀȅΩǎ 
construction (1844-1934)Σ ǘƘŜ ǎƘƻǊŜƭƛƴŜ ŜǊƻŘŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀŦǘŜǊ ǘƘŜ ŎŀǳǎŜǿŀȅΩǎ construction 
(between 1934-1978), and the shoreline has recently been in a new period of relative stability 
(1978-2013). It is important to note that the hurricanes of 1938, 1944, and 1954, which are 
known to have transported significant quantities of sediment across shore, also occurred 
between the 1934-1978 data gap in the MSCP shorelines. Woods Hole Group did not reanalyze 
the 1844 MSCP shoreline, disaggregate pre- versus post-causeway historical shoreline change, or 
create new shorelines for intermediate years in the 1934-1978 period, as such analysis were not 
included in the scope of the East Beach Vulnerability Study.  
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A 1997 study by Aubrey Consulting posited that the long-term historical erosion on East Beach is 
primarily the result of natural erosional processes and sediment supply starvation, especially the 
depletion of shoal sediment that was historically supplied by Gooseberry Island before it became 
naturally armored. The study did not disaggregate the shoreline change pre- versus post-
construction of the causeway. The study found that sediment starvation was exacerbated by the 
causeway and development on East Beach, but that the west-to-east sediment transport blocked 
ōȅ ǘƘŜ ŎŀǳǎŜǿŀȅ άǿƻǳƭŘ ǎǳǇǇƭȅ ƴƻ ƳƻǊŜ than 10-20% of the sediment lost from East Beach 
ŀƴƴǳŀƭƭȅέ.  

The degree to which the Gooseberry Island causeway and natural processes have respectively 
contributed to erosion on East Beach and Horseneck Beach is the subject of ongoing debate and 
cannot be definitively answered without additional analyses that are beyond the scope of the 
East Beach Vulnerability Study. What is undisputed is that the erosion that has occurred on East 
Beach over the long-term and short-term has increased the vulnerability of East Beach Road to 
flooding and storm damage.  

Understanding the historical impact of the causeway on sediment transport dynamics and 
shoreline change and evaluating the potential impact (positive or negative) of removing or 
modifying the causeway in the future can be gained through a modern coastal processes study. 
Creating advanced physical modelǎ ƻŦ ǘƘŜ ǘȅǇŜ ƴŜŜŘŜŘ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŎŀǳǎŜǿŀȅΩǎ ƛƳǇŀŎǘ in this 
area may also be valuable for evaluating a variety of adaptation options for East Beach including 
beach nourishment and offshore wave attenuation. 

2.2.2.4 Potential Future Erosion 

To assess the potential vulnerability of property and infrastructure in the East Beach Corridor to 
future erosion, the short-term historical rates (1978-2013) shown in Figure 12 were used to 
estimate the future positions of the shoreline. Figure 13 shows the 2013 MSCP shoreline (blue) 
along with estimated shorelines in 2030 (green), 2050 (red), and 2070 (yellow). This analysis 
assumes that future average rates of erosion on East Beach will be the same as recent historical 
rates. The short-term rate used for this analysis includes the uncertain 1994 shoreline. Future sea 
level rise acceleration and storm intensification caused by climate change, which are not included 
in short-term historical rates, may lead to higher future rates of erosion than shown. In other 
words, this analysis assumes the contemporary erosion rate continues into the future without 
any acceleration due to potential sea level rise or increasing storm frequency or intensity.  This 
also assumes the recent historic sediment source (or lack thereof) is relatively consistent over 
future time frames.  Therefore, this is a simplified approach, but provides a reasonable first-order 
estimate of potential future shoreline position. 
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Figure 13 Future shoreline position based on MSCP short-term (1978 to 2013) historical 
rates of erosion. 

The following potential impacts to properties on the ocean side and East Beach Road are 
observed: 

¶ In 2030, no encroachment of the shoreline onto East Beach Road or areas seasonally 
occupied by structures are observed, but a few parcels could be severely eroded relative 
to their narrow existing across shore width.  

¶ In 2050, East Beach Road (just west of the bend), 10 or more parcels and areas within 
them that are seasonally occupied by structures, and four existing utility poles could be 
severely encroached.  

¶ In 2070, East Beach Road (just west of the bend and in the middle of East Beach), 20 or 
more parcels and areas within them that are seasonally occupied by structures, and 13 
existing site utility poles could be severely encroached. 

2.3 SEA LEVEL RISE AND STORM SURGE INUNDATION 

!ǎ ǎƘƻǿƴ ŦǊƻƳ ǘƘŜ ¢ƻǿƴΩǎ Ǉŀǎǘ ŀƴŘ ƻƴƎƻƛƴƎ ŜȄǇŜǊƛŜƴŎŜs, coastal flooding and related hazards 
can cause chronic inconvenience, like the minor flooding that shuts down East Beach Road every 
winter, and acute devastation, like the 1938 and 1954 hurricane storm surges that swept away 
entire neighborhoods. Climate change is expected to cause more frequent and intense coastal 
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flooding in the coming decades, though the exact speed and magnitude is uncertain and the 
impacts will differ based on local conditions. 

In an online survey of Westport residents conducted for this study, 76% of the 50 respondents 
indicated that they think East Beach will be highly impacted (rating 4 or 5 out of 5) by sea level 
rise and coastal storms in the next 10 years (Figure 14). When considering the longer-term 
horizons of 30 and 50 years, expectations of high impacts grew and became nearly unanimous. 

 

Figure 14 Online survey results - concern about sea level rise and coastal storms. 

