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|. EXECUTIVE SUMMARY

Hazardmitigation planning is @rocess thatentifiesactions to reducthe dangerto

life and property from natural hazard event$is plan isa framework for the City of

Bostonds wide r ange .ohispldnaneesheduideinesfartpeat i on e f f
hazard mitigation planningrogramadministered by the Federal Emergency

Management Agency (FEMA) in partnership with the Massachusetts Emergency

Management Agency (MEMA) and the Department of Conservation and Recreation

(DCR).

While cities are not required by FEMA to adopt hazard mitigation plaagederal

Disaster Mitigaibn Act of 2000 requires all municipalities that wish to be eligible to

receive FEMA hazard mitigation grants to adopt a local rmalgard mitigation plarand

to update te planeveryfive yyas.Bost onés first hazard mitigat:i
FEMA in March2008, and thi2014 Plan Update provides the first fiyear updateAn

approved Hazard Mitigation Pl an makes the Ci
Grant Program, Flood Assistance Mitigation grants, aneDigaster Mitigation Grants.

Planning Process

Planning for thdBostonHazard Mitigation Pla2014 Updatewas led by th&oston
Hazard Mitigation Executiv&teeringCommittee, comprised of representatives of key
City departments and commissions with responsibility for various aspects of hazard
mitigation. The ExecutiveSteeringCommitteewas the main vehicle for coordinating
input on all hazards to be addressed in this plan. The commnetiegedthetypes of
impads and the areas whamnatural hazards most affect t@ay, based on both historic
trends and expected future impacts of climate champe.committee coordinated
internal consultations between seveldly agencies, andrganizeda series of five
workslopsthatwere facilitated by the Social and Environmental Research Institute
(SERI).The committee also established @ieyd goals for addressing thesatural
hazardmpacts, andleveloped a list of proposédizard mitigation measures.

Public particimtion in this planning process is important for improving awareness of the
potential impacts of natural hazayfsilding support for themitigationactions theCity

plans tatake and identifying additional potentighpacts and actionsThe Cityé public
paricipation process includdsvo public meetingfiosed by theBostonConservation
Commissio, the first onApril 18, 2012 before the plampdatewas draftedand the

second orseptember 18, 2018 provide an opportunity for comments on thaftiplan
update. In addition, the drgitanupdate was posted on th@i t website for public

review prior to the second public meetimyrectoutreach waalsoconducted with key
institutions and state agenciésy comments received were reviewed amwbrporated

by the local hazard mitigation team. Revisions to the draft plan included the addition of
recommendations for mullanguage public education, updating several city projects, and
revising the priorities for mitigation for invasive insectegss, and green infrastructure.
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Risk Assessment

This 2014 Plan Updatessesses the potential impacts toGitg from multiple natural

hazards, includinfooding, high winds, winter stormextreme heatrush fire, and

geologic hazardsOf thesehazards,lbodingpresents thenost historically widespread

hazard to th€ity, but coastal storm damage amdord breakingxtreme heigevents are

of increasing concern given the recent and projected trends in chanigeslitmate.

The Executive Stegrg Committee, with members from all of the City's relevant
departments and commissions, was the main vehicle for gathering local data on past and
current trends for all natural hazards for the risk assesswiile historic trends in

natural hazards afally incorporated into this plan update, tGéy has taken steps to

also take into consideration the potential future impacts of climate change. While not
(yet) required byederalplan guidelines, giventh@i t yds commissimgent t o
climate chage through & BostonClimate Action Plar{2011), theHazard Mitigation
ExecutiveSteeringCommittee established a strong priority for incorporating cémat

change considerations into thiszard Mitigation Pla2014Update. Theneed for this
approachs also reinforced at the state level by the recent adoption didlssachusetts
Climate Adaptation Repo(R011). In assessing climate change issues for this plan

update, the&City drew upon the latest available scientific research, and madg
relevantreports available on its web s{tgee Section VIIl)

In order to assist Boston in the task of bringing climate change issues into its hazard
mitigation plan update, theéity and MAPC partnered with the Social and Environmental
Research InstitutéSERI) The City of Boston Office of Emergency Management
organized a series ébur collaborativestakeholder planning sessiams infrastructure,
regulations, buildings and facilities, and public safety. The sessions usegue
methodology known agulnerability-Consequence Adaptation Planning Scenarios
(VCAPS). Many of the insights gleaned from this process informed the plan update, and
the details of these sessions are summarizéteidocument

One of the key tools th@ity used to assess vulnerahilit was FEMA-BId HAZUS
program. The Mayots Office of Emegency Management (OEM) asked MEMA for the
Northeast States Emergency Consortium (NESEC) to conduct a HANAUBevel 1l

analysis of the&City of Boston. The City collaborated with NESE@ implement

HAZUS-MH with more locally specific data. The analyses provide a quantified estimate

of the damages that would result from key natural hazard events@ityhalthough

these analyses did not take climate projections into account.

The City of Boston ivited the academic, scientific, and technical community to
contribute ongoing research studies to the natural hazard mitigation planning process.
The City took advantage of academic and research studies, suchfla®thieydrology
studies of Dr. ElleMarie Douglasat UMASS Bostonandearthquake studies by Dr.
Laurie Base Tufts UniversityandDr. JamesKaklamanosMerrimack College In

addition theCity has partnered with the US Army Corps of Engineers, which is
conductirg a Hurricane Evacuation Stuthat will delineate areas impacted by several
hurricane scenarios.

adc
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Hazard Mitigation Goals

The BostorHazard Mitigation Executive Committee established the following Hazard
Mitigation Goals for th&014Plan Update:

Goal 1 Protect the health and safetyof the public.

Encourage people to be prepared before, during and after a hazard event.
Ensure that services related to public health can function during and after a
hazard, e.g., sanitation, water, debris removal, hospitals and emergency services.
Ensure that evacuation can happen in an organized and efficient manner.
Minimize secondary impacts from hazards, such as the release of polletgnts.

by covering salt piles.

Promote pblic communications

Establish a multcultural and multlanguage pblic awareness program

O G

O G

Goal 2: Protect existing properties and structures.

G Provide resources for residents and businesses to make their buildings and

_ properties more disaster resistant.

Q Educate the public on measures they can take to protecptbperty.

G Maintain existing mitigation structures.

G Ensure that future development / redevelopment does not make existing properties
_ more vulnerable to hazards.

(§ Ensure that critical facilities are protected from hazards.

G Protect natural areas to ensure thaly buffer impacts to built areas during a

_ hatural disaster.

G Preserve and restore the functions of natural resource systems.

Goal 3: Ensure that essential services can function during and after a hazard event.
Q Ensure that critical infrastructure isopected from natural hazards.
G

Ensure that people (key service providers and employees) can get iGityttee
provide services.

G Ensurethatinterdepartmental communication is seamless.
G Maintain the Emergend@perations?lan EOP) andsupporting annexes

Goal 4: Work regionally to mitigate impacts from natural hazards and to respond
and recover from hazard events.

(:3 Continue to participate in regional efforts.

Q Cooperate with other agencies, communities, and private entities.

G Understand priorities anthpabilities of other entities to allow for resource
sharing, mutual aid, and entering into memoranda of understanding (MOU).
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Goal 5: Determine priorities for directing resources for hazard mitigation and
response.

Prioritize mitigation projects.

Continue to program mitigation projedts the Capital Investment Plan

Pursue various funding sources.

Encourage private properowners to implement measures to protect their own
property.

O @G

Goal 6: Maintain Hazard Awareness.

Track and compile hazard relateata.

Understand the potential implicationsatifnate changeon the frequency and
extent of natural hazard events and incorporate that knowledgeazaod
mitigation efforts.

~

G Maintain publidy available information on natural hazard risks in @igy.

~

G Integratehazardmitigationinto other City initiatives and plans.

