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SECTION 1: EXECUTIVE SUMMARY

Hazard Mitigation planning is a proactive effort to identify actions that can be taken to reduce
the dangers to life and property from natural hazard events. In the communities of the Boston
region of Massachusetts, hazard mitigation planning tends sonfmst on flooding, the most

likely natural hazard to impact these communkiegiever, the plan focuses on all categories of
natural hazards that could potentially affect the community, including those that infrequently
occurThis plan also considers how our changing climate will affect natural hazards. Warming
temperatures will fuel changing precipitation patterns and an increasing frequency and intensity
of severe stormas well as increasing sea level rise.

PLANNING PROCESS

The Federal Disaster Mitigation Act of 2000 requires all municipalities that wish to be eligible to
receive FEMA funding for hazard mitigation grasush as Building Resilient Infrastructure and
Communities (BRIC) and Flood Mitigation Assistanced@Eiéyt a local mukhazard

mitigation plan and update this planfine-year intervals

This plan is an update of the Town of Duxbury
approved by FEMAn 2019. Planning for this update was condudbgdhe Metropolitan Area

Planning Council under the direction of the Duxbury Local Hazard Mitigation Team, composed of
staff fromseveralTown Departments and community partiibeseammet onthe following

dates focusing on various aspects of developing the updated plan:

Decembed 2, 2024 Identify and map Critical Facilities, Local Hazard Areas, and Development
Marchl13, 2025 Review/update Existing Mitigation Measures and Hazard Mitigation Goals
July 28, 2025 Review the status of recommended mitigation measures from thpl201
November 192025 Review and finalize the mitigation strategy for 2026 updated plan

Public participation in this planning process is important for improving awareness of the potential
impacts of natural hazards and to build support for the actionEdivetakes to mitigate them.
TheTowi® SelectBoardhostedwo public meetings, the fiet May 5, 2025 and the secondn
Septembef8, 2026. The draft plan was posted dinefor public reviewand a dedicated

project emailDuxburyResilience@mapc.ongas set up to receive public comments and

guestions

Key town stakeholders and neighboring communities were notified and invited to review the draft
plan and submit commergeDocumentation of Public Meeting&ppendix C.


mailto:DuxburyResilience@mapc.org
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RISK ASSESSMENT

TheDuxburyHazard Mitigation Plan assesses the potential impacts Tatafrom flooding,
coastal flooding and erosiohyrricanesTornadoes, severe weatheinds severe

wi nter/ Nor 0east é@ushfiregeologdhazarfsextreene terhperatures,,
drought invasive species, and changes in groundw@testal fooding, driven by hurricanes,
northeasters and other storms, clearly presents the greatest hazard twthed Duxbury These
are described in Sectighand the locations of haza@reasare shown on the map series in
Appendix A.

TheDuxburyHazard Mitigation Teandentifiedxx Critical FacilitieSTheseare shown on the map
seriesn Appendix Aand listed inTablexx.

A HAZUSVIH analysis provided estimates of damages from Hurricdri€¥0-year and 500
year recurrencé$19.4 millionto $211.3 millior) as well as earthquakes of magnitudeand 7
($355.7 millionto $2.356 billion). Flood damage estimates range fro2il$.8 millionfor a 100-
year eventto $375.7millionfor a 500-year event

HAZARD MITIGATION GOALS

TheDuxburyHazard Mitigation Team reviewed and discussed the goals from the previdus 201
Hazard Mitigation Plan. The Team modified the goals to reflect a more comprehensive approach
and to incorporate climate resiliency for this @p2an update Goals10 through 2 were

added by the local team for this updated plall of the goals are considered critical for the
Townand they are not listed in order of importance.

Goal 1: Reduceand mitigatethe loss of life, injury, public health impgmtsperty damagesand
critical servicesesultingrom all major natural hazards.

Goal 2: Identify and seek funding for measures to mitigate or eliminate each known significant
flood hazard area.

Goal 3:Integrate hazard mitigation planning as an integral factor in all relevant municipal
departments, committees and boards.

Goal 4:Reduce and mitigatine damage to public infrastructure resulting from all hazards.

Goal 5: Encourage the business community, major institutions-anafiteoto work with the
Town to develop, review and implement the hazard mitigation plan.

Goal 6: Work with surrounding communities, state, regional and federal agencies to ensure
regional cooperation and solutions for hazards affecting multiple communities.

Goal 7. Ensure that future development meets federal, state and local standardsdating
and reducing the impacts of natural hazards.
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Goal 8: Take maximum advantage of resources from FEMA and MEMA to educate Town staff
and thepublic about hazard mitigation.

Goal 9: Consider the potential impacts of climate change and incorporate climate mitigation and
resilience in all planning efforts.

GOAL10: Incorporate environmental justice considerations into hazard mitigation, including
outreach to climate vulnerable populations, identification of hazard impacts, and mitigation
measures.

GOAL 11:Increase public awareness through education on potential hazards that threaten the
community and outline mitigation measures to reduce impacts.

GOAL 12:Ensure that mitigation measures are sensitive to the natural features, historic resources,
and community character of Duxbury.

HAZARD MITIGATION STRATEGY

The Duxbury Local Hazard Mitigation Planning Team identified a number of mitigation measures
that would serve to reduce the Querallnthebkazardul ner a
mitigation strategy recognizes that mitigating hazards for Duxbury will be an ongoing process as

our understanding of natural hazards and the steps that can be tiakeitigate their damages
changes over time. Climate change and a varie
and local officials will need to work together across municipal lines and with state and federal
agencies in order to understanddeaddress these changes. The Hazard Mitigation Strategy will

be incorporated into the TS8SeeCGHaster®forimeredetnile!l at ed
on these mitigation measures.

Flood Hazards

1. Implement Beach Nourishment and Nature Based Solutions projects identified in the Duxbury
Beach Reservationds resiliency plans

2. implement culvert replacements identified in the Culvert and Bridge Assessment

3 Provide Beach Nourishment related to seawall

4. Land acquisition program in flood areas, along the coast , including easement for seawall

5. Implement Seawall restoration and improvement (Phase 2 completed)

6. Perform Coastal Erosion/Accretion Littoral Study

Geologic Hazards

7. Assess earthquake vulnerability of all public buildings and implement upgrades if feasible

FireRelated Hazards

8. Conduct regional forest management planning for conservation lands

9. Increase public information and awareness about fire hazards year round

Winter Hazards

10. Assess municipal structures for susceptibly to snow loads

11. Acquire emergency generators for public safety (water pumps, package plant, town hall)

Drought

12. Develop and implement a water conservation plan; public education

13. Promote drought tolerant landscaping and site design measures
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Extreme Temperatures

14. Increase public notification for cooling and warming centers at the Senior Center and regional
cooling center as needed

Dam Hazards

15. Temple Street Dam scheduled to be removed

Wind Hazards

16. Coordinate with electric utility to manage trees to reduce risk of power outages

17. Assess public buildings for vulnerability to wind damage

18. Discourage tree planting near homes and critical infrastructure

Invasive Species

19. Implement Invasive Species management: Potential species include European Green Crab,
Asian Shore Crab, Tunicates, Bryozoa, CaprellecdylBalaemon elegans

20. Guidelines to encourage use of native species in landscaping and development

Climate Change

21. Implement the Town of Duxbury Climate Vulnerability Assessment and Action Plan and Snug
Har bor Resiliency Plan; incorporate climate
CEMP, and capitamprovement plan

22. Incorporate climate resilience into all local and regional plans as well as capital improvement.

23. Salt Marsh management and protection: Monitor health of submerged aquatic vegetation such
as eelgrass beds, and salt marshes; drones used to survey marshes; and restore marshes.

24. Collaboratewith residentand businesses in the neand longterm most vulnerable areas to
examinepotential zoning, regulatory, incentive, mitigation, or cooperatisged approaches

on sea level rise.

25. Increase the width of Mattakeeset Court to allow emergency vehicle access; move utility poles

| and sewer/drainage

ThsHazard Mitigation Strategy s i nt ended t o provide the Town
that will improve its resiliencedorrentnatural hazardss well as future climate change impacts
Theplad s r ecommended willbeinogradraied intothrareTave plans and

policies, such d@se Comprehensive PJdine Open Space and Recreation Plan, the Capital
Investment Plan, and the Municipal Vulnerability Preparedness 2.0

PLAN REVIEW & UPDATE PROCESS

The process for developitige DuxburyHazard Mitigation Plan 226 Update is summarized in
Table 1 below.
Table 1 Plan Review and Update Process

3 d Public TheLocal Hazard Mitigation Planning Teplaiced an emphasis on
Participation | public participation for the update of the Hazard Mitigation Plan,
discussing strategies to enhance participation opportunities at th
teammeeting During plan development, the plan was discussed
two public meetings hosted by tBelect BoardThe plan was
available on theprojectweb page for public commen®utreach
efforts to publicize these engagement opportunities included
webpage content, social medemail flyers and press outreach
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4 0 Risk MAPC gathered the most recently available hazard and land use
Assessment | data and met witirownstaff to identify changes in local hazard

areas and development trendsownstaff reviewed critical
infrastructure with MAPC staff in order to create aitiodghate list.
MAPC also used the most recently available version of HAZUS
assess potential impactsflmioding, earthquakesandhurricanes.

5 d Goals The Hazard Mitigation Goals were reviewed and endorsed by the

DuxburyHazard MitigationTeam The goalsvere revised in order to
reflect a more comprehensive approach and to incorporate clima
resiliency for this 2@plan update.

6 0 Existing | Theinventoryof Duxbury existing mitigation measures was updats
Mitigation to reflect current mitigation activities in Troavn
Measures

7 & 8 d Hazard | Mitigation measures from tB818 plan were reviewedy the local
Mitigation teamand assessed as to whether they were compléetgutpogress
Strategy or deferred. Thdocal eamdetermined whether to carry forward

mitigationmeasurethat have not yet been completedo ths 2026
Flan Update or modifythemor delete them. Th2026 plan's
recommendetlazard nitigationdrategy reflects both new measure
and measures carried forward from tB@18 planthat have not yet
been completedTheDuxburyHazard Mitigation Teamrioritized the
mitigationmeasures based on current conditions.

9 d Plan This section of the plarcludes amgoing plan implementation
Adoption & review andfive-year update process that will assist Tmwvnin
Maintenance | incorporating hazard mitigation issues into offeevnplanning and

regulatory review processes and better prepare Tlosvrfor the next
comprehensive plan update.

As indicated oisection 7 of this plabuxburymadesignificanprogresson implementingome
of themitigation measurescommendedh the2019 Hazard Mitigation Plariitigation
measurethat have beercompletedor partially completednclue the following:

T>o J>0 T T>o T>o T T To T To T T To T

Regulatory revisions for stormwater management

Updated FIRM mapping and bylaws

Provide public information on NFIP compliance

Establish and maintain a Coastal Resilience Task Force that works across departments
and commissions for a mdl§ciplinary approach toward climate resilience.

Culvert replacements townwide

Provide Beach Nourishment related to seawall on Plymouth Avenue

Land acquisition program in flood areas, including easement for seawall

Seawall restoration and improvement

Perform Coastal Erosion/Accretion Littoral Study

Maintain Duxbury Beach to a minimum elevation of 16.5 feet NGVD 88

Increase public information and awareness about fire hazards

Dam management and maintenance plan

Increase public information and awareness about fire hazards

Implement the Town of Duxbury Climate Vulnerability Assessment and Action Plan and
incorporate these recommendations into Comprehensive Planning for the Town
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A Incorporate climate resilience into all local and regional plans as well as capital
improvement plans.

A Monitor health of submerged aquatic vegetation such as eelgrass beds, and salt
marshes, and restore as necessary.

A Collaborate with the residents and businesses in thearehlongterm most
vulnerable areas to examine potential zoning, regulatory, incentive, mitigation or
cooperativebased approaches on sea level rise.

Progress toward implementifgserecommended mitigation measusdsbe continueth this
2026 Plan Update. Moving forward into the nefive-year plan implementation period there will
be more opportunities to incorporate hazard mitigation intd@ tlva® decisioamakingprocesses.
TheDuxburyHazard Mitigation Tearwill continug¢o oversee the implementation of this @02
updated plan as described in Section 9, Plan Adoption and Maintenance.
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SECTION: INTRODUCTION

PLANNING REQUIREMENTS UNDER THE FEDERAL DISASTER MITIGATION ACT

The Federal Disaster Mitigation Act, passed in 2000, requires that after November 1 2004, all
municipalities that wish to continue to be eligible to receive FEMA funding for hazard mitigation
grants, must adopt a local miiizard mitigation plan and upde this plan ifive-year

intervals. This planning requirement does not affect disaster assistance funding.

Federal hazard mitigatioplanningand grant programs are administered by the Federal

Emergency Management Agency (FEM#&9llaboration with the states. These programs are
administered in Massachusetts by the Massachusetts Emergency Management Agency (MEMA) in
partnership with the Department of Conservation and Recreation (DCR).

TheTown oDuxburycontracted with th#etropolitan Area Planning Council (MAREL3ssist
the Townn updatingits local Hazard Mitigation Plan, which vaaproved by FEMAn 2018. The
updatedlocalplan producedunder thizontracts designedo meet the requirements of the
Disaster Mitigation Act fahe Town oDbuxbury addressindocal andregional concerns and
hazards that impact the Town.

WHAT IS A HAZARD MITIGATION PLAN?

Natural hazard mitigation planning is the process of determining how to systematically reduce or
eliminate the loss of life and property damage resulting from natural hazards such as floods,
earthquakes, and hurricanes. Hazard mitigation means to pertgaeente or alleviate the

losses of life, injuries, and property resulting from natural hazards througkriongtrategies.

These longerm strategies include planning, policy changes, programs, projects, and other
activitiesThis plaralsoincorporates consideration of future risks due to projections for the
increased frequency and severity of extreme weatmat sea level riséueled by global climate
chang.

As more is understood about the impacts of climate change, it is becoming increasingly important
to recognizahe relationshipetween climate change and many of the natural hazards

addressed iFEMA Hzard MitigationFans. Tése climate impacts weagldressed in the023

state hazard mitigation plan, the Resilient Mass Plan, as well as the previolda2@h8husetts

State Hazard Mitigatiomand Climate Resilien&tan. Accordingly, MAPC has updated the format

of local Hazard Mitigation Plans to incorporate clinektangeconsiderationisased on available

state and regional data such as the 202ssachusetts Climate Change Assess$tgemel

illustrates the relationship between natural hazards and climate change.
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Figurel. Natural Hazards and Climate Change

Natural Hazards: o
source of harm created
by an environmental or

geological event,
including flooding and
earthquokes

Natural Hazard
Mitigation: reducing
damage from natural

Climate Change:
Increases the frequency,
duration, and intensity
of natural hazards;
including heat, drought,
and precipitation

Climate Adaptation:
reducing the risk 1o, and
mitigating impacts from,

hazords, incleding short- the increasing frequency
term, eplsodic events T of natural hozards

Adapting to the expected
impacts of climate change is
a form of hazard mitigation

PREVIOUS FEDERAL/STATE DISASTERS

TheTown oDuxburyhas experience@3 natural hazards that triggered federal or state
disaster declarations since 1991. These are listed in Table 2 below. The majority of these events
involved flooding, whileightwe r e due t o hurri cesemeredueto nor eas

severe winter weather.

Table 2 Previous Federal Disaster Declarations

DISASTER NAME * 1vpE OF ASSISTANCE DECLARED AREAS

(DATE OF EVENT)

. . Counties of Barnstable, Bristol, Dukes, E
FEMA Public Assistance Pro Hampden, Middlesex, Plymouth, Nantuc

_ Grants Norfolk, Suffolk
HurricaneBob
(August 1991) N Counties of Barnstable, Bristol, Dukes, E
Hazardll\fglgrztrlr? n Grant Hampden, Middlesex, Plymouth, Nantuc
9 Norfolk,Suffolk L6 projects)
FEMA Public Assistance Pro| Counties of Barnstable, Bristol, Dukes, E
No-NameStorm Grants Middlesex, Plymouth, Nantucket, Norfo

(October 1991) - -
Counties of Barnstable, Bristol, Dukes, E

Hazardlzl)\ﬂglgrztrlr? n Grant Middlesex, Plymouth, Nantucket, Norfo
9 Suffolk (10 projects)
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DISASTER NAME
(DATE OF EVENT)

TYPE OF ASSISTANCE

Hazard Mitigation Grant

DECLARED AREAS

Counties of Barnstable, Dukes, Esse

December Blizzard Program Plymouth, Suffolk (7 projects)
(December 1992) [ FEMA Public Assistance Pro :
Grants All 14 Counties
March Blizzard (Marcf FEMA Public Assistance Pro :
1993) Grants All 14 Counties
January Blizzard FEMA Public Assistance Pro Counties of Essex, Middlesex, Norfolk
(January 1996) Grants Plymouth, Suffolk

FEMA Individual Householc
Program

Counties of Essex, Middlesex, Norfolk
Plymouth, Suffolk

October Flood
(October 1996)

Hazard Mitigation Grant
Program

Counties of Essex, Middlesex, Norfolk
Plymouth, Suffolk (36 projects)

Community Development Blg

Counties of Essex, Middlesex, Norfolk

GrantHUD Plymouth, Suffolk
1997 FEMA Individual Householdg Counties of Bristol, Essex, Middlesex
Program Norfolk, Suffolk, Plymouth, Worcester
T Counties of Bristol, Essex, Middlesex
Hazard;\?ggjrztrlr?n Grant Norfolk, Suffolk, PI_ymouth, Worcester (1
June Flood projects)

(June 1998)

Community Development Blg
GrantHUD

Counties of Bristol, Essex, Middlesex
Norfolk, Suffolk, Plymouth, Worcester

(1998)

FEMA Individual Householda

Counties of Bristol, Essex, Middlesex

Program Norfolk, Suffolk, Plymouth, Worcester
L Counties of Bristol, Essex, Middlesex
Hazardxggjrztrlr?n Grant Norfolk, Suffolk, PI_ymouth, Worcester (1
March Flood projects)

(March 2001)

FEMA Public Assistance Pro
Grants

All 14 Counties

February Snowstorm

FEMA Public Assistance Pro

All 14 Counties

(Feb 1718, 2003) Grants
(jlglr:lﬁ;yzl?,zh,zzzgg%) FEMA Pubgtiébrﬁglstance Pro All 14 Counties

(uguat 29,2009 | program Statewide
May Rainstorm/Flood Hard Mitigation Grant Statewide

(May 12-23, 2006)

Program

April Nord

15-27, 2007)

FEMA Public Assistance

Bristol, Essex, Middlesex, Suffolk, Norf
Plymouth, Worcester
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DISASTER NAME

(DATE OF EVENT) TYPE OF ASSISTANCE DECLARED AREAS

Hazard Mitigation Grant

Flooding Program Stat(.ewide

(Mareh 2010) | FEMA Public Assistance Prol - jgiaaex, Nantacket, Norfolk. Plymou
Suffolk, and Worcester

'{Isuégfeamng eEragénO) FEMA Public Assistance Statewide

Tropical Storm Irene FEMA Public Assistance Statewide

(August 2728, 2011)

Hurricane Sandy FEMA Public Assistance;

Hazard Mitigation Grant Statewide
(October 2730, 2012) Program
Severe snowstorm and FEMA Public Assistance;
Flooding (February-8 | Hazard Mitigation Grant Statewide
09, 2013 Program

. FEMA Public Assistance; Barnstable, Bristol, Essex, Nantucke
Blizzard of 2015 T ' ' ' '
Hazard Mitigation Grant Norfolk, Plymouth

(January 2628, 2015) Program
Severe winter storm Hazard Mitigation Grant Statewide
and flooding Program
(March 2018)
COVIDB19 Pandemic Hazard Mitigation Grant Statewide
(January 2020) Program
Severe winter storm Hazard Mitigation Grant Bristol, Norfolk, Plymouth, Suffolk
January 2022 Program

Source: database provided by MEMA

Since 2018, there have bed&ne Massachusetts State Declared Disasters that affEctelury
Below is a list of themhich includes sevemiinter storm as well as the CowvitB pandemic.

Table 3. State Disaster Declarations since 2018

Disaster Name Date of Event Declared Areas

Massachusetts Severe Winte| March 23, 2018 Statewide
Storm and Flooding
Massachusetts Severe Winte| March 1314, 2018 Statewide
Storm and Snowstorm
Massachusetts Co\ié January 20, 20208 Statewide
Pandemic May 11, 2023
Massachusetts Severe Winte| January 2829, 2022 | Statewide
Storm and Snowstorm
Massachusetts Hurricane Leq September 1517, Statewide

2023
SourceFEMADeclaredDisastersDpenFEMMatasetDisasteDeclarationsand FEMADeclaredDisasters.

10
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FEMA FUNDED MITIGATION PROJECTS

Duxbury received funding from FEMA and MEMA in 1991/1992 for two sacrificial dune projects
on Duxbury Beach to maintain a minimum of sixteen feet NGVD along the entire length of the
barrier beach. This also provided flood hazard protection for a large ruwitproperties and

is a critical component of safeguarding coastal infrastructure in Duxbury and its neighboring
towns Kingston and Plymouth.

COMMUNITY PROFILE

Duxbury is a coastal communityl6f090 people located 33miles southeast of Boston in

Plymouth County. It is primarily accessible from the north and south by Route 3 and is bordered
by Pembroke on the west, Marshfield on the north, Kingston and Plymouth on the south, and the
Atlantic Ocean on the east and seaitt.

Duxbury was incorporated in 1637, 17 years after Pilgrims established their colony in Plymouth.
The town was a center of shipbuilding until thel®ild century, when ships became too large for
the shallow bay. It maintains ties to its seagoing past through a variety of-haldied

activities and programs, including many run by the Duxbury Banwa&chool in Snug Harbor.
Duxbury Bay supports both a recreational and commercial fishing industry, and the town has
become well known for its oysters and other shellfish.

Foll owing the shipbuilding era in the townds
community with its economic base tied to fishing and agriculture. Today, Duxbury is a residential
suburb of Boston, with Route 3 serving as its main route todwbstiher points. Many historic

and beautiful homes from Pilgrim times and the shipbuilding period remain in Duxbury, and
residents cherish the townd6s historic assets.

The Town is governed by a Town Manager, SBleatd and Open Town Meeting governmental
structure.

Some of Duxburydds unigue characteristics to Kk

T As a coastal community, the town is direct
storms that pound the coastline and damage and flood the property and residents living
in those areas.

1 Flooding in the town is a significant threat to property and the town has problems with
water inundatiomuring high rain and storm events, particularly during the spring
snowmelt exacerbates flooding due to an elevated water table.

1 A defining characteristic of the town are its tlieed streets. Although these trees are
vulnerable to high winds and ice storms, they are a tradeoff the town is willing to have.

1 The town has a number of dams that are currently reported to be in good shape.
However, should a dam fail at one these locations, it could cause increased risks of
flooding downstream.
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1 The town hagroactive municipal officials that frequently share information and
coordinate on a regular basis. An example of this was the data collection sessions for this
PDM plan, at which representatives of several Town departments were present.

T Duxbury is home to historic structures and sites that are irreplaceable and bring economic
value to the town.

1 Duxbury contains several major roadways and bridge crossings that provide emergency
routes for evacuation and for routes to medical facilities. Sothes# transportation
resources or infrastructures are frequently at risk of flooding, particularly from ocean
stormrelated flooding.

1 Duxbury ha$5 RepetitiveLosspropertiesand 11 Severe Repetitive Loss propertied
have resulted i289 claimstotaling $6.5 million.

1 Duxbury would be a good candidater flood-related grants due to the potential impact
to property, transportation emergency routes, and economic/historic resources, and the
ability to solve the flooding problems through structural measures such as culvert
upgrades, dam and bridge upgradeor flood proofing. The ces¢nefit analysis would
|l i kely be in the townds favor.

T Much of the critical infrastructure in the town is located in clusters, and casesnesar
areas of floodplain. These facilities are therefore at higher risk of damage.

The Town maintains a websitevaiw.town.duxbury.ma.us

Table4: Duxbury Characteristics

Populatiors 16,090

1 4.8% are under age 5
26.5% are under age 18
24.5% are over age 65
7.1% have a disability
2.2% are foreign born

Number of Housing Unit6:373
1 8.8% are renteroccupied housing units
T 17.5% of housing units were built before 194
T 89.9% of housing units are single family hom
Source 8 Census Bureau

= =4 -4 =4

Environnementdlistice Populations

An environmental justice population is a neighborhood where one or more of the following criteria
are true:

1 Median household incomé&&percent or less of the statewide median household income
1 Minorities make up0 percent or more of the population
1 25 percent or more of households identify as speaking English less than "very well"

Duxbury does not have any Environmental Justice areas as designated by the MA Executive
Office of Energy and Environmental Affairs
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MAPC empl oys a planning process based on FEMA
focusing on local needs and prioritimst maintaining a regional perspective matched to the

scale and nature of natural hazard events. Public participationimspmrtantcomponent of this
processoften providing critical information about the local occurrence of hazards while also

serving as a means to build a base of support for hazard mitigation activities.

MAPC supports participation by the public aachmunitgtakeholders through

A Meetings andtoordinatiorwith thelocalHazard MitigationTeam(four team meetings)

A Two public meetings, advertised through email, webpage content, a flyer, press release to
local media, and social media posted made available towswide onLocal Access TV,

1 A project website atvww.mapc.org/resourerary/duxbury-hmpand a dedicated
email for public commeriigixburyResilience@mapc.org

A Opening a public comment period at the second public meeting, and posting the draft
plan to the project website to facilitate public review,

A outreach to neighboring communities, boards and commissions, the local chamber of
commerce and businesgesivi r onment al NGOO sand therdocah | s er v
or regional entities

PLANNING PROCESS SUMMARY

Thesixstepplanning processhown in Figur2 and describedelow is based on FENAsocal

MultitHazard Mitigation Planning Guidandéne proces®cugson local problem areas and
identiiesneeded mitigation measures based on where gaps occur in the existing mitigation

efforts of the municipalityfhe planningprocess allowswnstaff to bring the most recent hazard
information into the plan, including new haza
mitigation measures, and progress made on actions identified in previous plans.

Figure2. Six-Step Planning Process

®

Map the Hazards

® ©

Implement & Update Assess the Risks &

the Plan ’ Potential Damages

@ PUBLIC INPUT @

Plan Approval & Review Existing
Adoption @ Mitigation

Develop Mitigation
Strategies
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1. Map the Hazardsd MAPC relies on data from a number of different fedestdte, and local
sources in order to map the areas with the potential to experience natural hazards. This
mapping represents a mdfazard assessment of the municipality and isaseadset of
base maps for the remainder of the planning process. A particularly important source of
information is the knowledge drawn from local municipal staff on where natural hazard
impacts have occurred, which is collected. These maps can be fgypehiix A.

2. Assess the Risks & Potential Damagé&Vorking with local staff, critical facilities,
infrastructure, vulnerable populations, and other features are mappecoatihstedviththe
hazard data from the first step to identify those that might represent particular vulnerabilities
to these hazards. Land use data and development trends are also incorporated into this
analysis in Chapter 4 of this pladAPQu t i | i zed FEMAGs -Mdtmput er mo:
provide estimates of the potential impacts of certain hazard events on the community
including flooding, hurricanes, and tornad®sPC drew on the followirgcal, state,
federal, and academicesources tprovide data for theplan:

Blue Hills Observatory

Town of Duxbury, Coastal Resilience Task Force Report, 2022

Town of Duxbury Vulnerability Assessment and Climate Adaptation Plan, 2021
Town of DuxburyQpen Space and Recreation 21881

Town of Duxbury, State of the Bay, 2025

Town of Duxbury Zoning-Baws

Environment America Research and Policy Céfiten It Rains It Powslobal
Warming and the Increase in Extreme Precipithilgr2012

FEMA, Disaster Declarations for States and Counties, 2025

FEMA, HAZUJ®8H, 2023

FEMA, Local Mitigation Planning Policy Guide, 2025

FEMA, Flood Insurance Study, Plymouth County

FEMA Flood Insurance Rate Maps for Plymouth County, MA
Kleinfelder Inc., Sea Level Rise Study, 2013

MAPC, Duxbury Climate Resiliency Assessment and Action Plan 2018
MAPC, Snug Harbor Resilience Plan, 2019

MAPC, South Shore Coastal Adaptation Study 2011

Massachusetts Climate Change Assessment, 2022

Massachusetts Coastal Protection Structure Inventory and Assessment, 2015

MA Office of Coastal Zone Manageme®ga Level Rise: Understanding and
Applying Trends and Future Scenarios for Analysis and Planning, December 2013

MA Office of Dam Safety, Inventory of Massachusetts Dams
Massachusetts Report of the MA Coastal Erosion Commission, 2016
Massachusetts Resilient MA Plan, 2023

Massachusetts State Hazard Mitigation and Climate Adaptation Plan, 2018
Massachusetts Climate Vulnerability Assessment, 2022

Metropolitan Area Planning Council, GIS Lab, Regional Plans and Data
New England Seismic Network, Boston College Weston Observatory
NOAA National Centers for Environmental Information,

= =2 -4 -49_-9_-9_-95_-2 =4 =2 -42_-9_-9_-9_-9_-°2_°_-2°_-2_-2-2 = =4 8 8 8 A8 2
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Northeast States Emergency Consortittm//www.nesec.org/

US Census, 2020

USDA Forest Service, Wildfire Risk to Communities

USGS, National Water Information System,

U.S. Global Change Research Program, Fourth National Climate Assessment, 2018

= =4 -8 A8 2

3. Review Existing Mitigationd Municipalities in the Boston Metropolitan Region have an active
history in hazard mitigation asosthave adopted flood plain zoning districts, wetlands
protection programs, and other measures as well as enforcing the State building code, which
has strong provisions related to hazard resistant building requirements. All current municipal
mitigation measasare documentedh the plann Chapter 6

4. Develop Mitigation Strategied MAPC workwvith the local municipal staff to identify new
mitigation measures, utilizing information gathered from the hazard identification,
vulnerability assessments, and the community
additional work is necessany teduce the potential damages from hazard events. Additional
information on the development of hazard mitigation strategies can be found in Chapter

5. Plan Approval & Adoptiond Once a final draft of the plan is complete it is senMEMA for
the state level review and, following that, to FEMA for approval. Typically, once FEMA has
approved the plan the agency issues a conditional appr@yaroval Pending Adoption),
with the condition being adoption of the plan by the municipality. More information on plan
adoption can be found in Chapt@rand documentation of plan adoption can be found in
AppendixD.

6. Implement & Update the Plaé Implementation is the final and most important part of any
planning process. Hazard Mitigation Plans must also be updatetiveryaar basis making
preparation for the next plan update an importantguoing activity. Chapte® includes more
detailed information on plan implementation.

THE LOCAL HAZARD COMMUNITY PLANNING TEAM

MAPC worked witlocal officialso convenea local HazardMitigationTeam forDuxbury The
local teamis central to the planning process as it is the primary body taskeprewilling
relevant local data for the plan and reviewing timitigation strategy for the community. The
local team was tasked with working with MAPC to set plan goals, provide informatrdgicain
facilities andhe hazards that impact theown existing mitigation measures, dradpto develop
new mitigation measures for this plan update. The Local Hazard Mitigation Planning Team
membership can be foundTiable5 below.

TheDuxburyHazard Mitigation Planning Team met four times on the dates listed below. The
agendas for these meetings are included in Appendix B.

A Decemberl2, 2024: discussd the project overview and update local hazard areas and
critical facilities inventory

A March 13 2025: updated hazard mitigation goals and existing mitigation measures

A July 28, 2025: updated the recommended mitigation strategies from the 2018 HMP
and prepare for Public Meeting #1
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A November 19 2025: develod new recommended mitigation measures for thé& 202
plan update and prepard for Public Meeting #2

Table5: Membership of theDuxbury Hazard Mitigation Team

Name ‘ Position

René Read Town Administrator

Matthew Heins Planning Director

Michael Carbone Police Chief

Jake Emerson Harbormaster

Lauren Hache Assistant Health Agent

Emily Hadley Principal AssistanPlanning

Danielle Klingaman Superintendent of Duxbury Schools

Cris Luttazi Executive DirecterDuxbury Beach Reservation
Brian Monahan Deputy Fire Chief

Joanne Moore COA Director

Nancy O'Connor Executive Assistant to TM (Communications PO(
Rob Reardon Fire Chief

Nancy Rufo Conservation Administrator

Sheila Sgarzi DPW Director

Katie St. Clair Facilities Director

Steve Studley Recreation Direction

Jim Wasielewski Director of Municipal Services

Lisa Freeley Director of Business and Finance, School Dept.

The Duxbury Planning Board and the Duxbury Conservation Commission are the primary entities
responsible for regulating development in town. Feedback from the Planning Board and the
Conservation Commission was assured through the participatioRlahtiiegDirector the

Conservation Administrator and the Town Manager, as well as other local public safety officials
including the &pt. of Public Workd{ealth Department, Facilitibgector FireChief PoliceChief

and Harbormaster. In addition, MAPC, the Stkgsignated regional planning authority for

Duxbury, works with all agencies that that regulate development and infrastructure in the region,
including the listed municipal entities and state agencies, shelassDOT and the

Department of Conservation and Recreation.

PUBLIC MEETINGS

Public participation in the hazard mitigation planning process is important, both for plan
development and for later implementation of the plan. Residents, business owners, and other
community members are an excellent source for informationtasttineeabnd potential impacts

of natural hazard events and particular vulnerabilities the community may face from these
hazards. Their participation in this planning proalesduilds understanding of the concept of
hazard mitigation, potentially creating support for mitigation actions taken in the future to
implement the plan.