A key objective of the East Beach Corridor Vulnerability Study was to evaluate the likelihood, 
potential timing, and scale of impacts from tidal inundation caused by sea level rise and episodic 
inundation resulting from the combined effects of sea level rise and storm surge.  This section 
describes how these vulnerabilities were assessed, including the models, data, and climate 
change projections used. It then provides results and analysis of potential impacts to East Beach 
Corridor infrastructure and properties under projected future daily high tide and probabilistic 
storm scenarios. Aligned with the assessment of potential future erosion in Section 2.2.2.4, 
vulnerabilities were assessed in the present, 2030-2050, 2050-2070, and 2070-2100 time 
horizons.  

2.3.1 Model Description and Data Sources 

Woods Hole Group used the Massachusetts Coast Flood Risk Model (MC-FRM) to develop 
probabilistic projections of future coastal inundation exposure. The MC-FRM simulates a full suite 
of processes that affect coastal water levels, including tides, waves, winds, storm surge, sea level 
rise, and wave set-up at a fine enough resolution to identify site-specific locations that are at risk 
under future climate conditions. Water surface elevations were modelled using the ADvanced 
CIRCulation (ADCIRC) software to predict storm surge flooding coupled with the unstructured 
version of Simulated WAves Nearshore (UNSWAN) software, a wave generation and 
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transformation model. MC-FRM was developed for the Massachusetts Department of 
Transportation (MassDOT) to assess potential flooding vulnerabilities to coastal highways and 
other transportation infrastructure throughout the state of Massachusetts. Since the MC-FRM 
domain includes the entire Massachusetts coastal area, including the Town of Westport, this 
model was ideally suited to assess the vulnerability of the East Beach Corridor to tidal and storm 
surge flooding and to inform additional coastal modeling analyses (see Sections 2.4 and 2.5).  

The spatial resolution of MC-FRM is generally on the order of 10 meters (~33 feet) or less 
between nodal points in offshore areas, and is minimized to as low as 2-3 meters (~7-10 feet) in 
inland and populated areas to capture important changes in topography and physical processes 
related to storm dynamics. Figure 15 shows the MC-FRM model mesh, which incorporates the 
baseline topographic model (2016 USGS CoNED Topobathymetric Model), in the vicinity of the 
East Beach Corridor up to elevation 8 meters (approximately 26.2 feet) NAVD88. This high-
resolution model offers more accuracy than other storm surge models, such as the Sea, Lake, and 
Overland Surges from Hurricanes (SLOSH) model developed by the U.S. Army Corps of Engineers 
(USACE) and the National Oceanic and Atmospheric Administration (NOAA). The MC-FRM is also 
superior to a more rudimentary, elevation-based άōŀǘƘǘǳōέ ŀǇǇǊƻŀŎƘΣ ǎƛƴŎŜ ǘƘŜ ƭŀǘǘŜǊ ŘƻŜǎ ƴot 
account for critical physical processes that occur during a storm event, including waves and 
winds, nor can it determine the limited volume of water that may be able to enter certain areas, 
particularly those with narrow entry points. 

 

Figure 15 MC-FRM mesh in East Beach Corridor Study Area. 

The MC-FRM quantitatively incorporates sea level rise όάIƛƎƘέύ and climate change influences on 
tides, waves, storm track, and storm intensity for 2030, 2050, and 2070 time horizons, providing 
discrete risk estimates in those future years to assist with both near- and long-term planning. To 
do so, it evaluates a statistically-robust sample of storms, including hurricanes, tropical storms, 
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ŀƴŘ ƴƻǊΩŜŀǎǘŜǊǎΣ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜƎƛƻƴΩǎ ŜȄƛǎǘƛƴƎ ŀƴŘ ŜǾƻƭǾƛƴƎ ŎƭƛƳŀǘƻƭƻƎȅ (using 5 various global 
climate models). Using this storm set, the model then calculates resulting water elevations to 
estimate the probability that different flood depths will be exceeded at each nodal point within 
the model boundary. The resulting flood risk maps and probability curves can then be interpreted 
using geographic information systems (GIS) to identify the estimated annual probability, or 
likelihood, that any node within the model will experience flooding, and if so, up to what 
elevation and depth. 

This probability-based approach is beneficial for assessing the vulnerability of infrastructure and 
property, developing adaptation strategies to mitigate future flooding damage, and conducting 
benefit-cost analyses. It also produces information that can be used to inform regulatory 
boundaries and engineering design criteria since it provides the probability of an event occurring 
in this changing regime, such as the future 1% annual chance flood zone or elevation (equivalent 
to a 100-year recurrence water level). In particular, an accurate and precise assessment of the 
exceedance probability of combined sea level rise and storm surge enables the identification of 
areas of existing and near-term vulnerability requiring immediate action, as well as areas that 
will benefit from long-range planning for future preparedness and risk reduction. 

The science of climate change is an evolving field that is constantly being updated. As such, 
projections made within this report based on MC-FRM provide guidelines for investment 
decisions based on the current state of the practice and knowledge to date. For example, the sea 
level rise projections utilized in MC-FRM are directly aligned with the state standards and 
therefore consistent with the values being used consistently across the Commonwealth.  As such, 
the flood level predictions made in this report are based on some of the most recent 
developments in the science of climate change. However, they are not guaranteed predictions of 
future events. It is recommended that these results be updated over time as science, data, and 
modeling techniques advance. 