O ®

Hazard Mitigation Strategy

TheBoston Hazard Mitigation Executive Steeri@gmmittee identified a number of

mitigation measures that would servetoreduc€ihgd s v ul nerabi |l ity to n:
events. Many ofthese are related tmproving andmaintaining the integrity of the

drainage system through addressing maintenance and reconstructionnskeeging

withtheCitydbs pri ori ti es f, dhereisdlsbasirangemphassmar ednes s
coastal damagemndextreme heatEfforts to increase public awareness are also an

important component of the plan update.

The hazard mitigation strategy recognizes that our understanding of natural hazards and
the seps that can be taken to mitigate their damagikéshange ovetime. Global

climate changandthe accompanying changes to sea lematrage temperaturesnd

extreme eventwill increasetheCityd s v u | ninethe &uturie and locyl officials will

work together across municipal lines and with state and federal agensiistions, and

the business communiiy order to understand and address theskeciges.

To support this workn October 2013he City of Bostonreleasedlimate Ready Boston:
Municipal Vulnerability to Climate Chamgthe report of the Mayor's Climate

Preparedness Task Force examining the preparedness of municipal facilities, operations,
services, and policies for the effects of climate change. Individual departments identified
vulnerabilities, established prioritiesydaplanned next step3.he appendices to this
report contain prioritized actions targeted
Administration and Finance, Boston Centers for Youth & Families, Boston Housing
Authority, Boston Public HealtGommission Department of Innovation and

Technology, Property Management, Public Works Department, Boston Police
Department, Boston Public Schools, Boston Redevelopment Authority, Boston
Transportation Department, Housing and Neighborhood Development, Environment
DepartmentOffice of Food Initiatives, Inspectional Services Department, Office of


http://www.cityofboston.gov/images_documents/Final%20Report%2029Oct13_web_tcm3-41271.pdf
http://www.cityofboston.gov/images_documents/Final%20Report%2029Oct13_web_tcm3-41271.pdf
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Emergency Management, and the Parks & Recreation Departifteateportwvith
appendicess attached to this Hazard Mitigation Plan Update as Attachhhent

Plan Review and Update Rocess
The major components of the plan review and update process are summarized in Table

Boston has made progress on implementing mitigation measures identitee2068
Hazard Mitigation Plan. While some of the measures identified in thaapacomplete,
othersstill require the identification of fundg sourcego supporconstruction,
equipmentand additional manpower. Moving forward into the next five year
implementation perigdhere will beadditionalopportunities to incorporate hazard
mitigation into theCityd s deci si on making processes.

Table 1 Plan Review and Update

Chapter Reviews and Updates

Il ¢ Public TheBoston Hazard Mitigation Executive Steering Commitleeed an
Participation emphasis on public participation for the update of the Hazard Mitigatio
Plan, discussing strategies to enhance participation opportunitids ftst
meetingand identifying key stakeholder®uring plan development, the
plan was discussed ato public meetings hosted by théonservation
Commission Thedraft planupdatewas also available on th@ityQ a
website for public comment.

IV ¢ Risk MAPC gathered the most recently available hazard data and meGitigh
Assessment | staff to identify changes in local hazardCity department heads arstaff
reviewed critical infrastructure in order to create an-tqpdate list. The
Cityused the most recently available version of HAZUSmaptemented it
with enhanced locadlata with the help of NESEC. The impacts of climat
change and potential mitigation were explored in a series of stakeholds
workshops organized by the Social and Environmental Research Instit

V- Goals The Hazard Mitigation Goals were reviewatt endorsedby the Boston
Hazard Mitigation Executive Steering Committee

VI¢ Hazard The list of existing mitigation measures was updated to refleeir
Mitigation currentstatus as well as to add newitigation activities in theCitysince

Strategy adoption ofthe previous planRecommended itigation measures from
the 2008 plan were reviewed and assessed as to whether they were
completed, orgoing, or deferred. The Boston Hazard Mitigation Execu
Steering Committee determined whether to carry forward measures,
modify them, or delete thenfior the 2014 plan update. The014 Hazard
Mitigation Plan updatalso addsiew mitigationmeasures. The
Committee reprioritized all of these measures based on current
conditions.

VIi¢ Plan This section of the plaimcludes grocess foon-going plan
Adoptionand implementation that will assist th€ityin incorporating hazard mitigation
Maintenance into other municipalplanning budgetingand regulatoryprograms. It also
includes dive year update procedbat will better prepare theCityto
update the plaragainin 2018.
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1. INTRODUCTION

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 reduce o
alleviate the losses of life, injuries, and property resulting from natural hazards through
long-term strategies. These lotgrm strategies include planning, policy changes,
programs, projects, and other activities.

Planning Requirements under theFederal 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 ivhdizard mitigation plaand update this
plan in five year intervalsThis planning requirement does not affect disaster assistance
funding.

Federal hazard mitigation planning and grant programs are administered by the Federal
Emergency Management Agen@EMA) in collaboration with the states. These
programs are administeredMassachusetisy the Massachusetts Emergency
Management Agency (MEMA) in partnership with the Department of Conservation and
Recreation (DCR). Massachusétts taken a regionapproactto hazard mitigation
planningand hasengagedhe regional planning agenciespimvide technical assistance

to help cities and towns prepare their plamsder this programhe City of Boston

prepared this plan with the technical assistanchealfietropolitan Area Planning

Council (MAPC) MAPC is also providing assistancesevenotherinner Core
communities taupdatetheir local HaizardMitigation Plans, which were first adopteid
2008as part of aMetro-BostonMulti Hazard Mitigation PlanTheselocal Hazard
Mitigation Plan updateare designed tmeet the requirements the Disaster Mitigation

Act for each community.

Federal/State DisasteiDeclarations
The City of Bostonhasexperience@1 natural hazaréhcidens that triggered federal or

state disaster declarations since 1991. These are listed inZltadteyv. The majority of
these events involved flooding.
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Table 2 Previous Federal/State Disaster Declarations

DISASTER NAME
(DATE OF EVENT

TYPE OFEDERAL
ASSISTANGIROVIDED

DECLARED ARBNSVIA

Hurricane Bob
(August 1991)

FEMA Public Assistance
Project Grants
Hazard Mitigation Grant Prograi

Counties of Barnstable, Bristol, Duked
Essex, Hampden, Middlesex, Plymout
Nantucket, Norfolk, Suffolk

No-Name Storm
(October 1991)

FEMA Public Assistance
Project Grants
FEMA Individual Household
Program
Hazard Mitigation Grant Progral

Counties of Barnstable, Bristol, Duked
Essex, Middlesex, Plymouth, Nantuck]
Norfolk, Suffolk

March Blizzard FEMA Public Assistance Proje( Statewide
(March 1993) Grants
January Blizzard FEMA Public Assistance Proje( Statewide

(January 1996)

Grants

October Flood
(October 1996)

FEMA Public Assistance
Project Grants
FEMA Individual Household
Program
Hazard Mitigation Grant Progral

Counties of Essex, Middlesex, NorfolK
Plymouth, Suffolk

June Flood
(June 1998)

FEMA Individual Household
Program

Hazard Mitigation Grant Prograi

Community Development Bloch

GrantHUD

Counties of Bristol, Essejddlesex,
Norfolk, Suffolk, Plymouth, Worcester

South Boston Fire
(Oct 29, 2000)

Small Business Administration

City of Boston

March Flood
(March 2001)

FEMA Individual Household
Program
Hazard Mitigation Grant Prograi

Counties of BristoEssex, Middlesex,
Norfolk, Suffolk, Plymouth, Worcester

Roxbury Fire
(Jun 9, 2002)

Small Business Administration

City of Boston

February Snowstorm| FEMA Public Assistance Proje( Statewide
(Feb 1718, 2003) Grants
January Blizzard FEMA Public Assistance | Statewide
(January 2223, 2005) Project Grants
Hurricane Katrina FEMA Public Assistance | Statewide
(August 29, 2005) Project Grants
May Rainstorm/Flood| Hazard Mitigation Grarfefrogram| Statewide
(May 1223, 2006)
P LINAE b 2N zard Mitigation Grant Program| Statewide

(April 1527, 2007)
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DISASTER NAME TYPE OFEDERAL