To gather this information and educate residents on hazard mitigatidioythieosted two public
meetingsThe public had an opportunity to provide ingutingthe planning processt meeting
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hosted by the Duxbury Select Boar May 5, 20%5. The draft plan was presented at a second

public meeting o8eptember 8, 2026, also hosted by th8electBoard The draft plan was

available onlinefor the public to reviewand comments were invited to be sent to a dedicated

project emailDuxburyResilience@mapc. dB@thpubllcmeetlngs were publicized accordance

withthe Massachusetts Public Meetingdrasyp u b | i ci zed on the Townds w
media,as well as bydirect outreacho stakeholderby email A Media Advisory was also sent to

the local pressSee public meeting notices in Appendix C

LOCAL STAKEHOLDER INVOLVEMENT

TheTowrnreacted out to local stakeholders that might have an interest in the Hazard Mitigation
Plan including neighboring communities, agenoresjunity organizatiqgremd other interested
parties. Notice was sent to the following organizations and neighboring municipalities inviting
them to review the HazamditigationPlan and submit comments toTtbhe/n:

Table6: Duxbury Community Stakeholders

GaUIYeYWWwe t + Rt qUT Wx R2RAINDME | !LLIN @ dIALEE dRLD T & A

7¢l W el GW~YUqUtt YIRW HENBGUI W qaqdlHAYI YWNI ¢ Ut R
7¢! WAcq6WANGeAWAW 21+t ROUDWODMWGUIWIIIL WS! + qiJl t W
7¢lt RTIW~¢l ROcWOY!I GYIl 6 fRVUWAR21II Wi ¢qldl + 61T W -
7Y 61t Wf Ut 2l ¢cURD xYPAY RUqW~¢l ROe¢
?2eF+Hel ' W7¢! W~¢UeNPGUWUqMP &G LUROT RIEYe q6 WWAR2 11 Wi ¢
?e2+Hel ! W7¢! W~¢l ROROUVWWEHMB MY YOG YU! WAGE¢ UURUNDWI Ya U
2eF+Hel ' W7 WecHSWANL Ul 2¢cqRYUAWABRID Wi ¢cqdl t 6137 W +
?eF+Hel ' W7et RUWDHY W +t YRRPGRU g W~¢ | RU¢
?2e2F+Hel ' WO9B6COHDI WYNWOYaG&WsWe Ul WEYeq6 WAR21JI Wi ¢
?22%Hel ' WOYaGdaURqg! WAl DEDT 8 fRYOWAIXG G UURUNDW9 Ye U
?e2f+Hel l W9YeURROIWYUW NRYBQSWESY! DW9E¢cGHIII WY™n W9
?e2F+Hel ' W ROCURIDWOYUGORH\OUOWYnWuRUNt qYU
?2%Hel ! WcRt qYl RACOWI YRAYROWRNM~cI t 631301
?2+Hel ! Wx YHRAcCOWCRI qYI RRWS BlWh RAGWANVYG R + RYU
?e*Hel ! W~-YI qnenit NYs OWYnWAG! GYea qé
?e¥Hel ! WAzl ¢dWwe Ul We Rt @ELIJRHTCEU]JEU}(EIRIJD]'
78¢HelIMEHOYYungUGRmmeT G¢cUT Yt WNI 2t qWYnWEYe qb
?22%+Hel | WEWNECsCOOGWIYAGAaRaallld

See Appendix C for public meeting notices. The draft Hazard Mitigation P2&n\2( posted
online on the project web pader the second public meetingSeptember 226. Members of
the public could access the draft document and submit comments or questions to the Town
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CONTINUING PUBLIC PARTICIPATION

Following th@pproval of the 2026 updatedplan, thelocal Hazard Mitigation&am will
continue to provide residents, businesses, andstdkeholders witthe opportunity to
learn about the hazard mitigation planning process and to contribute information that will

update the

townds understanding of | ocal

As review of the planare conductedy the Hazard Mitigation Team, these will be

pl aced on

the Townds web sMigaionTeam will ba ny

publicly noticed in accordance with town and state open meeting laws.

PLANNING TIMELINE

PLANUPDATE PROCESS 2&28

Decembed?2, 2024

1stMeeting of theDuxburyHazard Mitigation Team

March13, 2025

2nd Meeting of theDuxburyHazard Mitigation Team

May 5, 2025

Public Meeting #1 hosted by the Select Board

July28, 2025

3rd Meeting of theS DuxburyHazard Mitigation Team

November 192025

4th Meeting of theDuxburyHazard Mitigation Team

Septembef8, 2026

Public Meetingt2 hosted by the Sele&oard

TBD

Draft Plan Update submitted to MEMA

TBD Revised Draft Plan submitted to FEMA

TBD Notice ofApprovalPending Adoption issued by FEMA
TBD Adoption of the Plan by the Town

TBD FEMA Formal Approval of the plan for 5 years

PLANIMPLEMENTATION MILESTONE$-312

After this plan update is approveay FEMA for a fiveyear period, theTownshould take
note of the following milestones for the ongoing implementation, review, and updating of

this plan
2028 Conduct Midrerm Plan Survey on Progress
2029 Seek FEMA grant to prepare next plan update
2030 Begin process to update the plan
2031 Submit Draft 281 Plan Update to MEMA and FEMA
2031 FEMA approval of 281 Plan Update
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SECTION 4: RISK ASSESSMENT

The risk assessment analyzes the potential natural hazards that could occur Wahin the
as well as the relationship between those hazards and current land uses, potential future
development, and critical infrastructure. This section also includes a vulnerability
assessment that estimates the potential damages that could result fromacgetaicale

natural hazard events. In order to upd&@exbury s r i sk assessment, MA P (
most recently available hazard and land use data and met with the Local Team to
identify changes in | ocal hazard areas and d

damage estimation software, Hazards US (HAZUS).

The projected impacts of our warming climate on natural hazards are integrated

throughout this risk assessment. Key impacts include rising temperatures, which in turn

affect precipitation patterns and extreme weath®&®nalysis of these impacts included in

this plan aligned closely with the data and
Hazard Mitigation and Climate Adaptation PI
Climate Change Assessment.

a

nGl obal climate i s changing rapidly <c

that have occurred throughout Earthos

by about 1.8°F from 1901 to 2016, and observational evidence does not support

credible natural explanations for this amount of warming; instead, the evidence

consistently points to human activities, especially emissions of greenhouse-or heat

trapping gases, as the dominant <cause
Fourth National Climate Assessment, 2018 (Chapter 2

CLIMATE CHANGE OBSERVATIONS AND PROJECTIONS

Climate change observations come from a variety of data sources that have measured
and recorded changes in recent decades and centuries. Climate change projections,
however, predict future climate impacts and, by their nature, cannot be observed or
measurd. As a result of the inherent uncertainty in predicting future conditions, climate
projections are generally expressed as a range of possible impacts.

TEMPERATURE

Our climate has always been regulatey gases, including carbon dioxide, methane, and

nitrous oxide, which blanket the earth. These gases trap heat that would otherwise be

reflected out to space; without them our planet would be too cold to support life. We

refer to theseegaaess@as( 6ldée)le nfhowmust heir heat
combustion of fossil fuels, our primary energy source in the age of industrialization,

releases GHGs into the atmosphénethe past century, human activity associated with
industrialization has contributed to a growing concentration of GHGs in our atmosphere.

Records from the Blue Hill Observatory in Milton, MA show that average temperatures
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(30-year mean) have risen approximately 3 degrees (F) in the almost 200 years since
record keeping began in 1831. See Fig®elow for more information.

Figure3: Observed Increase in Temperature

BLUE HILL OBSERVATORY ANNUAL TEMPERATURE 1831 2022
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Minimum: 5.8 deg C (42.5 deg F), 1875
Record Mean: 8.4 deg C (47.1 deg F)

Note: Plot includes temperature data for 1831-1884 from Milton and Canton that were adjusted to the Blue Hill summit location.
Michael J. lacono, Atmospheric and Environmental Research / Blue Hill Observatory

Climate projections include an increase in average temperature and in the number of
extreme heat day$Figured). Extreme cold days are projected to decrease in number. By
2030, the summer mean temperature could increase by 3.6°F from the historical period
(1950-2013). By 2070, there could be 58 fewer days below freezing, which could lead
to an increase in ticks. Byd-century, the State anticipates about 25 more days per year
where the temperature exceeds°g0for inland areas, and about 19 more days above
90°F for coastal areafCommonwealth of Massachusetts, 2022)

Figure4: Change in the Annual Number of Days Over 9 Compared to Today

80 days ® Inland T
A Coastal
60 days
&
40 days
20 days ; { E
0 days oA : ' :
Current 2030 2050 2070 2090

Sources: 2022 MA Climate Change Assessment and Stochastic Weather Generator
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These changes could result in Massachusetts summers feeling like a more southern state, as
described in the infographickigure5f r om t he Stateds 2022 Cli mat
Assessment.

Figure5: Change in Average Summertime Temperatures for Massachusetts

Massachusetts summers are
projected to be warmer in HISTORICAL

(1950-2013)

Hot days felt
like 81°F

the future and will start to
feel like current summers
in other states in the South-
eastern U.S. By 2030, the
average summertime
temperature will feel like _
summers in New York; by ‘ | 2050
2050, like Maryland; by 2070, I o 2 Hot days
like North Carolina; and by i ‘ :’:"l: :;?'F
2090, summer in Massachu-

setts could feel like summer
in Georgia today.

2070

Hot days
will feel

Humidity will also change - like 99°F

while the high temperature
on historically hot Massa-
chusetts summer days (from
1950 to 2013) felt like 81°F,
by 2050 it could feel like
94°F, and by 2070, it could
feel like 99°F.

Source: 2022 MA Climate Change Assessment

PRECIPITATION PATTERNS

Annual precipitation in Massachusetts has increased by approximately 10% in-the fifty
year period from 1960 to 201Q(MA EEA, 2011Moreover, there has been a significant
increase in the frequency and intensity of large rain events. For the Northeast US,
according to the Fourth National Climate Assessment 2018, in the past sixty years there
has been a 55% increase in the amount ofueh precipitation that falls in the top 1% of
storm events, as shown in Figubelow (US Global Change Research Program, 2018)
Changes in precipitation are fuelbgt warming temperatures which increase evaporation
and, therefore, the amount of water vapor in the air.
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Figure6: Observed Change in Total Annual Precipitation in the Heaviest 1% Events

1958—-2016

Source: Fourth National Climate Assessment, 2018
Numbers circled in black indicate % change.

Massachusettsd 2022 Climate Change Assessmen

will see a future increase in annual total precipitation of less than 8% per year. Most of
these increases are anticipatedring the winter months (see Figubelow).

Additionally, the historic 10% annual chance daily rainfall eventf2.80 6 of r ai n) <co

occur four times more frequently by 20@bmmonwealth of Massachusetts, 2022)
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Figure7: Change in Annual and Seasonal Precipitation in 2070 Compared to Today

Annual

Change in Precipitation
by 2070
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Summer Winter

Source: 2022 MA Climate Change Assessthenturrerdimate is the 1988005 era, the projection for
2070 is for a 2@year era centered on 2070. Maps show LOCA downscaled GCM projections at the 50th
percentile across 20 LOCA GCMs that overlap with the GCMs used in the Stochastic Weather Generator.

Despite overall increasing precipitation, more frequent and significant summer droughts

are also a projected consequence of climate change. This is due to projections that

precipitation will increase in winter and spring and decrease slightly in the samdpaesr

a result of earlier snow melt, and higher temperatures that will reduce soil moisture.
Massachusettsd 2022 Climate Change Assessmen
by region. Thé&lorth and South Shore region whBxexburyis located may experience

slightly more consecutive dry days, and significantly more days without rain per year, by

2090 (Commonwealth of Massachusetts, 228 Figur® below for more information.
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Figure8: Consecutive dry day events (number of multiptiry-day events per year)

Panel A: Consecutive dry day events (number of multiple-dry-day events per year)

Region Baseline 2030 2050 2070 2090
Berkshires & Hilltowns 29 29 30 30 31
Greater Connecticut River Valley 31 31 32 32 33
Central 32 32 32 33 33
Eastern Inland 32 32 32 33 33
Boston Harbor 31 31 32 32 33
MNorth & South Shores 31 31 32 32 33
Cape, Islands, & South Coast 31 31 32 32 33
Statewide 31 31 31 32 33
Statewide Percent Change 0% 1% 2% 4% 6%

Source: Stochastic Weather Generator

Panel B: Annual number of days without rain (days per year)

Region Baseline 2030 2050 2070 2090
Berkshires & Hilltowns 159 161 165 167 170
Greater Connecticut River Valley 171 172 175 178 181
Central 180 182 185 188 192
Eastern Inland 186 181 185 188 193
Boston Harbor 192 185 192 154 198
North & South Shores 184 182 187 150 195
Cape, Islands, & South Coast 186 182 187 191 194
Statewide 176 175 179 182 187
Statewide Percent Change 0% -1% 2% 3% 6%

Source: 2022 MA Climate Change Assessrhembwn oDuxburyis located in thiorth & South Shores

region

SEA LEVEL RISE

Highlevel information on sea level rise is discussed here as the town as well as the

regional economy of the Boston Metro area may be impacted by sea level rise in the

future. Warming temperatures contribute to sea level rise in three ways. First, vi@rm wa

expands to take upnore space. Second, rising temperatures are meltingokzset! ice

which enters the oceans as melt water. A third, quite minor, contributor to sea level rise in

New England is not related to climate change. New England is still experiencing a small
amounbf land subsidence (drop in elevation) in response to the last glacial period.

NOAAGs records from the Boston Tide Station
the past century. See FigW@delow for more information.
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Figure9: Observed Increase in Sea Level Rise
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The sea | evel rise information i n Ma

ssachuse

considers sekevel changes, lankével changes, and other regional facts that can impact
the rate of change. The report includes the following approximate sea level rise
projections for the State:

1 Northern Massachusett21 inches by 2050, and 43 inches by 2070
1 Southern Massachusett23 inches by 2050 and 45 inches by 2070

The 2022 Climate Change Assessraksat quantified the developed land area flooded

for events including:

1 the 20year (5% annual probability)
1 100-year (1% probability)
1 1000-year (0.1% probability) events

This approach found that the area flooded by the current 1Y event is comparable
to the area of a 2Qyear event by 2050. Even moegeascould be impacted by the

annual probability event by 2070. See Figur@ lelow for more information.
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Figure 10: Total Flooded Area of the Commonwealth for Selected Events

90,000
80,000 .
70,000 @
50,000
g o
s 50,000 @ --------m=m==mmmmmmmmmen -
o
o 40,000 Current 1,000-year event becomes
5 like the 20-year event by 2050.
=]
9 30,000
20,000
10,000
Current 2030 2050 2070

20-year 100-year & 1,000-year
Source: 2022 MA Climate Change Assessment

CLIMATE CHANGE AND HAZARD MITIGATION

Following the outline of the Massachusetts State Hazard Mitigation and Climate
Adaptation Plan (SHMCAP), this local hazard mitigation plan organizes consideration of
natural hazards based on their relationship to projected climate changes.

Table7 below, which is originally from the 2018 SHMCAP, summarizes the natural
hazards reviewed in this plan, climate interactions, and expected impacts.
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Table7: Climate Change & Natural Hazards

Primary Climate
Change Interaction

Natural Hazard

Other Climate Change
Interactions

Representative
Climate Change Impacts

Inland Flooding

Extreme Weather

d
8, Rising
a l ' l I Drought Temperatures,
Extreme Weather
Changes in
Precipitation Rising
Landslide Temperatures,

Extreme Weather

Flash flooding, urban flooding, drainag
system impacts (natural and human
made), lack of groundwater recharge
impacts to drinking water supply, publ
health impacts from mold and worseng
indoor air quality, vecteborne diseases
from stagnant water, ineased potential
for loss of life, episodic drought, chang
in snowrain ratios, changes in extent
and duration of snow cover,
degradation of stream channels and
wetland

Sea Level Rise

Coastal Flooding

Extreme Weather

Coastal Erosion

Extreme Precipitation

Increase in tidal and coastal floods, stg
surge, coastal erosion, marsh migrati
inundation of coastal and marine

Rising
Temperatures

Tsunami Rising Temperatures ecosystems, loss of wetlands
Average/Extreme / Shifting in seasons (longer summer, e
Temperatures N/A spring, including earlier timing of sprin
peak flow), increase in length of growi
Wildfires Changes in Precipitatio season, increase of invasive specie

Invasive Species

Changes in
Precipitation, Extreme
Weather

increase in vectdrorne illnesses (Wes
Nile, Zika, EEE), ecosystem stress, ef
brownous from higher energy demand
more intense heat waves, public hea
impacts from high heat exposure anc
poor outdoor air quality, increased
potential for loss of life, drying of
streams and wetlands, eutrophication
lakes andponds

Extreme Weather

Hurricanes/Tropical
Storms

Severe Winter Storm |
Nor deas:

Tornadoes

Other Severe Weather
(Strong Wind &

Thunderstorms)

Rising Temperatures,
Changes in
Precipitation

Increase in frequency and intensity ¢
extreme weather events, resulting ir
greater damage to natural resources
property, and infrastructure, as well g
increased potential for loss of life
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PLANUPDATE PROCESS

In order to updatdDuxburg s r i sk assessment, MAPC gathered
hazard and land use datkcom federal and state sourcasd met with Tovins Haz ar d
Mitigation Teanto identify changes in local hazard areas and development traings.

local Team alsceviewed critical infrastructure with MAPC staff in order to create-an up

to-date inventory and accompanying GIS m&APC also used the most recently

available version oF E M NA&Z&)SVIH program(described belowjo assessed the

potential impacts dflurricanes, Tornadoes, and Flooding

OVERVIEW OF HAZARDS AND IMPACTS

The risk assessment analyzes the potential natural hazards that could occur within the Town
of Duxburyas well as the relationship between those hazards and current land uses,
potential futuredevelopment, and critical infrastructurbis updated plan also recognizes

that dimate change is projected to have significant impacts on many natural hazards in
Duxbury The Resilient MA PI&023), the Massachusetts Climate Change Assessment
(2022), andthe Sate Hazard Mitigation and Climate Action PlaHNECAR2018) are

key planning documents that examine natural hazamdsclimate trendthat have the

potential to impact the Commonwealth. The 2013 State HMP set the stage by defining
considerations such as frequency and severity and summarizing the frequency and severity
of hazards of greatest concern. The 2018 SHMCAP used similar cefifatibazard
considerations and expanded on this research by including additional climate projections.
Because the 2013 State HMP includes definitions that were not specified in the SHMCAP,
both resources are referred to in this report.

Table8 below summarizes the hazard risksdakbury with reference to the hazards in
Massachusettfhis evaluation takes into account the frequency and severity of each
hazardfor Massachusetts afmixbury based on available data, including:

A Statelevel data, including the Resilient MA Plan, the 2022Climate
Change Assessment, and 2018 SHMCAP.

A Countylevel dataf r om NOAAGs Nati onal Climatic
Events Database fétlymoutiCounty (wher®uxburyis located)

A Locatlevel informationincluding input from the Local Team, the hazard
mapping included in Appendix A, and the HAZUS results.

The statewide hazard risk assessment is based on the definitions for hazard frequency

and severity listed below. The statewide assessment was modified to reflect local
conditions iDuxburyusing the same criteria.
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Definitionsof Hazard Frequency and Severity
Frequency
Very low: Very unlikely; minimal examples of historical occurrences.
Low: Likely to occur at least once by the end of the century; some examples of historical occurrer
anticipated every 100 years.
Medium: Likely to occur at least once every 50 years (two or more occurrences in the next centur
High: Almost certain to occur at least once a year.
Very High: Almost certain to occur multiple times a year.

Severity

Minor: Limited and scattered property damage; limited damage to public infrastructure and essen
services not interrupted; limited injuries or fatalities.

Serious:Scattered major property damage; some minor infrastructure damage; essential services
briefly interrupted; some injuries and/or fatalities.

ExtensiveWidespread major property damage; major public infrastructure damage (up to several
days for repairs); essential services are interrupted from several hours to several days; many injy
and/or fatalities.

CatastrophicProperty and public infrastructure destroyed; essential services stopped; numerous

and fatalities.

Table8 - Hazard Risks Summary

Hazard Frequency Severity
Massachusetty Duxbury Massachusetts Duxbury
Coastal Flooding Very High Very High SeriousExtensive | SeriousExtensive
Coastal Erosion Very High Very High SeriousExtensive | SeriousExtensive
Flooding- Precipitation | Very High High Serious Serious
Dam failures Very Low Very Low Extensive Minor
Tsunami Very Low Very Low Extensive Extensive
Catastrophic Catastrophic
Hurricane/Tropical Stor Medium Medium Serious Serious
Catastrophic Catastrophic
Tornadoes High Low Serious Extensivg Serious
Other Severe Weather | Very High High Minor- Extensive | MinorSerious
Thunderstorms/Hail
Winter Hazards- High High Minor- Extensive | MinorExtensive
No r 0 éBlizgards r
Winter Hazards-Ice Medium Medium Minor- Extensive | MinorSerious
Storms
Earthquakes Medium Medium Serious SeriousExtensive
Catastrophic
Landslides High Very Low Minor- Extensive | N/A
Wildfire/Brushfires Very High High Minor- Extensive | MinorSerious
Extreme Temperatures | Very High Very High Minor-Serious MinorSerious
Drought Medium Medium Minor- Serious MinorSerious
Invasive Species High High Minor Minor
Changes in Groundwate High Very Low Serious N/A

SourcedResilient MA Plan (Frequency), State Hazard Mitigation Plan 2013 (Severity),
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Not all hazards listed in the Resilient MA Plan affect the Tolduaxbiury Landslides,

while theoretically possible, have never occurred and the town is rarikexd w
Susceptibilityo frelieftetramnondtiselcoast.eLand gse nequlatioist s | 0
govern stabilization of slopes, and the Town did not conclude that additional mitigation

for landslides is warranted hanging groundwater levelgere also notlesignatel a

significant hazard iDuxbury USGS groundwater monitoring records show no trend in

lower groundwater levels over the last 50 years.

FLOODING HAZARDS

OVERVIEW OF TOWNDHE-LOODINGCOASTAL AND PRECIPITAHLORDING

Floodingwas the most prevalent natural hazard identified by local officidlgixbury

Gi ven t he Totherrdast, theovcissubjeot to two kinds of flooding; coastal
floodingand flooding from precipitatigrboth described belowCoastal flooding occurs
whenwind tide, and storm surgdsad to floodingin lowlying areasalong the shore and
tidal waterways, and floodinfrom precipitatioroccurs whetie rate of precipitation or
amount oktormwater runofbverwhelms the capacity of natural and structured drainage
systems to convey wateausing it to overflownd flood roads and adjacent properties
These two types of floodirgan becombinedvheninland flooding is prevented from
drainingto the seaby the push of tidelrivencoastalwaters

Importantly, coastal flooding and storm surge a#sgsesignificant damagéo Duxbury
Beach, the barrier beach which provides shoreline protection to the Towns of Duxbury,
Kingston, and Plymouth. Coastal storms cause overwash on the beach and dunes.
Consistent and persistent overwash with coastal storms could cause a pereastent b
the barrier beach and increase high energy wave action into Duxbunatiegting all

three communitieénot restored each year with beach nourishment and sacrificial dunes

Regionally Significant Floods
There have been a numbermagjor floods that have affected the Metro Boston region

over the last fifty years. Significant historic flood events have included those listed below
(NOAA, 2024)

s The Blizzard of 1978 s May 2006

¢ January 1979 s April 2007

v April 1987 s March 2010

s October 1991 1 December 2010

s December 1992 s March 2013

s October 1996 ¢ January 2018

s June 1998 s March 2018

s March 2001 ¢ June 2020

v April 2004
FLOODING FROM PRECIPITATION
Flooding is generallycausedy sever e rainstorms, hurricanes

thunderstorms. Severe rainstorms can peatround. Hurricanes are most common in the
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summer and early fall while Nordeasters are
exacerbate flooding during storm events. Climate change has the potential to exacerbate

these issues over time due to increasing extreme rainfall events. Increassgm ave

annual rainfall may also lead to more incidents of basement flooding caused by high

seasonal groundwater levels.

PreviousPrecipitationFlooding Events

The best available local data on previquecipitationflooding events iDuxburyare

from NOAAGs National Centers for Environment
which provides counkgvel records of natural hazards (see Tabtg PlymouttCounty,

which includes the TowrDafxbury experienced38 flood events from 200 62025.

There werenodeathsor injuries reported and the total reported property damage in the

county was $2.3 million dollars

Damages fronthetwo largest flood everst,the storms of March 201tbtaled $24.2

million or 98% of total flood damages foPlymoutiCounty ovetheentirel5 year

period from 2@0 to 2025. Tre 2010 storms were a federally declared disaster, making
federal disasterassistance available to residents who did not carry flood insurance. That
resulted irB4 disasterclaims in the Town Buxbury totaling$ $126,742.37. See section
below on the flood of 2010.

Potential damages from flooding in the Town
HAZUSMH program. The results, shown in T@piledicate potential building damages

from a 1%Annual Chance Flood (1-9@ar) at $20,66),000 and from a 0.2% Annual

Chance Flood (5069ear) at $22,860,000.

Table9 PlymouthCounty Flood Event2010 - 2025

Property

Date Deaths Injuries Damage $

3/14/2010 0 0 16,150,000
3/29/2010 0 0 8,070,000
4/1/2010 0 0 0
7/13/2011 0 0 5000
8/10/2012 0 0 30,000
5/11/2013 0 0 0
5/11/2013 0 0 0
6/7/2013 0 0 0
9/3/2013 0 0 0
3/30/2014 0 0 0
3/30/2014 0 0 0
10/22/2014 0 0 0
11/17/2014 0 0 0
5/31/2015 0 0 0
7/28/2015 0 0 15,000
9/10/2015 0 0 0
10/29/2015 0 0 0
5/30/2016 0 0 0
4/1/2017 0 0 5000
4/6/2017 0 0 5000
6/24/2017 0 0 1000
10/25/2017 0 0 0
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DE(] Deaths

10/25/2017

Injuries

Property
Damage $

10/29/2017

1/12/2018

o|o|Oo

11/3/2018

1000

4/15/2019

7/12/2019

7/22/2019

9/2/2019

1000

9/2/2019

1000

7/12/2021

9/2/2021

2000

11/12/2021

5000

8/5/2022

4000

8/18/2023

0

9/10/2023

0

1/10/2024

O|O|O|0O|O|O|O|O|O|o|o|o|o|o|o|o

O|O|O|O|O|O|O|oO|o|o|o|o|o|o|o|o

0

TOTAL

0

0

24,295,000

Source: NOAA, National Centers for Environmental Information

While coastal flooding is the main concern for Duxaeg section beloythe town is

impacted by several bodies of water that can flood during storms. These include Keene
Brook, the South River Reservoir, and the Chase Reservoir. Flooding is relativethy limited
this area and active land conservation and wetland protection measures in this area have
limited the exposure of homes and businesses to this type of flooding.

Another type of inland flooding that is an issue for Duxbury is flooding driven by

stormwater drainage. Particularly an issue in those parts of the town with greater levels of
imperviousness, this flooding occurs in areas where the storm drain pipedeangsitely
sizedcompared to the level of stormwater runoff. Exceptionally high tides can also

effectively bl ock

t hese

storm-dimgai n

systems,

geography. Combined with the watershed from neighboring towns, the Duxbury area can
accumulate great deal of water in a short amount of time during heavy rains, severe

storms, and in the spring season.

Most severe flooding event within last 15 years

The most severe flooding evenEastern Massachuséttshe lastl5 years occurred
during March 2010, when a total of7Z7 inches of rainfall was recorded by tBéue Hills
Observatory from three storms over 19 days from March 13 to13te weather pattern

that consisted of early springtime prevailing westerly winds that moved three successive
storms, combined with tropical moisture from the Gulf of Mexico, across New England.
Torrential rainfall caused March 2010 to be the wettest montrecord.

The March 2010 rainstorms fit the profile of a typesefere precipitatiorvent
expected to increase in frequency as the climate warms. That is, significant precipitation,
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falling in late winter as rain rather than snow, on frozen ground, and while vegetation is
still dormant.

One indication of the extent of flooding is the measured stream discharge at the nearest
USGS streamflow gauging station, which is on the Jones River in neighboring Kingston, MA.
Figurell illustrates that March010 had two streamflow peaks about400 cubic feet

per second (cfs) in mMarch and 390 cfs in late March. By comparison, the median
discharge for March is about 50 cés shown on Figuré.1

Figurell: JonesRiverUSGS Discharge (cfsylarchrApril 2010

USGS 01105870 JONES RIVER AT KINGSTON, MA
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Source, US Geological Service, National Water Information System

COASTAL FLOODING

Coastal flooding is associated with severe coastal storms that, through the combination of
winds and tides, drive tidal waters to higher levels than normally experienced. This can
lead to the inundation of lelying land areas and the overtopping of seaisaDuxbury

has extensive exposure to coastal flooding and flooding along large stretches of its
coastline can be a relatively frequent occurrence.

All of the repetitive loss sites in Duxbury are located near the Atlantic Ocean, with the
greatest concentration along Gurnet Road. This area is particularly vulnerable because
coastal flooding occurs in two directions, flooding from the beach side of thénmaght

and over the sea walls, and from inundation from the Great Marsh and Duxbury Bay.
Frequent pumping of a low area constructed by the local residents to capture stormwater
and floodwater is requireth the Gurnet Road portion of Duxbury close to the Marshfield
town line, and gaps in the Marshfield sea wall during storm events further contribute to
localized flooding along Plymouth Avenue. Other areas repeatedly prone to coastal
flooding include thertsig Harbor business district, Mattakeeset public boat landing, King
Caesar Road, Bay Roadnd Gurnet/High Pines on Duxbury Beach.
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Importantly, coastal flooding and storm surge also cause significant damage to Duxbury
Beach, the barrier beadhatacts as a flood barrier for Duxbury, Plymouth and Kingston

Bays, attenuating high wavasd providing shoreline protection to the Towns of Duxbury,
Kingston, and Plymouth. Coastal storms cause overwash on the beach and dunes.
Consistent and persistent overwash with coastal storms could cause a permanent breach of
the barrier beach and increase high enevggve action into Duxbury Bay if not fully

restored with beach nourishment and sacrificial dunes.

Previous Coastal Flooding Events

The best available local data for previous coastal flooding occurrenuesided bythe
NOAA National Centers for Environmental InformaigmouttCounty, which includes
the Town oDuxbury experiencedb5 coastal flood events from P68 through 203 (see
Table10). No deathsnd threeinjuries were reported and the total reported property
damage in the county wa4.$.1 million dollarsThe top three storm evems2010,
2013, and 2015account for $85% if total property damage for the periofl 2006-
2025.

Table10: PlymouthCounty Coastal Flood Events, 26-2025

- Property

1/31/2006 0 0 60,000
4/16/2007 0 0 10,000
4/16/2007 0 0 5,000
4/17/2007 0 1 15,000
3/8/2008 0 0 5,000
10/18/2009 0 0
1/2/2010 0 0
2/25/2010 0 0
3/4/2010 0 0
3/15/2010 0 0
10/6/2010 0 0
11/8/2010 0 0 1,000
12/27/2010 0 0 2,200,000
10/30/2011 0 0 10,000
11/23/2011 0 0
6/3/2012 0 1 35,000
6/4/2012 0 0 40,000
10/29/2012 0 0 967,000
12/27/2012 0 0
2/9/2013 0 0 9,200,000
3/7/2013 0 0 500,000
12/15/2013 0 0
1/2/2014 0 0
1/3/2014 0 0
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- Property

3/26/2014
10/22/2014
10/23/2014

11/2/2014

1/27/2015

2/15/2015

10/2/2015

1/23/2016

1/24/2016

2/8/2016
1/4/2018
1/30/2018
3/2/2018
3/8/2018
10/27/2018
11/25/2018
1/20/2019
4/3/2020

9/22/2020
12/17/2020

2/2/2021
10/27/2021

1/17/2022

1/29/2022
12/23/2022

1/23/2023
12/18/2023

1/10/2024

1/13/2024

3/10/2024

4/4/2024

TOTAL 0 $15,135,000
Source: NOAA, National Centers for Environmental Information
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The frequency and locationsanfastalflood events in Duxbuigan also be indicated by

the reported loss occurrences for repetitive loss properties and from local knowledge

captured through discussion with local staff and the public during identification of local

flood hazard areas. Based on these factors, flooding occurs most oftenha&@ugan

shoreline, where even a relatively srstdkm can lead to very high tides and overwash

seawalls and dunes, and imamber of lowlying neighborhoods throughout the town. In

particular, winter storms in 1978, 1979, 1987, 1991, 1992, 2005, 2007, 2010, 2013,

2015, and 2018 all led to extensivedlod i nsur ance c¢cl aims i n Duxb:
prone areas.
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n this seri es neoftke mososigmiisant
coastal flooding eveabn recordOn February 63, 1978, New England was battered
by one of the most severe winter storms on record. The storm produced record snowfall in
many areas. Spring high tides, a stationary storm center, and hurricane force winds
combined to produce record high coastal flood levels along much of coastliteuamy-e

t

he

7. Tidal gages recorded new highs of 10.4 feet in Boston. Fifty five lives were lost and

property damagein Massachusetts was greatest north of Cape Cod. The total cost of the
stornii principally property damage, snow removal, and economic fosggsoached

$1billion.

In 1979 the US Geological Survey published an assessnteghwfater marks

documented along the coastMé&ine, New Hampshire and Massachusgtts assessment
includegenpoints in the Town &fuxbury shown ifrigurel?2.

Figure12: Duxbury Flood Elevations and HighWater Marks for Feb. 7, 1978

307 2.09
308 9.16
309 10.6

310 .48
31 9.37
312 10.83
313 10.16
314 9.87
315 10.55
316 8.7

Source: USGS, Coastal Flood of 1978 in Maine, New Hampshire and Massachusetts, 1979

Lat 42903'58", long 70°40'40", Duxbury, Mass., Little Wood Island
River, excellent debris line, paint, nail, tag at base of tree seaward
of pole 462 on State Route 139, | mi east of Moraine Street. Photo.
Tidal surge.

Lat 42°03'24", long 70°4]'02", Duxbury, Mass., Dug Way River, good
debris line, silver paint, nail, tag at base of polel7 on Duck Hill
Road 0.4 mi east of Moraine Street. Photo. Tidal surge.

Lat 42°03'06", long 70°40'20", Duxbury, Mass., Dug Way River,
Duxbury Marsh, good debris line, paint, nail, tag on third tree
seaward from Bay Road 0.2mi north of intersection with George
Street. Two photos. Tidal surge.

Lat 42002'49", long 70039'05", Duxbury, Mass., Back River behind
Duxbury Beach, poor debris line at west end of Powder Point
Bridge. Elevation is an approximation, water level approached the
top of the bridge. Wave action.

Lat 42002'23", long 70°40'35", Duxbury, Mass., Bluefish River, good
ice line, silver paint mark on right downstream side of Bluefish
River culvert under Harrison Street near intersection of Bay Road,
pole 30 across street. Photo. Tidal surge.

Lat 42002'53", long 70°40'19", Duxbury, Mass., Bluefish River, good
debris and wash line, paint, nail, tag on second telephone pole on
south side of Powder Point Road east of intersection of Cove Street
and Abrams Hill Road. Photo. Floodmark consistent with other
floodmark elevations along bank. Probably tidal surge.

Lat 42°01'38", long 70°40'18", Duxbury, Mass.,, Duxbury Bay,
excellent debris line, paint, nail, tag on piling at end of Shipyard
Lane about 150 ft south of Ellison Beach Rock monument. Photo.
Tidal surge.

Lat 42°01'3", long 70°940'19", South Duxbury, Mass., The Nook,
Kingston Bay, excellent debris line, paint, nail, tag in base of clump
of small trees about 50 ft southwest of pole 704 on Bay Road, 0.3 mi
west of Standish Street. Photo. Tidal surge.

Lat 42°00'44", long 70942'02", South Duxbury, Mass., Kingston Bay,
good to fair debris line, paint, nail, tag 2.5ft above base of last
telephone pole on right, at end of Landing Road. Probably some

effect from wave bore.

Lat 40000'32", long 70942'46", South Duxbury, Mass., Miramar, Island
Creek, Kingston Bay, excellent debris line, silver paint on left
downstream wingwall of Island Creek culvert on Bay Road, about

30 ft southwest of pole 770. Photo. Tidal surge.
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There were several significant coastal storndamuary and March d2018. On January

4, 2018 Duxbury experienced significant fl oo
coincided with astronomical high tides and resulted in a surge, recorded at the Boston tide

station, of 15.16 fedt higher than the highest surge from the Blizza®@8. In March

2018, the Greater Boston Region, and in partictlarSouth Shore, suffered from major
nordeasters that fl ooded homes and business,
thousands without power. The storm surgetireMar ch 3 nor deaster was
on March 5, part of Duxburyds seawall col |l ap

Local Flood Hazard Areas (Inland and Coastal)

Information on potential flood hazard areas was taken ft@msources. The first was the
National Flood Insurance Rate Maps (FIRM). The FIRM flood zones ave $hapv8 in
Appendix A and their definitions are listed below. The current FIRM maps in effect in
Duxbury are dated July 9, 2021 except for several FIRM paalelsg the immediate
coastdated 2016.

