
Low-lying Roads: 
Falmouth

Project funded by the 
Municipal Vulnerability 
Preparedness Program

Presenter Notes
Presentation Notes
Welcome – Will be recording this workshop
Intro myself and Joe Famely, WHG; joined by other CCC and WHG staff
Encourage you to add your name and affiliation to the chat




Purpose and 
Objectives of 
Workshop

 Review flood projections and 
impacts on roadways for the 
town under future scenarios

 Discuss vulnerable low-lying 
roads or other transportation 
infrastructure

 Prepare the town to address 
priority road segments for 
design and permitting

Presenter Notes
Presentation Notes
Purpose – review flood projections under future time horizons
Discuss the vulnerable roads and transportation infrastructure identified
Discuss priority road segments for design work




Agenda

 Project Overview – CCC 
 Vulnerability and Risk Assessment – WHG 
 Results of Low-Lying Roads Screening & Prioritization – WHG 
 Discussion – CCC & WHG

 Town comments

 Next Steps – CCC 
 Workshop concludes ~ 6:30 pm 

Presenter Notes
Presentation Notes
Agenda
I’ll give broad overview of project
Turn it over to Joe to review the vulnerability assessment and prioritization
We’ll discuss what has been presented – looking for community perspective/feedback/knowledge
I’ll review next steps in the project, hope to conclude by 8:30. 
We will pause for questions along the way




Low-Lying 
Roads 2

5
T O W N S

Flooding vulnerability assessment of 
low-lying roads and transportation 
infrastructure

Support municipal road segment 
prioritization

Identify range of potential design 
solutions, costs

Work performed by Cape Cod Commission 
and Woods Hole Group

Chatham
Falmouth
Harwich

Mashpee
Provincetown

Presenter Notes
Presentation Notes
Project funded with MVP Action Grant
Follows work with the other Cape communities under other grants
Project will assess vulnerability of road network to coastal flooding – this will not look at upland rainfall related flooding
Developed a framework to help the town prioritize vulnerable road segments to focus on for identifying solutions
Will develop three potential adaptation solutions, including NBS or green solution, for 2 road segmetns in each town



Storms, 
Sea Level Rise, 
& Flooding

Hazards

Wixon Dock, Harwich Police

Provincetown East End, webcam

Presenter Notes
Presentation Notes
We know we are already experiencing storm related flooding. This project will look at coastal storm related flooding, and flooding from high tides related to SLR, under current and future time horizons. Not upland flooding from rainfall.




Adaptation Strategies

Green Infrastructure, or Nature-based Solutions
Gray Infras tructure , or Traditiona l Engineering Structures

Other approaches  – Hybrid, P lanned Reloca tion, Abandonment 

Presenter Notes
Presentation Notes
This project will look at a range of possible adaptation strategies, including gray, green, hybrid. Will focus on green where feasible…



A D A P T A T I O N  S T R A T E G I E S

GRAY/TRADITIONAL ENGINEERING

Presenter Notes
Presentation Notes
Gray solutions may include elevating the road, installing sheet pile or wall elements, and grading that results in a larger footprint.



A D A P T A T I O N  S T R A T E G I E S

GREEN/NATURE-BASED SOLUTIONS

Presenter Notes
Presentation Notes
Green solutions may incorporate a vegetated berm or dune, a restored saltmarsh… efforts to improve habitat while protecting the road.



A D A P T A T I O N  S T R A T E G I E S

HYBRID APPROACHES

Presenter Notes
Presentation Notes
Hybrid solutions are going to use elements of both gray and green approaches; here the road is elevated with sheetpile, but the culvert is also enlarged to allow for better tidal flow and restoration of the saltmarsh upstream.



P R O J E C T  T I M E L I N E  &  E L E M E N T S

March 2023

Vulnerability Assessment:
Roads and Bridges
3 Future Time Horizons -
2030, 2050, 2070

Criticality 
Assessment:
Prioritize 
Roadway 
Segments

1st Workshop:
Vulnerable & 
At-Risk Roads

Roadway 
analysis & 
solutions ID

2nd Workshop: 
Present 
alternatives

Spring 2024April 2023 May 2023 Summer 2023

Presenter Notes
Presentation Notes
Joe will give more details of the process, but started with vulnerability assessment earlier this spring, application of criticality assessment, we’re presenting the results of those analyses here tonight for your review, comment, feedback. Following site visits this summer, will proceed to look at adaptation solutions and cost estimates, and present those back to the town in spring next year.




Questions?