(DATE OF EVENT|  ASSISTANCGIROVIDED DECLARED ARERIVA

Hyde Park Fire Small Business Administration| City of Boston
(Jan 5, 2008)

Fenway Business Small Busines&dministration | City of Boston

District Fire
(January 6, 2009)
Flooding FEMA Public Assistance Bristol, Essex, Middlesex, Suffolk,
(March, 2010) FEMAIndividuals and Norfolk, Plymouth, Worcester
Households Program
SBA Loan
Hazard Mitigation Grant Prograr Statewide

Tropical Stornrene FEMA Public Assistance Statewide
(August 2728, 2011)
Hurricane Sandy FEMA Public Assistance Barnstable, Bristol, Dukes, Nantucket
(October 2730, 2012) Plymouth, and Suffolk

Source: database provided by MEMAdthe City of Boston

FEMA and HUD Funded Mitigation Projects

Over the lasR0 years theCity of Bostonhas received funding from FEMand HUDfor
hazard mitigation projects in the Muddy Riv&hese funds wergom the Community
Development Block Grant (CDBG) program and treezard Mitigaion Grant Pogram
(HMGP). This projecttotaled$6,101,830with $4,342,715overed byfederalgrants and
$1,239,54 My City funding. Project fundingis summarized in Table.3

Table 3 FEMA and HUD-Funded Mitigation Projects

Project Title Federal City
(FundingSource) Scope of Work Total Cost | Funding Funding
Muddy River Design and construction
Improvements of improvements to the
2 projects Muddy River in Boston
(Community and Brookline. Reduce $3.103,643 | $2,583,643| $490,000
Development future flooding along
Block Grant) Muddy River.

Charlesgate Debris, accumulated
Channel sediment and other flow
Improvements restrictions will be $2,998,187 | $1,759,071| $749,547

(HazardMitigation | removed from a length
Grant Program) of the Muddy River.
Saurce: Massachusetts Emergency Management Agency (MEMA)
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Community Profile

Boston was incorporated as a town in 1630 and then a city in 1822. Since its
incorporation as a city, Bostdrasannexed six neighboring cities and towns to reach its
currentsize of 49.55 square miles. T@ay is located in Suffolk County. THeity has

a mayorcouncil form of government. THeityd s w e b sviww.cgyofbostonaydy

With a populationn 20100f 617,594 Bodonis the largest cityot only in
Massachusetts, birt all six New Englandstates, and the 21argest city in the United
States.

Boston is an economic focal point for Massachusetts as well as the greater New England

Region, serving as a center for financial institutions, higher education and medical health
servicesA total of 561,126 peopleare employed in th€ity. The Boston ecmomy
constitutes 24% of the stateoslThegbkmanciad my and 1
District is home to many nationally significant firms, the Longwood Medical Area has a

regionally significant concentration of healthcare industry firms, South Bastmme to

the newly established Innovation District with a growiogterof new high tech

companies, and the colleges and universities all oveCitigare significant sources of

jobs as well as important bases for the regional econofg importane of theCityd s

medical and educational facilities is substantial with twenty inpatient hospitals and

twentyf i ve public health clinics providing over
thirty-two universities, colleges, graduate schools and commemligges hava
combined enroll ment of approximately 140, 000

college students.

As the seat of state government, critical state federafacilities are located in Boston.

A number of Federal agencies also haffeces in theCity. These include: FEMA

Region 1, Environmental Protection Agency Region 1, the U.S. Coast Guard, the Federal
Bureauof Investigation, the Depbf Housing and Urban Development, and many others.

In addition to the people who live anak in theCity, Boston attracts an average of 12
million tourists annually from around the cognand around the world. Major
attractiongncludethe Museum of Science, Museum of Fine Arts, Quincy Marketplace,
Boston Convention and Exhibition Center, Hynes Auditorium, TD Boston Garden,
numerous theaters, Fenway Park, and the Harbor Islands.

Boston is one of the oldest cities in the country and neaewts of historical significance
occurred here and are markegbuildings and other features of natiosiginificance
These include large and wddhown sites and structures such as ti$S @onstitution,
famousburying grounds, the Paul Revere House, the Old State Hm®)d North
Church But there are manyngaller, lesseknown, but historically important sites
scattered around th@&ity.

The City isan atlarge member on the Executive BoarcadiEMA funded effortlirected
by the Coordinated Statewide Emergency Prepared{@@SSTER to develop hazard
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mitigation strategies for cultural sites, museums, and libraries statewide with considerable
potential benefit for the many such institutions in Boston.

Bostonalss er ves as the center of the regionods tr
commuter rail lines, buservice, ports and Logan International Airport. Logan

International is the largest transportation center in New England. It handled over 28

million passengers and 600,000 flights in 2011, accordiDMA8SPORT Major ports

operated byMASSPORTIn Bostoninclude the Port of Boston, Conley Terminal,

Cruiseport and the Boston Autoport. Two interstaté¥(and 193) converge in Boston.

A number of state routes also pass through Boston, including Routes 1, 2, 3, 9, 20, 28,

and 30.The MBTA, MassDOT, Mas Highway District 6, DCR, MWRA, and

MASSPORTAuthority participated in the process.

Bostord distinct neighborhoodsavestrong identities. For the purpose of this plan we
refer to city neighborhoods as defined by the Boston Redevelopment Authoray:(BR
Allston, Back Bay, Beacon Hill/West End, Brighton, Charlestown, Chinatown/Leather
District, Dorchester, Downtown, East Boston, Fenway/Kenmore, Hyde Park, Jamaica
Plain, Mattapan, Mission Hill, North End, Roslindale, Roxbury, South Boston, South
End/Be Village, and West Roxbury.

Boston borders 14 communities: Quincy, Milton, Canton, Dedham, Needeamon,
Brookline, Watertown, Cambridge, Somerville, Everett, Chelsea, Revere, and Winthrop.

Population and Housing Characteristics

In 2010,theCityp s popul ati on was 617,594 and the num
(see Tabls4A and 4Bbelow). Ten percent of the population is over 65 years, and 22

percent have a disability.

Table 4A - Boston Characteristics, 2010

Population = 617,594
T 5.2%are under age 5
10.1% are over age 65
Mc ®y:"s aLISI | 9y3IfAAK f Sa:
35.9% of households have no vehicle
21.9% have a disability (over age 5)
7.5% live in group quarters

=A =4 =4 -4 4

Number of Housing Units = 272,481
1 66.1% areenter-occupied housing units
1 57.2% of housing units were built before 1940

Source: U.S. Census, 2010., 2.0 American Community Survey

11



CITY OF BOSTON NATURAL HAZARD MITIGATION PLAN
2014 UPDATE

Table 4B - Boston Characteristics by Neighborhood (2010)
Neighborhood Population Pop. Pop. over| Pop. living in| Number of Renter
under age 65 group housing occupied
age 5 guarters units units
Allston/Brighton 29,196 2.2% 3.6% 19.1% 11,095 87.1%
Back Bay 18,088 3.1% 11.3% 8.6% 12,266 67.0%
Bay Village 1,312 2.1% 21.3% 2.3%
Beacon Hill 9,023 3.2% 10.4% 0.1% 6,013 66.3%
Charlestown 16,439 6.7% 10.2% 0.8% 8,648 53.7%
Chinatown 4,444 2,114
Dorchester 114,235 6.9% 9.5% 1.1% 45,133 65.6%
Downtown 11,215 2.1% 11.8% 40.5% 5,390 62.0%
East Boston 40,508 7.6% 8.8% 0.6% 15,854 72.5%
Fenway 33,796 0.9% 4.6% 41.3% 12,836 90.9%
Hyde Park 30,637 5.8% 12.9% 1.0% 11,816 42.0%
Jamaica Plain 37,468 6.0% 10.6% 3.3% 16,797 55.6%
Mattapan 22,600 6.3% 11.9% 1.7% 9,150 60.2%
Mission Hill 16,305 3.2% 9.1% 9.4% 6,628 88.6%
North End 10,131 2.0% 12.8% 1.7% 6,728 75.1%
Roslindale 28,680 6.7% 12.1% 1.4% 11,927 50.0%
Roxbury 48,454 7.0% 9.1% 6.1% 20,005 80.4%
South Boston 33,311 4.4% 9.7% 5.9% 16,409 59.8%
S Boston 1,889 2.4% 3.2% 11.2% 1,214 62.3%
Waterfront
South End 24,577 4.9% 10.6% 3.9% 13,648 60.8%
West End 4,080 4.3% 16.6% 2.8% 2,896 76.2%
West Roxbury 30,446 7.0% 18.0% 2.2% 13,547 36.4%

Source: U.S. Census, 2010, prepared by BRA

Land Use and Development Trends

Existing Land Use

The most recent land use statistics available from the state are from aerial photography
done in 2005. Tablg shows the acreage and percentage of land in 10 categories. If the
three residential categories are aggregated, residential uses make up &t ésea

of theCity (3,192.78 acres).