2.3.1.1 Relative Mean Sea Level Historical Data  

Westport and the East Beach Corridor have already experienced a significant amount of relative 
sea level rise (RSLR), a term that encompasses both sea level rise and changes to the local land 
movement (e.g., long-term land subsidence or rebound). Historical RSLR estimates are available 
from the local NOAA tidal gage at Woods Hole (station ID 8447930), which has recorded an 
increase in relative mean sea level of 2.95 mm (+/- 0.17 mm) annually based on monthly mean 
sea level data from 1932 to 2020 (Figure 16). This equates to approximately 10.2 inches of mean 
sea-level rise over the last 88 years. Over that same period, the global rate of sea level rise was 
about 1.7 mm annually (approximately 5.9 inches over the last 88 years). This significant 
difference between the RSLR experienced locally and the global trend highlights the importance 
of accounting for local conditions. The RSLR rate at Woods Hole has been accelerating over the 
last several decades, with an annual increase in 7 of the past 10 years that was large enough to 
increase the prior long-term (78- to 88-year) average rate (Figure 17). This indicates that the long-
term trend over the observed time period (88 years) is not representative of the current sea level 
rise conditions, and that more recent contemporary rates of observed sea level rise far outpace 
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the long-term historic trend.  As such, using the long-term trend of historic sea level rise as a 
prediction of future water levels is an inaccurate approach. 

 

Figure 16 Mean sea-level rise trend at the Woods Hole tide gage (#8447930). 

 

Figure 17 Previous mean sea-level rise trends at the Woods Hole tide gage (#8447930). 

¢ƻ ŎƻƳǇŀǊŜ άǇǊŜǎŜƴǘ Řŀȅέ ǘƻ future projections of mean sea level, a starting elevation for mean 
sea level must be calculated. A tidal-epoch, a 19-year time period, is traditionally used to 
calculate tidal datums. For the MC-FRM, the 19-year tidal-epoch with a mid-point year of 2008 
(i.e., 1999-2017) was used to calculate a present day elevation for mean sea level. Based on this 
methodology, the mean sea level in Woods Hole in the year 2008 was at an elevation of -0.17 
feet (NAVD88). This 2008 starting elevation of -0.17 feet (NAVD88) can then be compared to 
projected relative mean sea level elevations discussed in the next section.  

2.3.1.2 Relative Sea Level Rise Projections 

The State has developed probabilistic climate change projections and made them available on 
the Massachusetts Climate Change Clearinghouse (resilientMA.org) for use by communities in 
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the MVP program. Resilient MA provides projections for relative mean sea level elevation at the 
Woods Hole tide gage under άLƴǘŜǊƳŜŘƛŀǘŜΣέ άLƴǘŜǊƳŜŘƛŀǘŜ IƛƎƘΣέ άIƛƎƘΣέ ŀƴŘ ά9ȄǘǊŜƳŜέ w{LR 
scenarios (DeConto et al., 2016; DeConto et al., 2017). As summarized in Table 3, these scenarios 
account for a range of assumptions regarding how much global greenhouse gas concentration1, 
ocean thermal expansion, and melting of glaciers and ice sheets will occur and when. All four 
scenarios anticipate continued acceleration of RSLR. 

Table 3 Relative mean sea level (ft-NAVD88) projections for Woods Hole, MA. 

Scenario Cross-walked probabilistic projections 2030 2050 2070 2100 

Intermediate 

Unlikely to exceed (83%) under RCP8.5 0.6 1.3 2.3 4.0 

¶ Extremely unlikely to exceed (95%) under RCP 4.5 

¶ About as likely as not to exceed (50%) under RCP 4.5 when accounting for possible 
ice sheet instabilities 

Intermediate-
High 

Extremely unlikely to exceed (95%) under RCP 8.5 0.8 1.7 2.9 5.1 

¶ Unlikely to exceed (83%) under RCP 4.5 when accounting for possible ice sheet 
instabilities 

¶ About as likely as not to exceed (50%) under RCP 8.5 when accounting for possible 
ice sheet instabilities 

High 

 Extremely unlikely to exceed (99.5%) under RCP 
8.5 

1.1 2.4 4.2 7.7 

¶ Unlikely to exceed (83%) under RCP 8.5 when accounting for possible ice sheet 
instabilities 

¶ Extremely unlikely to exceed (95%) under RCP 4.5 when accounting for possible 
ice sheet instabilities 

 Extreme  
(Maximum 
physically 
plausible) 

Exceptionally unlikely to exceed (99.9%) under RCP 
8.5 

1.3 3.1 5.4 10.3 

¶ Extremely unlikely to exceed (95%) under RCP8.5 when accounting for possible 
ice sheet instabilities 

2008 (1999-2017 epoch) mean sea level at Woods Hole tide gage was -0.17 feet (NAVD88) 

 
The MC-Cwa ƛƴŎƻǊǇƻǊŀǘŜǎ ǘƘŜ άIƛƎƘέ ǎŎŜƴŀǊƛƻ ǇǊƻƧŜŎǘƛƻƴǎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ {ǘŀǘŜΣ ƻǳǘƭƛƴŜŘ ƛƴ ŘŀǊƪ 
red in Table 3Φ ¢ƘŜ άIƛƎƘέ {[w ǎŎŜƴŀǊƛƻ ǿŀǎ ǊŜŎƻƳƳŜƴŘŜŘ ōȅ ǘƘŜ a! hŦŦƛŎŜ of Coastal Zone 
Management (CZM) and chosen by MassDOT for the MC-FRM because of the critical 
infrastructure at stake and the interest in planning for inundation risk probabilities that were 
unlikely to be exceeded (there is a 99.5% confidence level that tƘŜ άIƛƎƘέ ǎŎŜƴŀǊƛƻ ŎƘƻǎŜƴ ǿƛƭƭ 
not be exceeded).  