Flood Insurance Rate Map Zone Definitions

Zone A (1% annual chance): Zone A is the flood insurance rate zone that corresponds
100-year floodplains that are determined in the Flood Insurance Study (FIS) by appro
methods. Because detailed hydraulic analyses are not performed for such@igEsn
(base flood elevations) or depths are shown within this zone. Mandatory flood insuran
purchase requirements apply.

Zone AE and A1A30 (1% annual chance): Zones AE anéhBQ are the flood insurance
rate zones that correspond to the 1@@ar floodplains that are determined in the FIS by
detailed methods. In most instances, BFEs derived from the detailed hydraulic analys
shown at sektted intervals within this zone. Mandatory flood insurance purchase
requirements apply.

Zone X500(0.2% annual chance&jone X500 is the flood insurance rate zone that
corresponds to the 50¢ear floodplains that are determined in the Flood Insurance Stud
(FIS) by approximate methods. Because detailed hydraulic analyses are not performej
such areas, no BFEs (base flglegtations) or depths are shown within this zone.

Zone VE(1% annual chancefone VE is the flood insurance rate zone that correspond
the 100year coastal floodplains that have additional hazards associated with storm wa
BFEs derived from the detailed hydraulic analyses are shown at selected intervals wit
zone Mandatory flood insurance purchase requirements apply.

Locally Identified Areas of Inland and Coastal Flooding

The second source of information on local flooding wd3utkieuryHazard Mitigation
Team. The Team identified local areas subject to flooding in tieer2@ard Mitigation
Plan, and they updated the identified flood hazard areas for this&28azard

Mitigation Plar(see Tablel1). These areas do not necessarily coincide with the flood
zones from the FIRM maps. They may be areas that flood due to inadequate drainage
systems or other local conditions rather than due to location within a FIRM flood zone.
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hazard map series found in AppendixTe numbers do not reflect priority order.

Tablel11: Locally Identified Areas of Flooding

Map :
D Site

1 Gurnet Road

This area experiences flooding along the coast that is primar

Description

i mpacted by nordeaster stor
wave overwash from the sea during storms, along with back
water and still water flooding. Damages have included loss ¢
homes and redeénts were evacuated at times. Therenis a
approximately5,000-foot long sea wall running along the coa
here, but portions of the wall are missing or in disrepair in at
least two section$he sawall is currently in the construction
phase and will be completed by 2026fficials estimate that
there is flooding here two or three times per year and a need
condemn homes at least once every ten yg@aexe islso
significant flooding from the bay side

2 Duxbury Beach

The Duxbury Beach Reservation (DBR), Inc., is the nonprofi
owns and manages the 4.5 n{{B50+ acre) barrier beach that
lies to the east of Duxbury Bay and protects 14.95 miles of
densely constructed Duxbury shoreline. The beach acts as g
barrier for Duxbury, Plymouth and Kingston Bays, attenuatin
high waves as they move toward Duxbtaryhe west. The
Reservation has a comprehensive coastal resiliency plan to
proactively maintain the barrier beach, which safeguards the
community, whenever funding and materials are available.
Between 2022 and 2024, Duxbury Beach Reservation dedic
more than $2.8 million each year, on programs and projects
preserve the beach and the
residents. The barrier beach is also the only means of travel
the Gurnet and Saquish Point, with approximately 250 home
in Plymouth near Duxburyos

Powder Point Ave,
3 | Washington and St
George Streets

Still water and hightides i ncl udi ng 0 &ausan
roadway flooding at this spot, hindering access to homes an
through the area by vehicles. There are also two homes in th
area that have been flooded in the past.

King Caesar Road

Flooding is caused by tidal wave action from the south.

4 Powder Point Ave,
This commercial district in town is a flooding concern with th
roads, homes, and businesses in the area all being subject t
damage during extremely high tides and storm events. A Sn
5 Snug Harbor Harbor Resilience Plan was prepared in 2019, and the Town

currentlyworking on a Snug Harbor project that includes a
number of mitigation and adaptation measures for this key
commercial district.
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Patten Lane
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Description

This flooding concern is impachgdidal wave action along the
coast that causes erosion to the dunes and damage through
channel outlet during noroe

Marshall Street
Bridge

This flooding area is of particular note because flooding of th
bridge jeopardizes critical access to the Standish Shore
neighborhood (approximately 120 homes). As with most areq
town, this area is impacted by extreme storm events.

Bay Road
Neighborhoods

This flooding concern comprises segenaller neighborhoods
that exist along Bay Road, Landing Road area in particular ig
open to the ocean and FIRMs predict severe damage from g
storm events that hit this area.

Congress Street

Riverine water overtopping the roadway causes flooding in tf
area. The culvert structure beneath the roadway is an insuffi
size to handle the flow from the unnamed brook below it duri
heavy rainstorms.

10

Lake Shore Drive

This flood hazard area is at the outlet end of the Lower Char
Mi | | Pond on the townodos | in

11

Keene Mill and
Keene Brook

Overtopping of the roadway during heavy rainfalls causes
flooding in this area.

12

North Hill Dam

This towwowneddam couldbe a flood hazard ifit fails. The dam
has largely been maintained and has had some reconstructi
work done. It is believed to be in good shape now.

13

Chase Reservoir

Flooding here is due to complications from the dam at the
reservoir. The dam has patrtially failed in the past and been
repaired. It is believed to be in fair condition at present.

14

South River
Reservoir

This is a Towowned dam, which has failed previously and alg
caused overtopping of Route 14. The dam was repaired and
reported to be in good condition now. Overtopping of this da
also cause flooding on Plantation Drive. The dam, though
currently considered to be sound, may not be capable of
handling the volume. There is a control weir installed on the
to alleviate those concerns and to aid in overtopping.

15

Plantation Drive

Flooding occurs when the South River overtops the dam. Th
structure cannot handle the volume of the dam, which does
control weir installed.

16

Blue Fish River

Flooding is the result of the inundation of saltwater, which bg
upstream almost to Route 3A during high tides/high rain eve
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Map Site

D Description

In March 2018, during Winter Storm Riley, storm inundation
29 Wirt Way crossed Bay Road adjacent to Wirt Way flooding neighborhg
on the landward side of Bay Road.

In March 2018 during Winter Storm Rjlayndation flooded
30 | Island Creek outlef Island Creek at Bay Road outlet, causing areas of flooding ir]
neighborhood upstream of the Island Creek outlet.

REPETITIVE LOSS PROPERTIES

As defined by the National Flood Insurance Program (NFIP), a repetitive loss property is
any property which the NFIP has paid two or more flood claims of $1,000 or more in any
given 10year period since 1978. A Severe Repetitive Loss propedyproperty for

which four or more claims of $5,000 each have been paid, with a cumulative amount
exceeding $20,000; or for which at least two payments were made with a cumulative
amount exceeding the value of the propeRgr more information
www.fema.gov/repetitiveélood-claimsgrantprogramfact-sheet

There are65 Repetitiveloss structures Duxbury Duxburyalso hasll Severe Repetitive
LosgSRLproperties.. Table12 shows Repetitive Losses and Severe Repetitive Losses by
type of occupancyTable13 summarizes the number of losses and patahents

associated with #se propertiesTotalpaymentdor the 65 Repetitive Loss properties

were $.87 million, while thé1l Severe Repetitive Loss properties totagdL62 million.
Combined, just shy 065 million in NFIP claims have been paid td@&linsuredRL and
SRIproperties irDuxbury

Table12. Summary of Repetitive Lossdxy Property Type
Repetitive Loss Severe Repetitive

Development Type

Properties Loss Properties
Single family residence 60 11
2-4 family residence 1 0
Nonbusiness Nersidential 2 0

Non-residential commercial

TOTAL 65 11
Source: Massachusetts Emergency Management Agency

Table13 Summary of Repetitive Losses and ClaimsDuixbury

Repetitive Loss Number of  Number Total Building Total Contents TOTAL
Category Properties  of Losses Payments Payments Payments
Severe Repetitive Log 11 55| $1,412,938.79| $205,046.41 | $1,617,985.20
TOTAL 76 289 | $5,797,117.76 $693,889.46| $6,491,007.22

Source: Massachusetts Emergency Management Agency
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CLIMATE CHANGE ANIDODINGROM PRECIPITATION

Eastern Massachusetts average annual precipitation is 42 inches. While total annual
precipitation has not changed significantly, according to the réffeeh It Rains It Pours

0 Global Warming and the Increase in Extreme Precipitation from 1948 ting€yise

rainstorms and snowstorms have become more frequent and more severe over the last half
century in the northeastern United Stategreme downpours are now happening 30

percent more nationwide than in 1948 (see Fig®)e

Figure 13 Changes in Frequency of Extreme Downpours, 1338011

Decrease in Frequency Increase in Frequency
-« - - ¢« @ —> @
-100%  -50%  -10% 10% 50% 100%

SourceWhen It Rains It Poslobal Warming and the Increase in Extreme
PrecipitationEnvironment America Research and Policy Center, July 2012

Not only are these intense storm events more frequent, they are also more severe; the
largest annual storms now produce 10 percent more precipitation, on average, than in
1948. In particular, the report finds that New England has experienced the greatest
change with intense rain and snow storms occurring 85 percent more often than in 1948.

Data from the 2022 MA Climate Change Assessment related to changes in precipitation
patterns is included in an earlier section of this chapter. Those projections suggest that
future rain events will be increasingly intense, which could lead to incréaase dund
stormwater flooding.

Precipitation frequency estimates, which are t@estormwater design standards, were
published in 196l by the U.S. Commerce Department in Technical P&pe490The
10-year, 24-hour storm for eastern Massachusetts was calculated asneld &vent.
Recently the National Oceanic and Atmospheric Administration published updated
estimates (NOAA Atlas 14), which increased this design storm by 0.6 inches thé&sl4 in
for eastern Massachusetts.
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Future rainfall rateshould be considereghen designing infrastructuBammunities

could consider using NOAA Atlas 14 rainfall rates with an additional allowance to account

for projected rainfall during the life of projects permitted today when sizing stormwater
infrastructure. DEP takes a similar approach to describe dimoefiture) rainfall rates,

call ed ONOAAl1l4+6. Mystic River Watershed Ass
ONOAA14++6, which they FBhaNMOAA &4ft humitetis 2070 pr o
calculatedby multiplying the NOAA 14 precipitation frequency estimate upper

confidence interval by 0.9 (i.e., current but extreme precipitation events reflect 90% of

upper confidence intervals). The NOAA 14++ number is the upper confidence interval. A
comparison athese numbers is summarized in Thible

Table M. Rainfall rates for the 16year 24-hour storm

NOAA 14 NOAA 14+ NOAA 14++
5.27 inches 5.90inches 6.56 inches
NOAA, 2023

The 2022 MA Climate Change Assessment also highlights the following flooding climate
impacts:

1 By 2050, the 1 percent annual chance river flood could be two times more likely
to occur

1 By 2090, the historical 10 percent annual chance daily rainfall event (2.8 to 4
inches) could occur four times more frequently

1 Damage could occur to buildings from heavy rainfall and overwhelmed drainage
systems

1 Damage could occur to transit service due to flooding

1 There could be a reduction in the availability of affordably priced housing from
direct damage including from floodingommonwealth of Massachusetts, 2022)

CLIMATE CHANGE IMPACTS: SEA LEVEL RISE

Of all the impacts of climate chand2yxburyis most susceptible to the impacts of sea

level rise, as it will madi@sthe flooding associated with coastal storms. As shown by
records from the Boston Tide Station (see Figure 9) seas have risen the equivalent of 11
inches over 10§ears, based on monitoring data from 1921.

The Massachusetts Office of Coastal Zone Managé@ékbadjusted global predictions

for future sea level rise, taking into account Isaakidence (see Figu4). The range

of projections for the future is quite wide, particularly approaching the end of this century.
The High scenario includes ocean warming and a calculation of maximum glacier and ice
sheet melfThe Intermediate High scenario averages higher preditiiwimscludes lesser

ice sheet melting.he Intermediate Low considers lower sea level rise scenarios and
limited ice melfThe Historic Trend reflects a continuatigheo€turrent ratef sea level

rise.
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Figurel4 Projected Sea Level Rise for Greater Boston Harbor
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Source: Sea Level Rise: Understanding and Applying Trends and Future Sdén@i#ds December 2013

Several areas oDuxburyare expectedto be subject to increased coastal flooding risk in
future decades due to climatigiven sea level rise and more severe coastal storms with
higher storm surges. Coastal flood risk has been assessed statewide by the Massachusetts
Coastal Flood Risk Mod®8G-FRM), prepared by the Wood Hole Group. Key results of

this assessment duxburyare shown in Figurks, which shows projected areas of

coastal flood inundation related to three future sea level rise scenarios. The map shows the
extent of flood inundation for a 1% annual chance storm for projected sea level rise
scenarios of 1.2 feet, 2.4 feet, and 4.2 fedhese scenarios are approximately

equivalent to the levels of sea level rise projected for the years 2030, 2050, and 2070,
respectively. This map is also included in the hazard map series in Appendix A.

Fueled by the warming climate, coastal flooding will become more frequent and severe
due to the combination of sea level rise and more frequent and intense storms. As shown
the figure belowprojections of future sea level rise identify locations that will be subject

to flooding in future years. While those areas expand with increasing sezalevtler
significant impact will be more frequent and deeper flooding in the locations already
subject to coastal flooding.
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nundatiof\reasfor 1% Chance Storm in 2030, 2050, and 2070
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Source: Woods Hole Group, Massachusetts Coastal Flood Risk Model

Climate Change/ulnerability Assessment

In 21, two yearsafter the previous Hazard Mitigation Plan was approved, the Town of
Duxburycompleted aClimate Change Vulnerability Assessment and Adaptatiamielan
was prepared by Woods Hole Grougnd funded by a Municipal Vulnerability
Preparedness (MVP) Action Grant

The following highlights from téods Hole plamprovide an overview of the key
challenges and adaptation recommendations put forward. There is far more relevant
technical detail in this landmaptan than can be directly included in thiszard

Mitigation Pan, so théduxbury Climate Change Assessment and AdaptatisimoBldrbe
considered incorporated by reference. Key excerpts fronpldrefollow. The study had
four primary goals:

1) Identify areas of the Town that are vulnerable to the combined effects of sea level rise
and storm surge from extreme storm events;

2) Assess the vulnerabilityrotinicipapublic infrastructure and naturalsources;

3) Identify adaptation strategies that will help to mitigate the naad longterm effects

of sea level rise and storm surge; afjdEducate the public, Town officials, and legislators
about those potential impacts.
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Sea level rise and storm surge models were used to estimate the probability, extent, and
depth of future coastal flooding Duxbury Threetime horizons were chosenthe basis
for planning: 2030 ghortterm) 2050 (mediurterm)and 2070 (longterm).

It is estimated that sea levelNMassachusetidll rise approximately 0.7 ft. by 2030 and

3.4 ft. by 2070, over 2013 levels. This is according to the high projections from the US
National Climate Assessment, adjusted for local conditions. It is anticipated that over the
longterm tropical storms wilecome more powerful and travel further north than in the
past, as the warming ocean feeds them witinareasing supply of energy.

To model and map the combined effects of sea level rise and increasing storm surge on
coastalflooding inDuxbury theplan used the hydrodynamMassachusetts Coadtddod

Risk ModeMG-FRM)which was prepared by Woods Hole Group for the Massachusetts
coastline statevide. TheMGFRM incorporates the sea level rise projections described
above and an increase in more powerful tropical storms beginning in 2050.

The maps in Figure$6 and 17 below show therojectedlocation and depth of coastal
inundationn Duxburyundera storm event with 4% (1-in-100) annual chance of
occurringor the present day and for the ye&070.

Unlike the maof areas expected to be inundated in Figl® above, Figure46 and

17 illustrate the depth of inundation from a 1% storm for the present day and 2070.
These maps show a significant increase in the depth of flooding by 2070. Many of the
present dainundated areas would be flooded to a depth of 2 to 3 feet, while in 2070,
manyof those same areas could be flooded to depths of 5 to 10 feet. The increased
extent of damage caused by several more feet of flood depth by 2070 wbald
significant.

Figurel6: Depth of Flooding with 1% Probablllt)Storm Present Day

MC-FRM 1% Inundation Depth
Present Day

woopshoLe & 9
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SourceDuxbury Climate Change Vulnerability Assessment and Adaptation Plan, 2021

Figurel7: Depth ofInundationwith 1% Probability Stormin 2070
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Source: Duxbury Climate Change Vulnerability Assessment and Adaptation Plan, 2021

A vulnerability and risk assessmeas performedy Woods Hole Groumn critical
municipal infrastructure located within the areas at risiccfasedlooding. The types of
municipal assets at risk in these areas inclbdddes roadwaysculverts, parking areas,
marinedependent, and recreational facilitid¥ased orprojected2070 conditions, the
top 10 municipal facilities and assets at risk to storm surge are:

1. Mattakeeset Parking Area
2. Town Pier

3. Harrison St. Bridge

4. Washington St. Bridge

5. Island Creek Bridge

6. Marshall St. Bridge

7. Canal St Bridge (MSH)

8. Harbor Master Float

9. Town Float

10. Duxbury Beach 1 Parking Area

One ofthe highest ris&reas for future floodingconsidering both the probability and
consequences of flooding,Snug Harboihe Woods Hole Group plan notes that:

This assessment highlighted the Snug Harbor area as a highly vulnerable district in

the Town oDuxbury with a concentration of important community assets (both

public and private). ThRdar bor mast er s center of operat
and boat ramp are at the end d¥lattakeeset Court, and project stakeholders
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included organizations with operations (in n@®es watedependent) in Snug

Harbor: Bayside Marine, Duxbury Bay Maritime School, DuXaatyt Club,

|l sl and Creek Oysters, and Sweetseros. The
of these stakeholders and the Town are collectively the driver of significant

cultural, recreationadnd economic activity.

The plan provides a more detailed look at projected inundation at Snug Harbor, showing
areas and assets projected to be inundated in 2030, 2050, and 2070 (Fi@)re

Woods Hole Group provided three phased engineering design strategies to reduce
mediumand longterm flood risks for the Snug Harbor District:

1. Protect the Edge and Curate Marsh Migration

There are twaontrasting approaches to address 4t@&dn nuisance floodir@at the

Town boat ramptargeted elevation of the ramp and the Mattakeeset lot is recommended
to maintain the functiai this important waterfront infrastructure; in the basin between
DBMS and Bayside, developatkas are pulled back to allow salt marsh to migrate with
rising tides. This approach preserves nwamidterm daily use by ensuring all
developedareas level up above the projected 2050 MHHW elevatio

To protect Snug Harbor operations from the impacts of coastal storm surge, a system of
modularwalls with rising gates and deployable barriers, plus a landscaped berm is
proposed to beprotective of the 2050 1% chance event, which is also protective of the
2070 10% chance event.

Figurel18: Projected Nuisance Flooding in Snug Harbor (MHHW elevation in feet
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Source: Duxbury Climate Change Vulnerability Assessment and Adaptation Plan, 2021
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2. Mid-Century Phased Migration

Thisconcept plaiminimizes broadnd coordinated interventions but provides sustainable
daily access through the 2050 sea lefrsé projections by leveling up ldying areas to

8.0 feet NAVD88AIl vulnerable structures and assets would need indiadagtations
(floodproofing) through the 2050 horizon, and then some would need to respond to
nuisance flooding as conditions evdliese assets exposed to daily flooding would

either have teelevate the asset or the landform to maintain usability, or alternatively
would have to retreatSince this strategy does not provide storm surge protection, the
Town would need to elevatepmrtion of Washington Street to solve access issues across
this important roadway.

3. Transform

The O0Transf or mo 19 reimagieeg and nedrients th¢ Harbay in order to
maximize its useful life and its scenic amenitieexisting basin betwed&BMS and
Bayside is expanded by esteveloping and dredging already vulnerable ldywing

areas. This would result in the loss of sorBeaofy si deds operati onal
butwould potentially be offset by the ability to substitute slips for rack storage, thereby
freeing upother land. The expanded harbor would feature an elevated bulkhead, set to
accommodate 207MHHW and equipped with an additional 5 foot integrated flood
barrier in the walkway that couloe deployed for stormdhe material generated by the
expanded harbor could be used to provide elevation to thelayout areas adjacent to

the boat ramps (at Mattakeeset and Bayside) as well as to build thedivangline

terraced modular harborwalk on either side of the harfoe. ultimate location of the
modular wall to the north and harborwalk to the scothld beadjusted to integrate

other vulnerable facilities, such as the Duxbury Yacht Clubanlda nd Cr eek 6 s

Figure19: Snug Harbor District Strategyl ransform
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Probability of Future Occurrence

Based on the record of previous occurrences flooding evéntgharyare a high
frequency event as defined by the Resilient MA Plan. This hazard may occur more
frequently than once in five years, or a greater than 20% chance per year

COASTAL EROSION

Coastal shorelines change constantly in response to storms, seasons, sea level, and human
alterations. Coastal erosion is measured as a rate of change over liesedynamic
processscreatesa system of erosion (loss) and/or accretion (gain) of coastal land over
time.Rising seas and more frequent and intense storms tend to increase erosion, although
some areas may actually accrete material due to localized variation in coastal dynamics.
Erosion may be exacerbatday efforts to protect shorelines as when engineered hard
structures reduce sediment sources to downdrift areas or increase erosion seaward of
structures due to interaction with waves. The severity of erosion is related to such factors

as exposure to highnergy waves, sediment size, sea level rise -sigane bathymetry,

and human interference with sediment supply.

In contrast with seawalls and coastal structimtest beaches with dunes dissipate wave
energy, protecting buildings behind them. This is the case at Duxbury Beach where coastal
storms have caused overwash and breach of the barrier beach. Wigrmdic

restoration of the dune height and beach nourishment, a permanentdwaktbccyr

which could cause significant damage to shoreline infrastrbcisireesseand residents,

in Duxbury Bay. The Duxbugach Reservation, Inc. has continued to restore and

maintain dune height, road repairs, and nourishment to ensure coastal shoreline protection,
wildlife habitat, and regional recreational/economic asset.

The Massachusetts Coastal Erosion Commission published an assessment of coastal erosion
in 2015. A shoreline characterization project was implemetatedtegorize the land uses

and natural resources potentially at risk from coastal erosion. The results of the
characterization provide a baseline from which to monitor and identify landssagbe

trends and patterns for evaluating adaptation and hazamtigation strategies for a

particular location or region.

The Commission assekstie trends of coastal erosion by examining the results of the
Massachusetts Shoreline Change Project and providing a summary assessment of past
shoreline changeLaunched in 1989, the Shoreline Change Project adadiga from
historical and modern sources, mapping local high water line and developing shoreline
change rates over both a losigrm period (from the mi#i800s to 2009) and a short

term period (from 1972009) These datgrovideinsight into the historical migratidn o
theshoreline and erosional hot spots.

Figure20- is a map of assessed shoreline (blue) and coastal engineering structures (red) in
Duxbury and neighboring communities on Duxbury Bay.
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Figure20: Map of Assessed Shoreline
7

Kingston

Marshfield

Source: Report of the Mass. Coastal Erosion Commission, 2015

The resultsf the shoreline characterization were used to analyze shoreline change rates
for Duxbury includindongterm(1844-2009) and shorterm(1970-2009) erosiorand
accretion trend$¥he analysis took into account various types of shokeliioh are

displayed in Figur@1l, showing the percent of each typssesseduxbury has high
percentages of beach, salt marsh, and ddiee most prevalent development categories
are residential, 47%, followed by natural upland, 21%.

Figure21: Percent of Assessed Shoreline by Type
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Source: Report of the Mass. Coastal Erosion Commission, 2015

Thelong and shortermrates of shorelinehange for Duxburgre shown in Tabl&5.
The dbngtermtrend is arerosiorrate of -0.6 feet/year since 1844 However shoiterm
shoreline change since 1970 is a trend of accretion at a ma@of +0.2 feet/year.
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Table15: Average shoreline change (feet/year) and uncertainty

Short-Term Rate Long-Term Rate
Town
Town St Mean Std Dev Mean Std Dev
(ft/yr) (ft/vr) (ft/yr) (ft/vr)
Duxbury 02 3.7 -0.6 0.8

Source: Report of the Mass. Coastal Erosion Commission, 2015

Table16 shows both loaerm(1844-2009) and shorterm(1970-2009) rates of

change for six types of shorelineDaxbury The highest rates of erosmver thelong

term are forBankand Salt Marsh, which lost a mean of 0.75 antR(0feet/year
respectivelyln the shotierm,Bank andStructure had the highest rates of eroslmwth

over one foot per yearwhile Beach with Dune demonstrated accretion at a mean rate of
1.89 feet/year, and Beach with Bank at 0.77 feet/year.

Table16 Average shoreline change by shoreline type

Long-Term Rate Short-Term Rate

Town Shoreline Type Mean Std Dev Mean 5td Dev
(ft/yr) (ft/yr) (ft/yr) (ft/yr)

Beach -0.19 0.35 0.19 1.61

Beach w/ Dune -0.58 0.86 1.89 4.26

Beach w/ Bank -0.22 0.18 0.77 0.60

Duxbury Beach w/ Structure -0.33 0.40 -0.26 1.41

Bank -0.75 0.39 -0.71 0.94

Salt Marsh -0.72 0.76 -1.46 2.99

Structure -0.59 0.51 -1.11 1.22

terms of

Source: Report of the Mass. Coastal Erosion Commission, 2015
Figure22 summarizes the long testmoreline change trends for South Shore communities in

erosion Vvs. accr

etion. This shows

erosion and only 15% showed accretion over that period. This is the second highest rate of
erosion on the South@g after Scituate.

Figure22: Average shoreline change by shoreline type
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Source: Report of the Mass. Coastal Erosion Commission, 2015

Coastal Erosiofrends, Longand ShordTerm

Massachusetts Coastal Zone Management (MA CZM) in cooperation with the U. S.
Geological Survey (USGS) provides shoreline chiaagdsfor the Massachusetts coast
through the online Coastal Erosion Vie@eastal erosion trends are mapped fong

51



TOWN ODUXBURWYAZARD MITIGATION PLAN
DRAFT 208 UPDATE

term (1810 6 2014) and shorterm (19702014) periods Se Figure23 for the shoreline

north of Powder Point Bridge and Figuzdsand 25 for the middle to southesthoreline

segments, including Duxbury BealdeCZManalysis foDuxburyshowshighlongterm

erosiom at es(red on maps) al oamdlowshorterm evoiont he Towr
rates(yellow on maps) over most of the town, with some areas shown as stable (green on

maps) This is not to say that coastal erosion is not a significant current issue, but that

compared to londrends since 1840, rates of erosion have moderated somewhat in the

last 50 years. It is still a significant hazard for the town.

Figure23: Long Term vsShortTerm Coastal Erosion iDuxbury (Northern section)
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Figure24: LongTerm Coastal Erosion in Duxbury (Southern section) 182084
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Figure25: ShortTerm Coastal Erosion in Duxbury (Southern section) 192084
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Group to prepare a Coastal Processes study in 2017 that provides a more Duxbury
specific assessment of shoreline change. The study estalflBBedhordine transects
at 250 foot intervals. At each transect, distances of shoreline movement were calculated,

and average annual rates of shoreline change were determined. Changes in shoreline

position (and rates of change) were calculated for three specific éroalp, which
included:

il
il
T

1853 to 2015:Time period representing loigrm rates of change along Duxbury

Beach

1853 to 1971Time period prior to significant Duxbury Beach Reservation
restoration measures

1996 to 2015 Time period representing contemporary rates of change that
includes Duxbury Beach Reservation restoration

Compared to the statewide CZM analysis described alitbe&/o o d Gr oup 6 s
shoreline change analysis represents an enhancement of the CZM data through:

= = =4 -4

Addition of more shorelines in time
Addition of more recent shorelines

Avoidance of the CZM 1994 shoreline, which is known to be poorly delineated

and influences the shoreline change rated

Calculation of distinct time periods for shoreline change that provide mere site
specific informatiosuch ashe impacts of a coastal structure can be determined

by evaluating pre and postconstruction shoreline change conditions.
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Longterm rates of shoreline change along the southern facing shoreline of Duxbury Beach,
including Saquish Beaulere calculated for the period 1853 to 2015. Generally, erosion

and accretion rates along this shoreline are lower than the Atlantic Ocean facing shoreline,
which is to be expected given the reduced wave exposure for this area. Over the long
term, the shefine has been relatively stable with erosion rates that are generally less

than 1 ft/yr and average-0.3 ft/yr. Contemporary shoreline change rates (12985)

show more variability; shoreline retreat has increased to an average radeBdt/year.

For the Atlantifacing shoreline, the assessment showsdtvaéén transects-86, a

seawall constructed in the 1950s has limited shoreline retreat. Historic rate§ 97853

in this area were betweeil to -2 ft/y ear, howevercontemporary rates (1998015)

were reduced to near zero with the seawall in place. While the seawall limits erosion for
the area directly landward, the structure also reduces the available sediment supply.

In tke area surrounding thBuxbury Beach Park pavilion, the contemporary retreat is
significantly less than the historic retreat. Concerted dune restoration efforts completed by
the DBR have been effective in reducing erosion rates3rton4 ft/yr down to -1ft/yr

or less. Thisadnonstrates the effective nature of green resiliency adaptations.

Figure26 shows a comparison of shoreline change rates for-2833 (red broken line),
1853-1971 (green line), and 1992015 (blue broken line) time periods along the

Atlantic Ocean side of Duxbury Beach. Rates are presented in feet per year. Transect
numbers ar@resented on the vertical axis from Green Harbor Jetty (top) to Gurnet Point
(bottom). Negative shoreline change rates indicate shoreline retreat, while positive values
indicate shoreline advance.

Figure26: Historic Shoreline Change, Duxbury Atlantic Faci@goreline
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Coastal Protection Structures

The Massachusetts Coastal Infrastructure Inventory and Assessmestatespbet the
estimated length dD u x b shorgliliesthat directly exposed to open ocean waves is
4.7 miles with the remaining shoreline geotected byoffshore structures or landforms.
The Town is protected from major coastal storms by both natunaleamdade shoreline
structures that require maintenance to insureniggermprotection of it€oastlineThe
assessment found thathin the Town of Duxbury, there were 14 structures which had
public or unknown ownerskinat provide significant coastal protection. The structures
were categorized by their type and by thestructural condition based on a preliminary
field assessment. The distribution of structures by typsoaddion can be seenTiable
17.

Table17 Duxbury Coastal Protection Structures, Type and Condition Rating

Total Structure Condition Rating

Primary Structure (1) Structures A B C D F Total Length
Bulkhead / Seawall ’ 1 ] 4 1 3759
Revetment "3 2 1 950
Breakwater
Groin / Jetty
Coastal Dune
Coastal Beach

14 8 5 1 4711

Source Massachusetts Coastal Infrastructure Inventory and Assessmer2(Ré&port

Within the above table, the total length of each type of structure is also provided. The
structures are listdaly the type which is providing the primary coastal protection. Many
sites have multiple structure typethatsame location (i.e. revetment in front of seawall).

In April 2010, 500 feet of seawall in neighboring Marshfield collapsed due to erosion
undermining its foundatidn.March 2018 during Winter Storm Riley, Duxbury
experienced sea wall collapse at Gurnet. The Town performed emergency measures by
guarding the area with boulders as an interim meabafore theseawallwas later

restored.

TSUNAMIS

A tsunami is a surge of ocean water typically caused by an offshore earth&Re
defines tsunami as a series of large seismic sea waves created by an underwater
disturbance caused by geologic activity such as earthquakes, volcanic eruptions, or
underwater landslideShe most likely source would be a landslide that happens
underwater about 215 miles offshore in an area known as the Continental Slope (Figure
27).
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Figure27 - Atlantic Based Tsunami Potential Threat
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The severity of a tsunami is related to its wave height at the shore, and the extent of
runup. Tsunamis can cause wave heights of 100 feet or more. Tsunami wave action over
the shore is variable and mainly dependent of the combination of both submarine and
land topography and the orientation of the arriving waves.

While all of the coast of Massachusetts cpoléntiallybe subject to a tsunami,
according to the SHMCAP, Massachusetts has never experienced a significant tsunami,
although two tsunamis have occurred with no deaths or damages recorded.

Extent and Impacts of Tsunamis

The severity of a tsunami is related to its wave height at the shore, and the extent of runup.
Tsunamis can cause wave heights of 100 feet or more. Tsunami wave action over the shore is
variable and mainly dependent ¢fie combination of both submarine and land topography and
the orientation of the arriving waves. Key Tsunami metrics include:

T  Wave Height (Ruup): The vertical height a tsunami reaches on land. Most are
less than 10 ft, but can exceed 100 ft (30 m) near the source.

1 Inundation DepthThe depth of water on shore.

T Inundation Distance (Horizontal}dow far inland the water travels. A massive
wave can travel several kilometers inland.

The extent of Tsunamis is classifgdg a scale that measures their physical magnitude

(energy) and intensity (impact on land). The most common scale is the Papadopoulos
Imamura 1grade intensity scale, which is based on observed effects (T®ble

56



TOWN OFDUXBURWYHAZARD MITIGATION PLAN
DRAFT 208 UPDATE

Table19: Papadopoulosimamura 12grade Tsunami Intensity Scale

1 Very Light:Not felt or detected, even under the most favorable circumstances.

2 Light:Felt by few people on board in small vessels. Not observed in the coast.

3 Small:Detected by most people, no damage.

4 Largely ObservedObserved by people on the coast, small vessels move onshore, no damag
5 Strong:Dangerous waves with depths over 1 meter (~3 ft) that can damage flimsy buildings,
overturn small boats, and cause flooding inland, often by more than a mile.

6 Slightly Damagingsmall vessels move onshore, damage in a few wooden structures

7 Damaging Many small vessels damaged; many wooden structures damaged, a few are
demolished or washed away

8 Heavily Damaging:Large buildings damaged, most wooden structures are washed away or
demolished; flooding in flat areas extends 1000 ft or more.

9 DestructiveMany people washed away; damage of grade 3 in many masonry buildings

10 Very DestructiveWidespread destruction, severe flooding, and structural damage to large
buildings, with ruap heights exceeding 100 ft (30 m).

11 Devastating Lifelines interrupted; damage of grade 5 in many masonry buildings.

12 Completely DevastatingComplete destruction of buildings and infrastructure, massive
flooding.

®

The extent of damage and impact from tsunami depends upon the source and severity of
onset on the tide cycl€oastal areas that are potentially at greater risk are less than 25
feet above sea level and within a mile of the shorelngignificant part oDuxburyis

low lying witim a mile of the coastncluding Duxbury Beach and key waterfrasgets

like Snug HarboffFigure28). These areas would be more vulnerable to bemgacted

by a Tsunami. In addition naajortsunami could have regional impadtang the entire
coastlineand cause disruptions thaould alscaffect Duxbury

Figure28 o Elevation Map ofDuxbury
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Probability of Future Occurrence

According to the West Coast and Alaska Tsunami Warning Center (WCATWC), an
Atlantic based tsunami threat level for the US Atlantic coast is low when compared to the
Pacific and Caribbean coasts. Geophysics specialists from the U.S. Geologic Survey and
theWoods Hole Oceanographic Institute have researched the Georges Bank Lower Slope
of the North Atlantic Ocean and the relationship between submarine landslides and
earthquakesThe likelihood that a tsunami will hit the Atlantic coast is considered to be
fairly low. Based on the record of previous occurrences, Tsuriaumbunryis a Very Low
frequency event as defined by the Resilient MA Plan.