Table 5 - Boston2005 Land Use

Land Use Type Acres Percent
High Density Residentiét4 DU/acre) 1,1786.9 37.3%
Medium Density Residentig2 ¢ 4 DU/acre) 565.33 1.79%
Low Density Residentiét2 DU/acre) 41.45 .13%
Non-Residential, Developed 6,350.3 20.09%
Commercial 3,302.61 10.45%
Industrial 1,311.02 4.15%
Transportation 3,419.21 10.82%
Agriculture 63 2%
Undeveloped 3,157.25 9.99%
Undeveloped Wetland 1,604.48 5.08%
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| Total 31,601.54 100.00|
Source: MacConnell Land Us2005,Mass. GIS

Development Trends

Boston has a history of land reclamation. Accordingditgd ©pen Space Plarhe

City grew from 1,000 acres to 30,000 acres due to land reclamation and annexation. As a

result, large aas of Boston are built on fill. As discussed later, the amount of filled land
affectstheCitydb s vul nerabil ity to certain natur al h ¢

While theCity is essentially built out, there are a significant number of infill projects,
redevelopments, and major renovations occurring cityggde Figurd).Bost on 0 s
development and analysis for proposed future development is coordinated logthe B
Redeveloprant Authority. Currenty, one ofthe most active area of development in the
City is the Innovation Districin the South Boston waterfront.

Development trends throughout the metropolitan region are trackéd By C 6 s
Development Databasehich providesan inventory of new development over the last
decadeThe databas&acksboth completed developments and those currently under
construetion. The database includes 285 developments in the City of Boston since 2005,
of which 189 are completed and 96 wengler construction as of March 2015. The
geographic distribution of these projects by Boston neighborhoods is summarized in
Table6 (several adjacent neighborhoods have been combihlee)neighborhoods with

the most neweommercialdevelopments arhe Fernway/Longwood Medical Area, South
Boston/South Boston Waterfrqi@hinatown/Downtown/North End/West Enahd Back
Bay/South End.

The database also includesveral attributes of the nedevelopment, including acres,
housing units, employment, commerciphse, and hotel rooms. The 189 completed
developments include a total 9,126 housing units, 9.5 million square feet of commercial
space, and 1,458 hotel roori$ie projects currently under construction include 7,008
housing units, 8.3 million square feeta@mmercial space, and 909 hotel rooms.

Boston faces a number of challenges when addressing natural hazards. These include:

1 Boston is an older, dense city with aging infrastructure and narrow streets.

1 TheCity has a high amount of impervious surfaces.

1 Boston has a large percentage of populations that may need special assistance
during a natural disaster. Vulnerable populations may include those without cars,
those that do not speak English waibse with a disabilitythe very young, and
the elderly

T Bostonds housing is old and-daybuddmng was cons
codes.

1 Large portions of th€ity are built on fill.
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Figure 1 - New Development Projects under BRA Article 80 Review

North Allston

&%

Article 80 Projects

November 2012

Construction Complete
Under Construction
Board Approved

Under Review

F il

Source: Boston Redevelopment Authority
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Table 6 Summary of Boston Developments 2068015

HOUSING COMMERCIAL HOTEL
DEVELOPMENTS COMPLETEDZIING # PROJECT ACRES UNITS EMPLOYMEN"  (SQ FEET) ROOMS
Allston/Brighton 9 24.0 746 1003 887,496 0
Back Bay/South End 24 21.0 1531 1459 1,199,802 150
Charlestown 8 11.2 754 42 219,932 0
Chinatown/Downtown/North End/West End 36 39.0 1872 2578 1,595,142 1308
Dorchester/Mattapan 21 59.3 1092 500 344,470 0
East Boston 5 37.0 276 26 85,725 0
Fenway/Longwood Medical Area 22 33.7 517 9482 2,410,390 0
Hyde Park/Roslindale/West Roxbury 9 9.1 233 100 155,000 0
Jamaica Plain 15 13.9 349 295 167,381 0
Mission Hill/Roxbury 22 21.6 804 349 447,248 0
SouthBoston/South Boston Waterfront 18 35.1 951 1820 2,005,304 0
SUBTOTAL Contstruction Complete 189 305 9,126 17,653 9,517,890 1,458
UNDER CONSTRUCTION 2015
Allston/Brighton 7 193.9 566 0 622,000 0
Back Bay/South End 8 34.8 787 303 1,235,790 0
Charlestown 2 0.3 54 563 290,790 0
Chinatown/Downtown/North End/West End 12 10.6 1208 3510 2,690,760 500
Dorchester/Mattapan 11 55.3 820 323 593,000 0
East Boston 2 6.3 18 0 0 177
Fenway/Longwood Medical Area 10 15.7 588 696 1,052,685 96
Hyde Park/Roslindale/West Roxbury 6 4.8 210 67 24,676 0
Jamaica Plain 7 15.9 722 66 119,000 0
Mission Hil/Roxbury 18 15.2 1063.6 7 412,899 0
South Boston/South Boston Waterfront 15 30.8 971 408 1,249,593 136
SUBTOTAL Under Construction 96 383 7,008 5,943 8,291,193 909
TOTAL ALL PROJECTS 285 689 16,133 23,596 17,809,083 2,367
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t hose we

the 96 new developments currently under construction, only two are in a flood zone, one
of whichisinZomX and one in Zone

2014 UPDATE

to characterize
developments, a GIS mapping analysis was conducted whetaid the development

sites with the FEMA Flood Insurance Rate Mape Table 7) The analysis reveals that
of the196developmentsompleted since 2005, eight were in a flood zone, and six of

re in a Zone X

year 0o f | Thesd 10projects jepresent 3.5% of the 285 new developments
completed or under construction in Boston since 2B9Bn those projects that are
located withinaflood zonemu st meet t he
ZoningDistrict, which set floor elevation standards for construction in a flood hazard
district and prohibg certain activities and uséseepagel04).

any change in the ¢
(0. 2%, annual chance
AE (1% annual <c¢han
s tFodplaanOvkday of t he Ci

Table 77 New Developments in Flood Zones

Neighborhood Development # FLOOD ZONE
DEVELOPMENTS COMPLETEDZIB5
Hyde Park Hyde Park Ave PMDI Artists AE 1% Annual Chance Flood
North End Battery Wharf AE 1% Annual Chance Flood
Charlestown CNYParcel 4Harborview Point X 0.2% Annual Chance Flood
Downtown 500 Atlantic Avenue X 0.2% Annual Chance Flood
East Boston Portside Pier 1 Shipyard & Marina X 0.2% Annual Chance Flood
Hyde Park The Village At Cleary Square X 0.2% Annual Chance Flood
Hyde Park BostonRenaissance Charter Schog X 0.2% Annual Chance Flood
S. Bos. Waterfron| Channel Center: Phase |l X 0.2% Annual Chance Flood

Subtotal Zone AE 2

Subtotal Zone X 6

TOTAL ALL FLOOD ZONES 8
DEVELOPMENTS UNDER CONSTRUCTION IN
Dorchester General Academic Building No. 1 AE 1% Annual Chance Flood
Downtown Russia Wharf X 0.2% Annual Chance Flood

Subtotal Zone AE 1

Subtotal Zone X 1

TOTAL ALL FLOOD ZONES 2
ALLDEVELOPMEN28052015

Subtotal Zone AE 3

Subtotal Zone X 7

TOTAL ALL PROJECTS 10
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Al t hough the vast majority of Bostonds new d
designated flood hazard zone, some of the waterfront development is located in areas that

may be subject to future sea level rise impacts due to climate c{saegRisk

Assessrmant sectionpages 2-81). To address this concern and reduce future

vulnerabilityin 2013 the Boston Redevelopment Authority adop@oinate Change

Preparedness and Resiliency Guidelimegs the Article 80 development review process

(see Figure). The guielinesinclude a detailecchecklist will assist project proponents

in analyzing project proposals within the framework of climate change, as a step in

safeguarding the future of new buildings in Boston in the event of extreme weather

conditions(see chedist in AppendixA)..