 Workshop Purpose or Objectives
 Low Lying Roads project

 Key components
 Vulnerability Assessment - Identify Potential Sites
 Public Outreach and Engagement
 Roadway Feasibility and Alternative Solutions
 Solutions Identification

 Timeline
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MA EOEEA Probabilistic Sea Level Rise Projections
MC-FRM SOUTH (DeConto & Kopp, 2017)
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Updated Baseline (1999-2017)

NOTES:
Projections from Resilient MA
Labels in flags are relative sea level rise

from baseline year of 2008 (1999-
2017) in MC-FRM 
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High Scenario
>99.5%  RCP 4.5
99.5%  RCP 8.5
95%     RCP 4.5 + ice
83%     RCP 8.5 + ice

Intermediate Scenario
95%     RCP 4.5
83%     RCP 8.5
50%     RCP 4.5 + ice

<50%     RCP 8.5 + ice

Probabilistic Crosswalk:
Confidence intervals indicate the 
probability (%) that SLR has not been 
underpredicted given various emissions 
and ice sheet melt contributions

MA EOEEA selected the
High Scenario for planning



Tropical / Extra-tropical Storms

NOAA National Ocean Service



Why Hydrodynamic Modeling?  Why Probabilistic?



Massachusetts Coast Flood Risk Model (MC-FRM)

Includes relevant physical processes:                     
sea level rise, tides, storm surge, wind, wave setup 
/ run-up / overtopping, future climate scenarios

Future version to incorporate coastal erosion
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MC-FRM Resolution



MC-FRM Annual Coastal Flood Exceedance Probability – 2030



MC-FRM Annual Coastal Flood Exceedance Probability – 2050



MC-FRM Annual Coastal Flood Exceedance Probability – 2070



MC-FRM Annual Exceedance Probabilities

0.1% 1/1000
0.2% 1/500
0.5% 1/200
1% 1/100
2% 1/50
5% 1/20

10% 1/10
20% 1/5
25% 1/4
30% 1/3.33
50% 1/2

100% 1/1

Image source: amazon.com/stores/Brybelly

Image source: dicegamedepot.com

Image source: dicegamedepot.com



Cumulative Probability

AEP Return
Cumulative Probability (Pe) of 1 or more events occurring over:

10-yrs 25-yrs 50-yrs 100-yrs
0.1% 1/1000 1.0% 2.5% 4.9% 9.5%
0.2% 1/500 2.0% 4.9% 9.5% 18.1%
0.5% 1/200 4.9% 11.8% 22.2% 39.4%
1% 1/100 9.6% 22.2% 39.5% 63.4%
2% 1/50 18.3% 39.7% 63.6% 86.7%
5% 1/20 40.1% 72.3% 92.3% 99.4%

10% 1/10 65.1% 92.8% 99.5% 100%
20% 1/5 89.3% 99.6% 100% 100%
25% 1/4 94.4% 99.9% 100% 100%
30% 1/3.33 97.2% 100% 100% 100%
50% 1/2 99.9% 100% 100% 100%

100% 1/1 100% 100% 100% 100%



Massachusetts Coast Flood Risk Model

SUMMARY

Hydrodynamically modeled projections

Sea level rise and storm surge – combined

Annual chance of flooding under 2030/2050/2070 climate conditions

QUESTIONS?



Cape Cod Low Lying Roads Vulnerability Assessment Methods
COASTAL FLOOD EXCEEDANCE PROBABILITY



Cape Cod Low Lying Roads Vulnerability Assessment Methods
COASTAL FLOOD EXCEEDANCE PROBABILITY

2030



Cape Cod Low Lying Roads Vulnerability Assessment Methods
COASTAL FLOOD EXCEEDANCE PROBABILITY

2050



Cape Cod Low Lying Roads Vulnerability Assessment Methods
COASTAL FLOOD EXCEEDANCE PROBABILITY

2070



Cape Cod Low Lying Roads Criticality Scoring Framework

Schools
Town Hall
Transit Facilities
Senior Services
Communications
Community Centers

Hospital / Urgent Care
Police Station
Fire Station
Harbormaster Office
Emergency Shelters
DPW Facilities

MassDOT Functional Classification
Average Annual Daily Traffic 

Business Activity DensityEnvironmental Justice Populations
Social Vulnerability Index (Housing /Transportation)