Tsunamis and Climate Change

Unlike most other coastal hazards, Tsunamis are events driven by geological processes,
principallyearthquakes and undersea landslidekich are not likely to be related to

climate changeHowever. accordinp the Resilient MA Plan, collapse of glaciers resulting
from a warming climate could cause landslides that could generate tsunamis more
powerful than those caused by earthquakes.

DAM HAZARDS

Damfailure is theuncontrolledeleaseof impoundedvater resultingn downstream
flooding,whichcanaffect life and property. Dam failure can occur as a resulstfictural
failure, independent of a hazard event, or as the result of the impacts of a hazard event
such as flooding associated with storms or an earthquake. In the edleantfafure, the
energy of the water stored behind even a small dam can cause loss of life and property
damage if there are people or buildings downstream. The number of fatalities from a
dam failure depends on the amount of warning provided to the popukatidthe
number of people in the ar eanigsuefotdamsinpat h
Massachusetts is that many were built in tiec&Btury without the benefits of modern
engineering or construction oversight or consideration of changing weather patterns
associated with climate change such as more frequent and/or extreme preoigt&ins

The MADepartment ofConservation anéecreation regulates dams adéfines dam
hazard classifications as follows:

High Dams located where failure or rojgeration will likely cause loss of life and serious
damageto homes(s), industrial or commercial facilities, important public utilities, main
highways(s) or railroad(s).

Significant:Dams located where failure or roigeration may cause loss of life and
damageto homés), industrial or commercial facilities, secondary highway(s) or railroad(s)
or cause interruption of use or service of relatively important facilities.

Low: Dams located where failure or reigeration may cause minimal property damage
to others. Loss of life is not expected.
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There are B damsin Duxburylisted on the DCR statewide inventory of dams (T4hle

The Town of Duxbury owns nine dams and 17 are privately owned. There are no High

Hazard damsin Duxburyaredi x dams are classified as 0Sigr
those dams are Tovawned includng the Garside Reservoir, Petersons Saw Mill Pond,

Mill Pond, and Temple Street Pond Dams.er e ar e f our oLow Hazardo
dams not classified by DCR; thase typically under six feet in height and/or under 15

acrefeet in storage.

In general DCRrequires that dams rated as low hazards be inspected every ten years,
while dams rated as significant hazards must be inspected every five years.

Two of Duxburyds dams are susceptible to dan
susceptible to flooding with Sea Level Rise in 2038. These include the Blue Fish River Dam
and the Wrights Pond [&ik

Table20 Duxbury Damsfrom DCR Dam Inventory

Dam Owner Hazard Severity
with Dam Failure

Bluefish River Dam Private N/A
Lower Chandler Pond Dam Duxbury Significant
Garside Reservoir Duxbury Significant
Petersonds Saw Mi|Duxbury Significant
Boys & Girls Camp #3 Dam Private Significant
Round Pond Dam Private Low
Pine Lake Dam Private Low
Mill Pond Dam Duxbury Significant
Boys & Girls Camp #1 Dam Private Significant
Temple Street Pond Dam Duxbury Significant
Merry Memorial Dam Private N/A
Wright Reservoir Dam Private Low
Boys & Girls Club #2 Dam Private N/A
Golden Reservoir Dam Duxbury N/A
Merry Reservoir Dam Private N/A
Pit Pond Dam Private N/A
Mcissac & Williams #1 Dam Private N/A
Mcissac & Williams #3 Dam Private N/A
Pink #2 Dam Private N/A
Mcissac & Williams Dam Private N/A
Reed #2 Dam Duxbury N/A
Keith & Adams Reservoir Dam Private N/A
Crowell Reservoir Dam Private N/A
Wrights Pond Dike Duxbury N/A
Mayflower St. Pond Dam Duxbury N/A
Upper Chandler Pond Dam Private Low

Source: DCR Dam Inventory
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Probability of Future Occurrences

There have been no recorded instances of dam failure in Du@asgd on previous
occurrences, dam failureDuxburyis a very lowfrequencyevent as defined by the
Resilient MA Plan.

Climate Change and Dam Failure

More intense precipitation eveulisven by climate changsan place stress on dams and
exceed their design specificatioméich can lead to dam failure.

HURRICANES AND TROPICAL CYCLONES

Wind-related hazards include hurricanes, tropical storms, and tornadoes as well as high
winds during Nordeasters and thunderstor ms.
found on Map 5 in Appendi&, which indicates that the 18@ar wind speed iDuxbury

is 110 miles per hour.

A hurricane is a violent wind and rainstorm with wind speeds 200 #niles per houA
tropical storm has similar characteristics, but wind speeds are between 38 and 74 miles
per hourHurricanes occur between June and November.

Hurricanes begin as tropical storms over warm moist waters of the Atlantic, off the coast of
West Africa near the equator. As the moisture evaporates, it rises until enormous amounts
of heated, moist air are twisted high in the atmosphere. The windgdegiie
counterclockwise north of the equator or clockwise south of the equator. The center of the
hurricane is called the eye.

Tropical cyclones (Tropical Depressions, Tropical Storms, and Hurricanes) form over the warm,
moist waters of the Atlantic, Caribbean, and Gulf of Mexico. When water temperatures are at
least 80° F, hurricanes can grow and thrive, generating enormougsofamergy, which is

released in the form of numerous thunderstorms, flooding rainfall, and, very damaging winds. The
damaging winds help create a dangerous storm surge (rise in the water above the normal
astronomical tide).

A Tropical Depressias declared when there is a low pressure center in the tropics with sustained
winds of 2533 mph. A Tropical Storm, which is given a name, is defined as having sustained
winds from 3473 mph. If sustained winds reach 74 mph or greater, it becomes a Herrica

Hurricanes can range from compact storms only 50 miles across, to huge storms, as much as 500
miles wideHurricane Allen in 1980 took dipe entire Gulf of Mexico. There generally are two

source regions for the storms that have the potential to strike New England: 1) off the Cape

Verde Islands near the west coast of Africa and 2) in the Bahamas. The Cape Verde storms tend
to be very largein diameter, since they have a week or more to traverse the Atlantic Ocean and

gr ow. Bahamasd6 storms tend to be smaller, b u
can reach New England in only a day or two.
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A hurricane is strongest it travels over the ocean and is particularly destructive to coastal
property as the storm hits the land. The Town's entire area is vulnerable to hurricanes.

Massachusetts has experienced approximately 32 tropical storms, nine Category 1
hurricanes, five Category 2 hurricanes and one Category 3 hurricane. A hurricane storm
track is the line that delineates the path of the eye of a hurricane or tropical Agrm.
shown in Mapx in Appendix Apnetropical storm tracked throuduxburyin1896 over

the Town Hall and the neighboring clustdristoric landmarks. Another tropical storm
tracked over western Duxbury in 200dnd many more passed close by in $ueith

Shore regionDuxburyexperiences the impactstafirricanes and tropical storms

regardless of whether the storm track passes directly through the Town, and numerous
hurricanes have affected the communities of eastern Massachusetts (s&B.Table

Table21 Hurricane Records for Massachusetts, 1938)25
Hurricane Event Date

Great New England Hurricar, September 21, 1938
Great Atlantic Hurricane September 1415, 1944
Hurricane Doug September 1312, 1950
Hurricane Carol August 31, 1954
Hurricane Edna September 11, 1954
Hurricane Diane August 1719, 1955
Hurricane Donna September 12, 1960
Hurricane Gloria September 27, 1985
Hurricane Bob August 19, 1991
Hurricane Bertha July 5- 17, 1996
Hurricane Hanna August 28, 2008
Hurricane Earl September 4, 2010
Tropical Storm Irene August 28, 2011
Hurricane Sandy October 2930, 2012
Hurricane Henri August 212123, 2021
Hurricane Lee September 1517, 2023

Source: National Oceanic and Atmospheric Administration

HurricaneSandyin 2012 was a Category 3 hurricane at its peak intensity and weakened

to a Category?2 off the northeastern Atlantic coast. Sandy became the largest Atlantic
hurricane on record with winds spanning 1,100 miles. Strong tropical force winds from the
northeast quadrant of the post tropical cyclone, Sandy developed into a super storm
nor @east

Hurricane intensity is measured according to the Saffir/Simpson scale, which categorizes
hurricane intensity linearly based upon maximum sustained winds, barometric pressure,
and storm surge potential. These are combinedtimate potential damage. The

following gives an overview of the wind speeds, surges, and range of damage caused by
different hurricane categories:
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Scale No. Winds(mph) Surge (ft) Potential
(Category) Storm Damage
1 74 095 4-5 Minimal
2 96 6110 6-8 Moderate
3 1116130 9-12 Extensive
4 131 0 155 13-18 Extreme
5 > 155 >18 Catastrophic

Source: NOAA

Duxburyis particularly vulnerable to both the flooding and wind impacts of tropical

storms and hurricanes due to its location on the coast. The town can be directly impacted
by storm surges due to its direct exposure to the Atlantic Ocean. And the town can bear
the full brunt ohurricane force winds coming directly off the ocean, with no intermediate
terrain to slow the winds.

Vulnerable populations may need to be evacuated and could be displaced from their
homes. Public safety can be jeopardizgten buildings collapse, trees fall on buildings or
cars, or emergency response is blodigedallen trees or flooded roadways. The electric

grid may go down during high wind events, affecting those that rely on medical devices at
home. Severe storms may cause deaths and injuries. The elderly and those with mobility
issues are of particular amgrn during hurricane or tropical storm events. People may also
suffer economic losses associated with reduced value on coastal properties damaged by
flooding. Local businesses can be adversely impaatedrelocation costs would be an
additional economic burden to anyone forced to rebuild or move.

Hurricanes are a towwide hazard inDuxbury Potential hurricane damagesDRaxbury
have been estimated using HAZUB. Total damages arestimated at 88 million for

al00-year frequency hurricane and.63 million for a 500year frequency hurricane.
Other potential impacts such as debris and evacuation needs are detdikzolexx.

Probability of Future Occurrence

Based on records of previous occurrences, hurricdbesbiaryare a mediunfrequency

event as defined by the Resilient MA Plan. This hazard occurs from once in 5 years to once
in 50 years, or a 2% to 20% chance per year.

Hurricanes and Climate Change

Climate models suggest that hurricarabstropical storms will become more intense as
warmer ocean waters provide more fuel for the storms. In addition, rainfall amounts
associated with hurricanes are predictedncrease because warmer air can hold more
water vapor

TORNADOES

A tornado is a violent windstorm characterized by a twisting, fshapkd cloud. These
events are spawned by thunderstorms and occasionaltlyribiganes anthay occur

singularly or in multiples. They develop when cool air overrides a layer of warm air,
causing the warm air to rise rapidly. Most vortices remain suspended in the atmosphere.
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Should they touch down, they become a force of destructionirf@padients for tornado
formation include:

91 Very strong winds in the mid and upper levels of the atmosphere

91 Clockwise turning of the wind with height (from southeast at the surface to west
aloft)

91 Increasing wind speed with altitude in the lowest 10,000 feet of the atmosphere
(i.e., 20 mph at the surface and 50 mph at 7,000 feet.)

91 Very warm, moist air near the ground with unusually cooler air aloft

91 A forcing mechanism such as a cold front or leftover weather boundary from
previous shower or thunderstorm activity

Tornado damage severity is measured by the Fujita Tornado Scale, in which wind speed is
not measured directly but rather estimated from the amount of damage. As of February

01, 2007, the National Weather Service began rating tornados using the Enharized Fuj
scale (EBcale), which allows surveyors to create more precise assessments of tornado
severity. The Ed€ale is summarizéd Table22 below.

The frequency of tornadoes in eastern Massachusetts is low; on average, there are six
tornadoes that touchdown somewhere in the Northeast region every year. The strongest
tornado in Massachusetts history was the Worcester Tornado in 1953 (NESEC).

The strongest tornado in Massachusetts history was the Worcester Tornado in 1953.

Remains from the deadly 1953 Worcester tornado touched down in Duxbury, having

blown over 75 miles across Massachu$étise recentsignificantornado events in
MassachusetitscludeSpringfield in 2011 and in Revere in 2014. The Springfield tornado

caused significant damage and resulted in 4 deaths in June of 2011. The Revere tornado
touched down in Chel sea just south of Route
district along Bbadway and ended near the intersection of Routes 1 and 60. The path

was approximately two miles long and 3/8 mile wide, with wind speeds up to 120 miles

per hour. Approximately 65 homes had substantial damaged ambdmes and

businesses were uninhabitable.

Although there have been no recorded tornadoes within the limits of the Touxboify,
snce 198 there have been@tornadoes in surroundifdymoutiCounty recorded by

the The Tornado History Projg@ne of these wasraF2 tornado, and four were F1
tornados. The 10 tornadoes resulted in a total of one fatality and two injuries and $119
thousand to $1.15 million in damages, as summariZeabie23 below.
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Table22: Enhanced Fujita Scale

| Windspeed  Relative
Scale - T i
mph | kmh frequency

Potential damage

‘Minor damage.

Peels surface off some roofs; some damage to gutters or siding; branches broken off trees;
EFO0 B5-85 |105-137 | 53.5% |shallow-rooted trees pushed over,

| Confirmed tornadoes with no reported damage (i.e., those that remain in open fields) are always
|rated EFO.

Moderate damage.

EF1 86110 138178 316% Roofs severely stripped, mobile homes overturned or badly damaged; loss of exterior doors;
windows and other glass broken.

|Considerable damage.

Roofs torn off well-constructed houses; foundations of frame homes shifted; mobile homes
completely destroyed; large trees snapped or uprooted; light-object missiles generated, cars lifted
off ground.

EF2  111-135 179-218 | 10.7%

|Severe damage.

Ertire stories of well-constructed houses destroyed; severe damage to large buildings such as
?shopping malls; trains overturned; trees debarked; heavy cars lifted off the ground and thrown;
|structures with weak foundations blown away some distance.

EF3 136165 219266 34%

Extreme damage to near-total destruction.

: 166-200 | 267-322 | 07%  Wel-constructed houses and whole frame houses completely leveled, cars thrown and small
Imissiles generated.

Massive Damage.

Strong frame houses leveled off foundations and swept away; steel-reinforced concrete structures |
|critically damaged; high-rise buildings have severe structural deformation. Incredible phenomena will
loccur.

=200 =322 =0.1%

Source: SHMCAP 2018

Table23: Tornado Records faPlymouthCounty
Date Fujita Fatalities Injuries Width Length

9/7/1958 1 1 10 0.1 $500-$5000
7/4/1964 1 0 0 10 2.3 $50K-$500K
6/9/1965 0 0 0 10 0.1 <$50
11/18/1967 2 0 0 17 A $50-$500
8/9/1968 1 0 0 100 1 $500-$5000
9/16/1986 1 0 0 50 A $50K-$500K
7/10/1989 1 0 1 23 A $5K-$50K
7/10/1989 0 0 0 23 A $5K-$50K
8/20/1997 0 0 0 10 0.1 $5K-$50K
7/24/2012 0 0 0 15 .03 $3K

Source: The Tornado History Project
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Buildings constructed prior to current building codes may be more vulnerable to damages
caused by tornadoes. Evacuation of impacted areas may be required on short notice.
Sheltering and mass feeding efforts may be required along with debris clearanad sear
and rescue, and emergency fire and medical services. Key routes may be blocked by
downed trees and other debris, and widespread power outages are also typically
associated with tornadoes.

Although tornadoes are a potentiBbwrRwide hazard inDuxbury tornado impacts are
relatively localized compared to severe storms and hurricanes. Damages from any
tornadoin Duxburywouldbe highlydependenton the track of the tornad@he Town

enforces the Massachusetts building code, but many structures were constructed prior to
the recent editions of the codea tornado were to occur iDuxbury damage would

most likely be serious due to the prevalence of older constrilcbaghout ochof the

town

Probability of Future Occurrence

Based on the record of previous occurrences sin@& T6Bado events Duxburyare a
Lowfrequency event as defined by tiiesilient MA&Rlan.This hazard iskely to occur
from once in 50 years to once in 100 years

Tornadoes and Climate Change

According to the Resilient MA Plan, it is possible that severe thunderstorms which can

include tornadoes may increase in frequency and intensity. However, scientists have less
confidence in the models that seek to project future changes in tornada activity
Massachusettsd 2022 Climate Change Assessmen
tornadoes.

SEVERE WINTERORM$ NOROGEASTERS / BLI ZZARDS /

Winter stormdancludingh o r 0 e lzeavy shows blizzards, and ice storamns,the most

common and most familiar of the regionds haz
majority of blizzards and ice storms in the region cause more inconvémasesious

property damage, injuries, or deaths. However, periodically, a storm will occur which is a

true disaster, and necessitates intense laogde emergency respon3ée strongest

among these are typically norodeasters.

NOROEASTERS

A northeast coastal storm, Kkcouoterclockvise a nor 0ea
wind circulation around a lepressure center. Featuring strong northeasterly winds

bl owing in from the ocean over <coast al areas
winter months in New England occurring one to two times a year. The storm eadius of

nor deaster can be as much as 1,000 2mi | es and

to 40 mph with gusts of up to 70 mph. These storms are accompanied by heavy rains or
snows, depending on temperatures.
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e | mage

TheDolatbavi s c¢cl assification system for Nordeast
Saffir-Simpson scale used for hurricanes. The scale is based on mean wave height
caused by todifeereM fomdhe Saffubimmpson classification of hurricanes

based on wind speed. The scale was develope
over a forty year time frameRobert Dolan and Robert Davis developed the scale to
classify Norodeasters f 24dmetowCmearizes dachtclass ough Cl
of storm.

Table24. DolanDavi s Cl assi fication System for
Storm Class Mean Wave Height = Beach Erosion Property Damage

(m)

Class | (weak) . Minor None

Class Il 2.5 Moderate None

(moderate)

Class 1l 3.2 Extends across Moderate

(significant) beach

Class IV (severe) | 5.0 Severe with Loss of structures at

recession community scale

Class V 6.8 Extreme Extensive regional

(extreme) scale losses in millions
of dollars

Landsea, C. (2009, February &AQ: Hurricanes, Typhoons, and Tropical CycRe®ved from
http://www.aoml.noaa.gov/hrd/tcfag/D1.htfilliams, J. (2005, May 17pHurricane scale invented to
communicate storm dangBetrieved frorhttp://www.usatoday.com/weather/hurricane/whscale
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Previous occurrencessajnificant ¥ r 0 e aiscé ¥7daclude the storm evestsown

in Table25. Many of the historic flood events identified in the previous section were

precipitated byNo r 6 e a s t e the Blizzarshof 1978cGndthg Per f ect St or mo ¢
0of1991. Signi ficant Nor 0e a $ebmiarys2018,JawaryP0bjpact ed |
and March 2018 whichcaused soastal damage across much of the South Shore.

Table25: Nor deaster Event ss203 r Massachuset

b2 NDSI &G SN 988

February 1978 Blizzard of 1978

October 1991 Severe Coast al Storm (0P
December 1992 Great Nordeaster of 1992
January 2005 Bl izzard/ Nor deaster

October 2005 Coast al Storm/ Nordeaster
April 2007 Severe Stor ms, Il nl and &
January 2011 Wi nter Storm/ Nordeaster
October 2011 Severe Storm/ Nordbdeaster
February 2013 Blizzard of 2013

January 2015 Blizzard of 2015

March 2015 March 2015 Nordeasters
January 2018 January 2018

March 2018 March 2018

Duxburyi s vul nerable to both the wind and preci
High winds can cause damage to structures, fallen trees, and downed power lines leading

to power outages. Intense rainfall can overwhelm drainage systems causing localized

flooding of streams as well as urban stormwater ponding and localized flooding. Fallen

tree limbs as well as heavy snow accumulation and intense rainfall can impede local
transportation corridors, and block access for emergency vebigteto its location on

the coast,le entireTownof Duxburycould be at risk from the wind, rain or snow impacts

from a norodeaster, depending on the track an

Based on the record of pDuduryare highfrequencyur r ences,
events as defined by thResilient M&Rlan. This hazaid dmost certain to occur at least
once a yeatr.

BLIZZARDS & HEAVY SNOW

Winter storms are a combination hazard because they often involve wind, ice, and heavy

snowfalThe Nati onal Weat her Service defines oOhe
generating at least four inches of snowfall within énd@r period NOAA, 2009)
Blizzards and winter storms are often associ

section above).
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A blizzard is a winter snowstorm with sustained or frequent wind gusts to 35 mph or more,
accompanied by falling or blowing snow which reduces visibility to or below % mile.
These conditions must be the predominant conditions over-adtrgeriod. Exémely

cold temperatures are often associated with blizzard conditions but are not a formal part
of the definition. The hazard related to the combination of snow, wind, and low visibility
significantly increases when temperatures drop below 20 degrees.

The Regional Snowfall Ind@RSI) characterizes and ranks the severity of northeast
snowstorms. RSI has five categories: Extreme, Crippling, Major, Significant, and Notable.
RSI scores are a function of the area affected by the storm, the amount of snow, and the
number of people limg in the path of the storm. The largest RSI values result from storms
producing heavy snowfall over large areas that include major metropolitan centers. The
RSI categories are shown in Tdle

Table26: Regional Snowfall Index

RSI Value Description

1 163 Notable
2 3-6 Significant
3 6-10 Major

4 10-18 Crippling
5 18+ Extreme

Source: 2018 SHMCAP

The best available data on previous occurrences and impacts of heavy snow events in
Duxburyis available forPlymoutiCounty from the NOAA National Centers for
Environmental Information (NCEI). Frdr@ 202026, PlymoutiCounty experiencefl
blizzard events, resulting in no injuries or deaths, and property damaggsaf®o0, as
shown in Tabl27.

Table27: Blizzard Events in PlymouthCounty 2010 62026

Date Deaths ‘ Injuries Damage$

2/8/2013 0 0 445,000
1/2/2014 0 0 5000
1/26/2015 0 0 0
2/14/2015 0 0 10,000
1/23/2016 0 0 50,000
2/8/2016 0 0 10,000
3/13/2018 0 0 140,000
1/28/2022 0 0 2500
212212026 0 0 0
TOTAL 0 0 662,500

Source: NOAA, National Centers for Environmental Information
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Another indication of severe winter evenBrésidentially declaredisasters for blizzards

and snowstorms. There have been 14 in Massachusetts since 1978, as show28in Table
The most significant si ngl e whichnmsuledinadror m
threefeet of snowfall and multiplday closures of roadways, businesses, and schibels.
record snowfall of January 2015 resulted from a series of storms over that month. The
most recent significant winter event was Winter Storm Kenan (January 29, 2022), which
resulted in 30.90 of snow.

Table28: WinterRelatedFederal Disaster Declarations, 1928925

Coastal Storms, Flood, Ice & Snow February 1978
Winter Coastal Storm December 1992
Blizzard March 1993
Blizzard January 1996
Snowstorm March 2001
Snowstorm February 2003
Snowstorm December 2003
Snowstorm January 2005
Severe Winter Storm, Snowstorm January 2011
Severe Winter Storm, Snowstorm, Floodii  February 2013
Severe winter storm, snowstorm, flooding  January 2015
Severe winter storm and Snowstorm March 2018
Severe winter storm and flooding March 2018
Severe winter storm and snowstorm January 2022

Sources: OpenFEMA Dataset: Disaster Declarations and FEMA Declared Disasters

Winter storms are a communitide hazard inDuxbury Map 6 in Appendix A illustrates
the average annual average snowfallDuxbury which is betweef8 to 72 inches.

The majority of blizzardand snow storms the region cause more inconveni¢hae

serious property damage, injuries, or deaths. However, periodically, a storm will occur
which is a true disaster, and necessitates intensedeaige emergency responsech as

the Blizzard of 1978 described abov&he impacts of winter storms are often related to

the weight of snow and ice, which can cause roof collapses and also causes tree limbs to
fall. This in turn can cause property damage and potential injuries. Power outages may
also result from fallen treeand utility lines.

A number opublic safety issues arise durlmgavysnowstorms. Impassible streets are a
challenge for emergency vehicles and affect residents and employers. Large piles of snow
can also block sight lines for drivers, particularly at intersections. Refreezing of melting
snow can cause dangerous roadway aoos. In addition, transit operations may be
impacted
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Managing snow removal can be an expensive and challengintpta$sie TownThe
DuxburyDPW works to clear roads as requested by emergency service providers and
carries on general snow removal operations.

Probability of Future Occurrences

Blizzards are considered high frequency events based on past occurrences, as defined by
the Resilient MA Plan. This hazard is almost certain to occur at least once a year.

ICE STORMS

The ice storm category covers a range of different weather phenomena that collectively
involve rain or snow being convertedce in the lower atmosphere leading to potentially
hazardous conditions on the ground. Ice storm conditions are defined by liquid rain falling
and freezing on contact with cold objects, creating ice buildups-@bworik of an inch or

more. An ice stm warning, which is now included in the criteria for a winter storm
warning, is issued when a half inch or more of accretion of freezing rain is expected.

Sleet and hail are other forms of frozen precipitation. Sleet occurs when raindrops fall into
subfreezing air thick enough that the raindrops refreeze into ice before hitting the ground.
The difference between sleet and hail is that sleet is a wintertisr@menon whereas

hail falls from convective clouds (usually thunderstorms), often during the warm spring and
summer months (a description of hail is included in a subsequentktttiqtar.

Another form of freezing precipitation is ice pellets, which occur when snowflakes melt into
raindrops as they pass through a thin layer of warmer air. The raindrops then refreeze

into particles of ice when they fall into a layer of $tdezing air nearhe surface of the

earth.

The extent of ice storms is measured by the S{plteylce Accumulation Index (SPIA®);
seeTable29. The SPIA Index is to ice storms what the Enhanced Fujita Scale is to
tornadoes, and what the Safisimpson Scale is to hurricanes. The SPIA® Index, is a
forward-looking, ice accumulation and ice damage prediction index that uses an algorithm
based on thee key parameterst) Storm total rainfall, converted to ice accumulafipn

Wind; and 3) Temperatures during the event peribdese parameters, when used in
conjunction with digital forecasts from local NWS Weather Forecast Offices (WFOs), have
been shown to accurately predict the duration, intensity and damage capability of ice
storms. The SPIA® Index predicts the projected footprint, total ice accumulation, and
resulting potential damage from approaching ice storms. It is a tool to be used

for risk management and/or winter weather preparedness.

Key factors determining severity of ice storms include:
1 Ice Amount:While triggers warningspr more brings severe damage.
1 Wind SpeedHigh winds coupled with ice buildup cause rigtler destruction.
T  Weight:One halfinch of ice adds about 500 pounds of weight to a power line span.
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1 Accumulation TypeOften called glaze, the ice sticks to everything, leading to tree
failure, power line collapse, and treacherous roads.
T Location Vulnerability:-Urban areas typically face higher economic damage due to

higher utility density.

Table29: SperryPiltz Ice Accumulation Index (SPIA®)

ICE
DAMAGE
INDEX

DAMAGE AND IMPACT
DESCRIPTIONS

0

Minimal risk of damage to exposed utility systems;
no alerts or advisories needed for crews, few outages.

1

Some isolated or localized utility interruptions are
possible, typically lasting only a few hours. Roads
and bridges may become slick and hazardous.

Scattered utility interruptions expected, typically
lasting 12 to 24 hours. Roads and travel conditions
may be extremely hazardous due to ice accumulation.

‘Prolonged & widespread utility interruptions
with extensive damage to main distribution
feeder lines & some high voltage transmission

lines/structures. Outages lasting 5 — 10 days.

Catastrophic damage to entire exposed utility
systems, including both distribution and
transmission networks. Outages could last
several weeks in some areas. Shelters needed.

Source: SPIA® Index, www.spidex.com/

The best available data on previous ice storm events are recatdbd county level
t hrough NOAA®&s National Centers
Database PlymouttCounty, which includes fmvn ofDuxbury does not have any ice
storms recorded from 1950 to 202ke storms are infrequentDuxburybecause of its

for

locationat lower elevationg the relative milder coastal regiamhich rarely has

conditions favorable for ice storms. Regions of Massaclisese further inland and
at higher elevation are much more likely to experience ice storms.

Should an ice storm occubimxbury, lhe greatest hazard is created by freezing rain

Envi

conditions, which is rain that freezes on contact with hard surfaces leading to a layer of

ice on roads, walkways, trees, and other surfaces. The conditions created by freezing rain
can make driving particulgrdangerous and emergencgsponsemore difficult. The

weight of ice on tree branches can also lead to falling branches causing power outages

and blocking roadways. The impacts of winter storms may also include roof collapses and

property damage and injuries related to the weight of snowt me.However these
damages havaotoccurred irDuxbury
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Probability of Future Occurrence

InDuxbury ice storms are considered to bery lowfrequency events based on past
occurrences, as defined by tResilient MARlan. This hazaid very unlikely toccu as
thereare noexamples of historical occurrensgxe 1950.

Winter Weather and Climate Change

As with hurricanes, warmer ocean water and air will provide more fuel for winter storms.
According to the 2018 SHMCAP it appears that
in frequency and intensity. Further, the SHMCAP notes that research suggestnéna

weather in theéArcticis producing changes to atmospheric circulation patterns that favor

the development of winter storms in the Eastern United States. There is also some

indication that as winters warm, temperatures may be more likely to produce icing

conditions. Massachusatd 2022 Cl i mate Change Assessment
increased precipitation in the winter months, and multiple fteawecycles every winter

due to warming temperatures

OTHER SEVERE WEATHERINDERSTOMS / HAIL)

THUNDERSTORMS

While less severe than the other types of storms discussed, thunderstorms can lead to
localized damage and represent a hazard risk for communities. A thunderstorm typically
features lightning, strong winds, and rain and/or hail. Thunderstorms sometinse t¢ive
tornados. On average, these storms are only arounahilés in diameter and last for

about 30 minutes. A severe thunderstorm can include winds of close to 60 mph and rain
sufficient to produce flooding. The severity of thunderstorms ranges from commonplace
and of short duration to intense storms that caaisede due to high winds, flooding, or
lightning strikes.

The extent of damages from high winds is described by the Beaufort Wind Scale (Table
30), which was developead 1805 by Sir Francis Beaufart the U.K. Royal Navy

Table30 Beaufort Wind Scale
Appearance of Wind Effects

Wind  WMO
Force (Knots) Classifi-  oOn the water On Land
cation
0 <1 Calm Sea surface smooth and mifrc Calm, smoke rises vertically

like

Smoke drift indicates wind

1 1-3 Light Air |Scaly ripples, no foam crests direction. still wind vanes
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Light
Breeze

Gentle
Breeze

Moderate
Breeze

Fresh
Breeze

Strong
Breeze

Near
Gale

Gale

Strong
Gale

Storm

Violent
Storm

Hurricane

DRAFT 208 UPDATE

Small wavelets, crests glassy, \Wind felt on face, leaves
breaking rustle, vanes begin to move

Leaves and small twigs
constantly moving, light flac
extended

Large wavelets, crests begin t
break, scattered whitecaps

Dust, leaves, and loose paf.
lifted, small tree branches
move

Small waves -4 ft. becoming
longer, numerous whitecaps

Moderate waves 4 ft taking
longer form, many whitecaps,
some spray

Small trees in leaf begin to
sway

Larger waves 8L3 ft, whitecaps|Larger tree branches movin
common, more spray whistling in wires

Whole trees moving,
resistance felt walking agait
wind

Sea heaps up, waves 11D ft,
white foam streaks off breakel

Moderately high (185 ft)

waves of greater length, edge:|Twigs breaking off trees,

of crests begin to break into |generally impedes progress
spindrift, foam blown in streak

High waves (232 ft), sea

begins to roll, dense streaks o |Slight structural damage
foam, spray may reduce occurs, slate blows off roofs
visibility

Very high waves (241 ft) with |Seldom experienced on lan
overhanging crests, sea white trees broken or uprooted,
with densely blown foam, hea|"considerable structural
rolling, lowered visibility damage"

Exceptionally high (332 ft)
waves, foam patches cover se
visibility more reduced

Air filled with foam, waves ove
45 ft, sea completely white wit
driving spray, visibility greatly
reduced

Source: NOAA Storm Prediction Center
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The amount of rainfall expected for storms of various durations and recurrence intervals,
from 5 minutes to 60 days, and from annual recurrence to 1,000 years, is provided by
NOAAOGs At | a sDufatdbrFreubaney cidvegparershown in Figore

Figure30 DepthDurationFrequency Curve
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Source: NOAA Atlas 14

For example, the chart shows the range of expected precipitation fosredlrainfall
ranges from about 2 inches for annual storm and 10 inches for a storm-p¢d:00
frequency.

The best available data on previous occurrences of thundersi@mduryare fromthe
NOAA National Centers for Environmental Information (NGDRIymouttCounty
Between the years 2@land 2025 NCEI records sha¥@ thunderstorm eventsRiymouth
County (Tabl81). Thesstorms resulted in a total o8¥,800in property damages.
There were no injuries or deaths.

Table31 PlymouthCounty Thunderstornkvents,2015 - 2025
Magnitude

Date Knots Deaths | Injuries Damage$
2/25/2016 50 0 0 50,000
7/17/2016 50 0 0 30,000
7/18/2016 50 0 0 53,000
7/22/2016 40 0 0 5000
7/23/2016 40 0 0 14,000
9/11/2016 40 0 0 1000
6/13/2017 49 0 0 2000
7/6/2018 45 0 0 1000
7/17/2018 45 0 0 10000
4/15/2019 48 0 0 4000
6/29/2019 52 0 0 3000
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Date Mal?:c')ttide Deaths  Injuries Damage$
7/17/2019 50 0 0 4000
7/31/2019 58 0 0 0
8/8/2019 50 0 0 300
8/19/2019 50 0 0 300
6/6/2020 50 0 0 3000
6/28/2020 50 0 0 11,200
7/23/2020 50 0 0 500
8/22/2020 50 0 0 94300
10/7/2020 52 0 0 0
6/22/2021 50 0 0 500
6/30/2021 50 0 0 5800
717/2021 50 0 0 1000
7/23/2021 50 0 0 300
7/27/2021 52 0 0 500
11/13/2021 50 0 0 1500
7/14/2022 50 0 0 900
8/9/2022 50 0 0 2100
8/26/2022 50 0 0 5000
6/14/2023 50 0 0 2600
7129/2023 50 0 0 7000
8/8/2023 50 0 0 3000
8/13/2023 50 0 0 1000
8/18/2023 50 0 0 2000
6/26/2024 50 0 0 8800
8/15/2024 50 0 0 200
71312025 50 0 0 4000
7/20/2025 50 0 0 300
7/25/2025 50 0 0 900
8/14/2025 50 0 0 1000
TOTAL 0 0 $379,800

Source: NOAA\ational Centers for Environmental Information
Magnitude refers to maximum wind speednots.