The guidelines cover sdavel rise, higher average temperatures, more frequent and
longer extreme heat events and droughts, more severe freezing rain and heavy rainfall
events, and increased wind gusts. In addition, the guidelitiegquire analysis of
secondary weather event impacts such as interruptions to utilities, communications
systems, and transportation networks. All development projects subject to Article 80
Small and Large project review, including all Institutional Magtlan amendments will

be asked to adhere to the guidelines and complete the climate preparedness checklist,
which will be reviewed by the Boston Interagency Green Building Committee.

“
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Figure 2 - Boston Climate Change Preparedness and Resiliency Guidelines

Analyze project impacts on the surrounding environment that are attributable to forecasted
climate conditions oer the full duration of the expected life of the project. Utilizing the best
available science, identify changes in the climate and environment and how such changes|
will affect the projectds envir onme n tsaety
of the project and its inhabitants.

Climate change conditions may include, but not be limited to, séavel rise, higher
maximum and mean temperatures, more frequent and longer extreme heat events, more
frequent and longer droughts, more sever freeng rain and heavy rainfall events, and
increased wind gusts. Include analysis of secondary and cascading impacts including mor
frequent and longer interruptions of utility services including electrical, gas, and
telecommunication systems, and disruptionof transportation systems and networks.

A. Complete and submit an initial Climate Change Preparedness and Resiliency
Checklist with the Project Notification Form (PNF) filing. The Checklist

requires all projects to consider the impacts of futurelimate conditions, over the
expected life of the project, due to Extreme Heat and Weather and, for projects in or
near floodplains or areas prone to flooding, due to Rising Skavels. For any
environmental impacts due to climate change that are identifie describe planning,
design, and / or construction strategies that will be employed to avoid, eliminate or
mitigate any adverse impacts. Consideration of environmental impacts due to
climate change should not be limited to those listed on the Checklist.

B. Incorporate Climate Change Preparedness and Resiliency strategies into all relevant
components of the project such as Transportation, Infrastructure Systems,
Environmental Protection, Urban Design, Landscape, Sustainable Development,
Historic Resourcesand Tidelands.

C. Climate Change Preparedness and Resiliency Checklist and Responses will be
reviewed by the Boston Interagency Green Building Committee (IGBC). The Project
Proponent will be notified in writing of any comments by the IGBC.

D. The ProjetProponent must submit an updated and final Climate Change
Preparedness and Resiliency Checklist along with a written Response to the IGBC.
The Final Climate Change Preparedness and Resiliency Checklist and Response must
be submitted in conjunction with he submittal of the Final Design and Approval
package for review by the IGBC. No Final Design Approval/Article 80 documents shall
be authorized by the BRA until the final Climate Change Preparedness and Resiliency
Checklist and Response have been reviewdyy the IGBC for addressing Action Items

(1]

A, B, and C as set forth above.

See theClimate Change Resiliency and Preparedness Cheacldispendix A.
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II'l. PLANNING PROCESS AND PUBLIC
PARTICIPATION

The City of Bostoremployeda six step planninfameworkb a s ed on FEMAG6s haz
mitigation planningguidanceocusing on local needs and priorities but maintaining a

regional perspectiven natural hazard events. Public participation is a central component

of this process, providing critical information about the local occurrence of hazards while

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

City of Bostonfacilitatedparticipation by the general public aatherstakeholders

throught he Cityds Hazard MitigattwopublicExecuti ve S
meetings hosted the Boston Conservation Commigsjoneeting with the Coordined
StatewideEmergency Preparednessmmittee({COSTEP) posting the plan to thBoston
Environment De p,andtinutations Seat tosighldoihaod ggoups. The

Main Street Business Distriahunicipalboards and commissions, the local chamber of
commerceneighboring communitiesand other local or regional entitie®re also

invited to review the plan and provide commeRegional coordination was facilitated

by the Metro Boston Regional Hazard Mitigation Planning Committee.

Within the planning framework desiced above, a number of additional activities were
introduced into the planning process for the Boston Hazard Mitigatior2BlnJpdate
to address the greater size and complexity presented by the City desire to
incorporate the potential impaaiéclimate change into the plan updafEhe most
significant aspects were the utilization of@verall project steering committee
representing all relevant City agenciesupled withfour collaborative stakeholder
working groupsn partnership with SERlyho have developed a methodology for
exploring natural hazard impacts and mitigation meagetated toclimate change.

Planning Process Summary

The sixstep plannindrameworkoutlined below is based on the guidance provided by

FEMA in the Local MultiHazard Mitigation Planning Guidance, July 1, 20@8blic

participation is a central element of this process, which attempts to focus on local

problem areas and identify neededigation measures based on where gaps occur in the

existing mitigation efforts of the municipality. fnplan updatesuch as thisthe process

described below allows staff to bring the most recent hazard information into the plan,
including new hazardoccur ence dat a, changes to a municip
measures, and progress made on actions identified in previous plans.

1. Map the Hazardsi The City reliedon data from a number of different federal, state,
and local sources in order to map tiheas with the potential to experience natural
hazards. This mapping represents a rhdtiard assessment of the municipality and is
used as a set of base maps for the remainder of the planning pfdesssmaps did
not include climate change projections.
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1. Map the
Hazards
6. Implement and
Update the Plan 2. Assess the
Risks & Potential
Public I
5. Plan Approval Iﬂﬁ Mi. 3. Review
and Adoption Existing

Mitigation
4. Develop
Mitigation Strategies

. Assess the Riskand Potential Damaged Critical facilities, infrastructure,

vulnerable populationgnd other featuresre mapped ancbmparedvith the hazard

data from the first stefp identify thosehat mightbe particulaty vulnerableto these
hazardsLand use data and development trends are also incorporated into this analysis
In addition,the City developedestimates of the potential impacts of certain hazard
events on theommunity.

. Review Existing Mitigation i Bostonhasan activehistoryin hazard mitigatiorand
hasadopted flood plain zoning districts, wetlands protection programs, and other
measures as well as enforcing the SBatiéding Code which has provisions related to
hazard resistant building requirements. All currenhitipal mitigation measures
weredocumented.

. Develop Mitigation Strategiesi The City of Bostorworkedwith the municipal staff
to identify new mitigation measures, utilizing information gathered from the hazard
identification, vulnerability assessmerasd theC i t exiéting mitigation efforts to
determine wheradditional work is necessary to reduce the potential damages from
hazard events. Additional information on the development of hazard mitigation
strategies can be found in Chapter VII.

. Plan Approval and Adoption i Once a final draft of the plan is complete it is sent to
MEMA for the state level review and, following that, to FEMA for appro@aice
FEMA approveshe planFEMA issues a conditional approya@ndingadoption of the
plan by theBogon City Council More information on plan adoption can be found in
Chapter IX and dcumentation of plan adoption can be found in Appefix
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6. Implement and Update the Plani Implementation is the final and most important
part of any planning process. sadmitigation plananust also be updated on a five
year basis making preparation for the next plan update an importgoiranactivity.
ChapteVIl includes more detailed information on plan implementation.