 
1 Relative Concentration Pathway (RCP) 4.5 represents an aggressive emissions reduction scenario like the Paris 
Accords, while RCP 8.5 represents a very high emissions scenario. 
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{ŜƭŜŎǘƛƴƎ ǘƘŜ άIƛƎƘέ ǎŎŜƴŀǊƛƻ ǊŜŘǳŎŜǎ ǘƘŜ Ǌƛǎƪ ƻŦ ǳƴŘŜǊ-preparing and under-designing for the 
future, while providing flexibility to move the timeline for adaptation actions further into the 
future if observed RSLR follows lower trajectories. As highlighted in Table 3 color coding, the 
άIƛƎƘέ ǊŜǎǳƭǘǎ ƛƴ нлол ŀǊŜ ǎƛƳƛƭŀǊ ǘƻ άLƴǘŜǊƳŜŘƛŀǘŜέ ǊŜǎǳƭǘǎ ƛƴ нлрл όōƭǳŜύΣ ǘƘŜ άIƛƎƘέ results in 
нлрл ŀǊŜ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ άLƴǘŜǊƳŜŘƛŀǘŜέ ǊŜǎǳƭǘǎ ƛƴ нлтл όŘŀǊƪ ǘŜŀƭύΣ ŀƴŘ ǘƘŜ άIƛƎƘέ ǊŜǎǳƭǘǎ ƛƴ нлтл 
ŀǊŜ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ άLƴǘŜǊƳŜŘƛŀǘŜέ ǊŜǎǳƭǘǎ ƛƴ нмлл όōǊƛƎƘǘ ǊŜŘύΦ  

Note that the values in Table 3 are elevations of the projected mean sea level in future years 
relative to a vertical datum of NAVD88, not the magnitude of change in elevation. For 
comparison, the baseline (i.e., year 2008) mean sea level elevation, is -0.17 feet (NAVD88). Based 
on the projected sea level elevations presented in Table 3, this means the projected change in 
mean sea level is 1.27, 2.57. 4.37 and 7.87 feet between the year 2008 (present) and 2030, 2050, 
нлтл ŀƴŘ нмллΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ōŀǎŜŘ ƻƴ ǘƘŜ άIƛƎƘέ {[w ǎŎŜƴŀǊƛƻΦ ¢ƘŜǎŜ ǇǊƻƧŜŎǘƛƻƴǎ ǿŜǊŜ ǳǎŜŘ ǘƻ 
supply sea level rise information to MC-FRM and to develop tidal benchmark projections for 
future conditions at East Beach and are consistent with the approach being used across the entire 
state of Massachusetts. 

The East Beach Vulnerability Study Steering Committee, after comparing recent observed mean 
ǎŜŀ ƭŜǾŜƭ Řŀǘŀ ǘƻ ǘƘŜ άIƛƎƘέ ǎŎŜƴŀǊƛƻ projections, decided to treat the modeling results for specific 
future years in MC-FRM as representing ranges ƻŦ ȅŜŀǊǎ ōŀǎŜŘ ƻƴ ōƻǘƘ ǘƘŜ άIƛƎƘέ ŀƴŘ 
LƴǘŜǊƳŜŘƛŀǘŜέ ǇǊƻƧŜŎǘƛƻƴǎ. Standard MC-FRM time horizons of 2030, 2050, and 2070 are 
therefore referred to as 2030-2050, 2050-2070, and 2070-2100, respectively, throughout this 
report. 

2.3.1.3 Storm Events and Wave Run-up 

The storm climatology parameters in MC-FRM include, but are not limited to, wind directions and 
speeds, radius of maximum winds, storm forward speed, pressure fields, and tracks. MC-FRM 
requires storm input data to run storm surge and wave run-up simulations and generate flooding 
results. Without input data, MC-FRM cannot determine the coastal flood levels that the East 
Beach Corridor will likely be exposed to in the medium- and longer-term future, as ǘƘŜ /ƻǊǊƛŘƻǊΩǎ 
flood risk profile is dependent on storms. 

As part of the development of MC-FRM, a large statistically robust sample of storms, including 
tropical (hurricanes) and extra-ǘǊƻǇƛŎŀƭ όƴƻǊΩŜŀǎǘŜǊǎύ ǎǘƻǊƳǎΣ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǎǇŜŎƛŦƛŎŀƭƭȅ ŦƻǊ the 
various coastlines of Massachusetts under existing and future climatologies. This storm data set 
includes historic storm events, as well as future storm conditions, and was used to assess coastal 
flooding risks in the present, 2030-2050, 2050-2070, and 2070-2100.  

To generate future tropical storm conditions, the model utilizes five (5) different global climate 
models to produce dynamic frequency and intensity of tropical storms based on the changing 
climate.  This means future tropical storms evolve with the predicted climate changes based on 
these global climate models. Of particular relevance to East Beach, given its southeasterly 
exposure, this future climatology includes powerful hurricanes similar to those experienced in 
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the past, as well as reflecting projections that tropical storms will be more intense on average in 
the second half of the century. This set of tropical storm input data was created by MIT professor 
Dr. Kerry Emmanuel based on these five (5) global climate model projections.  

Fully optimized Monte Carlo simulations were run in MC-FRM using the respective storm sets 
and RSLR projections for present and future conditions. Importantly, these simulations included 
the tide cycle as a dynamic element of the model. The same storm surge can result in very 
different flooding outcomes depending on whether it coincides with high, mid, or low tide. 
Results of the Monte Carlo simulations were used to generate cumulative probability distribution 
functions of the storm surge water levels at a high degree of spatial precision. In particular, they 
provide an accurate and precise assessment of the probability of water levels from combined 
RSLR and storm surge exceeding the elevation of the ground at each node in the model. 

2.3.2 Results and Analysis  

This section provides results and analysis of potential impacts to East Beach Corridor 
infrastructure and properties under projected future daily high tide and probabilistic storm 
scenarios. 