Severe thunderstorms ard awnwide hazard forDuxbury TheTowrs vulnerability to

severe thunderstorms is similar to thatoglical stormsHigh winds can cause falling trees
and power outages, as well as obstruction of key routes and emergency access. Heavy
precipitation may also cause localized floodihug tohigher stormwater runoff that
exceeds the capacity of portions of tth&inage system and/or ponding of Iodying
impervious areasloodingcan result in motdelated public health impacted power
outagescanleave people without heat dhe use of medical devicdsghtning may cause
injury or death to people who are outdoors
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Probability of Future Occurrence

Based on the record of previous occurrences, severe thundersiurigiiyare very
high frequency events as defined by Resilient MARIlan This hazard occurs more
frequently than once in 5 years (greater than 20% per year).

Thunderstorms and Climate Change

The intensity of rainfall events has increased significantly, and those trends are expected
to continue. Neither the SHMCAP, nor the 2022 Massachusetts Climate Change Assessment,
specifically address whether climate will affect the intensity or frequency of thunderstorms.

HAIL

Hail and $eet are forms of frozen precipitatiofdail occurs wheprecipitationfalls through
subfreezing air thick enough that the raindrops freeze into ice before hitting the ghdhitel.

sleet is a wintertime phenomenloail falls from convective clouds (usually thunderstorms), often
during the warm spring and summer n®nth

Hail size typically refers to the diameter of the hailstones. Warnings and reports may report hail
size through comparisons with +walld objects that correspond to certain diameters, shown in
Table32.

Table32: Hail Size Comparisons

Pea 0.25
Marble or mothball 0.50
Penny or dime 0.75
Nickel 0.88
Quarter 1.00
Half dollar 1.25
Walnut or ping pong ball1.50
Golf ball 1.75
Hen's egg 2.00
Tennis ball 2.50
Baseball 2.75
Tea cup 3.00
Grapefruit 4.00
Softball 4.50
Source: NOAA

The best available local data for previous hail eveni3urburyare for PlymoutiCounty through
the National Centers for Environmental Informa@lgmoutiCounty experienced4lhail events
from 20102025 shown in Tabl&3. There were no injuries, deaths, or property damage reported
for these hail events.
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Table33: Plymouth @unty Hail Events, 2012025

Date Hail Size(incheg | Deaths Injuries Damage

5/26/2010 0.75 0 0 0
6/1/2011 1 0 0 0
9/15/2011 0.75 0 0 0
7/24/2012 1.75 0 0 0
8/7/2014 0.88 0 0 0
7/17/2016 0.88 0 0 0
6/13/2017 0.75 0 0 0
6/22/2019 0.75 0 0 0
6/30/2019 1 0 0 0
8/22/2020 1.75 0 0 0
7/23/2021 0.88 0 0 0
7/14/2022 1 0 0 0
8/26/2024 15 0 0 0
8/14/2025 15 0 0 0
TOTAL 0 0 0

SourceNOAA,NationalCenterdor Environmentéhformation
*Magnituderefersto diameterof hail stonesninches

Hail events are a potential towmide hazard inDuxbury, however ¢htown has not reported any
local damage associated with hail. Should a significant hail event occur, the most likely damage
would be to vehicles, both towwned and privately ownedyindows, roofs, and other structures,
as well as some utility facilitiesarDage to vegetation could cause power outages, and damage

to some building®eople outdoors directly exposed to large hail could be at risk of injuries in a
severe hail evenghould solar energy facilitates be sitedimxburyin the future, they could be
vulnerable to the impacts of hail.

Probability of Future Occurrences
Based on the record of previous occurrences, hail evButsdaryare a Medium frequencgvent.

This hazardnayoccur once in five years to once in 50 years, with a 2% to 20% chance of occurring
each year.

WILDFIRE/BRUSHFIRE

A brush fire is an uncontrolled fire occurring in a forested or grassland area. In the Boston
Metro region these fires rarely grow to the size of a wildfire as seen more typically in the
western U.S. As their name implies, these fires typically burnentharothe underbrush

of a forested area.

There are three different classeswofdfires

1 Surface fires are the most common type and burn along the floor of a forest, moving
slowly and killing or damaging trees;
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1 Ground fires are usually startdxy lightning and burn on or below the forest floor;
1 Crown fires spread rapidly by wind, jumping along the tops of trees.

Wildfire season can begin in March and usually ends in late November. The majority of
wildfires typically occur in April and May, when most vegetation is void of any
appreciable moisture, making them highly flammable. Once “gg@etakes place in late
May to early June, the fire danger usually is reduced somewhat.

A wildfire differs greatly fronother fires by its extensive size, the speed at which it can
spread out from its original source, its potential to unexpectedly change direction, and its
ability to jump gaps such as roads, rivers and fire breaks.

The most susceptible fuels are pitch pine, scruanub&ak forests. Topography can

affect the behavior of fires, as fire spreads more easily uphill. Fires can present a hazard
where there is the potential to spread into developed or inhabited areas, particularly
residential areas where sufficient fuel eratls might exist to allow the fite spreadinto
homes. Protecting structures from fire poses special problems and can stretch firefighting
resources to the limlthe most common cause of wildfires is the careless disposal of
smoking materials and untended campfires.

These fires can presengeeater hazard where there is the potential for them to spread
into developed or inhabited areas, particularly residential areas where sufficient fuel
materials might exist to allow the fire the spread into hokmesvn as the

Urban/Wildfire Interface.Protecting structures from fire poses special problems, and can
stretch firefighting resources to the limit.

If heavy rains follow a fire, other natural disasters can occur, including landslides,
mudflows, and floods. If the wildfire destroys the ground cover, then erosion becomes one
of several potential problems.

The National Wildfire Coordinating Group (NWCG) classifies the severity of wildfires
based on their acreage as follows:

Class A onefourth acre or less;

Class B more than ondourth acre, but less than 10 acres;
Class G 10 acres or more, but less than 100 acres;
Class D 100 acres or more, but less than 300 acres;
Class E 300 acres or more, but less than 1,000 acres;
Class F 1,000 acres or more, but less than 5,000 acres;
Class G 5,000 acres or moréNWCG, 2023)

=A =4 4 4 -4 -4 -4

Duxburyis in the Class category.

78



TOWN OFDUXBURWYHAZARD MITIGATION PLAN
DRAFT 208 UPDATE

Potential Wildfire Hazard Areas

The 2018 SHMCAP includes a map that depicts statewide fire risk incorporating three risk
components: fuel, wildlawdban interface, and topography (Figus#&). The wildland

urban interface reflects communities where housing and vegetation intermingle, and fire
can spread from structures to vegetated ar&ascburyisin the middleof the range of

risk on this map

Hgure 31: Wildfire Risk Areas in Massachusetts

No risk

Low

Moderate

High

Very high
B Extreme

1 Ecoregion boundary P (—4 'f?
)

Source: 2018 SHMCAP

The Town considers brush fires to be a medium priority natural Hdpastdorush fires

are caused by weather conditions such as lack of rainfall, winds and lightning, and a few
by youth activities in wooded areahe Duxbury Fire Departmeagularly espondto

brush firesFire Department records include 89 wildfireidences from 2018 to 2024

which areshown i\ppendix XXNone of thesdiresinvolved significant damage to
residences or commercial properties, and none have resulted in injuries or deaths.

The following areas dduxburywere identifiedby the local tearmas havinga higher

potential for brush fires based either on higher concentration of brush or forest, or large
stands of phragmites. Heesites have been mapped and thembersn the list below
correspond tMap 8 inAppendix B

Miles Standish Park (17)

Depot Street, Lapham Woods (18)

Mayflower Street, Town Forest (19)

Waiting Hill (20)

Behind Chandler School on Duxbury Bog (21)

Autumn Lane, O'Neil Farm, beneath high tension wires (22)

Too To Too To T Do
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King Phillips Path, Lansing Bennett Forest (23)

Summer and Congress streets, border with Pembroke (24)
North Street, by Marshfield and Pembroke lines (25)

Pine Brook area (26)

Wright Reservation, high tension wires (27)

Bay Farm area, along border with Kingston (28)

Cranberry Bogs by Island Creek (31)

Harrison Street at the open space and forested areas (32)
Oak Street

Route 3 North and South between exits1P0 (34)

Too To Too Too To o T Too To

™

Potential damages from wildfires in Duxbury would depend on the extent and type of

land affected. Duxbury has over 6,000 acres of forested area and over 3,000 acres of
protected open space. Muohthis land area contains the Southeastern Massachusetts

Pine Barren Forest, known for its sandy soils, scrub oak and pitch pindpmliirated

forest which naturally relies on fires for
Barren Forest areefv and far between, there is a potential for loss of residences which

are often nestled within the forested areas. The Chief of the Duxbury Fire Department

has conceswithDu x bur yds vul ner abi Jelatedshazardsd r i sk of

Among the only trees that thrive in this region's sandy soil are pitch pine and scrub oak;
both species are susceptible to fire but pitch pine'stiekimeedles are especially so.

With the added fuel from ground covered with dried pinecones, neediessleand

twigs, these forests can produce some of the fasi@gng fires in the country. In recent
decades, there has been intense residential development surrounding state forests and
parks. Dozens of structures have beenndSoutheastern MA., in the 1957 and 1964

fires. Today, even a meditgize wildfire in southeastern Massachusetts would likely
destroy hundreds of homes and possibly result in loss of life.

Potential vulnerabilities to wildfires include damage to strucndemfrastructureand
impacts on natural resources such as town conservation land. Smoke and air pollution
from wildfires can be a health hazard, especially for sensitive populations including
children, the elderly, and those with respiratory and cardiovascular diseases.

Outdoor burning is allowed from January to May with a permit from the Fire

Department. The Fire Department reviews all development proposals for fire Baéety.

Duxbury Fire Chief noted that public education, permitting and monitoring of open air
burning, and oprescribed burnso of the Pine
and minimize extensive loss. There could be the need fdirpasivegettion to restore

a burned property which could cost from a few thousand dollars to tens of thousands for

an extensive area. However, there are no data on actual wildfire damages in Duxbury.

Probability of Future Occurrences
Based on past occurrences brushfires ahggbffrequencyn Duxburyas defined by the

Resilient MARlan.Wildfire eventsare almost certain to occur at least once a year.
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WILDFIRE AND CLIMATE CHANGE

As the climate warms, drought and warmer temperatures may increase the risk of wildfire
as vegetation dries out and becomes more flammable. Increasing drought and increasing
damage to trees frormpestscan also lead to greater fire risk. The 20RBssachusetts
ClimateAssessment cites anticipated forest health degradation from increasing wildfire
frequency.

EARTHQUAKES

Damage in an earthquake stems from ground motion, surface faulting, and ground failure
in which weak or unstable soils, such as those composed primarily of saturated sand or
silts, liquefy. The effects of an earthquake are mitigaedistance and ground

materials between the epicenter and a given location. An earthquake in New England
affects a much wider area than a similar
solid bedrock geology (NESEC).

Seismologists use a magnitude scale known as the Richter Scale to express the seismic
energy released by each earthquake. The typical effects of earthquakes in various ranges
are summarized in Tab82. Although each earthquake has a unique magnitude, its

effects will varygreatly according to distance, ground conditions, construction standards
and other factors. In seismology, a scale of seismic intensity is a way of measuring or
rating theeffectsof an earthquake at different sites. The Modified Mercalli Intensity Scale

is commonly used in the United States by seismologists seeking information on the severity
of earthquake effect§Table35). Intensity ratings are expressed as Roman numerals
between | at the low end and XIlI at the high end.

Table34: Richter Scale and Effects

Richter
Magnitudes Earthquake Effects

Less than 3.5 Generally, not felt, but recorded
3554 Often felt, but rarely causes damage

At most slight damage to welésigned buildings. Can cause major
Under 6.0 . )

damage to poorly constructed buildings over small regions.
6.1-6.9 Can be destructive in areas up to about 100 km where people live.
7.0-7.9 Major earthquake. Can cause serious damage over larger areas.

Great earthquake. Can causerious damage in areas several hundre
meters across.
Source: Nevada Seismological Library (NSL), 2005

8 or greater
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Table35: Measuring Earthquake Magnitude (Modified Mercalli Intensity Scale)

Rating Seismic Intensity/Effects

[ People do not feel any Earth movement.

Il A few people might notice movement if they are at rest and/or on the uppe
floors of tall buildings

11 Most people indoors feel movement. Hanging objects swing. Dishes, windd
doors rattle. The earthquake feels like a heavy truck hitting the walls. A few
people outdoors may feel movement. Parked cars rock.

v Almost everyone feels movement. Sleeping people are awakened. Doors
open or close. Dishes are broken. Pictures on the wall move. Small objects
or are turned over. Trees might shake. Liquids might spill out of open contg

\% Everyone feels movement. People have trouble walking. Objects fall from g
Pictures fall off walls. Furniture moves. Wall plaster might crack. Trees and

\i shake. Damage is slight in poorly built buildings. No structural damage.

Vi People have difficulty standing. Drivers feel their cars shaking. Some furnit

breaks. Loose bricks fall from buildings. Damage is slight to moderate in w
built buildings; considerable in poorly built buildings

VIl Drivers have trouble steering. Houses that are not bolted down might shift
foundations. Tall structures such as towers and chimneys might twist and f
Well-built buildings suffer slight damage. Poorly built structures suffer seve
damage. Tre branches break. Hillsides might crack if the ground is wet. W4
levels in wells might change.
VIX Well-built buildings suffer considerable damage. Houses that are not boltec
down move off their foundations. Some underground pipes are biidken
ground cracks. Reservoirs suffer serious Damage.

X Most buildings and their foundations are destroyed. Some bridges are
destroyed. Dams are seriously damaged. Large landslides occur. Water is
on the banks of canals, rivers, lakes. The ground cracks in large areas. Ra
tracks are bent slightly.

Xl Most buildings collapse. Some bridges are destroyed. Large cracks appea
ground. Underground pipelines are destroyed. Railroad tracks are badly be
XIl Almost everythinig destroyed. Objects are thrown into the air. The ground

moves in waves or ripples. Large amounts of rock may move.
Source: NSL 2005 (Original Source: FEMA)

One measure of earthquake risk is ground motion, which is measured as maximum peak
horizontal acceleration, expressed as a percentage of gravity (1 g). The range of peak
ground acceleration in Massachusetts is from 10g to 20g, with a 2% probability of
exaeedance in 5¢/ears,as shown in FiguB2 Duxburyis in thaniddlepart of the range

for Massachusetts making inoderatearea of earthquake risk within the state, although

the state as a whole is considered to have a low risk of earthquakes compared to the rest
of the country.

Although New England has not experienced a damaging earthquake since 1755,
seismologists state that a serious earthquake occurrence is possible. There are five
seismological faults in Massachusetts, but there is no discernible pattern of previous
earthquales along these fault lines. Earthquakes occur without warning and may be
followed by aftershocks. Most older buildings and infrastructure were constructed without
specific earthquake resistant design features.
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Figure32: Massachusetts Earthquake Probability Map
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According to the State Hazard Mitigation Plan, New England experiences an average of
five earthquakes per year. From 1668 to 2007, 355 earthquakes were recorded in
Massachusetts (NESEC). Most have originated from the La Malbaie fault in Quebec or
from theCape Anne fault located off the coast of Rockport. The region has experienced
severallarger earthquakes, includingnaagnitude 5.0 earthquake in 1727 and a 6.0
earthquake that struck in 1755 off the coasCaipe Anne. More recently, a pair of
damaging earthquakes occurred near Ossipeej\t940and a 4.0 earthquake

centered in Hollis, Maine in October 2012 was felt in the Boston area. Historical records
of some of the more significant earthquakes in the region are shoalnae36.

Table36: Historic Earthquakes in Massachusetts or Surrounding Area

Vagnitude

Location
MA - Cape Ann
MA - Cape Ann
MA - Cape Ann
MA - Cape Ann
MA - Cape Ann
MA - Cape Ann
MA - Cape Ann

MA 9 Boston
MA - Cape Ann
MAJ Salem
MA - Off Cape Ann

11/10/1727
12/29/1727
2/10/1728
3/30/1729
12/9/1729
2/20/1730
3/9/1730
6/24/1741
6/14/1744
7/1/1744
11/18/1755

83

5
NA
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NA
NA
4.7
NA
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Vagnitude
NA

MA - Off Cape Cod 11/23/1755

MA & Boston 3/12/1761 4.6
MA - Off Cape Cod 2/2/1766 NA
MA d Offshore 1/2/1785 5.4
MA - Wareham/Taunton 12/25/1800 NA
MA d Woburn 10/5/1817 4.3
MA - Marblehead 8/25/1846 4.3
MA o Brewster 8/8/1847 4.2
MA & Boxford 5/12/1880 NA
MA 6 Newbury 11/7/1907 NA
MA - Wareham 4/25/1924 NA

MA - Cape Ann 1/7/1925 4
MA - Nantucket 10/25/1965 NA
MA d Boston 12/27/74 2.3
MA - Nantucket 4/12/12 4.5
ME® Hollis 10/17/12 4.0

Source: Boston HIRA

Earthquakes are a hazard with multiple impacts beyond the obvious building collapse.
Buildings may suffer structural damage which may or may not be readily apparent.
Earthquakes can cause major damage to roadvaagktransit linesnaking emergency
response difficult. Water lines and gas lines can break, causing flooding and fires.
Another potential vulnerability is equipment within structures. For exaimgldingmay

be structurally engineered to withstand an earthquake, but if the equipment inside the
building is not properly securaticould be severelgamagedduring an earthquake.
Earthquakes can also trigger landslides.

Earthquakes are a potentizbwrwide hazard inDuxbury TheTownhassomeolder
buildingsbuilt prior to the current building cotieat could be vulnerable in the event of a
severe earthquakd?otential earthquake damagéesDuxburyhave been estimated using
HAZUSMH. Totabuildingdamages including business interruption lossegstimated

at $232 millionfor a 5.0 magnitude earthquake arP.3 billionfor a 7.0 magnitude
earthquake Other potential impacts are detailed in Takbe

Probability of Future Occurrence

There areseveral ways the probability of future occurrences of earthquakes has been
estimated.

According tdhe Boston College Weston Observatory, in most parts of New England there
is a one in ten chance that a potentially damaging earthquake will occG0uyear

time period Earthquakes iDuxburyare a low frequency event as defined dyet

Resilient MA Plan. This hazard is likely to occur at least once by the end of the century;
anticipated every 100 years.
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LANDSLIDES

According to the USGS, 0The term | andslide i
such as rock falls, deep failure of slopes, and shallow debris flows. Although gravity

acting on an over steepened slope is the primary reason for a landslide, therthare
contributing factor s. deefosianbyyivetsloreoceanovaves i b ut i n
over steepened slopes; slopes weakened through saturation by snowaiglt or

earthquakes create stresses that make weak slopes fail; and excess weight from

accumulation of rain or snow, stockpiling of rock or ore, waste piles, or structures.

Landslides can result from human activities that destabilize an area or can occur as a
secondary impact from another natural hazard such as flooding. In addition to structural
damage to buildings and the blockage of transportation corridors, landslidésackio
sedimentation of water bodieBypically, a landslide occurs when the condition of a slope
changes from stable to unstable. Natural precipitation such as heavy snow accumulation,
torrential rain and rwoff may saturate soil creating instability enough to contribute to a
landslide. Télack of vegetation and root structure can destabilize hilly terrain.

In Massachusetts, the most common cause of landslides are geologic conditions combined
with steep slopes and/or heavy rains. Landslides associated with heavypaialsy
occur on steep slopes with permeable soils underlain by till or bedrock.

There is no universally accepted measure of landstigat,but it has been represented

as a measure adestructivenes$able37 below summarizes the estimated intensity for a
range of landslides. For a given landslide volume, fast moving rock falls have the highest
intensity while slow moving landslides have the lowest intensity.

TheMA State Hazard Mitigation and Climate Adaptation Riéihzed data from the MA
Department of Transportation from 1986 to 2006 to estimate that, on average, roughly
one to three known landslides have occurred each year in the state. A slope stability map
published by the MA Geological Survey and UMasdersindicates that the most

significant risk of landslide is in western Massachusetts.

37: Estimated Landslide Intensity
Estimated Expected Landslide Velocity

Volume

(m3 Fast moving Rapid moving landslide Slow moving
landslide (Rock fall) | (Debris flow) landslide (Slide)

<0.001 Slight intensity

<0.5 Medium intensity

>0.5 High intensity

<500 High intensity Slight intensity

500-10,000 High intensity Medium intensity Slight intensity

10,000 6 50,000 Very high intensity | High intensity Medium intensity

>500,000 Very high intensity High intensity

>>500,000 Very high intensity

SourceA Geomorphological Approach to the Estimation of Landslide Hazards and Risks in Umbria, Bentral Italy
Cardinali et al, 2002
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The entire Town has been classified as having a low incidence risk for lanestidiean

1.5 % of the area is involved in land slidinfylap 4, AppendixA). The t ownds coast ¢
location, characterized by moderate topography and sandy soils is not conducive to

landslide riskNo acreage irDuxburyhas been lost to landslides, hs fTown does not

have records of damages caused by landslidé& Town does not believe that landslides

pose asignificantisk toDuxbury

Should a landslide occur in the future, the type and degree of impacts would be highly

| ocalized, and the Townds vulnerabilities co
transportation and other infrastructure, and localized road closures. Injuries and

casualties, while possible, would be unlikely given the low extent and impaxistitiies

in Duxbury

Potential damages would depend on how mang what types oproperties were
affected. Given the relatively high assessed value of propeiukbury damages
affecting a single residence could exceed $500,000, and damages affecting several
homes or business properties could theoretically extend to severaldolidion

However, there are neecords of suclandslide damages iBuxbury

Probability of Future Occurrences

Although the Resilient MA Plan classifies landslides as high likelihood events statewide,
based on past occurrences and topographic conditi@nsxioury landslides are very low
frequency events in the town. This hazard is very unlikely to occur and these are
examples of historical occurrences.

Climate Change and Landslides

Changes in precipitation may increase the chance of landslides, as extreme rain events
could result in more frequent saturated soils which are conducive to landslides. Drought
may also increase the likelihood of landslides if loss of vegetation decreases soil stability.

EXTREME TEMPERATURE HAZARDS

AVERAGE AND EXTREME TEMPERATURES

Extreme temperatures occur when either high temperature or low temperatures relative to
average local temperatures occur. These can occur for brief periods of time and be acute,
or they can occur over long periods of time where there is prolonged period of
excessively hot or cold weathBruxburyhas four welllefined seasons. The seasons have
several defining factors, with temperature one of the most significant. Extreme
temperatures can be defined #sse whichre far outside of the normal seasonal

ranges for Massachusetts. The aversggsonatemperatures for Massachusetts are:

Winter (Ded-eb) Average = 31.8°FSummer (JuAug) Average = 71°F
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EXTREME HEAT

While a heat wave for Massachusetts is defined as three or more consecutive days above
90°F, another measure used for identifying extreme heat events is through a Heat
Advisory from the NWS. These advisories are issued when the heat index3@igaire
forecastto exceed 100degree Fahrenheit (F) for 2 or more hours; an excessive heat
advisory is issued if forecast predicts the temperature to rise abovel05 degree F.

Figure33: Heat Index Chart

Temperature (°F)

80 |82 ) 84 | 8 | 8 | 90 | 92 | 94 | 9 | 98 | 100 | 102 | 104
40 | 80 | 81| 8 | 8 | 8 | 9 | 94 | 97 | 101 | 105 | 109 | 114
45 | 80 |82 | B4 | 87 | 89 | 93 | 9% | 100 | 104 | 109 | 114
50 | 81 | 83| 8 | 8 | 91 | 9% | 99 | 103 | 108 | 113
55 | 81 | 84| 8 | 89 | 93 | 97 | 101 | 106 | 112
60 | 82 | 84| 8 | 91 | 95 | 100 | 105 | 110 | 116
65 | 82 |85 | 89 | 93 | 98 | 103 | 108 121

Relative Humidity (%)

Health Hazards

Sunstroke, muscle cramps, and/or heat exhaustions possible with prolonged

Extreme Caution 90 °F - 105 °F ) L
exposure and/or physical activity.

Caution 80 °F-90°F | Fatigue possible with prolonged exposure and/or physical activity.

Source: National Weather Service

The best available datan past occurrences of extreme heat evieft®mN OA A8 s
NationalCenters for Environmental Informaf@e) for PlymouttCounty, which includes
Duxbury.The NEIrecords indicate thatince 2010there hae beenthreeexcessivéieat

events recorded, withoreported death, no injuries, and no property damage (see Table
38). The hottest single day temperature recorded in Eastern Massachusetts by the
Nati onal Weather Serviceds Norton/ Boston
1911.

Table38: PlymouthCounty Extreme Heat Occurrences 2640R5

Date ~ Deaths Injuries Damage |
7/22/2011 0 0 0
7/01/2018 0 0 0
7/03/2018 0 0 0

TOTAL 0 0 0

Source: NOAA, National Centers for Environmental Information

87



TOWN OFDUXBURWYHAZARD MITIGATION PLAN
DRAFT 208 UPDATE

Extreme temperatures are a commuwiye hazard in Duxburfxtreme heat poses a
potentially greater risk to the elderly, children, and people with certain medical
conditions. However, even young and healthy individuals can succumb to heat if they
participate in strenuous physical activities during hot we&@ltsr adults are often at
elevated risk due to a high prevalence of geisting and chronic conditiomsDuxbury
approximately16.9% of the population is over age 6Beople who live in older housing
stockand in housing without air conditioning have increased vulnerability ‘e lxted
illnesses.

Power failures can occur during heat waves, where intense heat spikes electricity demand

and aging infrastructure. With aging infrastructure, the combination of these ¢actors

lead to equipment failure. Loss of electricity notonly impairr e si dent 6s abi | it
but can causa significant medical emergency for those who require electronic medical

equipment or from foetiorne illnesses from contaminated food, ingested after loss of

refrigeration.. Key health risks of extreme heat are summarized in F3gure

Figure34 HealthRisks Associated with Extreme Heat

Heat Index Heat Index
Above 90°F Off the Charts

Qutdoor workers become Undetermined: any level

more susceptible to heat- of exposure is presumed

related illness. extremely dangerous
for all people and likely

to result in heat-related
iliness or even death.

Source: Killer Heat in the United States, Union of Concerned Scientists

Areas with less shade and darker surfaces (pavement and roofs) will experience even
hotter temperatures; these surfaces absorb heat during the day and release it in the
evening, keeping nighttime temperatures warmer as well. Map 9 in Appeddiglays

areas that are among the hottest 5% of land in the MAPC region based on land surface
temperature derived from satellite imagery on July 13, 2@26ly two smallareas of
Duxburyares hown asOohot spot

Hot summaetays can worsen air pollution. With increased extreme heat, urban\ailkas
likely experience more days that fail to meet air quality standards. Power failures are
more likely to occur during heat waves, affecting the ability of residents to remain cool.
Individuals with prexisting conditions and those who require medical eguipmay be

at increased risk.
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Ecosystems that are expected to be particularly vulnerable to warming temperatures
include coldvater fisheries, vernal pools, spriicdorests, northern hardwood forests
(Maple, Beach, Birch), Hemlock forests, and urban forests. Other Impacts on natural
resources include a longer growing season and northern migration of plantsaaid,ani
including invasive species.

Extreme Heat and Climate Change

The 2022 MA Climate Change Assessment includes projections ofdcivreatature
increase® average temperature and in the number of extreme heat ddyss.
assessment also highlights the following climate impacts related to tempeDateres
time our climate will become more similar to areas well to the south of New England
(Figure36 below). Projected number of days above 90F to the year 2070 is shown is
Figure35.

Figure35: Comparison of Days Above 90F for Low and High Emission Scenarios

2016 (11 days) 2030 (29-40 days) 2070 (47-90 days)
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B High Emissions Scenario (Hayhog)
B High Emissions Scenario (Rossi)

Source: Somerville Climate Change Vulnerability Assessment
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Warmer temperatures and more frequent heat waves are
connectedo impaired human health, increased droughts
reduced agriculture yields, species range shifts, and
damaged infrastructure.

1 By 2030, the summer mean temperature could ni\ ; :
increase by 3.6°F from the historical period (1950 — ‘96“}"‘”4\)
2013), worsening stress on electric transmissione¢ . . Fo / e
utility distribution infrastructure. " N ‘

1 By 2070, there could be 58 fewer days below el
freezing, increasing the chance of ticks 2030-2069
overwintering and reducing winter recreation . :
opportunities. _— y

1 Increase in vector borne diseases and bacterial o720
infections, including West Nile Virus and Lyme £ B (5 Exiiion St
disease due to more favorable conditions for ticks \ Lower-Emission Scenario
and mosquitoes. '

1 Damage to electric transmission and utility
distribution infrastructure associated with heat stre

1 Damage to rails and loss of rail/transit service, Source: Union of Concerned Scientists
including flooding and track buckling during high
heat events.

1 Reduced ability to work, particularly for outdoor workers during extreme dat,
well as commute delays due to damaged infrastructure.

1 Freshwater ecosystem degradation due to warmingnaat

91 Forest health degradation from warming temperatures and increasing pest
occurrence

Figure36: Temperature Scenarios

7

2040-2069

</ 2070-2099

Probability of Future Occurrences

Extreme heat events are classified as very high frequency events as defined by the
Resilient MA Plan. Extreme temperature events are almost certain to occur multiple times a
year.

EXTREME COLD

Extreme cold is relative to the normal climatic lows in a region. Temperatures that drop
decidedly below normal and wind speeds that increase can cause harmfahilind
factors.The severity of extreme cold temperature is typically measured using the Wind
Chill Temperature Index, which is provided by the National Weather Service (NWS). The
wind chill is the apparent temperature felt on exposed skin due to the combination of air
temperature and wind speed. The index is provided in F@jure Wind Chill warning is
issued when the Wind Chill Index is forecast to fall be?®ddegrees F for at least 3

hours.
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Figure37. Wind Chill Temperature Index and Frostbite Risk
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Wind Chill (°F) = 35.74 + 0.6215T - 35.75(V*'%) + 0.4275T(V*'6)
Where, T= Air Temperature (°F) V=Wind Speed (mph) Effective 11/01/01

Source: National Weather Service

The best available datan past occurrences of extreme cold event§raeN OA A D s
NationalCenters for Environmental Informaf@e) for PlymouttCounty, which includes

the Town oDbuxbury Therewere two extreme cold eventgecorded by NCH[Table39),

whichcaused no deaths, no injuries, or property damage.coldest single day
temperature recorded in Eastern Massachusett
Norton/Boston regional office was8 degrees (F) on February 9, 1933.

Table39: PlymouthCounty Extreme Cold and Wind Chill Occurrenc2@10-

2025
2/16/2015 0 0 0
2/1 4/2016 0 0 0
TOTAL 0 0 0

Source: NOAA, National Centers for Environmental Information

Extreme cold is a dangerous situation that can result in health emergencies for susceptible
people, such as those without shelter or who are stranded or who live in homes that are
poorly insulated or without heat. The greatest vulnerability tdahawould be a power

outage during a winter storm, which could temporarily leave many residents without heat.
The elderly and people wittlisabilities are often most vulneraldi@Duxbury 16.9% of

residents are 65 years old armlverand 7.1% have a disability
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Other damages related to extreme cold in Duxbury relate to the freezing of the bay,
which can cause heaves and structural damage to piers, docks and marina structures on
the waterfront, including the Powder Point Bridge pilings and other bridges indkiese b
waters. Access to iceder waters is prevented during these freezes, affectmsd)

fishingand fishing activities, and damaged infrastructure must be repaired with closures or
significantly reduced usage until these repairs are made.

Probability of Future Occurrences

Extreme cold events are classified as very high frequency events as defined by the Resilient
MA Plan. Extreme temperature events are almost certain to occur multiple times a year.

DROUGHHAZARDS

Drought is a temporary irregularity in precipitation and differs from aridity since the

latter is restrictedo low rainfall regions and is a permanent feature of climate. Drought is

a period characterized by long durations of below normal precipitation. Drought
conditions occur in virtually all climaboesyet its characteristics vary significantly from

one region to another, since it is relative to the normal precipitation in that region. Drought
can affect agriculture, water supply, aquatic ecology, wildlife, and plant life.

In Massachusetts, droughts are cabyetie prevalence of dry northern continental air

and a decrease in coastand tropicalcyclone activity. During the 1960's, a cool

drought occurred because dry air from the north caused lower temperatures in the spring
and summer of 19685. The northd#y winds drove frontal systems to sea along the
Southeast Coast and prevented the Northeastern States from retfe@vimaymal sources

of moisturgsee Figur@8). This is considered the drought of record in Massachusetts.

Figure38: Principal Source and Pattern oMoistureDelivery to Massachusetts
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Average annual precipitation in Massachusetts is 44 inches per year, with approximately
3-to-4-inchaverage amounts for each month of the year. Regional monthly precipitation
ranges from zero to 17 inches. Statewide annual precipitation ranges from 30 to 61
inches. Thus, in the driest calendar year (1965), the statewide precipitation total of 30
inches was 68 percent of average.

Although Massachusetts is relatively small, it has a number of distinct regions that

experience significantly different weather patterns and react differently to the amounts of
precipitation they receive. The DCR precipitation index divides the stateviato
regions: Western, Central, Connecticut River Valley, Northeast, Southeast, Cape Cod, and
IslandsDuxburyis located in th&outlkeast Region. IDuxburydrought is a potential
townwide hazard.

The Massachus@teught Management Plara s

revi

sed

i n

2019 to

c ha

classification of droughts by establishing four levels to characterize drought severity

beyond normal conditians

= =4 =4 4 A

Level GNormal Conditions (no drought)
Level IMild Drought (formerly Advisory)
Level 2Significant Drought (formerly Watch)
Level 3Critical Drought (formerly Warning)
Level 4Emergency Drought (formerly Emergency)

The Massachusetts drought levels are shown in comparison to the U.S. Drought Monitor
levels in Tabld0. The two sets of drought indices are similar, but Massachusetts combines

t he

USDMG s

evel

D2

and

D3 i

nt o

one

Table40: US Drought Monitor Compared to MA Statewide Drought Levels

D3: Extreme

Drought

once per 20
to 50 years

D4: Exceptional once per 50
to 100 years

Drought

Percentile MA DMP| MA Percentile MA DMP
USDM Names | Recurrence
Ranges Levels Ranges Names
DO: Abnormally|once per 3 to
Y P 21to 30 1 >20 and <30% | Mild Drought
Dry 5 years
once per 5 to Significant
D1: Moderate P 11 to 20 2 >10 and £20% 8
10 years Drought

>2 and <10%

Critical Drought

<2%

Emergency

Source: Massachusetts Drought Management Plan, 2019
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Drought levelare designatedbased orthe conditionsf natural resources and provide
information on the current status of water resouisedry conditions can have a range of
different impacts, a number dfought indices are available to assess these impacts.
Massachusetts uses a nidtex system that takes advantage of several of these indices
to determine the severity of a given drought or extended period of dry conditions.

Drought level is determined monthly based on the number of indices which have reached a
given drought level. Drought levels are declared on a regional basssébr ofseven

regions in Massachusetts. County by county or watesgbeific determinations may also

be made.A determination of drought level is based on seven indices:

1. The Standardize®recipitation Index (SPI) reflects soil moisture and precipitation.
2. Crop Moisture Index: (CMI) reflects soil moisture conditions for agriculture.
3. Keetch Byram Drought Index (KBDI) is designed for fire potential assessment.