B o s t PantiGipation in the Regional Committee

TheMetro Boston Hazard Mitigation Planning Commitssevel as an opportunity for

neighboring communities to discuss hazard mitigation issues of shared cdineern.

committee includes representatives of BosBnookline, CambridgeChelsea, Everett,

Malden, Medford, and Somervill&he City of Bregdadaive®thappoi nt ec
regional committee waslaineM. SudanowicZiromtheMay or 6 s Of fi ce of Eme
ManagementThe committee met orApril 13, 2010 andvas attended brepresentatives

from Boston and althe neighboring cities and towns

In addition, as the MAPC stafforkedo n e ac h ¢ o mmegionalissyeéf pl an,
shared concern, and other issues that may arise between neighboring commuangies,
discussed in greater detailéach of thdocal committee meetings and resulting actions

are reflected in the identified mitigation measures, as noted in Chépter

The Boston Hazard Mitigation Executive Steering Committee

TheBoston Hazard/itigation Executive Steering Committ@eascentral to the planning
process as iwasthe primary body tasked wittoordinating multiple City agencies and
developing a mitigation strategy for t@éty. Given this role, it is important that this
committee mcluded a diverse representation of knowledgeable municipal stéifé
Executive $eeringCommittee membership can be foundreble8 below.

The Executive $eeringCommitteeprovided overall direction anaversight of the
planning processvhile smallerworking groups providginformation on the impacts of
hazards on th€ity, existing mitigation measures, and heglpo developproposed
mitigation measures.

The steering committee met on February 8, 2012Ssapdember 62012. The original

co-chairs br the first meetingn February8, 2012were James Hunklay or 6 s Of fi ce o
Environmenal and Energy Services, and Don McGough, May@ffice of Emergency

Management. During theurse of the plan review, they both left their positions with the

City of Boston, and were replaced with the currenthairs, Brian SwettMay or 6 s

Office of Environmenal and Energy Services and Rene Fielding, Mé&y@ffice of

Emergency Management.
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Table 8
Boston Hazard Mitigation Executive Steering Committee
Name Repesenting
Brian Swett CeChair al & 2 NR& EhvifoRmeQidhndErfergy Services
Rene FieldingCeChair ale@2NRa hFFAOS 2F 9YSNHS
Para Jayasinghe Public Works Department
Paul Shoemaker Boston Public Health Commission
Carl Spector Environment Department
John Sullivan Boston Wateiand Sewer Commission
Aldo Ghirin Boston Parkand Recreation
Chris Busch Boston Redevelopment Authority
John Hanlon Office of Budget Management, Capital Planning
Staff Support
ElaineM. Sudanowicz al@2NnRa hTFAOS 2F 9YSNHS
James Freas MAPC
Martin Pillsbury MAPC

Collaborative Working Meetings with the Social and Environmental Research
Institute

The City of Bostoninvited the Social and Environmental Research Instit8&€R]) to
assist in the developmentthie Boston Hazard Mitigation pldrecause otheir
experience with bringing the potential consequences of climate chamgéunal hazards
explicitly into the planning process.

SERI began the process with a meetingtmmmwater issueat the Boston Water and
Sewer Commission on Jaary 30, 2012 The City thenheldfour collaborative working
meetingfrom March through May 2012 that brought toget@iy staff, stateagency
staff, and other skeholdergo identify haards and vulneralities, consider the potential
impacts of climate changand discuss the hazlmitigation strategyEach group
focusedon a differentareaas follows:

1 Infrastructure i roads, transit, watemdsewer, parksairport, dam, utilities,
groundwater NGO

9 Buildings and Facilitiesi publicly owned buildingslibraries, universities
historic and cultural institutions

1 Regulationsi zoning and other ordinances or regulatiswial services,
insurance, landmarks

1 Public Safetyi police, fire, emergency managemgmiblic health, emergency
medical services, public housing, environmental protection

SERI 6s appr ovalretability-KaonseguanceaAslaptation Planning Scenarios
(VCAPS), is based on bbgic model framework, in which each hazard is discussed
through a sequence of primary and secondary impacts that lead to particular
consequences of conceri:he results of the VCAP®&orking groupsessionsre
summarizedn AppendixB.
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Attendance at thevorking meetings included representatives of key City, State, and
regional agencie® complete list of participants of all fomwrorking meetings is provided
in AppendixE.

Participation with COSTEP MA

COSTEP MA (Coordinated Statewide Emergency Prepasslin Massachusetts) is a
collaborative of representatives of cultural and historical institutions and agencies as well
as first responder and emergency management professionals from federal, state, and
municipal governments. The purpose of COSTEP Mi& te develop hazard mitigation
strategies for cultural sites, museums, and libraries statewiitheconsiderable potential
benefit for the many such institutions in BostBarticipating institutions in Boston

include the Museum of Fine Arts, the Bostonian Society (the Old State House), Historic
New England (the Otis House), the Massachusetts Historic Society, and UMASS Boston.
The Cityof Bostonis an atlarge member on thiexecutive Board of COSTEP.

Public Meetings

The public had an opportunity pvovide input to th&ostonhazard mitigatiomplanning

processattwo public meetings hosted by tlety of Boston one early in the planning

process, and one after a draft pleass available for review. The firgtiblic meetingwas
held onApril 18, 2012, and the second was held 8eptember 1,8013; both meetings
wereheld in theBoston CityHall.

Both meeting werepublicized agegular meetingof theBoston Conservation
Commissionin accordance with the Massachusetts Open Meeting L@aaddition, both
meetings were extensively advertised through the City webshee Mayor 6 s Of f i ce
Neighborhood Services (ON8mail lists reaching a wide range of residents and other
stakeholders, notification to City Main Street Progragighborhood manizations, and
direct invitations to specific stakeholder groups. A number of neighborhood
organizations posted the meeting natioe their websites as a result of receiving one or
more of these notificationsAdditionally, the City produced and circulated a flyer
advertising both of the public meeting$e City of Boston encouraged citizen
participation through email and followed up on ingggr The attendance list f@ach
meetirg can bdound inAppendixF.

Notice was sent taumerousagencie®rganizationginviting them to reviewand submit
comments orthis BostonHazard Mitigation Pla2014 Update Many of these
organizations were also invited to participate in the collaborative working group
meetings.A list of the invitees is provided in Appédm F. The following neighboring
municipalities were also notified of the draft plan updateiavited to comment on it:
Quincy, Milton, Canton, Dedham, Needham, Brookline, Newton, Watertown,
Cambridge, Somerville, Everett, Chelsea, Revere, and Winthrop.
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A City website with a description of the planning process and information on hazard
mitigation, copie®f reportson hazard in the City, aschedule of public meetingand,
when available, draft copies of the plan was maintained throughout the planning process.

Any comments received were reviewed and incorporated by the local hazard mitigation
team. Reisions to the draft plan included the addition of recommendations for-multi
language public education, updating several city projects, and revising the priorities for
mitigation for invasive insects, trees, and green infrastructure

Planning Timeline

April 13,2011 Meeting of theMetro BostorRegional Committee

March 9, 2011 Hazard MitigatiorKickoff Meeting with MEMA andBoston
April 20, 2011 Hazard Mitigation & RiskMAP Collaboration Meeting
June 23, 2011 US Army Corp of Engineers and FEMA on Bastdurricane

Evacuation Study
November 18, 2011 Meeting with COSTEPNorth Andover

Januar$0, 2012 Meeting with Boston Water and Sewer Commission and SE
Februaryg, 2012 Boston Hazard Mitigation Executive Steering Committee
March 28, 2012 InfrastructureStakeholders meeting with SERI

April 4, 2012 RegulationsStakeholders meeting with SERI

April 25, 2012 Buildings and FacilitieStakeholders meeting with SERI
April 18, 2012 First Public Meetingvith Boston Conservation Commission
May 10, 2012 Public SafetyStakeholders meeting with SERI

July 18, 2012 Meeting with Boston and DCR

July 20, 2012 Meeting with Boston and MassDOT

Septembe6, 2012 | Boston Hazard Mitigation Executive Steering Committee
January 16, 2013 | Meeting of the locaHazard Mitigation staff team

January 31, 2013 | Meeting with COSTEPBoston

September 18, 2014 Second Public Meeting witBoston Conservation Commissic
October 18, 2013 | Close of Comment Period; draft revisions and final city revi
December &, 2013 | Draft PlanUpdatesubmitted to MEMA

January 28, 2014 | Plan Review Tool received from MEMA

March24, 2014 Revised Draft Plan Update submitted to MEMA
September 11, 2014 Plan Review Tool received from FEMA

November 18, 2014| Revisions to Plan Review ToReceived from MEMA

April 15, 2015 Revised Draft Plan Update submitted to MEMA

August 3, 2015 FEMA issued Approval Pending Adoption

September 16, 201Y Final Plan Adopted by Boston City Council
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V. RISK ASSESSMENT

The risk assessment analyzes the potential natural hazards that could occuBagithim

as well as the relationship between those hazards and land uses and critical infrastructure.
This section also includes a vulnerability assessment that estimapete¢hgal damages

that could result from certain largeale natural hazard events.