2.3.2.1 High Tide Projections 

High tide benchmark projections for future years, based on RSLR projections described above, 
were developed using MC-FRM, which includes non-linear effects associated with increasing 
water levels. The projected future tidal benchmarks in 2030-2050, 2050-2070, and 2070-2100 
are reported in Table 4. Note that the tidal benchmarks provided in Table 4 are applicable for the 
Buzzards Bay shoreline of East Beach and may not be representative of tidal conditions in the Let 
or Westport River. 

Table 4 Tidal benchmark elevations (ft-NAVD88) for East Beach. 

Tidal Benchmark 

Elevation (ft-NAVD88) 

2030-2050 2050-2070 2070-2100 

Mean High Water (MHW) 3.0 4.3 6.0 

Mean Higher High Water (MHHW) 3.2 4.5 6.3 

2.3.2.2 Future Daily High Tide Inundation 

To assess the potential vulnerability of property and infrastructure in the East Beach Corridor to 
future daily tidal flooding, the MHHW tidal benchmark projections reported in Table 4 were 
mapped against the existing East Beach shoreline topography. Figure 18 shows the estimated 
shoreline positions in 2008 or present day (blue), 2030-2050 (green), 2050-2070 (red), and 2070-
2100 (yellow). Areas located waterward of these lines could be exposed to flooding daily, on 
average, resulting in a loss of usability for transportation, seasonal trailers, and accessory uses. 



  Woods Hole Group, Inc. ω A CLS Company 

East Beach Corridor Vulnerability Study 26 May 2021 
Town of Westport, MA  2019-0240 

See Proprietary Note on Title Page 

 

Figure 18 Future shoreline position at MHHW based on future tidal datums. 

The observed scale of high tide flooding exposure for properties and roadways in the East Beach 
Corridor are summarized in Table 5. 

Table 5 Potential exposure of properties and roadways to daily high tide flooding. 

Areas Exposed 

Scale of Exposure 

2030-2050 2050-2070 2070-2100 

Let side ς current seasonal trailer locations Few 30% Almost all 

Let side ς parcel area presently dry at high tide  40% 60% Almost all 

East Beach Road None None 50% 

John Reed Road connection None None 100% 

Horseneck Road connection None None Limited 

Ocean side ς current seasonal trailer locations None None Few 

Ocean side ς parcel area presently dry at high tide <10% <20% 40% 

The results indicate that properties on the Let side, and eventually the roadway, are sooner and 
more vulnerable to tidal flooding than properties on the ocean side. This is due to the natural 
topography of the barrier beach, with a higher elevation cobble dune on the ocean side and a 
lower and flatter overwash fan on the Let side. The risk of losing usable space on the ocean side 
is made more significant by potential future erosion (Figure 13), which is not accounted for in 
Figure 18 (i.e., the landscape stays in present day conditions).  
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There are a few important limitations of the future MHHW shoreline position map: 

1. The projected future tidal benchmarks for Buzzards Bay were used to map the future 
shoreline positions in the Let. It is likely that tidal benchmarks in the Let may be slightly 
different than the tidal benchmarks along the Buzzards Bay shoreline due to tidal 
attenuation and other factors. This detail could be added in the future if needed for design 
purposes; however, for this assessment and due to the assumed fixed nature of the 
landscape, the tidal benchmarks applied here are reasonable.  

2. The positions shown are based on a scenario in which the topography in future time 
horizons is the same as today. If the barrier beach is relatively stable, then this may be a 
reasonable assumption. However, the MSCP data suggest that ocean side has been 
eroding at an average rate of 1.0 ft/yr (see Section 2.1.2.1). If historical short-term rates 
(1978-2013) continue, the shoreline on the ocean side of East Beach may look more like 
Figure 13. As sediment from the ocean side is overwashed and deposited on the Let side, 
it may increase Let side elevations and mitigate some of the future vulnerability to high 
tide flooding.  

3. Another important consideration is that MHHW is an average condition, and the highest 
tide on many days of a given year will be higher (and lower) than the averageΦ άYƛƴƎέ ǘƛŘŜǎΣ 
for example, are extreme high tides that occur naturally.  

Due to these limitations, Figure 18 and the vulnerability observations derived from it should be 
treated as a scenario planning tool, not as a precise prediction of what will occur or used for 
design purposes. 

Because almost all of the occupied structures on the Let side are mobile trailers, property 
owners and seasonal residents could adapt to the encroaching tide by parking closer and closer 
to the roadway over time. This strategy could be effective through 2050-2070 according to the 
estimated future MHHW shorelines shown in Figure 18, though not for all properties. Existing 
permanent structures, elevated on piles, do not have the same flexibility.  

2.3.2.3 Present and Future Coastal Flood Probability Maps and Impacts 

Coastal flood risk maps showing the probability of flooding due to the combined effects of sea 
level rise and storm surge were created for present day (Figure 19), 2030-2050 (Figure 20), 2050-
2070 (Figure 21), and 2070-2100 (Figure 22). The colors on the maps correspond with the annual 
coastal flood exceedance probabilities in the legends on the bottom left corners of the maps 
(e.g., a 1% annual probability corresponds to the 100-year return period flood elevation). Note 
that, while the MC-FRM is a high-resolution model, because the East Beach Corridor is so narrow, 
interpolation between points in the model mesh (Figure 15) that is performed to create the maps 
can mask some fine grain differences in elevations and flood risk. The tables that follow the time 
horizon maps provide more refined detail based on a comparison of Lidar elevation data with 
representative stillwater surface elevations at each probability level. 
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Figure 19 MC-FRM results for East Beach Corridor ς Coastal Flood Probability (Present). 