4. The Precipitatiomdex is a comparison of measured precipitation amounts to
historic normal precipitation.

5. The Groundwater Level Il ndex is based on t
groundwater levels are below normal (lowest 25% of period of record).

6. The Stream flow Index is based on the number of consecutive months that stream
flow levels are below normal (lowest 25% of period of record).

7. The Reservoir Index is based on the water levels of small, medium and large index
reservoirs across the state, relative to normal conditions for each month.

Table41 shows the range of values for each of the indices associated with the drought
levels Because drought tends to be a regional natural hazard, this plan references state
data as the best available data for previous drought occurrences.

Table41: Indices Values Corresponding to Drought Index Severity Levels

Index  Standardized Keetch- .
. o Lakes and Crop Moisture
Severity Precipitation Streamflow I dment Groundwater Byram Ind

Level Index mpoundments Drought Index naex
0 30" percentile <200 >-1.0
1 <30and >20 200-400 <-1.0and >-2.0
2 <20and >10 400-600 <-2.0and<-3.0
3 <10and >2 600-700 <-3.0and>-4.0
4 <2 700-800 <-4.0

Source: Massachusetts Drought Management Plan, 2019
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The levels provide a basic framework from which to take actions to assess, communicate,
and respond to drought conditions. They begin with a normal situation where data are

routinely collectednd distributed, move to heightened vigilance with increased data

collection during an advisory, to increased assessment and proactive education during a
watch. Water restrictions might be appropriate at the watch or warning stage, depending
on the capaty of each individual water supply system. A warning liexiétates a

severe situation and the possibility that a drought emergency may be necessary. A
drought emergency is one in which mandatory water restrictions or use of emergency

supplies imecessary.

Drought levels are used to coordinate both state agency and local response to drought
situationsDeterminations regarding the eafla droughtor reduction of alrought level

focus on precipitation and groundwater levels. These factors have the greatéstriong

impact on stream flow, water supply, reservoir levels, soil mpogstdrorest fire

potential

Previous Occurrences

Because drought tends to be a regional natural hazaelbest available date on

previous drought occurrencestégewide data, summarized belowhe Executive Office
of Energy and Environméng

Drought

Management

Task

on historic drought staties each drought level iIMassachusetts. That information is

summarized below.

Mild Drought/Advisory
Significant Drought/Watch
Critical Drought/Warning
Emergency Drought/Emerger None

2001, 2002, 2007, 2014, 2016, 2017, 2020, 2021, 2022
2002, 2016-17, 2020, 2021, 2022 2023
2016-2017, 2020, 2022

Force

Figure39 shows the frequency and extent of drought events in Massachusetts since the
year 2000. The graphic clearly shows an increase in severe drought events in the most

recent years of this periodherehave beerfour droughtsat the extreme leveh

Massachusett® 20162017. 2020, 2022 and 2025

DO (Abnormally Dry)
D1 (Moderate
Drought)

D2 (Severe Drought)
= D3 (Extreme Drought)

SourceMA Drought Management Plan

Figure39: Weeks of Extreme Drought (202026

= D4 (Exceptional
Drought)
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A summary of Massachusetts historic drought events from 1875Btis 20 Tabled2.

Table42 - Chronology of major droughts in Massachusetgice 1879

Date Area affected . nce Remarks Reference
interval (vears)
1879-83 - - Kinnison 1931 referenced these periods
as two of three worst droughts on Kinnison
record in 1931, the third being the then 1931
1908-12 - - current drought of 1929-1932.
1929-32 Statewide 10 to >50 Water-supply sources altered in USGS 1989

13 communities. Multistate.

More severe in eastern and extreme
1939-44 Statewide 15 to >»50 R USGS 1989
western Massachusetts. Multistate.

FEEEs S San s Record low water levels in observation EES ATEE
wells, northeastern Massachusetts.
Water-supply shortages common.

Record drought. Multistate.

1961-69 Statewide 35to =50 USGS 1989

Most severe in Ipswich and Taunton

1980-83 Statewide 10to 30 River basins; minimal effect in Nashua USGS 1989
River basin. Multistate.

Duration and severity as yet unknown.
1985-88 Housatonic River Basin 253 Streamflow showed mixed trends USGS 1989
elsewhere.

Based on statewide average
1995 - - N DMP 2013
precipitation

ST _ _ Base_d _on _state\mde average FCE ETEE
precipitation

Dec 2001 - S _ Level 2 drought (out of 4 levels) was e
Jan 2003 reached statewide for several months

Statewide except West

Oct 2007 - and Cape & Islands - Level 1 drought (out of 4 levels) DCR 2017
Mar 2008 R
regions
S0 BT Connecticut River
ue } Valley, Central and = Level 1 drought (out of 4 levels) DCR 2017
Nowv 2010 .
Northeast regions

Oct 2014 - Southeast and Cape &

Nov 2014 e Level 1 drought (out of 4 levels) DCR 2017

Jul 2016 - :

Apr 2017 Statewide = Level 3 drought (out of 4 levels) DCR 2017

Jul 2016 - :

Apr 2017 Statewide - Level 3 drought EEA 2016-2017

icut Ri
Sp2as | Copaeciic R Level 1 drought EEA 2019
Valley

May 2020- Level 2 in all regions except the

N:vv 2020 Statewide - Southeast, Charles basin (Northeast) EEA 2020
and Millers (Central) basin at Level 3

Feb 2021~  Statewide except = Level 1in all affected regions except the EEA 2021

Oct 2021 Islands region Southeast at Level 2
Level 2 for Western and Islands and

Apr 2022- z Level 3 for Cape Cod, Northeast,

Jan 2022 Statewide Southeast, Central, and Connecticut EEA2022
River Valley

May 2023 Wastern and Cape L Level 1 for Western and Cape Cod EEA 2023

Cod regions regions
Nov-D
2023 o Islands region - Level 2 drought EEA 2023

Source: Massachusetts Drought Management Plan
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As shown in Figud®, the geographic extent of droughts from 2001 to 2017 varied
greatly in different parts of the stat®&uxburyexperienced betweeB7and 49 weeks of
severe drought between 2001 and 2017.

Figure40: Weeks of Extreme Drought (202D17)

AAAAAAAAAAAAA

— 4 i
WEEKS OF EXTREME DROUGHT (2001-2017)
2018 Massachusetts Hazard Mitigation and Climate Adaptation Plan

Data Source: MassGIS 2017
USS. Drought 2001 - 201
uuuuuuuu e idroughtmontor un edk

Source: SHMCAP 2018

Figures 41 shovgthe geographic extent of the droughit2016. Thisvas the worst
droughtsince2002, with more than half of the state reaching the Extreme Drought stage
for several monthdue to a 15inch rainfall deficitThe2016 drought affected 6.5 million
people, forced some communities to buy drinking water from the Massachusetts Water
Resources Authority, and prompting State aid to farmers for crop losses.

Figure41l: The Drought of 2016 in Massachusetts

U.S. Drought Monitor October 4, 2016
Massachusetts L g
Drought Conditions (Percent Area)
None | DO-D4 |D1-D4 D2~Dl

Cument 0.00 (100.00(98.15 | 83.95 | 52.13 | 0.00

Last Week

8272016 000 |100.00|98.15 [ 89.95 [ 5213 | 0.00

3Months Ago
pilsiu 070 |99.30 5499 | 2065 | 0.00 | 0.00

Start o
Calendar Year | 2285 | 77.15 [ 26.34 | 0.00 | 0.00 | 0.00
1229201

ater Year 000 |100.00|98.15 | 83.95 | 5213 | 0.00

One Year Ago
e 2234|7766 |1381 | 0.00 | 0.00  0.00

Intensity.
oosoromaiyory [ o3exremeorught
01 Moderate rougnt [ 04 E xceptional Drought
D2 Severe Drought

The Drought Monitor focuses on broad-scale condtions.

Local conditions may vary. See accompanying text summary

for forecast staterments

Author:

Brian Fuchs

National Drought Mitigation Center

USDA . B 75N Q%

http://droughtmonitor.unl.edu/

Source: US Drought Monitor180
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Since 2016 there have been seveoither extreme droughts in Massachusetts, including
2020. 2022, and 2024, and aseveredrought in 208 (Figure42). The recent pattern of
repeated droughts at much shorter intervals stands in contrast to previous decades, as
Figure42 illustrates. In the 1ylear period between the droughts of 2002 and 2016

there were no droughts that reached the level of extreme drought, buteightstears

from 2016 to 2021 there have beetthreeextreme droughts.

Figure42: Recent Massachusetts Drought Events2@2026)

August 30, 2022

"November 19, 2024 July 7, 2026

Intensity

'\ None —] D2 Severe Drought
(| Do Abnormally Dry - D3 Extreme Drought

] D1 Moderate Drought -F-i Exceptional Drought

Source: US Drought Monitor22e2026

Potential Drought Vulnerability

The entire Town &uxburyis potentially vulnerable to the impacts of drougmder a

severe long term drought, the Town of Duxbury could be vulnerable to restrictions on
water supply. Potential damages of a severe drought could include losses of landscaped
areas if outdoor watering is restricted and potential loss of businessiesviewater

supplies were severely restrictied a prolonged period. As this hazard has never

occurred to such a severe degree in Duxbury, there are no data or estimates of potential
damages, but under a sevepeolongeddrought scenario it would be reasonable to

expect a range of potential damages from several million to tens of millions of dollars.

Aside from water supplynpactsa severe drought could also negatively impact aquatic

ecology and wildlifan Duxburyand could also increase the risk of wildfires on forested
lands and vegetated areas.
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Probability of Future Occurrence

Using data collected since 185he SHMCARalculatel that statewide there is a 1%
chance of being in a drought emergency in any given month. For drought warning and
watch levels, the chance is 2% and 8% respectively in any given month. Set8Table
more information.

Table43: Frequency of Massachusetts Drought Levels

Drought Level Frequency Since 1850 Probability in a Given Month
Drought Emergency 5 occurrences 1% chance
Drought Warning 5 occurrences 2% chance
Drought Watch 46 occurrences 8% chance

Source: 2018 SHMCAP

Droughts are a medium frequency event as defined by the ResilidtiaNAikely to
occur at least once every 50 years (two or more occurrences in the next century)

Droughts And Climate Change

Droughts are projecteid increase in frequency and intensity in the summer and fall as

weather patterns change. Factors contributing to this include increasing evaporation as a

result of warmer weather, earlier snow melt, and more extreme weather patterns.

Information from th2022 Massachusetts Climate Change Assessment related to drought

is included in the o0ClIlimate Change Observat.
Additionally, the 2022 Assessment highlights the following dnalgtetd impacts:

1 Freshwater ecosystem degradation due to drought and other impacts
1 Increased contaminant concentrations in freshwater during drought conditions
1 Loss of tree cover due to drought and other impacts

INVASIVE SPECIES

The MA State Hazard Mitigation and Climate A
native species that cause or are likely to cause harm to ecosystems, economies, and/or
publ i c Astheyanhovehnéo .new habitats, invasive species displace native species
because they have competitive advantages including no biological controls from their
native habitat. Some diie more recognizable invasive plant species in Massachusetts as
noted in the SHMCAP include Norway maple, garlic mustard, Japanese barberry, black
swallowwort, buckthorn, purple loosestrife, water milfoil, Japanese knotweed, and
phragmites. Invasive psshclude emerald ash borer, hemlock wooly adelgid, and the
Asian longhorned beetle. The Massachusetts Invasive Plant Advisory Group categorizes
invasivespecies in four categories. These are listed below with the number of species in
each category:
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Invasive (36)

Likely Invasive (33)

Potentially Invasive (3)

Not Currently Meeting Criteria (34)

According to Duxbur yédrstha8 60anvasive sdecies laee bédeay r e p O
documented in the coastal waters of New England, though this is likely an underestimate.
Notable invasives that are being observed in Duxbury Bay include:

0 European Green Crab (Carcinus maenas): Introduced in the 19th century, has caused
significant harm to shellfish pogidas and eelgrass beds. Green crabs have been
observed by shell fishermen and are known to feed on young oysters. Their presence
poses a threat to natural arativated shellfish poputgons. Green crabsiutiply rapidly

due to the absence of natural predators, making them a significant concern for the
ecosystem.

0 Asian Shore Crab (Hemigrapsus sanguineus): First documented in the 1980s, it competes
with nadive crabs for habitat and food3 .

0 Tunicates: Various species have colonized docks and aquaculture equipment, threatening
ecosystems They are concerning because they can cover thdtbaydul harm both
natural and caivated shellfish and eelgrass. These include

3 Ascidiella aspersa and Palaemon elegans, also calledgpaies;
3 Botrylloides violaceus, also called chain tunicate;

3 Botryllus schlosseri, also called the star tunicate; thete are naive forms of this
tunicate and dishguishing them requirgenicanalysis which has not been performed.

3 Didemnum vexillum, also called pancakedsdunicate;
3 Diplosoma listerianum, grapcrusng compound tunicate

0 Bryozoaz Bugula: This is a sitanary marine animal that is normally found in
temperate and tropical waters but has recently been observed in Duxbury. It can form
dense mats on hard substrates including docks and aquaculture gear.

3 Membranipora membranacea, also called coffin h®x type of bryzoan: simple,
invertebrates characterized by a thin, pike encrustaon.

3 Tricellaria inopinata, these form erect, bushy, branched colonies which ar&oeream
buff in color andhatchedto hard substrates by rhizoids

0 Caprella Muca, knows as Japanese skeleton shrimp,

0 Palaemon elegans, also called rock pool shrimptiigerta the eastern norttlantic
but considered invasive in our waters.

The State of the Bay report includesommendations to address invasive species:
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Combat Invasive Species

A  Remove green crabs and tunicates that d
A Support resilient aquaculture activitie
economic benefits, and can better withstand climate changes.

Probability of Future Occurrences

Based on the record of previous occurrences, invasive sp&aigbunyare a Very High
frequencyhazardas defined by the Resilient MA Plan. Invasive species are almost certain
to occur multiple times a year.

Invasive Species and Climate Change

Massachusettsd 2022 Climate Change Assessmen
to an increase in pests and pathogens. Rising temperatures increase the warm seasons

when invasive species thrive. The 2022 Assessment cites anticipated forest health

degradation from increasing pest occurredezording to Carolyn Tepolt of the Woods

Hole Oceanographic Institute (WHOI) warming waters due to climate change allow green

crabs to survive the winter, which means a species that was previously kept in check is now
thriving.
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LAND USE AND DEVELOPMENT TRENDS

EXISTING LAND USE

The most recent land use statistics available from the state are from aetograpby
done in 2056. Table44 shows the acreage and percentagel»ti x b Uandy<eis 29
categoriesThe largest single land use categoriasestat 6535 acres making up

42.4% of theTownlf the five residential categoriesf different densitieare combied,
residential uses make 841 acres, or 21.% of theT o wardasThis is followed by
several wetlands categorieg®iested nonforested,and saltwater)whichcombined
occupy 3197.lacresor 20.8% of Duxbury. @mmercialand use, at 79.6 acres, make up
0.5% of the Town.

Table44: Duxbury Land Use

Land Use Type Acres Percent
Forest 6534.6 42.4%
Low Density Residential 2734.5 17.8%
Forested Wetland 1521.6 9.9%
Saltwater Wetland 1041.1 6.8%
NonForested Wetland 634.4 4.1%
Very Low Density Residential 515.4 3.3%
Cranberry Bog 487.5 3.2%
Water 402.1 2.6%
Saltwater Sandy Beach 280.8 1.8%
Golf Course 177.2 1.2%
Transportation 175.8 1.1%
Urban Public/Institutional 170.1 1.1%
Pasture 121.0 0.8%
MultiFamily Residential 105.1 0.7%
Cropland 91.8 0.6%
Powerline/Utility 79.8 0.5%
Commercial 79.6 0.5%
Participation Recreation 77.0 0.5%
Open Land 68.6 0.4%
Brushland/Successional 23.8 0.2%
Cemetery 23.6 0.2%
Nursery 14.7 0.1%
Waste Disposal 12.0 0.1%
Transitional 10.0 0.1%
Marina 7.6 0.0%
High Density Residential 5.1 0.0%
Industrial 3.3 0.0%
Water-Based Recreation 1.2 0.0%
Medium Density Residential 1.0 0.0%

Source: MassGIS
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Economic Elements

The Town of Duxbury has multiple neighborhood business districts, though commercial uses
makeup a small proportiondf he muni ci palityds | and ar ea. H
main commercial area, and it contains a mixture of retail stores, dining options, and

offices. Other commercial areas include Snug Harbor, Cox Corner, Millborook Landing,
Bennett ds ArwaWay. (dallthe neighbarheood Business districts, Snug

Harbor is most impacted by flooding and will be most susceptible to the impacts of sea

level rise.

Historic, Cultural, andNatural Resource

Duxbury has a plethora of historic, cultural, and natural resource areas that give the town
its unique character. The second municipality to be incorporated in Massachusetts (in
1637), Duxbury has many historic homes like the John Alden House and King Caes
House. Most of the buildings with historical significance were built during the Shipbuilding
Era (late 1700s to mid800s) and Summer Tourism Era-8@Ds to mid1900s).

Duxbury, the second municipality to be incorporatédassachusetts in 1637, is rich with
cultural assets contributing significant culture and beauty to the Town. Duxbury has 792
historic assets registered in the Massachusetts Historic Structures Inventory, the earliest
dating to 1632, the Myles Standi@Bhestnut Street) burial ground and musy period

colonial homes such as the 1700 John Alden House. Other notable historic assets beloved
by the community and visitors alike are Snug Harbor, Powder Point Bridge, the Girl Scout
House, the King Caesar House, the Nathaniel Winsor, Jr. Houke Braldford House.

The iconic Powder Point Bridge was built in 1891, about 30 years before local families
came together to purchase Duxbury Beach and protect it from development pressure.

Duxbury has the DuxbuRural & Historical Society, a local +poofit located at the

historic Nathaniel Winsor, Jr. house, which maintains four historic properties, archival

library, museum collections, and 150 acres of conservation land. The society runs

approximately 70 progams, events, and rentals a year and reported that 2017 was its

most successful year to dafEhe Town also has a Historical Commission, established in

1975, to oldentify, document, and protect, L
awareness of Duxburyodés heritage and the valu
Commission alsoargees the Demolition Delay Bylaw for any structure over 75 years old.

83 Since 2002, the Town of Duxbury has approved and implementb@8ic
preservation projects using Community Preser
District Commission has been actively adding spagtel Local Historic Districts in 2016,

2017 and 2018, with more planned for 2019. There is demonstrat@dmunity value to
Duxburyods historic and cul tur al assets and t
planning, growth, and natural hazard mitigation/ climate change resilience.

Duxbury is a coastal community shaped by its extensive natural assets that define the
values and cultural richness of the Town. With 37 miles of tidal shoreline, 1,200 acres of
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salt marshes, over 3,500 acres of protected open space, and prime forest land, Duxbury
is wellserved by the ecological services and resilience these natural features provide.
Intact natural systems support clean drinking water, clean air, importanitagdiemnd
recreation amenities, flood control, beautification, ecorm@nefits and carbon

sequestration. Since 1963, Duxbury has been aggressive in acquiring and protecting land
for its drinking water and this effort has restored many endangered and sensitive wildlife
habitats. Some conservation lands include North HehMawildlife Sanctuary, Lansing
Bennett Forest, and cranberry bogs.

The Town contains 10,356 acres of BioMap2 Core Habitat and Critical Natural
Landscape and nearly 70% of that total area is protect®&loMap?2 is a program

created by the MA Department of Fish and Game Natural Heritage and Endangered
Species Program (NHESP) and The Nature Conservancy to map important natural resource
areas that will protect biodiversity and the nature of Massachustitsface of climate
change. The large expanse of intact natural lands, ensures strong ecosystem function to
protect the community from the impacts of climate change. These areas also support 17
rare, endangered or threatened wildlife species or natural communities. This includes the
over 200 acres along 4niles of coastal, sandy dunes on Duxbury Beach owned by the
Duxbury Beach Reservation, Inc. who manages the Endangered Species Program for the
Piping Plover, Least Tern, and others. Core Habitats are areas required to sustain rare
wildlife and their exemlary natural ecosystems and habitat. Critical Natural Landscape
describes areas that support these exemplary ecosystems or habitats to endure stressors
from climate change or development.

DEVELOPMENT TRENDS
Recent andPotential Future Development

Asarelativell ow density suburb, Duxburyds popul ati
1960 and 1990, largely due to the completion of Route 3 in 1963. Little developable

land remains in Duxbury today as a great deal of the open space in town has been

permanently protected @honeacre zoningonstrainsmuch growth. New growth in

Duxbury is primarily limited to teardowns and redevelopment.

MAPC consulted with tBeixburyHazard Mitigation Team to determine areas that have

been developedsince the 2019 plaand those that may be developed in the future,

based on the Townds comprehensive Thdeanni ng e
developments are shown in Tateand 46 and their locations are shown the mapsn

Appendix A Since 2019, 13ew developments have been completewdis currently

under construction, ande has received a 40B perniithe developments are

predominantly residential in natuE3of 15). There are also eight new pending

developments in permitting or under construction listed in4able
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Table 45: Duxbury Developments since the 2019 Plan

MAP New Developments since the 2026 STATUS
# 2019 Plan Completed/Revised/Not completed
A 30 Tremont Street Island Creek Villa| Complete
- Complete, ¥pansion of a famihkowned
B Kingston Way commercial turkey processor
C McLean's Way Complete
D Littleton Way Complete
E Brewster Commdri3uxbury Woods) | Complete
. Complete-40B Checkerberry Estates
F Lincoln Street In process40B Fieldstone Farm, 32 Units
G Island Creek Oysters Complete
H Freeman Farm Completel7 Single family homes

Railroad Ave., Alden and St. George
streets

40B Comprehensive Permit Issued. No buil
applications received.

J Webster Point Village (40B) Not on my radar.
Complete (reuse of existing buildings for offi
K Island Creek Oysters and agricultural use)
Freeman Farms Duplicate, See Above
Nash Road Complete, 5 Single family homes
. Duplicate, see above. 20nit 40B project with
Webster Point multifamily housing
Feinberg Bog Completep Townhouse condos
Dogwood Drive Complete10 Single family homes
The PaddockCooper Hill Complete, Single family homes
Source: Duxbury Hazard Mitigation Team
Table 46: Duxbury Pending NewDevelopment2026
MAP # LOCATON / NAME DEVELOPMENT TYPI STATUS
The Village @ Harlow 40 units, 2,3,4 unit Road work and infrastructure
M .
Brook Townhouses, 40B in process.
Summer House Lane Small ANR Subdivision In progress
0 LaCoss Road (off Summet 3 Lot Subdivision In progress
Street)
p Glynn Way (off Tremont 3 Lot Subdivision No b_undlng applications
Street) received.
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MAP # LOCATON / NAME DEVELOPMENT TYPI STATUS

2 Lot Subdivision (paper | Permit application received to
Q 47 Harden Hill street, not constructing a | raze the existing structure.
new road) Permit not issued yet.

Hawthorn Hill (off St.

George Street) 6 Lot Subdivision In progress

Parkside Subdivision, Red
S Hawk Lane, Snowy Owl | 12 Lot Subdivision (2 road{ In progress
Circle (off Keene Street)

Sunrise Pond Road (333

Franklin Street) 3 Lot Subdivision In progress

U 32 Surplus Street 3 Lot Subdivision Permitting

SourceDuxburyHazard Mitigation Team

Population Growth and Vulnerability to Natural Hazards

Flood HazardsSince the Town has a robust Floodplain Zoning Disttiotas recently
updated most development in town is either located outside of designated flood hazard

areas, or complies with the byl awds protect:i

Wind and Winter HazardsThe addition of a few new residential developments may lead
to a modest increase in hazards related to wind impacts on the power grid serving new
homes, and winter hazards due to additional residential roads requiring plowing and
winter road treatments.

Drought HazardsTherecentmodest increase in population dgéghtlyincrease water
demand on the municipal water supply. Some of that increased residential demand
be summertime water use for lawn irrigation and other outside water use. As climate
change fuels more drouglmgshe future, this additional water demand could make
drought management mochallenging ananight require more restrictions on-non
essential water use during peak demand periods of the summer.

Extreme Temperaturdscreased frequency of extreme heat is already a conicetime

region While extreme cold is becoming less frequent, it can also be a hazard for
vulnerable populations Duxbury For extreme temperatures, the greatest concern
related to population trends is not the absolute number of people, but the changing age
profile of the community, which reflects a greater propodiaider residents, and

possibly agreater number of people with disabilities. Senior citizens and people with
disabilities are more vulnerable to the negative impacts of both extreme heat and
extreme cold. Not only iDuxbury but throughout the region, most communities are
experiencing an aging population, and that trend is likely to continue over the next

decade or two due to the | arge cohort of

Brushfire Hazard#\Ithough the Town has identif@gdnificanereas with the potential for

t

h e

brushfrg t he Townds mod e, snbstlyonithinexgsting residantigh opul at i o

areas,have not resulted in significantly increased risks. However, the impacts of future
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climate change, particularly more extreme heat and more droughts, could drive an
increase in brushfires over what the town has historically experienced.

Earthquake and Landslidé&ither of these are directly related to climate change, and
the Town does not consider them to be high priority hazards. The modest growth in
population sinc2000 does not raise significant concerns related to these hazards in
Duxbury

Hazard Impacts affected by changes in Land Use

Duxburyis a predominantly residential community, but it alsa kagificanemount of
undeveloped landprimarily forested and wetlandss shown in Tab#t, nearly twe
thirdsof t h e T o wBR%)Hsfoeestesl ar wetlands.eRidentials the largest
developed land categorat 22%. D u x b wndgvélaped land caserve as a buffer to
the impacts omanynatural hazards, particularly flooding and he@f. the remaining
nonresidentiadeveloped landpnly 0.8% is in ommercialisesThose commercial uses
located in the Snug Harbor area are the most vulnerable to coastal flooding impacts.

Residents appreciate tloeastal residentialature ofDuxbury and t he Townds | a
planningand zoningencourage$ocusinduture residential, commercial, aottier
developmenin a manner that protects its natuaall coastal resources

The changes fand use inDuxburyin recent years have predominantly been increased

residential development, with very little growth in commercial uses. The Town has

undertaken revisions to its zoniogipdate theFloodplain Districhas a current Open

Space and Recreation Plan, and preparinglasterPlanin 2019. Additionalmodest

growthofr esi dent i al l and use is not I|ikely to si
natural hazards, especially considering the Floodplain District. There could be an

incremental localized increase in drainage issues related to increased impervioes, surfac

but the Townds Stormwater Byl aw, as required
requires that new development mitigate any surface runoff onsite for the first one inch of
precipitation during storm events. This should limit any increase in localizedtsto

floodingfrom new developments or redevelopments

Theaddition of more residential units could also incrementally increase the impacts of
winter storm and wind hazards, primarily dueatnerability tgpower outages caused by
winds or winter snow and ice.

Addi ti onal residenti al and commerci al l and u
supply, which could make the town somewhat more vulnerable the impacts of drought.
Drought management measures might be reqinrdee event of a severe drought

Changes in land use@uxburyare not likely to pose significant impacts related to
earthquakes and landslides, particularly since newer development must meet the more
stringent requirements of the current Massachusetts State Building Code. These hazards
are very low frequency and hawever caused damageshuxbury
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CRITCAL FACILITIES

Inventory of Duxbury Critical Facilities and Infrastructure

Critical infrastructure includes facilities that are important for disaster response and
evacuation (such as emergency operations centers, fire stattditsyorks facilitie®tc.)

and facilities where additional assistance might be needed during an emergency (such as
nursing homes, elderly housing, day care centers, etc.). Thé8&facdities identified in
Duxbury which were updated fahe 2026 plan by the DuxburyHazard Mitigation Team
These are listed in Tadg and are shown on the maps in Appenalix

Table47¢ DuxburyCritical Facilities

MAP# FACILITY NAME FACILITY TYPE

3 Chandler Elementary School SchoglGenerator
4 | Alden School School

5 Duxbury Middle School SchoglEmergency Shelter
6 Duxbury High School School

7 Fire Department Fire Station

8 Fire Department Sta. 2 Fire Station

9 | Animal Shelter Municipal

10 | Sand/Salt Shed Municipal

14 | Town Hall Municipal

15 | DPW Municipal

16 | Selectmen's Office Municipal

17 | DPW Barn Municipal

18 | Mayflower Crematory Crematory

19 | Mayflower Cemetery Cemetery

20 | Transfer Station Municipal

21 | Council on Aging

Senior CenteWarming and Cooling
Center

23 | Mayflower 1 Well

Well

24 | Mayflower 2 Well

Well

25 Police Station

Police Station

26 | Duxbury Free Public Library

Municipal

27 | Birch Street Water Storage Tank

Water Storage Tank
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FACILITY NAME

FACILITY TYPE

Communication Tow&tandpipe,

28 | Captain Hill Scada Antenna

32 | Bay Path Nursing Home Elder Housing

33 | Village at Duxbury Elder Housing

34 | Duxbury House Special Needs

35 | Mass Highway DPW Barn District 5 | Salt Shed

43 | Depot Street Water Pump Station | Water Pump Station

44 | Partridge Road Pump Station Water Pump Station

45 | Evergreen 1 Water Pump Station Water Pump Station

46 | Evergreen 2 Water Pump Station Water Pump Station

47 | Tremont 2 Water Pump Station Water Pump Station

48 | Tremont 1 Water Pump Station Water Pump Station

49 | Lake Shore Drive Water Pump Stati¢ Water Pump Station

50 | Snug Harbor Shared Septic Shared Septic

51 | Lovers Lane Shared Septic Wastewater Treatment
52 | Long Point Marine Marina

53 | Powder Point Bridge Bridge

54 | Blue Fish Shared Septic Shared Septic

55 | Regional Old Colony Comm Center Regional 911

56 | SteekField House Field HousgPower foschools
57 | DHAGroup Homé Duxbury Housing Authority
58 | DHAGroup Home Duxbury Housing Authority
59 | Verizon Data/TelephonEacility

60 | Duxborough Village Independent LivipddHA

61 | Bay Road Shared Septic Pump Station

62 | Damon Shared Septic Pump Station

63 | Harbor Master Building Municipal

64 | Delano Barn DPW & Conservatishared barn
65 | Duxbury Beach Duxbury Beach Reservation
66 | Duxbury Seawall Municipal Seawall

67 | Marshall St. Bridge Municipal Bridge

68 | Communications Tower Communications Facility

Source: Duxbury Hazard Mitigation Team
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VULNERABILITY ASSESSMENT

The purpose of the vulnerability assessment is to estimate the extent of potential damages
from natural hazards of varying types and intensit@sulnerability assessment and
estimation of damages was performed for hurricanes, earthquakes, and flooding. The
methodology used for hurricanes and earthquakes was the HAH4Sftware. The
methodology for flooding was developed specifically to addrbe issue in many of the
communities where flooding was not solely related to location within a floodplain.

Introduction to HAZLNSH

HAZUSMH (multiplehazards) is a computer program developed by FEMA to estimate
losses due to a variety of natural hazards. The following overview of FMHBAUStaken
from the FEMA website. For more information on the FMBAWSftware, go to
http://www.fema.gov/plan/prevent/hazus/index.shtm

0 H A ZMHSs a nationally applicable standardized methodology and software
program that contains models for estimating potential losses from earthquakes,
floods, and hurricane winds. HAAWIS was developed by the Federal
Emergency Management Agency (FEMAgr contract with the National Institute
of Building Sciences (NIBS). Loss estimates produced byMiAZlESbased on
current scientific and engineering knowledge of the effects of hurricane winds,
floodsand earthquakes. Estimating losses is essential to dea&iog at all

levels of government, providing a basis for developing and evaluating mitigation
plans and policies as well as emergency preparedness, response and recovery
planning.

HAZUSMH uses statef-the-art geographic information system (GIS) software to

map and display hazard data and the results of damage and economic loss

estimates for buildings and infrastructure. It also allows users to estimate the

impacts of hurricanemds, floode nd eart hquakes on popul at.

There are three modules included with the HAZM Software: hurricane wind, flooding,

and earthquakes. There are also three levels at which HNESN be run. Level 1

uses national baseline data and is the quickest way to begin the risk assessmgsit proc

The analysis that follows was completed using Level 1 data. Level 1 relies upon default

data on building types, utilities, transportation, etc. from national databases as well as

census dataWhile the databases include a wealth of information on the Town of

Duxbury they donot capture all relevant information. In fact, the HAZUS training manual
notes that the default data is Osubject to

However, for the purposes of this plan, the analysis is useful. This plan is attempting to
generally indicate the possible extent of damages due to certain types of natural
disasters and to allow for a comparison between different types of disaSteesefore,

this analysis should be considered to be a starting point for understanding potential
damages from the hazards.
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ESTIMATED DAMAGES FROM HURRICANES

The AZUSMH software was used to model potential damages to the community from a
100-year and500-year hurricane event; storms that are 1% and .0.2% likely to happen
in a given year, and roughly equivalent to a 198ar and 500year return frequency
hurricane.The damages caused by these hypothetical storms were madeafdte

storm track passed directly through the Town, bringing the strongest winds and greatest
damage potential. The results are summarized in B&ble

Though there are no recorded instances of a hurricane equivaleb®@y&ar storm

passing through Massachusetts, this model was included in order to present a reasonable

owor st case scenari o6 that would help planne
impacts of storms that might be more likely in the future, as we entepgrioc of

more intense and frequent storms.

Table48- Estimated Damages from Hurricanes

100 Year 500 Year

Building Characteristics

Estimated total number of buildings 5,932
Estimated total building replacement value
(2014 $) $2,341,000,000

Building Damages

# of buildings sustaining minor damage 674 1,776
# of buildings sustaining moderate damage 80 532
# of buildings sustaining severe damage 4 91
# of buildings destroyed 4 69

Population Needs

# of households displaced 0 28
# of people seeking public shelter 0 15
Debris

Building debris generated (tons) 1,816 8,988
Tree debris generated (tons) 3,886 8,646
# of truckloads to clear building debris 72 359

Value of Damages
Total property damage (buildings and content  $38,299,980 $1,162,776,540
Total losses due to business interruption $1,687,830 $14,632,600
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ESTIMATED DAMAGES FROM EARTHQUAKES

The AZUSMH earthquake module allows users to define an earthquake magnitude and
model the potential damages caused as if its epicenter had been at the geographic
center of the study arealwo earthquakes were selectethagnitude5.0 and7.0. The
results are summarized in Tab%

Table49 - Estimated Damages from Earthquakes

Magnitude5.0  Magnitude 7.0

Building Characteristics

Estimated total number of buildings 5,932
E)stlmated total building replacement value (20 $2.341,000,000
Building Damages

# of buildings sustaining slight damage 1,747 237
# of buildings sustaining moderate damage 877 1,415
# of buildings sustaining extensive damage 215 1,799
# of buildings completely damaged 51 2,463

Population Needs

# of households displaced 93 2,282
# of people seeking public shelter 49 1,184
Debris

Building debris generated (tons) 40,000 340,000
# of truckloads to clear debris (@ 25 tons/truck 1,480 13,760

Value of Damages
Total property damage $232,170,000 | $2,093,300,000
Total losses due to business interruption $38,740,000 $251,196,000
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ESTIMATED DAMAGES HROMVDING

The HAZUSIH flood risk module was ustdestimate damages to the municipality at the
100 and 500 return periods. These correspond to flooding events that have a 1% and a
0.2% likelihood of occurring in any given yeHne results are summarized able50.