In addition toa review ofhistoric trends for natural hazard events as an indicator of
Bostondés vulnerability, the potential future
incorporated into this plan. Tli&ty of Boston has embarked on a significant initiative to

address climate changatigation and adaptation, as documented i2@%1 climate

action planA Climate of Progress

Overview of Hazards and Impacts

According to he Massachsgetts Hazard Mitigation Plan 201Btate plan)Massachusetts
is subject to the following naturabbards (listed in order of frequencfloods, heavy
rai nst or msorwintewostoringcaastal erosion, hurricanes, tornados, wildfires,
and earthquakeStateand federal disaster declarations are summarized ile Zab

Table9 summarizes theurenthazard risks foBoston This evaluation takes into
account thénistoricfrequency of the hazasgit does not consider the effect of future

Table 9 - Hazard Risks Summary
HazardType Probability Consequence | Hazard Rating
Floodng
Inland/Riverine Possible Critical High (8)
Coastal Stormistorm Surge) Unlikely Critical Medium (7)
Urban Flooding Likely Limited Medium (7)
Dam Failure Unlikely Limited Low (3)
Wind
Hurricanes Possible Critical High (8)
Tornados Possible Critical High (8)
b 2NRSH &aidSNa Highly Likely | Limited Medium (6)
-Thunderstorms Highly Likely | Limited Medium (6)
Winter Storms
Severe Winter Storm Likely Limited Medium (7)
Geologic
Earthquakes Unlikely Catastrophic | High (9)
Landslids Possible Minor Low(3)
Tsunami Unlikely Critical Medium (4)
Other Natural Hazards
Fire/ Conflagration Possible Critical High (8)
Extreme Temperatures | Highly Likely | Minor Medium (6)

SourceMassabusetts Hazard MitigatioRlan 201Q adapted for Boston
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climate change.The rating for each hazard type is based on two factors: the probability
of occurrence and the relative severity of consequences should it d¢asianalysis is
drawn from théhazard ratindound in theCity of Boston Hazard Identification and Risk
Assessment (HIRA). The rating definitions are summarizédbie 10.

Table 10 - Hazard Rating Assessment used in the Boston HIRA Report

Probability (Weight x¥) \ Average Frequency*
Ratings Definitions

Highly Likely (4] Event expected to occur at least | On average, this event occurs once a
once within the next year. year or more frequently.

Likely (3) Event expected to occur at least | On average, this event occurs at least
once within the next 13 years. once every 3 years, but less often than

once a year.
Possible (2) Event expected to occur at least | On average, this event occurs at least

once within the next 3L0 years. | once every 10 years, but less often tha
once every 3 years.

Unlikely (1) Event epected to occur at least | On average, this event occurs at least
once within the next 14100 years.| once every 100 years, but less often
than once every 10 years.

Consequence (Weight x2)

Ratings Definitions

Catastrophic (4) Mass fatalities OR basic |gervices disrupted for up to 30 days OR mq
than 50% of property severely damaged.

Critical (3) Multiple fatalities and severe injuries OR basic life services disrupted
up to 2 weeks OR more than 25% of property severely damaged.

Limited (2) Someinjuries OR basic life services disrupted for up to one week OR
more than 10% of property severely damaged.

Minor (1) Minor injuries OR basic life services disrupted for 72 hours or less O

than 10% of property severely damaged.

*The probabilitiesandaverages used in this table are not always based on extensive data, but in some cases reflect the
collective judgment of emergency respondedsurce: Boston HIRA

Impacts of Climate Change

Many of the natural hazards that Boston has historically espeed are likely to be
exacerbated by climate change in future years. This is particularly true for flooding
caused by extreme precipitation, coastal flooding and damage due to sea level rise, and
extreme heafThese are described in more detail below.

Climate Change Impacts: Extreme Precipitation

Bostondbs average annual precipitation 1is
not changed significantly, according tee2012 reportVhen It Rains It Pours Global
Warming and the Increase Extreme Precipitation from 1948 to 20ititense rainstorms

and snowstorms have become more frequent and more severe over the last halincentury
the northeastern United Statdsxtreme downpours are now happening 30 percent more
often nationwide than it948(see Figure3). In other words, large rain or sn@orms
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that happened once every 12 months, on average, in the middle of the 20th cemtury
happen every nine months.

Figure 3 - Change in Frequency ofExtreme Downpours 1948 2011
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SourceWhen It Rains It Pours Global Warming and the Increase in Extreme
Precipitation,Environment 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 ngwoduce 10 percent more precipitation, on average, than in
1948. In particular the report finds thatlew England has experienced the greatest
change with intense rain and snow storms odogr85 percent more often than in 1948

At the other extremeghanges in precipitation patterns and the projected future rising
temperaturedue to climate change (discussed belaill) likely increase the frequency
of shortterm (one to threemonth) droughts and decrease stream filowng the
summer

Climate changémpacts: Sedevel rise and storm surges

A higher sea level increases the frequency and extent of coastal flooding. In the past 100
years, the relative change in sea level in Boston Harbor has been a rise of about one foot
(Figured). The change is relat, because it consists of two components: a rise in the
absolute sea level and a sinking of the land. In the past 100 years, these two factors have
been roughly equal, and, for the most part, representtyngprocesses that have been
underway since #hend of the last Ice Age, approximately 14,000 yagos
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Figure 4 - Boston Sea Level Trends, 1922011
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Source: National Oceanic and Atmospheric Administration (NOAA)

Climate change is accelerating the rate of global (absoluté¢eelaise (SLR)primarily

by warming the oceans, causing the water already in them to expand, and by warming the
land and air, causing ice on land (glaciers, ice sheets) to melt and flow into the ocean. A
recent report as part of the U.S. National Climate Assessmer#t stateh at vetyher e i s i
high confidence (>9 in 10 chandépnt global mean sea level will rise at leastrgters

(8 inches) and no more than 2.0 metérs feet) by 210@see Table 11)'drhe low end

of this range represents a continuation of the cutrend, which has a relatively small
contribution from melting ice. The higher end includes greater contributions from melting
ice, forwhich there is an increasing amount of data, though still not enough to resolve
some uncertainties. The report preséois scenarios of sdavel rise that could be used
depending on the time frame of projects and the level of risk that communities are willing
to accept. Whatever the actual amount oflsgal rise by the end of the century, the

oceans will likely contina to rise after that.

Table 11- Global SealLevel Rise Scenarios

Scenario SLR by 2100 (m)* | SLR by 2100 (ft)*
Highest 2.0 6.6
IntermediateHigh 1.2 3.9
Intermediate_ow 0.5 1.6
Lowest 0.2 0.7

* Using mean sea level in 1992 as a starting point.

In addition to the rise of the global average, changes to the distribution of water around

the globe will vary the amount of absolute-teeel rise that different localities

experience. Changes in the temperature and salinity of water will affect oceams;urre

and the melting of ice wild.l alter the Earthd©d
could cause Boston (and the Northeast coast overall) to séevekdse that, in the

higher scenarios, is more than a foot greater than the global aveaakyecvidence of

the predicted oceacurrent effect was published in June 2612.