Flood probabilities for the Present time horizon represent the current risks faced within the study 
area. Figure 19 shows that the East Beach Corridor is already extremely vulnerable to coastal 
flooding, especially East Beach Road and properties on the Let side. Table 6 summarizes the 
potential flooding impacts to the East Beach Corridor in the Present time horizon at different 
storm return period and annual probability levels. It does not address other processes and 
impacts that may occur during coastal storm events (e.g., erosion- and wave-induced damage to 
private property and infrastructure). 
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Table 6 Present impacts to the East Beach Corridor in different storm scenarios. 

Storm Scenario Assets Exposed to Coastal Flooding 

2-year 50% Many current seasonal trailer locations on the Let side 

~3-year 30% About 30% of East Beach Road 
The interchange with John Reed Road  
Most current seasonal trailer locations on the Let side 

10-year 10% All of East Beach Road 
Horseneck Road 
All current seasonal trailer locations on the Let side 
About 20% of pole mounted electrical panels on the Let side 
Most current seasonal trailer locations on the Ocean side 

20-year 5% About 80% of pole mounted electrical panels on the Let side 

50-year 2% Almost all pole mounted electrical panels on the Let side 
All current seasonal trailer locations on the Ocean side 
About 20% of pole mounted electrical panels on the Ocean side 

100-year 1% All pole mounted electrical panels on the Let side 
About 50% of pole mounted electrical panels on the Ocean side  

In addition to impacts to the East Beach Corridor, John Reed Road is presently exposed to coastal 
flooding at multiple locations starting at a 10% probability (10-year) level, West Beach Road is 
exposed at the 1% to 5% (20- to 100-year) level, and Cherry and Webb Lane is exposed at the 
50% to 100% (1- to 2-year) level.  
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Figure 20 MC-FRM Results for East Beach Corridor ς Coastal Flood Probability (2030-2050). 

Flood probabilities for 2030-2050 represent a near to medium-term risk, depending on whether 
RSLR follows a άHighέ or άIntermediateέ projection, respectively. Figure 20 shows that in this time 
horizon coastal flood risk on the East Beach Corridor will increase incrementally from present 
flood risk, with many areas shifting to the next highest probability level. Table 7 summarizes the 
potential impacts to the East Beach Corridor in the 2030-2050 time horizon at different storm 
return period and annual probability levels. 
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Table 7 2030-2050 impacts to the East Beach Corridor in different storm scenarios. 

Storm Scenario Assets Exposed to Coastal Flooding 

1-year 100% Few current seasonal trailer locations on the Let side 

2-year 50% About 35% of East Beach Road 
John Reed Road connection  
Most current seasonal trailer locations on the Let side 

~3-year 30% Horseneck Road connection 
All current seasonal trailer locations on the Let side 
Most current seasonal trailer locations on the Ocean side 

5-year 20% About 20% of pole mounted electrical panels on the Let side 

10-year 10% All of East Beach Road 
About 80% of pole mounted electrical panels on the Let side 

20-year 5% Almost all pole mounted electrical panels on the Let side 
All current seasonal trailer locations on the Ocean side 

50-year 2% All pole mounted electrical panels on the Let side 
About 50% of pole mounted electrical panels on the Ocean side 

100-year 1% About 75% of pole mounted electrical panels on the Ocean side  

In addition to impacts to the East Beach Corridor in 2030-2050, John Reed Road is exposed to 
coastal flooding at multiple locations starting at a 20% to 25% probability (4- to 5-year) level, 
West Beach Road is exposed at the 2% to 10% (10- to 50-year) level, and Cherry and Webb Lane 
is exposed at the 50% to 100% (1- to 2-year) level.  
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Figure 21 MC-FRM Results for East Beach Corridor ς Coastal Flood Probability (2050-2070). 

Flood probabilities for 2050-2070 represent medium to long-term risk, depending on whether 
RSLR follows a High or Intermediate projection, respectively. Figure 21 shows that in this time 
horizon coastal flood risk on the East Beach Corridor will increase incrementally from 2030-2050 
flood risk, with most areas shifting to the next highest probability level. Some areas at around 
the 20% risk of flooding in 2030-2050 jump to the 50% risk level in 2050-2070. Table 8 summarizes 
the potential impacts to the East Beach Corridor in the 2050-2070 time horizon at different storm 
return period and annual probability levels. 
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Table 8 2050-2070 impacts to the East Beach Corridor in different storm scenarios. 

Storm Scenario Coastal Flooding Exposure Thresholds 

1-year 100% About 30% of current seasonal trailer locations on the Let side 

2-year 50% About 60% of East Beach Road 
John Reed Road connection 
Horseneck Road connection  
Most current seasonal trailer locations on the Let side 
Many current seasonal trailer locations on the Ocean side 

~3-year 30% All of East Beach Road 
All current seasonal trailer locations on the Let side 
About 60% of pole mounted electrical panels on the Let side 
Most current seasonal trailer locations on the Ocean side 

5-year 20% Almost all pole mounted electrical panels on the Let side 

10-year 10% All current seasonal trailer locations on the Ocean side 
About 20% of pole mounted electrical panels on the Ocean side 

20-year 5% All pole mounted electrical panels on the Let side 
About 60% of pole mounted electrical panels on the Ocean side 

50-year 2% Almost all pole mounted electrical panels on the Ocean side 

100-year 1% All pole mounted electrical panels on the Ocean side  

In addition to impacts to the East Beach Corridor in 2050-2070, John Reed Road is exposed to 
coastal flooding at multiple locations starting at a 50% (2-year) level, West Beach Road is exposed 
at the 5% to 20% (5- to 20-year) level, and Cherry and Webb Lane is exposed at the 100% (annual) 
level.  
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Figure 22 MC-FRM Results for East Beach Corridor ς Coastal Flood Probability (2070-2100). 