Table50 - Estimated Damages from Flooding

100 Year 500 Year

Building Characteristics

Estimated total number of buildings 5,932

Estimated total building replacement value $2,854,000,000
Building Damages

# of buildings sustaining slight damage (<109 15 9

# of buildings sustaining moderate damage-(] 29 29
50%)

# of buildings sustaining substantial damage 0 1
(>50%)

Population Needs

# of households displaced 11 16

# of people seeking public shelter 536 648
Value of Damages

Total property damage (buildings and conten{  $20,660,000 $22,860,000
Total losses due to business interruption $17,380,000 $14,440,000
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SECTION 5: HAZARD MITIGATION GOALS

TheDuxburyHazard Mitigation Team reviewed and discussed the goals from the previous
2019 Hazard Mitigation Plan. The Team modified the goals to reflect a more
comprehensive approach and to incorporate climate resili@oeys # 10 to 12 are new

goals added by the Tearfor this 205 plan update. All of the goals are considered

critical for the Town, and they are not listed in order of importance.

Goal 1:Reduce and mitigate the loss of life, injury, public health impacts, property
damages and critical services resulting from all major natural hazards.

Goal 2:ldentify and seek funding for measures to mitigate or eliminate each known
significant flood hazard area.

Goal 3:Integrate hazard mitigation planning as an integral factor in all relevant
municipal departments, committees and boards.

Goal 4:Reduce and mitigate the damage to public infrastructure resulting from all
hazards.

Goal 5: Encourage the business community, major institutions-anafiteoto work with
the Town to develop, review and implement the hazard mitigation plan.

Goal 6: Work with surrounding communities, state, regional and federal agencies to
ensure regional cooperation and solutions for hazards affecting multiple communities.

Goal 7: Ensure that future development meets federal, state and local standards for
mitigating and reducing the impacts of natural hazards.

Goal 8: Take maximum advantage of resources from FEMA and MEMA to educate Town
staff and thepublic about hazard mitigation.

Goal 9: Consider the potential impacts of climate change and incorporate climate
mitigation and resilience in all planning efforts.

GOAL 10:Incorporate environmental justice considerations into hazard mitigation,
including outreach to climate vulnerable populations, identification of hazard impacts, and
mitigation measures.

GOAL 11:Increase public awareness through education on potential hazards that
threaten the community and outline mitigation measures to reduce impacts.

GOAL 12:Ensure that mitigation measures are sensitive to the natural features, historic
resourcesand community character of Duxbury.
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SECTION 6: EXISTING MITIGATION MEASURES

The existing protections in fhewnof Duxburyare a combination ahfrastructure
maintenance and drainage infrastructure improvement pragetsll aszoning, land

use, and environmental regulation. Infrastructure maintenance generally addresses

localized drainage clogging problems, while large scale capacity problems may require
pipe replacement or invert elevation modifications. These more expengotspare
subject to the capital budget process and lack of funding is one of the biggest obstacles

to the completionf some otheseTheTowrs existing mitigation measures described

belowand summarized in TaB2 below:

Flood Mitigation

Duxburyemploys a number of practices to help minimize potential flooding and impacts
from flooding, and to maintaend enhancelrainage infrastructure. Existiigwhawide

mitigation measures include the following:

National Flood Insurance Program (N&-B)xburyparticipates in the NFIP w29

policies in force as dpril 2, 2025,

The Town complies with the NFIP by enforcing floodplain regulations, maintaioing up
date floodplain maps, and providing information to property owners and builders
regarding floodplains and buildingquirementsCheDuxburyBuilding Inspector is

responsi ble for enforci

ng the townods

fl oodpl

The town is covered by the following 22 panels of Flood Insurance Rate Maps, which are
ref er enc e damendedFldodplaim Bretattids Zoning Distli207K, 0209K,

0216K, 0217K, 0219K, 0226L, 0228L, 0229L, 0233K, 0234K, 0236K, 0237L, 0238L,

0239L, 0241L, 0242K, 0243K, 0244K, 0263K, 0275J1, 0356L, 035¥ost of these
panels have an effective date of July 6, 2021, but several panels are dated November
4, 2016, primarily those immediately along the coast (a majonapping of the coast
was done by FEMA that year). The Flood Insurance Study is efiggt&e2D21, and
key data from that report is summarized in Section 4 above.

Followingisinformatioron theNationalFlood Insurance Progrdar Duxbury

Flood insurance policies in fo(asof April 2, 2025) 229

(212 SE 1 2-4 Fam 16 NonRey)
TotalPremiums $362,548
Coverage amount of flood insurance poliace®rce $70,493,000
Total Number of Closed Paid Losses 485
Number of Substantial Damage Closed Paid Loss| 40
TotalLossePaid $6.993,169
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Since 1978 there have beel® claims paid for substantial damageDuoixburysee table
above). The Town implements the Substantial Improvements/Substantial Damages
provisions of the floodplain management regulations as required per the NFIP (CFR Title
44, Parts 59 through 65) and Massachusetts State Building Code (780CMR) nTw Tow
also coordinate with State Flood Hazard Management Program staff to assure that
proper practices are followed and that a padisaster plan will be in place to implement

all Substantial Improvements/Substantial Damages provisions.

Zoning RequlatiodsT he Townds zoning regulations inclu
and Regulations, which contain a number of requirements that address flood hazard

mitigation. Some of these provisions also relate to other hazards. The zdawgisp

includes praisions for Flood Hazard Areas, Ground Water Protection Districts, Site Plan

Approval, and Open Space Requirements.

Public Works Operations/Maintenance Actidiflése Public Works Department actively

mai ntains the Duxburyds storm drain system.
maintain the capability of the drainage system through the reduction of sediment and litter

build up and proper maintenance arepair.

A Street sweepir@yThe town streets are swept two to three times per year. Other
downtown areas such as the main business district can be swept more frequently as
needed from May through September. Poor draining streets can also beaswegsded
following rainstorms.

A Catch basin cleanidgrhe Town of Duxbury contracts to have catch basin cleaning
done each year, with all catch basins in town being cleaned each year.
A Roadway treatmer@dhe Town uses a mixture of one part sand to one part salt

for de-icing purposes to minimize the amount of sand that enters catch basins and streams.
A Otherd Continued repair and rehabilitation of check valves and filagk
preventers.

Public Safet§ the town recently acquired a high watescue truck from a military
surplus in January of 2018 to facilitate rescues and responses during flood emergencies.

Wetlands Protection AtDuxbury enforces the State Wetlands Protection Act through the

permitting authority of the Conservation Commission. Enforcement of the Act serves to
protect the Towndés shores, ponds, rivers, an
control, erosioand sedimentation control, and storm damage prevention. It also prevents

any new development in a VE Zone.

Living Shoreline capital improvenmni3uxbury Beach. Since its creation, the Duxbury
Beach Reservation, Inc has worked with the Town of Duxbury to restore, maintain, and
steward the coastal sandy barrier beach/dune habitat along Duxbury beach. These
include large scale sacrificial dunesl d@ach nourishment projects over the last several
decadesDBA has completed significant projects over the last decade blapsnd

similar projects will continue in the coming years.
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Duxbury Beach Nature Based Solutions Projects Implemented by Duxbury Beach Association

Project Name Completed | Time Period Main Project Goal Main Project Goal
High Pines Dunes 2025 Oct 2024 - Dune nourishment to | To mitigate against salt water intrusion within the High Pines ar
March 2025 enhance coastal 15,3050 T of locally, donated sand. Nourishing the area betweg
resiliency CO 2 and CO 3, more than 1,877' of sand fencing and 8,750 cy
of American beach grass was planted in the area.
Northern Plum Hills | 2025 Oct 2024 - Dune nourishment to | More than 17,278 T of mixed material (sand and cobble) was
March 2025 enhance coastal added to an area that has experienced multiple overwashes wif
resiliency increasing frequency.
Bayside Cobble Berm| 2025 Jan 2025- Cobble berm Nearly 1,100 linear feet of bayside cobble berm was nourished
March 2015 nourishment to enhan| with 424 T of locally sourced, donated cobble to maintain the
Coastal res”lency eXiSting cobble berm.
Powder Point Cobble | 2024 Oct 2023 - Increase resiliency of | DBR constructed a mixed cobble and sand berm north and sou
Berm March 2024 bayside beach using the Powder Point Bridge to protect the parking lots and bridge
naturebased abutment, where the swift bayside current erodes the barrier bg
approaches Tvyo swales were createdound the small parking lot §outh of thg
bridge to capture stormwater runoff and reduce erosion.
Construction of the berm and swales helps maintain access to
shoreline and critical infrastructure.
Resident Beach 2024 Oct 2023 - Dune nourishment to | In the winter of 2024, dune nourishment spanning 4,300’ from
March 2024 enhance coastal Powder PoinBridgeto Crossover 1 connected the 2023

resiliency

nourishment in the north to the 2019 nourishment project betwg
Crossovers 1 and 2. Utilizing more than 108,000 T of locally
sourced, donated sand to raise the elevation between 16.5" ang
17.5' NAVD88Vegetationwas planted to secure the new sedimg
with 24,000 culms of American beachgrass and 320 woody pla
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Project Name Completed | Time Period Main Project Goal Main Project Goal
Bayside Berm & 2024 Oct 2023 - Nourishment What began as a cobble berm nourishment project, turned into
Swales March 2024 stormwatemanagement in addition to nourishment. To reduce {
amount of stormwater runoff washing over the bayside dune, tv
swales were constructed to help in collection of the increasing
frequency of rainfall. The bayside dune was nourished with 744
Tons of misand and cobble material along 300" of shoreline.
Cobble Berm 2023-2024 | 2023 - 2024 Evaluate the DBR partnered with four other cobble berm locations to condug
Comprehensive performance, comprehensive monitoring of recently constructed cobble berm
Monitoring morphology, and the goal of understanding of the de_sign and performance of the
ecological impacts of naturebased approaches to shoreline management.
recently constructed
cobble berms
North End Beach and| 2023 Oct 2022 - First proactive DBR constructed a 2,750 lindaot dune and beach restoration
Dune Nourishment March 2023 nourishment project using 119,000 tons of beaatompatible sand. The work spanned
including belovhigh north of Duxbury Beach Park (home to Blakemans restaurant) {
tide to abovehigh tide main pedestrian pathway across from the Powder Point Bridge
line to increase was the first proac_tive c_iune AND beach nourishment thgt DBR
resiliency taken on and provides increased storm damage protection and
flood control to Duxbury Bay. The new sand with eventually mo
south and helpourish the rest of the barrier beach through natu
coastal processes. This fresh supply of sand is vital for the san
starved barrier beach.
High Pines Road 2022 Mar-22 Reduce flooding DBR raised a quartemile section of roadway around "High Pines

Elevation

impacts with
establishment of salt
water tolerant species
for additional slope
stabilization

six feet in elevation to bring it above the high tide line. The proj
was designedo preserve the marsh to the west by minimizing
encroachment and planting the new roadway side slopes with
compatible vegetation. Salt tolerant vegetation was seeded pog
construction tetabilizethe slope. Salt tolerant species were used
here instead of dune grass due to the high water table of the sg
marsh
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Project Name Completed | Time Period Main Project Goal Main Project Goal
Plum Hills Dune 2022 Dec 2021- Reestablishment afterl Following extensive storm alterations at the Plum Hills area, the
Restoration March 2022 substantial overwash | elevation was reducetb 1' in elevation. DBR restored two areas
event totalingover 600 linear feet through dune nourishment, sturdy d
fencing construction, sand fence installation and plantings. A m
sand and cobble wagtilizedto address the unique needs of this
high wave velocity area.
Resident Lot South | 2022 March & April | Revegetating dune foi Close to 200 woody shrubs and over 5,000 culms of American
End Planting Event 2022 sand dune stabilizatio| beach grass were planteat the north and south ends of the
2022 Resident Parking Lot and west of Blakemans Restaurant on ba
to help strengthen the barrier beach. Planting efforts included 4
where vegetation had failed to thrive or been destroyed by foot
traffic through the dnes, leaving weak points in the dunes.
Bayside Pathway 2022 & March & April | Reconstruction Before 2022, there were multiple pathways leading fromstimell
Improvements 2024 2022, March & | pedestrianpath paved lot behind the guardhouse to the bayside beach. This ar
April 2024 through and suffers from erosion for the swifbving channel as well as
revecetated former stormwater runoff over the parking area. In 2022, the center
pathway pathway was widened to improve access and the narrow, erodg
pathway to the south was closed and replanted to restore the
bayside dune. In 2024 when a sand and cobble berm was
constructed in this area, erosion at the center pathway was
addressed and the northern pathway was closed and replanted
Stormwater Drainage | 2022 2022 Roadwork As part of the comprehensive planning and permitting program

Bars & Speed Humps

Duxbury Beach, DBR workeith scientists and engineers at Wod
Hole Group to develop natwieased solutions to address
stormwater scouring and other adverse impacts to adjacent
wetlands. The Reservation implemented this work in Spring 20
installing five stormwater drainageeas. This work included traffi
calming components to make travel on Duxbury Beach safer fo
pedestrians, wildlife, and motorists.
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Project Name

Completed

Time Period

Main Project Goal

Main Project Goal

Shark Sensors

2021 -
receivers
first year
installed

2021 to
ongoing

Aquatic monitoring

In 2021, DBR purchased an acoustic receiver buoy to detect ta
white sharks. Set out in front of the swimming area at Duxbury
Beach. Utilizing acoustic telemetry, a tagged shark will emit a h
frequency sound that is picked up by an acoustic redéiwéhin
1,00008 Dat a c ol |ldaycabhdindividoal u d
shark identification. Buoys ateployedeach year in the Spring
and retrieved, along with the data collected in the late Fall.

Invasive Plant
Management

2020 -
ongoing

ongoing

Managing invasive
species for dune
resiliency

Each year, DBR staff and volunteers work to remove invasive |
Japanese&Knotweed and Spotted Knapweed) From the beach.

Invasive species often outcompete native plants for space and
shallow root systems, which can increase erosion and weaken
barrier beach. DBR's vegetation technician maps invasive plan
patchesannually and organizes volunteer days throughout the

season to aid removal. The primary focus is on Japanese knoty
and spotted knapweed, however, additional plants are monitore
and removed as needed.

Crossover 1 to
Crossover 2 Dune
Restoration Project

2019

Nov 2018-
March 2019

First preactive dune
nourishment project

Following completion of design and permitting, DBR constructe
dune restoration project constructed dune restoration project

between the first and second oversand vehicle crossovers. The
included 76,663 tons of dune nourishment, beach grass ang wg
shrub planting, and sand fence installation over 3,500 linear fe¢
2022, this project earned Duxbury Beach one of the Best Restq
Beaches in America awards through the American Shore & Beji
Preservation Association.

Coastal Processes
Study and Resiliency
Recommendations for
Duxbury Beach and
Bay

2015

Oct 2014 - Dec
2017

Determine coastal
processes that shape
Duxbury Beach and
develop nature based
adaptationsto
increasaesiliency

DBR partnered with Woods Hole Group to study the effects of
waves, tides, and the movement of sediment on both the ocear
bay sides of Duxbury Beach to understand existing conditions g
potential impacts from future storms and sea level rise. The fing
report included an outline of neterm and longerm

recommended coastal resilience projects to protect Duxbury Bg
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Dam Failure Mitigation

1 DCR dam safety regulati@nall dams are subject to the Division of Conservation
and Recreationds dam safety regulations.
and reports filed with the DCR Office of Dam Safety.

1 Permits required for construci@tate law requires a permit for the construction
of dams.

1 Comprehensive Emergency ManagemedtRlarCEMP addresses dam safety.

Wind Hazard Mitigation

1 Massachusetts State Building @ddes town enforces the Massachusetts State
Building Code whose provisions are geneadgquate enough to mitigate most
wi nd damage. The c od e-éffsctive mitigatio,si ons ar e t
measure against tornados given the extremely low probability of occurrence. If a
tornado were to occur, the potential for severe damages would tveregly high.
The 10 Edition of the MA State Building Code went into effect in 2024.
1 TreeTrimmingDuxburyds Land and Natur al Resour cc¢
Department of Public Works and Tree Warden conducts tree trimming where
necessary. It also responds to downed tree limbs caused by winds, lightning strike
reports and other weather related incidenThe local electric company,
Eversource, conducts regular tree trimr8imge the 2019 plan the DPW acquired
a new bucket truck (2024) and a new chipper (2025).

WinterRelated Hazard Mitigation

1 Snow disposalThe town does not do any snow disposal except for removing
snow at the libraryThe DPW removes snow from Halls Corner during most
standard plowing operations.
1 Roadway TreatmedtFhe town uses a mixture of sand and salt with a bit more
salt in the mix. This is done to minimize the amount of sand that enters catch basins
and streams.
9 Building Snow Load#e town monitors snow loads on flat rsofools, Police,
Fire, Steele, DPW, Transfer Station

FireRelated Hazard Mitigation

1 Burn PermitsDuxbury Fire Department requires a written permit for outdoor
burning, which includes explanation of the related regulations and precautions for
the permiholder to take. The perrtiblder must call the fire department on the
proposed burn day to confirmeather conditions are suitable for outdoor burning.

1 Subdivision/Development Reidie Fire Department participates in the review
of new subdivisions and development projects.

1 Forest Fire HazardBhe Duxbury Fire Department fasr vehicles to manage
forest fires. These includee Maxim Brush Breaker Vehicles that carry 750
gallons of water with gasolirgowered pumps and fire hoses. They also have a
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Ford F550 Brat that was obtained by a federal grant in 2015 that has a 300

gallon water tank with a pump in order to fit in tight areas to fight forest firies.

Fire Dept acquired a new 75§allon forestry vehicle with pumping capabilities
1 Public Educatiofhe Fire Dept conducts public education using social media

Geologic Hazard Mitigation

1 Massachusetts State Building @ddes State Building Code contains a section on
designing for earthquake loads (780 CMR 1612.0). Section 1612.1 states that
the purpose of these provisions is o0to mi
buildings and nebuilding structures, tachease the expected performance of
higher occupancy structures as compared to ordinary structures, and to improve the
capability of essential facilities to function during and after an earthguake Thi s
section goes on to state that due to the complexity of seismic design, the criteria
presented are the minimum considered to b
for the protection of life safety. The code also states that absolute safety and
prevention of damage, even in an earthquake event with a reasonable probability
of occurrence, cannot be achieved economically for most buildiegsd' Edition
of the MA State Building Code went into effect on xxx, 2024.

Multihazard Mitigation

1 Comprehensive Emergency Manageme(CEMPH Every community in
Massachusetts is required to have a Comprehensive Emergency Management Plan.
These plans address mitigation, preparedness, response and recovery from a
variety of natural and mamade emergencies. These plans contain important
informaion regarding flooding, hurricanes, tornadoes, dam failures, earthquakes,
and winter storms. Therefore, the CEMP is a mitigation measure that is relevant to
all of the hazards discussed in this plan.

1 Communications Equipmddtixbury has full coverage of the Town with
emergency services radio. The Town is addressing compatibility issues that will
allow for regional dispatch during emergency events. Incident command units are
available through Plymouth County and MEMA.

1 Emergency Power Generaddofie Town maintains emergency power generators
for warming and cooling stations, shelters and critical public infrastructure (water
well pumps, package wastewater treatment facilities, police and@egjerators
have been installed at the Alden/Chandler Elementary School, the Steele Field
House, and Town Hallurrently plowing and debris clearing to provide access is
required in advance of hauling of individual portable generators to some water
pumps and package plantSesign work for these is currently ongoing.

1 Local and Regional Emergency Manag&rhentown of Duxbury has an
Emergency Management Agency staffed by a Director and Deputy Director,
located at the Fire Department. This agency oversees the implementation of the
Comprehensive Emergency Management Plan for natural antianlendisasters.
The town coordinates its efforts through the Local Emergency Management
Committee (LEPC), and participates in Mutual Aid with other communities.
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1 Public Information & Outrea&ihe Town provides information to residents and
business owners relating to a range of potential natural hazards, most especially
with regard to f |l oodi hmhg TowmusesCivicReadydass , and
send emergency alerts and other notifications. Subscribers can register to receive
emergency alerts and other notifications via phone call, text message, and/or
email The Duxbury Fire Department maintains an astigi@l mediaccountvith
a significant following, particularly duringturathazard related emergencies
that has been recognized the Commonwealth of Massachusetts. In addition,
Duxbury maintains up to date flood information on its website, particularly as it is
related to residents in flood zones.

1 InterMunicipal Coordination and Cooperadidime Town of Duxbury is
contributing to emergency repairs to the
Bridge) in Marshfield in order to maintain safe access for plows, fire trucks, school
buses, and emergency response and repairs to the Gurnet/Saqyitsh oé
Duxbury, Marshfield and Plymouth. This bridge is located in Marshfield but is one
of three failing bridges that provide access to this area, the other two being the
Powder Point Bridge and the state/ned Beach Street Bridge in Marshfield.

Efforts to replace the Powder Point bridge are underway. The project is on the
MPO Transportation Improvement Plan (TIP) priorities for state funding

1 The Town actively participates in regional meetings with the CZM, Cape Cod
region and MAPC South Shore communities to learn about mitigation activities in
other towns and states, and to look for ways to cooperate regionally to help
mitigate hazards descmal in this plan.Coordination has included modeling of
sea level rise for zoning, planning and public education related to the same.

Table52: Existing Mitigatiobpdated Since th2019 Hazard Mitigation Plan
Mitigation Measure Updates since 2019 Plan

FLOOD HAZARDS

1. National Flood Insurance Progr#me town New Flood Insurance Rate Map
participates in the NFIP and has adopted the | and Flood Insurance Study
effective FIRM maps. The town actively enfor( effective July 9, 202
the floodplain regulations.

2. Street Sweepingvo to three times per year Complies with MS4 Stormwater

Permit
3. Catch Basin Cleaniogntracted for annual Complies with MS4 Stormwater
cleaning Permit
4. Community Preservation Act Surcharge on property transfers
increased from 1% to 3%
5. Infrastructure improvememtgpair of check 15 projects identified by the
valves and backlow preventers DPW; 9 have been completed

6. Public Safet§ The town has highwater rescue | New truck acquired 2025
truckwith fire fighting capability Town has drone capacity
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Mitigation Measure

7. Zoning Bylaw Flood Hazard Areas, Open Spa
Requirements, Drinking Water Protection Dist

Updates since 2019 Plan

TheFloodplain Zoningylaw was
amended to incorporate the FIR
maps effective July 9, 2021

8. Wetlands Protectiahenforcement of Wetlands

Protection Act

Wetlands Bylaw amended in
2023, developments are
consistently reviewed

Coastal Protection:
Living Shoreline Improvem&asrificial dunes,
beach nourishment

Seawall

Duxbury Beach Association has
implementedxx projects (see
Table51)

The Town hagpaired the
sawall

DAM HAZARDS

10. DCR dam safety regulations

The Town is working to remove
Temple Street Dam; seeking
grants and has matching funds
available

11. Permits required for dam construction

No changes

12. Comprehensive Emergency Management Ple

DEMA is working withe Board
of Health to adda component
Infectious Disease

WIND HAZARDS

13._MA State Building Codaforced by the Town

New MA state Building Code,
10th editioneffective 2024

14. Tree trimmirig Tree WardenLand and Natural
Resources Departmemd Eversource

The DPW conducts paative tree
management. The Town acquire
a bucket truck (2024) anchipper
(2025)

15.Building snow loads

The town monitors snow loads ¢
flat roofs-schools, Police, Fire,
Steele, DPW, Transfer Station

WINTER HAZARDS

16._Snow RemovalSnow disposal at the Library

The DPW removes snow from
Halls Corner during most standg
plowing operations.

17. Roadway Treatmentsixture of sand and salt

No changes

BRUSH FIRE HAZARDS

18._ Burning Permit®utdoor burning is allowed by
permit only.

Burning Permits are now issued
online

19. Subdivision Review by Fire Department

75-foot setbacks are
recommended,
mandated

b
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Mitigation Measure

20. Forest Fil® The town hag vehicles withvater
storage

Updates since 2019 Plan

The Fire Dept acquireal 750-
gallon forestry vehicle with
pumping capability

21.Public Education

The Fire Dept conducts public
education using social media

GEOLOGIEHAZARDS

22. MA State Building Cdilehe Town enforces th
Building Code

New MA state Building Code, 1(
edition effective 2024

MULTIPLEBAZARDS

21. Comprehensive Emergency Management Plg

(CEMP)

DEMA is working withe Board
of Health to adda component
Infectious Disease

22. Communications Equipment

No changes

23. Emergency Power Generators

Generators installed for Steele
Field House, Chandler Elementa
School and Town Hall

24. Local and Regional Emergency Management

Local Emergency Planning
Committee; Mutual Aid with
Duxbury Emergency Planning
Group

25. Public Information & Outreach

Social Media / Civic Ready

26. InterMunicipal Coordination and Cooperation

Emergency repairs completed fg
Canal Street Bridge

NEW MITIGATION SINCE THE 2019 PLA

27.Snug Harbor Resilience Plan

Completed December 2019

28. Coastal Resilience Task Force

Established by the Select Board
2022

29. Duxbury Bay Management Commission

Updating 2019 Report

30. DuxburnyKingstosPlymoutiCoalition

Established to coordinate the 3
towns on Duxbury Bay

31. South Shore Resilience Network

Coordinates coastal resilience
issues among 12 South Shore
towns with MA Coastal Zone
Management and MAPC.

32.Powder Point Bridge

Efforts to replace the bridge are
underway. Project is on the MP(
Transportation Improvement Plg
(TIP) priorities for state funding
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Local Capacity for Implementation

Under the Massachusetts sDuxburys authorizedtoHo me
adopt and from time to time amem@dhumber of local bylaws and regulations that

Rul e

support the townds capabilities to mitigate

Subdivision and Site Plan Review Regulattosnwater Regulationd/etlands Bylaws,
Health RegulationBjre SafetyRegulations, Publi¢orks regulations, and local
enforcement of the State Building Cadhel the Massachusetts Wetlands Protectian Act

Local Bylaws may be amendedch year at the annual Town Meeting to improve the
townds capabilities, and changes to most
vote of the authorized board or commission, such as the Planning and Board or
Conservation Commissieor. example, the Town adopted amendedFloodplain

Zoning District Bylaw to reflect thedated Flood Insurance Rate Maps thaintinto

effect in July 202, and to meet the requirements of the Massachusetts Model Floodplain
Bylaw prepared by the MA Dept. of Conservation and Recreation.

When tie Townof Duxburyrecognize existing mitigation measures that require
implementation amprovemenishe Towihas the capacity withthe legal authority of

several ofitsmunicipaboards and departments to address theBee Public Works Dept,
PlanningBoard BuildingDept Facilities Management, and Conservaliommission all

have roles imddresing the manyplanned infrastructure projects. New strategies

including paving reduction and drought resistant planting will be stewarded by the
Conservation Commission. Many projects, including public education, encouragement of
building elevation, open space planniagd incorporating climate issues into capital and
other planning documents will be jointly pursued by departments and town leadership.

The Department of Public Work#l address the neefbr repairs and upgrades to
drainageinfrastructureDPW will alsamplementhe Stormwater Management Ptan

compy with the EPA MS4 Stormwater PerfiiePlanning Boaraill address the updates

to the Master Plan and implementation of the Zoning Ordinance, Floodplain District, and
Subdivision Rules and Regulatidhs. Building Commissioner will enforce the provisions of
the Massachusetts State Building Code andribedplain District Zoning Bylakine
Conservation Commission will oversee implementation of the WEtlaiedsion Acind

the Open Space Plan.

Opportunities to Expand and Improve the Capacity to Reduce Risk

Moving forward into the next five year plan implementation period there will be more

reg

opportunities to incorporate hazard mitigat:.

The challenges the Town faces in implementing these measures are primarilynded to
funding and available staff time. This plail help the Town prioritize the best use of its
limited resources for enhanced mitigation of natural hazards.

The Town dduxburycan build on its existing planning tools by more fully integrating

hazard mitigation and climate resilience into future updates of key plans, including the
nextMaster Plan and Open Space and Recreation Plan. A comprehensive review of local
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land use codes (zoning, subdivision, and stormwater regulations) could introduce stronger
climateadaptive measures such as Low Impact Development (LID), green infrastructure,
and naturebased solutions. Incorporating hazard data from this plan into xtie ne
Comprehensive Emergency Management Plan (CEMP) would also improve coordination
and preparedness.

To strengthen administrative capadityxburycould expand training opportunities for
municipal staff and create protocols to retain institutional knowledge during staff
transitions to support loitgrm continuity. Enhanced GIS capabilities and a system for
tracking local hazard losses would furtimeprove planning and risk analysis.

Financially, the Town can embed resilience priorities into its annual budget and capital

planning process to support infrastructure upgrades, including as local matches for state
and federal grants.
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SECTION: MITIGATION MEASURES FROM Z61© PLAN

Implementation Progress on the Previous Plan

At a meeting of th®uxburyHazard MitigationPlanningCommittee] ownstaff reviewed

the mitigatiormeasures identified in 2019 DuxburyHazard Mitigation Plaand
determined whether each measure had been implemguaethlly completed,or

deferred. Of those measures that had been deferred, the committee evaluated whether
the measure should be carried forward ints Hazard Mitigation Pla2026 Update or
deleted from the updated plaThe team also considered the option of retaining but
modifying an existing mitigation measure to reflect changing circumstaadester
understanding of the kind of mitigation needed to address a vulnerabiigydecision on
whether taetain modify, or deleteeach mitigatiomeasure was based on tloeal

teambs assessment of the continued relevance o
the deferral of action on the measure was due to the inability ofdlaato take action

on the measurdack of funding or other issu&able53 summarizes the status of

mitigation measures.

As indicated on Tablg3 Duxburymade progress on implementing many mitigation
measures identified in the 2@Hazard Mitigation PlarOf the xx recommended
measuressx have been completed and have been partially completed.itigjation
measurethat have been completeand partially completedncluc the following:

Completed MitigationMeasures

Regulatory revisions for stormwater management
Updated FIRM mapping and bylaws
Provide public information on NFIP compliance

Establish and maintain a Coastal Resilience Task Force that works across
departments and commissions for a fdigitiplinary approach toward climate
resilience.

= =4 =4 A

Partially Completed MitigatiorMeasures

Culvert replacements townwide

Provide Beach Nourishment related to seawall on Plymouth Avenue
Land acquisition program in flood areas, including easement for seawall
Seawall restoration and improvement

Perform Coastal Erosion/Accretion Littoral Study

Maintain Duxbury Beach to a minimum elevation of 16.5 feet NGVD 88
Increase public information and awareness about fire hazards

Dam management and maintenance plan

Increase public information and awareness about fire hazards

= =4 -4 4 48 -5 95 -9 -9
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=

Implement the Town of Duxbury Climate Vulnerability Assessment and Action Plan
and incorporate these recommendations into Comprehensive Planning for the Town

1 Incorporate climate resilience into all local and regional plans as well as capital
improvement plans.

1 Monitor health of submerged aquatic vegetation such as eelgrass beds, and salt
marshes, and restore as necessary.

1 Collaborate with the residents and businesses in thear@htongterm most
vulnerable areas to examine potential zoning, regulatory, incentive, mitigation or
cooperativebased approaches on sea level rise.

Mitigation not completed Retain in 205 Plan Update

Of the measures thatere not completed, the Team decided to retaireviseall but
one in the 208 plan update:

1 Assess earthquake vulnerability of all public buildings and implement upgrades if
feasible

1 Assess municipal structures for susceptibly to snow loads
Promote drought tolerant landscaping and site design measures

1 Encourage site design to increase tree plantings near buildings, increase the
percentage of tree used in parking areas and along public ways

=

Mitigation not completed; Delete for 2@2Plan Update

Just one mitigation not completed will be deleted from th& 2@2lated plan, as the
Team determined i$ not a priority concetin Duxbury

1 Hire a consultant to evaluate in greater detail Duxbury's susceptibility to salt
water intrusion of its aquifer

Moving forward into the nexXive-year plan implementation period there will be more
opportunities to incorporate hazard mitigation intoTthe/n® decisiormakingprocesses.

The challenges tHeownfaces in implementing these measures are primarily due to limited
funding and available staff time. This plan should held tvenprioritize the best use of

its limited resources for enhanced mitigation of natural hazards.
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Table53: Status ofMitigation Measures from the 208 Duxbury Hazard MitigationPlan

RECOMMENTED MITIGATON FROM THE

2019 HAZARD MITIGATION PLAN

Maintain Duxbury Beach to a minimum elevation f 16.5 {
NGVD 88

Culvert replacements townwide
Provide Beach Nourishment to seawall on Plymouth A

Land acquisition program in flood areas, potemtiall
along the coast, including easement for seawall

Regulatory revisions for stormwater management
Updated FIRM mapping and bylaws

Provide public information on NFIP compliance
Seawall restoration and improvement

Perform Coastal Erosion/Accretion Littoral Study

Assess earthquake vulnerability of all public buildings ar
implement upgrades if feasible

PRIORITY IN
2019 PLAN

CURRENT STATUS 2026
1. Completed

2. Partially Completed

3. Not Completed

FLOODING

High
High
High
High

High

High
Medium
High

High

2 Partially Completed ongoing

2026 PLAN UPDATE

1. KEEP in the 2025 Plan
2. REVISE for the 2025 Plan
3. DELETE from the 2025 Plan

17 projects have been completed sinc 2. REVISE for the 20plan

2015 (see Table attached)
2 Partially Completed ongoing

2 Partially Completed ongoing

2 Partially Completed ongoing

1. Completed

1. Completed

1. Completed
2. Partially completedd will be
completed in 2026
2 Partially Completed Report done in
2017, now being updated

GEOLOGIC HAZARDS

Low
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3. Not Completed

2. REVISE for the 2026 plan
2. REVISE for the 2026 plan

1. KEEP in the 2026 Plan

N/A

N/A
N/A
1. KEEP in the 26ZPlan

2. REVISE for the 20plan

1. KEEP in the 262Plan



TOWN OUXBURWYAZARD MITIGATION PLAN
DRAFT 208 UPDATE

CURRENT STATUS 2026| 2026 PLAN UPDATE
RECOMMENTED MITIGATON FROM THE PRIORITY IN 1. Completed

y 1. KEEP in the 2025 Plan
2019 HAZARD MITIGATION PLAN 2019 PLAN 2. Partially Completed

2. REVISE for the 2025 Plan

3. Not Completed 3. DELETE from the 2025 Plan

2. Partially completedd town uses
11 Increase public information and awareness about fire ha  Medium social media for notifications / 1. KEEP in the 26ZPlan

Updated Open Burning Permit

12 Assess municipal structures for susceptibly to snow loac 3. Not Completed 1. KEEP in the 262lan

Medium
Acquire adequate emergency generators for public safe’ . .
. 2 Partially Completed Town has traile 555

13  (water pumps, package plant pumps, town hall) High mounted generator 277

Promote drought tolerant landscaping and site design
14  measures Medium 3. Not Completed 1. KEEP in the 262Plan
o STt R T e nrcompes :

areas and along public ways ' P g

Center and regional cooling center.