Usage/Network Function 

Economy

Community / Emergency Services

Vulnerable Populations



Cape Cod Low Lying Roads Risk Assessment Approach

1. Extract roadway/bridge critical elevations (CEs) 
2. Compile 2030/2050/2070 MC-FRM water surface 

elevations (WSEs)
3. Compare CEs to WSEs to determine flood probability
4. Score road segment criticality
5. Probability * Criticality = Risk
6. Prioritize high-risk road segments for community 

consideration

Priorities for 
Adaptation



Low Lying Roads Nuisance Flooding
2070 (17.4 mi)
2050 (4.5 mi)

2030 (0.3 mi)

Road Surface 
Elevations 
Below MHW



Low Lying Roads 2030 Flood Probability (Annual Exceedance Probability)

Flood Probability  Total Road Miles
0.1% 76.1
0.2% 72.1
0.5% 64.6

1% 56.4
2% 48.7
5% 39.3

10% 31.7
20% 25.3

100% 10.4

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

2030 2050 2070

M
ile

s 
of

 R
oa

dw
ay



Low Lying Roads 2050 Flood Probability (Annual Exceedance Probability)

Flood Probability  Total Road Miles
0.1% 101.5
0.2% 98.5
0.5% 92.8

1% 86.2
2% 78.1
5% 65.5

10% 52.9
20% 42.1

100% 20.1

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

2030 2050 2070

M
ile

s 
of

 R
oa

dw
ay



Low Lying Roads 2070 Flood Probability (Annual Exceedance Probability)

Flood Probability  Total Road Miles
0.1% 120.4
0.2% 117.7
0.5% 112.1

1% 104.9
2% 96.8
5% 85.4

10% 74.1
20% 62.4

100% 34.0
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Low Lying Roads Criticality Scoring

High

Low

>55

< 5

Criticality Score



Low Lying Roads 2030 Risk Results
High Risk Road Segments

A Nashawena St
B Millfield St West
C Millfield St East
D Clinton/Scranton Ave corner
E Menauhant Rd at Little Pond
F Jericho Path
G Surf Dr East
H Menauhant Rd at Acapesket Neck
I Little Harbor Rd
J Gardiner Rd
K Gosnold Rd
L Surf Dr West
M Surf Dr Center
N Menauhant Rd at Green Pond
O Teaticket Path
P Menauhant Rd at Great Pond
Q Old Dock Rd
R Garnet Ave

High Risk

Low Risk

C
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J
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A D



High Risk Road Segments
A Nashawena St
B Millfield St West
C Millfield St East
D Clinton/Scranton Ave corner
E Menauhant Rd at Little Pond
F Jericho Path
G Surf Dr East
H Menauhant Rd at Acapesket Neck
I Little Harbor Rd
J Gardiner Rd
K Gosnold Rd
L Surf Dr West
M Surf Dr Center
N Menauhant Rd at Green Pond
O Teaticket Path
P Menauhant Rd at Great Pond
Q Old Dock Rd
R Garnet Ave

Low Lying Roads 2050 Risk Results

High Risk

Low Risk

R

G
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High Risk Road Segments
A Nashawena St
B Millfield St West
C Millfield St East
D Clinton/Scranton Ave corner
E Menauhant Rd at Little Pond
F Jericho Path
G Surf Dr East
H Menauhant Rd at Acapesket Neck
I Little Harbor Rd
J Gardiner Rd
K Gosnold Rd
L Surf Dr West
M Surf Dr Center
N Menauhant Rd at Green Pond
O Teaticket Path
P Menauhant Rd at Great Pond
Q Old Dock Rd
R Garnet Ave

Low Lying Roads 2070 Risk Results

High Risk

Low Risk

H

P O

L



Road Name Length 
(ft) Description AEP

2030
Criticality

Score
2030 Risk

Score
Tidal Flooding Length (ft)

2030 2050 2070

A Nashawena St 2140 along Snug Harbor 100 39 3900 0 180 1120

B Millfield St West† 1520 west of Bell Tower including Spencer Baird Rd 100 38 3800 0 0 1400

C Millfield St East† 480 east of Bell Tower to School St 100 38 3800 0 0 440
D Clinton/Scranton Ave corner 1910 at Falmouth Harbor Entrance 100 35 3500 0 0 1300

E Menauhant Rd at Little Pond 1200 behind Bristol Beach between Grand Ave and Maravista Ave 100 35 3500 0 540 1200
F Jericho Path 500 at Little Pond between Lucerne Ave and Grand Ave 100 32 3200 0 20 340
G Surf Dr East† 1310 corner of Surf Dr and Shore St at Town Beach 100 28 2800 0 0 440
H Menauhant Rd at Acapesket Neck 1420 east of Great Pond Bridge to Bayview Ave 100 23 2300 0 0 900