Flood probabilities for 2070-2100 represent long-term risk, either late or end of century, 
depending on whether RLSR follows a High or Intermediate projection, respectively. Figure 22 
shows that in this time horizon coastal flood risk on the East Beach Corridor will jump multiple 
risk levels from those in 2050-2070 due to the combination of rapid RSLR acceleration and 
changes in storm climatology. Table 9 summarizes the potential impacts to the East Beach 
Corridor in the 2070-2100 time horizon at different storm return period and annual probability 
levels. 
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Table 9 2070-2100 impacts to the East Beach Corridor in different storm scenarios. 

Storm Scenario Coastal Flooding Exposure Thresholds 

1-year 100% Almost all current seasonal trailer locations on the Let side 
About 75% of pole mounted electrical panels on the Let side 
About 50% of East Beach Road  
John Reed Road connection 
Horseneck Road connection  

2-year 50% All of East Beach Road 
All current seasonal trailer locations on the Let side 
Almost all pole mounted electrical panels on the Let side 
Almost all current seasonal trailer locations on the Ocean side 

~3-year 30% All current seasonal trailer locations on the Ocean side 
About 30% of pole mounted electrical panels on the Ocean side 

5-year 20% All pole mounted electrical panels on the Let side 
About 60% of pole mounted electrical panels on the Ocean side 

10-year 10% Almost all pole mounted electrical panels on the Ocean side 

50-year 2% All pole mounted electrical panels on the Ocean side  

In addition to impacts to the East Beach Corridor in 2070-2100, John Reed Road is widely exposed 
to coastal flooding at a 100% (annual) level, West Beach Road is exposed at the 20% to 50% (5- 
to 2-year) level, and Cherry and Webb Lane is exposed at the 100% (annual) level.  

2.3.2.4 Present and Future Coastal Flood Depth Maps 

Depth of inundation is also useful for planning and communication purposes. Depth of inundation 
maps are available in MC-FRM for the 1%, 0.5%, and 0.1% event flood levels. For the East Beach 
Corridor Vulnerability Study, the 1% and 0.1% event flood levels (equivalent to the 100-year and 
1000-year recurrence water levels, respectively) are presented in Figures Figure 23 through 
Figure 26 and Figures Figure 27 through Figure 30, respectively.  

The 1% probability ƭŜǾŜƭ ƛǎ ǘƘŜ ōŜƴŎƘƳŀǊƪ ŦƻǊ ǘƘŜ CŜŘŜǊŀƭ 9ƳŜǊƎŜƴŎȅ aŀƴŀƎŜƳŜƴǘ !ƎŜƴŎȅΩǎ 
όC9a!Ωǎύ CƭƻƻŘ LƴǎǳǊŀƴŎŜ wŀǘŜ aŀǇǎ όCLwaǎύΦ !ƭǘƘƻǳƎƘ C9a! CLwaǎ ŀǊŜ ƴƻǘ ŦƻǊǿŀǊŘ-looking and 
do not incorporate sea-level rise into the mapping, FEMA does periodically update their modeling 
to account for increased sea level rise that has occurred (as well as other changes, such as 
changes in topography or armoring of particular areas). Though FEMA and MC-FRM modeling 
methodologies are different, the 2030-2050 and 2070-2100 1% probability of inundation extents 
may provide a reasonable proxy projection for future FEMA flood zones. Additionally, the 1% 
probability level corresponds to a 39.5% cumulative probability over a 50-year period, and a 
63.4% cumulative probability over a 100-year period. Thus, the 1% event flood level is highly 
relevant to the design and assessment of infrastructure that may have a design life of 50 to 100 
years.  

The 0.1% probability level represents a very extreme and rare storm probability. The 0.1% 
probability level corresponds to a 4.9% cumulative probability over a 50-year period, and a 9.5% 
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cumulative probability over a 100-year period. The 0.1% probability level provides perspective 
on severe flood levels that may inform present and future planning. 

5ǳŜ ǘƻ ǘƘŜ 9ŀǎǘ .ŜŀŎƘ /ƻǊǊƛŘƻǊΩǎ ƘƛƎƘ ŘŜƎǊŜŜ ƻŦ ǾǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ ŦƭƻƻŘǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭŜǎǎ ǎŜǾŜǊŜ 
than a 1% or 0.1% probability level, the following maps are provided without further analysis. 
Flooding impacts at the 1% probability level are included in Tables Table 6 through Table 9. 

 

Figure 23 MC-FRM Results for East Beach Corridor ς Flood Depth at 1% CFEP (Present). 
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Figure 24 MC-FRM Results for East Beach Corridor ς Flood Depth at 1% CFEP (2030-2050). 

 

Figure 25 MC-FRM Results for East Beach Corridor ς Flood Depth at 1% CFEP (2050-2070). 
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Figure 26 MC-FRM Results for East Beach Corridor ς Flood Depth at 1% CFEP (2070-2100). 

 

Figure 27 MC-FRM Results for East Beach Corridor ς Flood Depth at 0.1% CFEP (Present). 
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Figure 28 MC-FRM Results for East Beach Corridor - Flood Depth at 0.1% CFEP (2030-2050). 

 

Figure 29 MC-FRM Results for East Beach Corridor - Flood Depth at 0.1% CFEP (2050-2070). 
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Figure 30 MC-FRM Results for East Beach Corridor - Flood Depth at 0.1% CFEP (2070-2100). 