16 Dam management and maintenance plan Medium 2 Partially Completed ongoing 2 REVISE for 2026 Temple Street Dam

scheduled to be removed
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CURRENT STATUS 2026
1. Completed

2. Partially Completed

3. Not Completed

2026 PLAN UPDATE

1. KEEP in the 2025 Plan
2. REVISE for the 2025 Plan
3. DELETE from the 2025 Plan

RECOMMENTED MITIGATON FROM THE PRIORITY IN

2019 PLAN

2019 HAZARD MITIGATION PLAN

17  Implement the Town of Duxbury Climate Vulnerability
Assessment and Action Plan and incorporate these , 2 Partially Completed Seawall project .
recommendations into Comprehensive Planning for the High completed; ongoing implementation 1. KEEP in the 262lan
18  Establish and maintain a Coastal Resilience Task Force
works across departments and commissions for a multi :
disciplinary approach toward climate resilience. Medium 1. Completed N/A
19 Incorporate climate resilience into all local and regional | 2 Partially CompletedSnug Harbor Pla
as well as capital improvement plans. High completed; Seawall, Bridge replacemel. KEEP in the 26Z2Plan
roof replacement in Capital Plan.
20  Hire a consultant to evaluate in greater detail Duxbury's
susceptibility to salt water intrusion of its aquifer. Medium 3. Not Completed 3. DELETE from Z)Plan
21  Monitor health of submerged aquatic vegetation such as 2 Partially CompletedMass Bays proje
eelgrass beds, and salt marshes, and restore as necess Medium 0 eelgrass planted; survey of Duxbury 1 KEEP in the 262Plan
Bay
22 Collaborate with the residents and businesses in thearehlong 2 Partially CompletedThe Town
term most vulnerable areas to examine potential zoning, Sy . .
regulatory, incentive, mitigation or cooperatdzsed approaches High completed a plan, considering raising 1. KEEP in the 26ZPlan

on sea level rise.

building and relocation in high hazard
areas

NEW MITIGATION SINCE THE 2019 PLAN
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23 Increase the width of Misquiset Coordllow emergency
vehicle access; move utility poles? ADD to 2026 Plan

24 Salt Marsh management and protectibowvn has CZM grant
drones used to survey marshes ADD to 2026 Plan

o5 Wind damage from trees: discourage tree planting near hc ADD to 2026 Plan

26 Implemeninvasive species management: European Green
Asian Shore Crab, Tunicates, Bryozoa, Capvélisca
Palaemon elegan®lanage fertilizers, other measu?rgs

ADD to 2026 Plan
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SECTION: HAZARD MITIGATION STRATEGY

What is Hazard Mitigation?

Hazard mitigation means to permanently reduce or alleviate the losses of life, injuries and
property resulting from natural hazards through lergn strategies. These letggm

strategies include planning, policy changes, education programs, infrasprejaats

and other activities. FEMA currently has three mitigation grant proguaitdsig Resilient
Infrastructure and Communities (BRI Hazards Mitigation Grant Program (HGMP),

and the Flood Mitigation Assistance (FMA) progreme. three links below provide

additional information on these programs.

https://www.fema.gov/grants/mitigation/buildingesilietinfrastructur&eommunities
https://www.fema.gov/hazaremitigationgrantprogram
https://www.fema.gov/floodmitigationassistancgrantprogram

Hazard Mitigation Measures can generally be sorted into the following groups:

1 Prevention: Government administrative or regulatory actions or processes that
influence the way land and buildings are developed and biiliese actions also
include public activities to reduce hazard losses. Examples include planning and
zoning, building codes, capital improvement programs, open space preservation,
and stormwater management regulations.

1 Property ProtectionActions that involve the modification of existing buildings or
infrastructure to protect them from a hazard or removal from the hazard area.
Examples include acquisition, elevation, relocation, structural retrofits, flood
proofing, storm shutters, and shatter resistant glass.

1 Public Education & AwarenessActions to inform and educate citizens, elected
officials, and property owners about the potential risks from hazards and potential
ways to mitigate them. Such actions include outreach projects, real estate
disclosure, hazard information centers, anolobelge and adult education
programs.

1 Natural Resource Protectiomctions that, in addition to minimizing hadasses,
also preserve or restore the functions of natural systems. These actions include
sediment and erosion control, stream corridor restoration, watershed management,
forest and vegetation management, and wetland restoration and preservation.

1 Structural ProjectsActions that involve the construction of structures to reduce the
impact of a hazard.Such structures include storm water controls (e.g., culverts),
floodwalls, seawalls, retaining walls, and safe rooms.

1 Emergency Services ProtectioActions that will protect emergency services
before, during, and immediately after an occurrence. Examples of these actions
include protection of warning system capability, protection of critical facilities, and

protection of emergency response infradtuire.
(SourceFEMA Local Muliazard Mitigation Planning Guiddnce
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Reqgional and InteiCommunity Considerations

Some hazard mitigation issues are strictly local. The problem originates primarily within
the municipality and can be solved at the municipal level. Other issues are inter
community and require cooperation between two or more municipalities. There is a third
level of mitigation which is regional and may involve a state, regional or federatpge

or three or more municipalities.

Reqgional Partners

In manycommunities, mitigating natural hazards, particularly flooding, is more than a local
issue. The drainage systems that serve these communities are a complex system of storm
drains, roadway drainage structures, pump stations and other facilities owned and
operated by a wide array of agencies including but not limited to the Town of Duxbury,

the Department of Conservation and Recreation (DCR), and Massachusetts Department of
Transportation (MassDOThe planning, construction, operations, and maintenance of
these structures are integral to the flood hazard mitigation efforts of communities. As such,
these agencies must be considered the commun
These agencsealso operate under the same constraints as communities do, including
budgetary and staffing constraints and numeomunspeting priorities. In the sections that
follow, the plan includes recommendations for activities where cooperation with these
other agencies may be necessary. Implementation of these recommendations will require
that all parties work together to devg@®olutions.

Overview of Regional Facilities within Duxbury

Major facilities owned, operated and maintained by federal, state, regional or private
entities in Duxbury include:

A Massachusetts Routes 3, 3A, 14, 53, and 139 (MassDOT)

A Duxbury Beach (Duxbury Beach Reservation, Inc.)

A Myles Standish Monument State Reservation (DCR)

A Gurnetd Shared Drinking and Wastewater Systems with the Town of Marshfield.

A Powder Point BridgeAccess point for the Saquish neighborhood in the Town of
Plymouth located at the terminus of Duxbury Beach. This is the only point of access
and egress during emergencies. The neighborhood is highly vulnerable to coastal
flooding.

A Kingston Bafay system shared with the Town of Kingston, important for boating

regulation, boating management, commercial fish industry, and water quality to
uphold the Clean Water Act.

InterCommunity Considerations

1. Living and Hardened Shoreline Environmedhe coastal shoreline of the South
Shore area is a dynamic environment where forces of erosion and deposition of sand are
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constantly at work changing the beach profile. This process disregards municipal
boundaries as sand and other matergis moved along the coast. Shoreline protection
measures such as living shorelines, dunes, beaches, sea walls, jetties, and others have an
impact on this process with the potential of building up sand iraseasewhile stripping

it away from others. Municipalities along the South Shore should work to understand how
these processes are at work locally and consider mutually beneficial means of protecting
their shore side communities from the impacts of stonage. Collaboration on coastal
shoreline protection, such as seawalls, beach nourishment, and marshes is critical for
mitigating coastal flood hazards and infrastructure damage.

2. Duxbury Beach Duxbury Beach, a barrier beach, protects the shorelines of
Duxbury, Kingston, and Plymouth Bays from high energy waves during coastal storm
events. Its protection and nourishmaaritisalin minimizing coastal shoreline erosion and
infrastructure damage from flooding natural hazards. The three communities should
collaborate on mitigating coastal flood damage and invest in nourishment and other flood
and erosion control measures.

3. Shared Water Systerikhe Gurnet neighborhood is serviced by the Town of
Marshfield for wastewater and drinking water. This neighborhood is in a AE Zone and
highly vulnerable to intense wave energy and coastal storms. Collaboration between the
Towns of Duxbury and Marshfield the maintenance and resilience of these is systems is
critical.

4, Stormwater Management in Kingston Bay

Duxbury lies along Kingston Bay, an important éoediving shorelines, commercial

fishing, and recreational boating. The Towns of Kingston and Duxbury should continue to
collaborate and coordinate on stormwater management strategies for National Pollution
Discharge Elimination Program for the CleandVactt to uphold the commercial,
recreational, and natural systems important for the economy and shoreline protection of
both communities.

New Development and Infrastructure

As part of the process of developing recommendations for new mitigation measures for
this plan update, the Town considered the issues related to new development,
redevelopment, and infrastructure needs in order limit future risks. Taking into
consideratin the Zoning and Bgaw changes adopted in recent years, the Wetlands Act
enforced by the Conservation CommisgierStormwater ManagemeRlkan implemented

by the Department of Public Workle Subdivision Rules and RegulatiodsSite Plan
Reviewenforced for new development, and the Open Space and RecreationHdawn
determined that existing regulatory measures are taking good advantage of local Home
Rule land use regulatory authority to minimize natural hazard impacts of development.
Priorities for the future include updating @gen Space and Recreationl&n, updating

theWetlandsregulatonsand parti ci pating in the stateds

Preparedness 2.0 program.
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Overview of the Townds Mitigation Strategy

TheDuxburyHazard Mitigation Team identified a number of mitigation measures that
would serve to reduce the Towwithafocussohner abi | i
flooding and coastal flooding

The Town haslagh prioritygoal of addressing the most pressoaastalflooding issues
facing the Town, as highlighted by iM®ods Hole Vulnerability Assessnuadcribed
above.TheTown will also engagéhe Massachusetts office@dastal Zondlanagement
(CZM), whichas recently introduced tResilient CoasB®an.The Town will seek to
leverage this new state initiativéo address the issuesadastalflooding.

This Hazard Mitigation Strategy 1 ofkeynt ended
mitigationactions that will improve its resilience to natural hazardsth the short and

longtermThe plad s r e ¢ o mmkhe tha@tporated isto otheelevantplans and

policies, such as tMaster Planthe Open Space and Recreation Plan, the Capital

Investment Plan, and Municipal Vulnerability Preparedness

Process for Setting Priorities for Mitigation Measures

The last step idevelopingD u x b unitigatfosstrategy is to assign a level of priority to

each mitigation measure so as to guide the focus diaivé Isnitedresources towards

those actions with the greatest potential benefit. At this stage in the process, the Local

Hazard Mitigation Planning Team had limited access to detailed analyses of the cost and

benefits of any given mitigation measure, so prioritimatidoased on the local team

member sd understanding of existing and poten
sense of the costs associated with pursuing any given mitigation measure.

Priority setting was based on local knowledge of the hazard areas, including impacts of
hazard events, the extent of the area impacted, and the relation of a given mitigation
measure to th& o wgoals In addition, the local Hazard Mitigation Planning Team also
took into consideration factors such as the number of homes and businesses affected,
whether or not road closures occurred and what impact closures had on delivery of
emergency servicesa@the local economy, anticipated project gostetherany
environmental constraints existed, and whethérdiewould be able to justify the costs
relative to the anticipated benefitEhe prioritization criteria are summarized below:

Estimated Benefits

High Action will result in a significant reduction of hazard risk to people an
property from a hazard event

Medium | Action will likely result in a moderate reduction of hazard risk to peop
and/or property from a hazard event

Low Action will result in a low reduction of hazard risk to people and/or
property from a hazard event
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EstimatedCosts

High Estimated costs greater tha?6®,000

Medium | Estimated costetween $0,000 and $250,000
Low Estimatedosts lesthan $0,000 and/or staff time

Overall Priority

High

Action very likely to have political and public support and necessary
maintenance can occur following the project, and the costs seem
reasonable considering likely benefits from the measure

Medium

Action may have political and public support and necessary mainteng
has potential to occur following the projedfledium priority measures
would address a hazard of concern to the town, but costs may not be
proportion to the benefits achieved.

Low

Not clear if action has political and public support and not certain thai
necessary maintenance can occur following the projeat priority
measures would not address significant or high pria#grds and/or the

cost would not be in proportion to the benefits.

Tables4demonstrates t he pmredommendetiazam mitigaton o f

t he

measures. For each mitigation measure, the geographic extent of the potential benefiting

area is identifiedaswell asan estimate of the overall benefit and cost of the measures.

Mitigation Measure

Table54: Prioritization of RecommendeMitigation Measures
Geographic Estimate Estimated

2029 Priority

Coverage Cost Benefit
Flooding
1. Implement Beach Nourishm¢ Protects the
and Nature Based Solutions | shoreline of
projects identified in the Duxbu| Duxbury, High High High
Beach Reservat|Plymouth, and
plans Kingston Bays
2. implement culvert
replacements identified in the | West Duxbury | High High High
Culvert and Bridge Assessmen
3 Provide Beach Nourishment : . :
related to seawall Gurnet High High High
4. Land acquisition program in
flood areas, potentially along . , . ,
the coast including easement f( Townwide High High High
seawall
5. ImplemenSeawall restoration
and improvement (Phase 2 Coastal Zone | High High High
completed)
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Geographic Estimate Estimated
Coverage Cost Benefit

Mitigation Measure

2029 Priority

6. Perform Coastal Erosion/
Accretion Littoral Study
Geologic Hazards

7. Assess earthquake
vulnerability of all public
buildings and implement
upgrades if feasible
FireRelated Hazards

8. Conduct regional forest
management planning for Townwide Medium | High High
conservation lands

9. Increase public information
and awareness about fire Townwide Low Medium | Medium
hazardsyear round
Winter Hazards

Coastal Zone

Townwide Low Low Low

10. Assess municipal structure!

for susceptibly to snow loads Townwide Medium | Medium | Medium

11. Acquire adequate emergency

generators for public safety (watel : . . -
pumps, package plant pumps, tow Townwide High High High
hall)

Drought

12. Develop and implement a
water conservation plan; publici Townwide Medium | Medium | Medium
education

13. Promote drought tolerant
landscaping and site design Townwide Low Medium | Medium
measures

Extreme Temperatures

14. Increase public notification
for cooling and warming center
at the Senior Center and Townwide Low Medium | Medium
regional cooling center as
needed

DamHazards

15. Temple Street Dam

scheduled to be removed Temple Street| Medium | Medium | Medium

Wind Hazards

16. Coordinate with electric
utility to manage trees to reduc| Townwide Medium | High High
risk of power outages
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Geographic Estimate Estimated

Mitigation Measure 2029 Priority

Coverage Cost Benefit
17. Assess public buildings for

vulnerability to wind damage | Townwide Medium | Medium | Medium
18. Discourage tree planting

near homes and critical Townwide Low Low Low
infrastructure

Invasive Species

19. Implemeninvasivepecies
management: Potential specieg
include European Green Crab,
Asian Shore Crab, Tunicates,
Bryozoa, CaprellaMusca
Palaemon elegans

20. Guidelines to encourage us

of native species in landscapin{ Townwide Low Medium | Medium
and development

Townwide Medium | Medium | Medium

Climate Change

21. Implement the Town of
Duxbury Climate Vulnerability
Assessment and Action Rlad
Snug Harbor Resiliency Plan;
incorporate climate resilience
into the Towndd
planning, CEMP, and capita
improvement plan

Townwide High High High

22. Incorporate climate resilient
into all local and regional plans
as well as capital improvement
plans

Townwide Low Medium | Medium

22. Incorporate climate resilien|
into all local and regional plans
as well as capital improvement
plans.

Townwide Low Medium | High

23. Salt Marsh management ar
protection: Monitor health of
submerged aquatic vegetation
such as eelgrass beds, and sall Coastal Zone | Medium | High High
marshes; drones used to surve
marshes; and restore marshes
necessary
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Geographic Estimate Estimated
Coverage Cost Benefit

Mitigation Measure

2029 Priority

24. Collaborate with the
residents and businesses in the
near and longterm most
vulnerable areas to examine
potential zoning, regulatory,
incentive, mitigation, or
cooperativebased approaches
on sea level rise.

Coastal Zone | Medium | High High

25. Increase the width of
Mattakeeset Court to allow
emergency vehicle access; mo
utility poles and sewer/drainage

Snug Harbor,
Mattakeeset | High High High
Court

Introduction toRecommendedMitigation MeasuresTable(Table55)

The recommended mitigation measures are shown inbfadileng with the following
parameters for each measumhich are described below

Description of the Mitigation Measudrd&he description of each mitigation measure and

cost information is given if cost data were already available from the community. The cost
data represents point in time and would need to be adjusted for inflation and for any
changes or refinements in the design of a particular mitigation measure.

Priorityd As described above and summarized in TdBlethe designation of high,
medium, or low priority was dogensideng potential benefits and estimated project
costsas well as other factors in the STAPLEE analysis

Implementation Responsibi@ityhe designation of implementation responsibility was done
based on a general knowledge of what each municipal department is responsible for. It is
likely that most mitigation measures will require that sedepalrtments work together

and assigning staff is the sole responsibility of the governing body of each community.

Time Framé The time frame was based on a combination of the priority for that

measure, the complexity of the measure and whether or not the measure is conceptual, in
design, or already designed and awaiting funding. Because the time frame for this plan is
five years, the timing for all mitigation measures has been kept within this framework. The
identification of a likely time framis not meant to constrain a community from taking
advantage of funding opportunities as they arise.

Potential Funding Sour@$his column attempts to identify the most likely sources of
funding for a specific measure. The information on potential funding sources in this table is
preliminary and varies depending on a number of factors. These factors include whether

or not a ntigation measure has been studied, evaluated or designed, or if it is still in the
conceptual stagesMEMA and DCR assisted MAPC in reviewing the potential eligibility

for hazard mitigation funding. Each grant program and agdrasie specific eligibility
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requirements that would need to be taken into consideration. In most instances, the
measure will require a number of different funding sources. ldentification of a potential
funding source in this table does not guarantee that a project will be ehgilde

selected for funding. Upon adoption of this plan, the ke@mhresponsible for its
implementation should begin to explore the funding sources in more detalil.

Abbreviations Used in Tablg5

FEMA Mitigation Grants includes:
FMA = Flood Mitigation Assistance Program.
HMGP = Hazard Mitigation Grant Program.
ACOE = Army Corps of Engineers.
DHS/EOPS = Department of Homeland Security/Emergency Operations
DEP (SRF) = Department of Environmental Protection (State Revolving Fund)
USDA = United States Department of Agriculture
MA DOT = Massachusetts Department of Transportation
DCR = MA Department of Conservation and Recreation
CIP= Capital Improvement Plan
MVP= MA Municipal Vulnerability Preparedness Program
NCRF= National Coastal Resilience Fund
MA CRG= MA Coastal Resilience Grants
CRMAG= MA Dept. of EnvironmerRaistoration Culvert Replacement Municipal Assistance (
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Table55: RecommendedMitigation Measures

Recommended Mitigation Measures

Priority

Lead Agency

Time Frame
Years 15

Estimated

Potential Funding
Sources

FLOODING HAZARDS

(2026-31)

ImplemenBeachNourishment and

Nature Based Solutions projects . Duxbury Beach $.1._$2 NFWF/ Coastal Zone
: e High Reservation, Inc. / 1-5 million a
identified inthe Duxbury Beach . Management
g - Planning Dept. year
Re s e r wasitiency plahs
Implementuvert replacements Town General Fund
%
identified in the Culvert and Bridge High DPW 1-5 $100,000 DEZV i{[aflzrllr?\?éz:rggr{t
Assessment P
Program
. . Town General
Provide Beaczeg(\?vuglllshment related High DPW/Conservation 2-4 >$2 million FundDPW, CZM,
NOAANFWF
Land acquisition program in flood Conservation
areas, potentially along the coast, High . 1-5 >$1 million Duxbury CPA, EEA
. . Commission
including easement for seawall
ImplemenSeawall restoration and . . - Town General
improvemerst(Phase 2 completed) High DPW/Planningept. 5 $26 million Fund/DPWBetterment
Perform Coastal Erosion/Accretion . Duxbury Beach
Littoral Study High Reservation 1-2 $130,000 CzM
GEOLOGIC HAZARDS
Assess earthquake vulnerability of &
public buildings and implement Low Facilities Dept. 3.5 $100,000 Town General

upgrades if feasible

FundFacilities Dept
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Estimated
Cost

Time Frame
Years 15
(2026-31)

Recommended Mitigation Measures

Priority Lead Agency Potential Funding

Sources

WILDFIRE HAZARDS
8 Conduct regional forest manageme|  High Fire 1-3 ~$50 000 Town General Fund
planning for conservation lands Dept/Conservation ’ FirdConservation
9 Increase public information about fif Medium FireDept. 1-5 Staff time Town G(_aneral
hazardsyear-round FundFire
WINTER STORM HAZARDS
10 Assess municipal structures for . - $50,000 Town General Fund
susceptibly to snow loads Medium Building Dept. 35 Staff Time /Building
11 Acquire emergency generators for Town General
public safety (water pumps, packag( High Facilities, DPW 1-3 >$2 million
FundDPW
plant pumps, town hall)
DROUGHT
12 Develop and implement a water . Duxbury DPW./ North <$50,000 Town General Fund
. _ : : High & South Rivers 1-2 .
conservation plan; public educatior I Staff Time DPW
Watershed Associatig
13 Promote dr_ought t_olerant landscapir] Medium | Planning/Conservatio 1-5 Staff Time Towr_1 generafFund _
and site design measures Planning/Conservatiol
EXTREME TEMPERATURES
14 Increase pu_bllc notification for c_oollr TownGeneralFund/
and warmingcentes at the Senior . Emergency .
. . Medium 1-2 Staff Time Emergency
Center and regional cooling cents Management
Management
needed
DAM HAZARDS
15 Temple Street Dam scheduled to b Town General Fund
removed Medium Conservation 1-3 $700,000 Conservation / DER
Dam Removal Grants

144



TOWN OUXBURWYHAZARD MITIGATION PLAN
DRAFT 208 UPDATE

Estimated
Cost

Time Frame
Years 15
(2026-31)

Recommended Mitigation Measures

Priority Lead Agency Potential Funding

Sources

WINDHAZARDS

16 Coordinate with electric utility to .
manage trees to reduce risk of powe¢  High Dept of Public Works 1-5 Staff time Town General Fuad
>$50,000 DPW
outages
17 | Assess public buildings for vulnerabi . i <$50,000 Town General
to wind damage Medium Facilities Dept 2-3 Staff Time | FundFacilitieDept
18 Dlscourage.tree plantlng near home Low Planning/Conservatio 1-5 Staff Time Towr_lGeneraIFund.
and critical infrastructure Planning/Conservatiol
INVASIVED SPECIES
19 | Invasive species managemé&uatential
species includéuropean Green Crab Medium Conservation 5.3 >$50,000 Town General Fund
Asian Shore Crab, Tunicates, Bryoz Commission Staff Time Conservation
Caprella,MuscaPalaemon elegans
20 Guidelines to encourage use of nati .
S . . Conservation . Town General Fund
species in landscaping and Medium . 1-2 Staff Time :
Commission Conservation
development
CLIMATE CHANGE
21 Implement the Duxbury Climate
p};urlgﬁ:jaglrl:ty A:;:abs;n;zeen;i I?enr?cA(;)t:E Dept of Public Works CZM, CPATown
. 9 i ey Fig High / Planning / 1-5 TBD GeneralFund DPW/
incorporateclimate resilience mthe . . .
~ Conservation Planning/Conservatiol
Townds comprehen
and @pita improvement plan
22 Incorporate climate resilience into & TownGeneralFund
local and regional plans as well as| High Planning, Conservatic 1-5 Staff Time | Conservation/Planning

capital improvement plans.

Capital Improvement
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Recommended Mitigation Measures Priority Lead Agency Time Frame Estimated Potential Funding
Years 15 Cost Sources
(2026-31)
23 Salt Marsh management and
protectlonMo_n itor healt_h of Conservatidbuxbury CZM MDFW,
submerged aquatic vegetation such . .
High Bay Management 1-5 TBD MassBayslational
eelgrass beds, and salt marshé®nes
Comm. Estuary Program
used to survey marshesd restore
marshess necessary
24 Collaborate with the residents and
businesses in the neand longterm
mos'_t vulne_rable areas to examine High Planning 1-5 $50,0QO CZMMVP, MAPC
potential zoning, regulatory, incentiv, Staff Time
mitigation or cooperativbased
approaches on sea level rise.
25 Increase the width of Mattakeeset
Court to allow emergency vehicle . . Town General Fund
access; move utility polasd High Planning/DPW 5 TBD Planning /DPW
sewer/drainage
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SECTION: PLAN ADOPTION AND MAINTENANCE

Plan Adoption

TheDuxburyHazard Mitigation Plan 262Jpdatewas adopted by theBoard of
Selectmeon[ADD DATE¥See AppendiEfor documentatiol.he plan was approved by
FEMA on [ADD DATE] for a fwear period that will expire on [ADD DATE].

Plan Maintenance

MAPC worked with theuxburyHazard Mitigation Planning Team to prepare this plan
After approval of the plan by FEMAyis group wiltontinue taneet ora regularbasis

at least annuallyto oversee the implementation and updating ofifaizard Mitigation
Plan withthe Plannindirectordesignated as thdeam coordinator. Additional members
could be added to the locdeamfrom businesses, Aprofits and institutionsheTown
will encouragepublic participation during the nexty®ar planning cycleAs updatesand

a review of the plarare conducted by thélazard Mitigation Teajthese will be placed
ontheTowd s web site, thealdazaadWifgationeTeamiwil gesibliaby f
noticedin accordance withownand state open meeting laws.

Implementationand EvaluationSchedule

Mid-TermSurvey on Progre33 he coordinator of the Hazard Mitigation Team will
prepare and distribute a survey in yetreeof the plan. The survey vk distributed to

all of the local implementation group members and other interested local stakeholders.
The survey will poll the members on any changes or revisions to the plan that may be
needed, progress and accomplishments for implementation, andvaimazards or

problem areas that have been identified.

This information will be used to prepare a report or addendum to the local hazard

mitigationplai n or der to evaluate its effectivenes:
identify areas that need tbe updated in the next plafhe Hazard Mitigation

Implementation Teamoordinated by th&lanningDirector will have primary

responsibility for tracking progress and updating the plan.

Begqin toprepare for the next Plan Update Given the lead time needed to secure

funding and conduct the planning proctesHazard Mitigation Team will begin to

prepare for an update of the plam year threeThe team will use the information from

the Mid-Term progresseview to identify the needs and priorities for the plan updatd

seek funding for the plan update process. Potential sources of funding may include FEMA
grants such ake Hazard Mitigation Grant PrografREMAgrant programs can pay for

75% of a planning project, with a 25% local cost share required.

Prepare and Adopt an Updated Local Hazard Mitigation J&#hE MA6 s appr oval of
plan is valid for five years, by which time an updated plan must be approved by FEMA in

order to maintainthdow® s approved plan status and its e
grants.Once the resources have been secured to update thetipdaHazard Mitigation

Team may decide to undertake the update themselves, contract with the Metropolitan
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Area Planning Council to update the plamhire anotherqualified consultantf FEMA

funds are used to prepare the updated pl an,
guidelines, which require seeking three quotes from service providers qualified to prepare

the plan.The local tealill alsoneed to review the current FEMA hazard mitigation plan
guidelines for any changes. Text draft DuxburyHazard Mitigation Platpdate will

be forwarded to MEMA and DCR for review and to FEMA for approval.

Integration of the Plans with Other Planning Initiatives

This Hazard Mitigation Strategy is intended
actions that will improve its resilience to natural hazahdsupdated plarwill be

incorporated into othaelevantplans and policies, such as Master Plan, th®pen

Space and Recreation Plan, the Capital Investment Plan, and Municipal Vulnerability
Preparedness 2.@nd/or MVP Action Grant projects.

Upon approval of théduxburyHazard Mitigation Pla@026 Updateby FEMA, the Local

Hazard Mitigation Tearaoordinatowill provide all interested parties and implementing
departments with a copy of the plan and will initiate a discussion regarding how the plan

can be integrated inteachd e par t me nt & sTheplargvwollibergviewed ank .

discussed with the following departments during the first six (6) months following plan

adoption. During updates ofangwnd e par t ment 6 s pl ans or pol i ci
of this mitigation strategy will be incorporated.

1 FireDepartment 91 BuildingDepartment

1 Emergency Management 1 Planning Board

1 PoliceDepartment 1 Conservatio@ommission
1 Public Work®epartment 1 PublicHealth

1 Engineering 1 Harbormaster

Other groups that will be coordinatedth include large institutions, Chambers of

Commerce, land conservation organizations and watershed groups. The plan will also be
posted on a communityds website. The posting
mechanism for citizen feedback sucaree-mail address to send comments
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APPENDIX A: HAZARD MAPPING

The MAPC GIS (Geographic Information Systems) Lab produced a series of maps for each
community. Some of the data came from the Northeast States Emergency Consortium
(NESEC). More information on NESEC can be folitio: @vww.serve.com/NESEC/

Due to the various sources for the data and varying levels of accuracy, the identification

of an area as being in one of the hazard categories must be considered as a general

classification that should always be supplemented with more local knowledge.

The map series consisteight maps as described belohhe maps in this appendix are

necesarily reduced scale versions for general reference.

Map 1. Population Density

Map 1A | Environmental Justice Areas

Map 2. Land Use

Map 3. Flood Zones

Map 3B | 2010 FloodClaims

Map 4. Earthquakes and Landslides

Map 5. Hurricanes and Tornadoes
Map 6. Average Snowfall
Map 7. Composite Natural Hazards

Map 8. Hazard Areas

Map 9 Land Surface Temperature

Map 10 | Wildfire Risk

Map 11 | Coastal Flooding

Map 1: Population Densityhis map uses the US Census block data for 2020 and shows
population density as the number of people per acre in seven categories \witihmade

people per acre representing the highest density areas.

Map 1b: Environmental Justi@asd This map shows Environmental Justice (EJ)
populations using 2020 data. EJ designations from the State include English isolation,

income, and minority residents.

Map2LandUs8Thi s map shows | and
Cover/Land Useélataset.

coverlLaand

Map 3: Flood Zoné&3 he map of flood zones used the FEMA NFIP Flood Zones for
Middlesex County as its source. For more information, refer to the FEMA Map Service
Center websitéttp://www.msc.fema.govThe definitions of the flood zones are
described in detail on this site as well. The flood zone map for each community also shows
critical infrastructure and municipally owned and protected open space.

|l and

Map3b2010 Flood ClaingThis map shows flood insurance and disaster claim records

from March 2010. The March 29, 2010 federal disaster declaration associated with

severe rainfall and flooding triggered the launch of the Federal Emergency Management
Agency0s ( FE MKtanse Prograndthroughdvhich residergial property
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owners, businesses, and institutions without flood insurance were eligible to apply for relief
to pay for storrrelated expenditures and repairs. Across the seven counties, over 27,000
individual claimaere approved for nearly $59 million in disaster assistance, while
reimbursements to state and local governments totaled $25 million. In the MAPC region,
18,400 claims were approved for $30 million dollars in disaster assistance.

Map 4: Earthquakes and Landslides (Regidhil)map depicts landslide risk and

recorded earthquake epicenters in the community and surrounding Téganformation

came from NESEC. For most communities, there was no data for earthquakes because only
the epicenters of an earthquake are mapped.

The landslide information shows areas with either a low susceptibility or a moderate
susceptibility to landslides based on mapping of geological formations. This mapping is
highly general in nature. For more information on how landslide susceptibility was
mapped, refer tohttp:/pubs.usgs.gov/pp/p1183/pp1183.html.

Map 5: Hurricanes and Tornadoes (Re@diad) map shows the spatial characteristics of
several different meteorological properties and past events in the community and
surrounding region. The map includes the storm tracks for both hurricanes and tropical
storms. This information must be viewedntext. A storm track only shows where the eye
of the storm passed through. In most cases, the effects of the wind and rain from these
storms were felh other communities even if the track was not within that community. This
map also shows the location of tornadoes with a classification as to the level of damages.
What appears on the map varies by community since not all communities experience the
samewindrelated events.These maps also show the 4@ar wind speed and areas

that could be inundated by storm surge during a hurricane, if any.

Map 6: Average Snowfall (Regionalhis map shows the average snowfall in the
community and the surrounding region.

Map 7: Composite Natural Hazards (Regidra$) map shows four categories of
composite natural hazards for areas of existing developmEmd. hazards included in this
map are 100year wind speeds of 110 mph or higher, low and moderate landslide risk,
FEMA Q3 flood zones (100 year and 500 year) amatricane surge inundation areas.
Areas with only one hazard were considered to be low hazard areslerate areas
have two hazards presenHigh hazard areas have three hazards present and severe
hazard areas have four hazards present.

Map 8: Local Hazard AréaBor each community, locally identified hazard areas are
overlaid on an aerial photograph/ The critical infrastructure sites and planned
development areas are also shown. The source of the aerial photograph is Mass GIS.

Map 9:Land Surface TemperatdddA P Cds St at ewi de Land Surface
Index was createdby combining estimates of surface temperature from days in 2018,

2019, and 2020 where the daily air temperature maximum exceeded 70 degrees
Fahrenheit. The Statewide LST Index OHot Spo
areas in each Regional PlampiAgency (RPA) region. The data was generated by

identifying pixels whose LST index values are equal to or greater than 95% of LST index

values in the region, and then delineating cohesive regions where pixels meet this criterion
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aspolygons.Map® epresents the OHot Spotso relative
top of the Nati on a2D16 BOamtrde cBnopyedata Dat abaseds

Map 1: WildfireRiskd This map shows wildfire risk to the community using USDA data.
Wildfire risk is classified as very low, low, moderate, high, and very high.

Map 11: Coastal Floodidgrhis map presents projections for three future sea level rise
scenarios developed for the Massachusetts Coastal Flood Risk McEEINIVIKY the

Wood Hole Group. The map shows the extent of flood inundation for a 1% annual chance
storm for projected sel@vel rise scenarios of 1.2 feet, 2.4 feet, and 4.2 feet. These
scenarios are approximately equivalent to the levels of sea level rise projected for the
years 2030, 2050, and 2070, respectively.
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Map 1:
Population Density

FEMA Hazard
Mitigation Planning Grant

DUXBURY, MA

@ Critical Infrastructure® @ Water Bodies
] Development Areas 2~ Commuter Rail
* See details in separate table
Census 2020 Block Groups
Population Density: People per acre
0 or No Data
o™ 0.1 -50
o™ 5.1 -150
o™ 15,1 - 300
* More than 30

The information depicted on this map is for planning purposes only.
It is not adequate for legal lemdmyd lefinition, regulator
interpretation, or parcel-le: lyses.

Praduced by MAPC Data Servic
60 Temple Place, Boston, MA 02111 (6‘7) 451-2770

Data Sources:

Metropolitan Areu Planning Council (MAPC)
Massachusetts Geagraphic Information System (MassGIS)
Northeast States Emergency Consortium (NESEC)
Ma smzhusem Emergency Management Agency (MEMA]
al Emergency Management Agency (FEMA]

UsS. Decennial Census

DUXBURY, Ma

Date: 9/14/2026

Path; \\datu-sync\Public\ DalaServices\ Projects\Cu rojects b r0\03_PDM_Exporiiaps\PD,
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