I Little Harbor Rd† 650 behind USCG Woods Hole 100 22 2200 0 0 460

J Gardiner Rd† 1140 between Gosnold Rd and Park St 100 22 2200 360 480 1100
K Gosnold Rd† 770 behind Stoney Beach 100 22 2200 0 0 440
L Surf Dr West† 2090 between Oyster Pond Rd and Elm Rd 100 22 2200 0 0 1180
M Surf Dr Center† 3820 along Salt Pond between Elm Rd and Bywater Ct 100 19 1900 0 20 4220
N Menauhant Rd at Green Pond 1320 bridge between Acapesket Rd and Green Harbor Rd 100 17 1700 0 0 720
O Teaticket Path 500 at top of Perch Pond between Norris Path and Seabrook Dr 100 17 1700 0 340 540
P Menauhant Rd at Great Pond 1420 west of Great Pond Bridge to  Maravista Ave 100 17 1700 0 40 1160
Q Old Dock Rd 1260 by West Falmouth Harbor landing 100 17 1700 0 260 580

R Garnet Ave 630 along Squeteague Harbor at Bourne line 100 17 1700 0 160 520

Summary of High Priority Road Segments

†Existing planning work underway



L O W  L Y I N G  R O A D S

DISCUSSION
ORIENTATION

Group Discussion



L O W  L Y I N G  R O A D S

DISCUSSION
QUESTIONS

1. Are you more concerned with high tide 
flooding or storm flooding?

2. What local knowledge or concerns can 
you bring to the discussion?

3. How would you prioritize these road 
segments?

Group Discussion



Road Name Length 
(ft) Description AEP

2030
Criticality

Score
2030 Risk

Score
Tidal Flooding Length (ft)

2030 2050 2070

A Nashawena St 2140 along Snug Harbor 100 39 3900 0 180 1120

B Millfield St West† 1520 west of Bell Tower including Spencer Baird Rd 100 38 3800 0 0 1400

C Millfield St East† 480 east of Bell Tower to School St 100 38 3800 0 0 440
D Clinton/Scranton Ave corner 1910 at Falmouth Harbor Entrance 100 35 3500 0 0 1300

E Menauhant Rd at Little Pond 1200 behind Bristol Beach between Grand Ave and Maravista Ave 100 35 3500 0 540 1200
F Jericho Path 500 at Little Pond between Lucerne Ave and Grand Ave 100 32 3200 0 20 340
G Surf Dr East† 1310 corner of Surf Dr and Shore St at Town Beach 100 28 2800 0 0 440
H Menauhant Rd at Acapesket Neck 1420 east of Great Pond Bridge to Bayview Ave 100 23 2300 0 0 900

I Little Harbor Rd† 650 behind USCG Woods Hole 100 22 2200 0 0 460

J Gardiner Rd† 1140 between Gosnold Rd and Park St 100 22 2200 360 480 1100
K Gosnold Rd† 770 behind Stoney Beach 100 22 2200 0 0 440
L Surf Dr West† 2090 between Oyster Pond Rd and Elm Rd 100 22 2200 0 0 1180
M Surf Dr Center† 3820 along Salt Pond between Elm Rd and Bywater Ct 100 19 1900 0 20 4220
N Menauhant Rd at Green Pond 1320 bridge between Acapesket Rd and Green Harbor Rd 100 17 1700 0 0 720
O Teaticket Path 500 at top of Perch Pond between Norris Path and Seabrook Dr 100 17 1700 0 340 540
P Menauhant Rd at Great Pond 1420 west of Great Pond Bridge to  Maravista Ave 100 17 1700 0 40 1160
Q Old Dock Rd 1260 by West Falmouth Harbor landing 100 17 1700 0 260 580

R Garnet Ave 630 along Squeteague Harbor at Bourne line 100 17 1700 0 160 520

Summary of High Priority Road Segments

†Existing planning work underway



• Town staff to select 2 road segments

• Site visits and feasibility analysis

• 3 solutions + costs per segment

• 2nd Workshop date TBD – spring 2024

• Materials available to view on Low Lying Road webpage: 
https://www.capecodcommission.org/our-work/low-lying-roads-
project/

N E X T  S T E P S

https://www.capecodcommission.org/our-work/low-lying-roads-project/
https://www.capecodcommission.org/our-work/low-lying-roads-project/






T H A N K  Y O U !
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