2.4 NUISANCE OVERWASH, MAJOR ROAD DAMAGE, AND BREACHING 

Woods Hole Group evaluated the present and future risk of nuisance overwash, major road 
damage, and a breach of the barrier beach at East Beach Road. As storms become more frequent 
and more intense, East Beach Road will be increasingly subject to sediment being transported 
onto the roadway surface. The probability of overwash was evaluated for current-day storms and 
in future time horizons by extracting specific return-frequency surge levels for storms from the 
MC-FRM. In other words, specific storms from the over 1,000 simulated were identified and used 
to provide specific storm assessments. The storm surge and associated wave conditions were 
used as inputs to a wave transformation and sediment transport model to determine what events 
would lead to sediment deposition and potential scour of East Beach Road. Additionally, the 
sediment transport model was used to determine what probability storm events would 
potentially cause a breach at East Beach to the Let, and at what point in the future.  

2.4.1 Model Description and Data Sources 

To evaluate the potential overwash, damage, and breaching of East Beach Road, a cross-shore 
sediment transport model (XBeach) was utilized. XBeach is an open-source numerical model 
developed to simulate wave, hydrodynamic and morphodynamic processes. It has been 
developed with support of various agencies including the US Army Corps of Engineers, 
Rijkswaterstaat and the EU, together with a consortium of UNESCO-IHE, Deltares (formerly 
WL|Delft Hydraulics), Delft University of Technology, and the University of Miami. The newest 
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version of the model (XBeachX) was utilized for the purposes of this study. XBeach was originally 
designed to assess hurricane impacts on sandy beaches. However, with funding from the Dutch 
Public Works Department the model has been extended, applied and validated for storm impacts 
on dune and urbanized coasts, and with further support from the European Commission, XBeach 
has been validated on a number of dissipative and reflective beaches throughout the EU.  

 
For its original purposes, XBeach was designed as a short-wave averaged, wave group resolving 
model (surf-beat mode) but has since been updated to allow for a variety of hydrodynamic 
options. XBeach now allows for a variety of different sediment transport formulations. These 
options, as well as others included in the model, allow for flexibility in the types of scenarios in 
which XBeach may be used for simulation purposes. 
 
For the purposes of this study two different formulations of the model were utilized. For 
simulating beaches where sand is the dominant material, the default surf-beat mode wave 
formulation with the Van Thiel-Van Rijn transport equations (van Rijn, 2007) is appropriate for 
sediment transport calculations. For gravel dominated beaches, the XBeach-G formulation is 
utilized. XBeach-G is a branch of the main XBeach development that was designed to simulate 
storm impacts on gravel beaches. The development of XBeach-G is a collaboration between 
Plymouth University and Deltares. XBeach-G uses the non-hydrostatic wave model included in 
XBeach (wave-resolving) and the bed load transport equation included in van Rijn, 2007 excluding 
coefficients for silt for the calculation of sediment transport on gravel dominated beaches.  
 
The surfbeat module of XBeach includes the hydrodynamic processes of short-wave 
transformation (refraction, shoaling and breaking), long wave (infragravity wave) transformation 
(generation, propagation, and dissipation), wave-induced setup and unsteady currents, and 
overwash and inundation. The non-hydrostatic wave model used in the XBeach-G formulation 
includes all wave processes included in the surfbeat module, in addition to including short wave 
motions (not averaged as is the case with the surfbeat module). The non-hydrostatic module is 
utilized for gravel beaches because due to the steep slopes typical at gravel beaches, swash 
motion is mainly at incident wave frequencies, and infragravity wave motion, which dominates 
the inner surf and swash zone on sandy beaches during storms, is of secondary importance.  
 
The morphodynamic processes included in the XBeach formulation used for sandy beaches 
includes bed load and suspended sediment transport, dune face avalanching, bed update and 
breaching. In addition, XBeach-G includes a groundwater dynamics model to correctly account 
for upper swash infiltration losses and exfiltration effects on lower swash hydrodynamics. 
Interaction between swash flows and the beach groundwater table are considered particularly 
important on gravel beaches due to the relatively large hydraulic conductivity of the sediment, 
while on sandy beaches this process is of significantly less importance. Additionally, the XBeach-
G formulation does not include suspended sediment transport. Further details of both the 
general XBeach model as well as the XBeach-G formulation and the theory behind the model can 
be found in the XBeach Technical Reference (Deltares, 2018). 
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2.4.1.1 Elevation and Grain Size Data 

To assess potential overwash, road damage, and breaching at East Beach, a cross-shore profile 
of existing conditions was evaluated using both the standard XBeach and XBeach-G formulations 
to account for the variable and dynamic nature of sediment grain size at the beach both 
seasonally and spatially. A one-dimensional (1-D) representation of existing conditions was 
created for simulation in the model. The 1-D transect was defined through a representative 
segment of the shoreline (Figure 31). 
 

 

Figure 31. Cross-shore transect used in wave transformation model. 

Elevations along the transect were extracted from available bathymetric and topographic data. 
For the bathymetry and topography, the most recent USGS topo-bathymetric DEM (USGS, 2017) 
ǿŀǎ ǳǘƛƭƛȊŜŘ όŀǾŀƛƭŀōƭŜ ǘƘǊƻǳƎƘ bh!!Ωǎ 5ƛƎƛǘŀƭ /ƻŀǎǘ 5ŀǘŀ !ŎŎŜǎǎ ±ƛŜǿŜǊύΦ The location of the 
transect evaluated is shown in Figure 31. 

The 1-D grid utilized in XBeach for the standard formulation simulations was created with a 
resolution ranging from 10-meter grid spacing at the offshore portions of the transects down to 
1-meter grid spacing at the more nearshore portions of the transects. For the XBeach-G 
formulation a more resolved grid spacing of 1-meter spacing at the offshore portions of the 
transect, down to 0.1-meter spacing at the more nearshore portions of the transect was utilized. 
The topography and bathymetry used to define the model grid was based on the most up-to-




























































































