1Parris, Adam, et alGlobal Sea Level Rise Scenarios for the United Stddgisnal Climate AssessmeMNOAA

Technical Report OAR CPQ, National Oceanic and Atmospheric Administratibecember 2012.

2 ibid.

3 Sallenger Jr, A, K. Doran P. Howd AfHot spot o-level sise onetHéet rl aatnetd cs ecao a s t of Nort h /
Nature Climate Change (2012) 2, 8888, doi:10.1038/nclimate159724, June 2012. See also, Parris et al., supra., for a

summary of all contributing factors.

28


http://www.nature.com/nclimate/journal/v2/n12/full/nclimate1597.html#auth-1
http://www.nature.com/nclimate/journal/v2/n12/full/nclimate1597.html#auth-2
http://www.nature.com/nclimate/journal/v2/n12/full/nclimate1597.html#auth-3

CITY OF BOSTON NATURAL HAZARD MITIGATION PLAN
2014 UPDATE

Figure 5 - Projected Flooding of Boston Harbor and vicinity
with water at 7.5 feet above mean higher high watér

. it
Dorcheste
T
TiNeponset
4 Wt 2
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IMPORTANT NOTE: THIS MAP IS FOR DISCUSSION AND RESEARCH PURPOSES
ONLY. IT IS NOT APPROPRIATE TO USE THIS MAP FOR DETAILED ANALYSIS
(LE., AT THE COMMUNITY OR PARCEL-LEVEL). PLEASE CONTACT TBHA FOR
ADDITIONAL INFORMATION ON METHODOLOGY AND LIMITATIONS.

Batielle : Boston Harbor and Vicinity
B S Mean Higher High Water Plus 7.5 Feet
Sources: MassGIS, NOAA, USGS

Source: Chris Watson and Ellen Douglas, U. Mass BoatwhPaul Kirshen, Battelle Laboratories

4 Chris Watson, Ellen Douglas, and Paul Kirshen, The Boston Hassarciation http:/tbha.org/bostoharborsealevetrisemaps
2010.
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With average global sdavel rise approaching four feet under an intermeehegh
scenario, another foot or so from local-$®eel effects, and another hddfot of relative
sealevel rise due to continuing landlssidence, the City of Boston may need to evaluate
the effects of five feet or more of skavel rise, compared to 1990 levels, by the end of
the century.

Higher sea levels mean that, first, any given coastal storm will cause greater flooding

than it woud have at a lower sea level, and, second, that smaller, more frequent storms

will cause the same amount of floodingttlzager, less frequent storms used to (these

two different ways at looking at the same phenomenon.) Figsinews an estimate of

the amount of flooding that would be caused by afinag storm surge hitting Boston at

high tide on top of 2-8eet of sedevel rise (total water level, 7.5 feet above current mean

hi gher high water). The area oYearf|l ooding i s
floodplain, its rough, contemporary equivalent. Conversely, the flooding caused by the

current 100year stormd with a onepercent chance of occurring in a given yeauill

have about a 3percent annual chance of occurring after one foot ofeses rise?

Climate Change Impacts: Extreme Heat

Recent temperature trendgggesgreater potential impacts to come due to climate

changel n the report AConfronting Climate Chang
Union of Concerned Scientists presentadperature projections to 20B8sed on two

scenarios, one with lower carbon dioxide emissions, and the other with high emissions.

Figure 6 - Extreme Heat Scenarios
. Between 1961 and 199Bpston experienced an

average of 1 days per year over 90°F. That could

triple to 30 days per year by 208Bder the low

L et emissions scenario, and increase to 60 days per year
{ == X v L . . . .
3/\ — T under the high emissions scenario. Days over 100°F
g/ A r/\ “ 0102030 could increase from the current average of one day per

s0a0-20e0  Year to 6days with low emissions or 24 days with high
emissions By 2099, Massachusetts could have
climate similar to Maryland under the low emissions
scenario, andimilarto the Carolinaswith high
S ; emissions(Figure6). Furthermorethenumber of days
120702000 B with poor air qualitycouldquadruple in Boston by the
Mg end of the21® century under higher emissions scenario,
W Higher Emission Scenario. o jncrease by half under the lower emissions scenario.
oErEmEnSEe - This would have significant impacts on public health,
particularly for thosendividuals with asthma and other
respiratory system conditions, which typically affect

the young and the old more severely.
Source: Union of Concerned Scientists

, ;o) +"] 2070-2099
~2040-2069

5 Ellen Douglas, personal communication, 2008.
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Flood RelatedHazards

Floodingisthe most prevalent serious natural hazard identified by local officials in

Boston FI| oodi ng can be caused by hurricanes, no
thunderstorms among other causes. Sea levasisell as more intense storbrught

on by gldal climate changkasthe potential toncrease the frequency and extent of

flooding from all of these causes

Overview ofCity-Wide Flooding

Bostonis subject tahreekinds of flooding coastal floodingvhere wind and tide leads to
flooding along tidawaterways inland/riverine floodingwhere the rate of precipitation
andbr amount ostormwater runofbverwhelms the capacity of natumalstructured
drainage systems causing overfwrban floodingin which precipitationcauss the
water table to risandleads tdflooding oflow-lying areassuch astreets and
underpassesThese types of flooding are often combinedtasm events lead to large
amounts oflrainingstormwatey whichis blocked by the inlangush of wind and tiel
driven water.

Thecity is divided into four watersheds, Boston Harbor, Charles River, Mystic River and
Neponset RiverAll of thesewaterwayshavethe potential to floodections of theity. In
addition, a number of smaller brooks and waterways flagded in the past, most

notable of these being the Muddy Riwerd Mother Brookin many rivers and streams,

years of shoreline modifications, land reclamation, stream piping, and development have
severely altered the natural flow of water in Bos®trmwater drainage from developed
areasoccurs primarily through the manmade system of storm drains.

Photo: Quinn Eureka
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Inland/Riverine Flooding

Inlandtiverine floodingoccurs when water overflows the banks of an existing stream or
river. These flood events can cause serious damage to structures and property and can
threaten the lives and safety of area resid&atge amounts of impervious areale

Cityd s Wwaterheds increase the frequency and severitflodding becausetorm

water is prevented from absorbing into the ground and flows overland directly into the
waterway, increasing the volumeftdw. This type of flooding most oftemccurs within

the mapped flodplain areas. Boston has a significant history of damaging flood events in
many different parts of th€ity.

Based orthe currenSuffolk CountyFEMA Flood Insurance Rate Maps (FIRM,
effectiveSeptember 24, 200@vailablefor Boston the following areaare in100-year
flood hazard zonesvhich FEMA defines as an area with a 1% annual chance of
flooding.

A Most of the coastline including Deer Island, and the Harbor Islands

A In East Boston, Belle Isle Marsh, Constitution Beach and the Wood Island Bay
Marsharea; the flood plain at Belle Isle Marsh is protected as part of the Belle
Isle MarshReservation

A In Charlestown, prtions of piers and land in the Navy Yard area, along the Little
Mystic Channel and along the Mystic River

A Most of the wharves from theéharlestown Bridge to the Mbern AvenueBridge

A In South Boston, thMMASSPORTMarine Terminal area and portions of other

piers alongBoston Harbor; land on the southern side of the Reserved Channel;

some landetween A Street and the Fort Point Channaktlé Island; the Conley

Terminal; andhe coast along Dorchester Bay extending to Columbus Park and

including William J.Day Boulevard

Landalong the Charles River

Land along the Muddy River from the Charles River to Jamaica Pond

In Dorchester, land arodrthe Bayside Exposition Center, land along the

southerrcoast of Columbia Point, the coast around Savin Hill including

Morrissey Boulevardhe Victory Road Park and Tenean Beach area including

land west 0f 193, the PorlNorfolk area, and land along theponset River

including the Neponset Riv&eservation

A In West Roxbury, land along the Charles River including land between the river
andthe VFW Parkway near Bridge Street and along Millennium Park

A In Roslindale, land within the Stony Brook Reservation

A In Hyde Park and Mattapan, land along the Neponset River including the
NeponseRiver Reservation, land along Mill Pond and Mother Brook

To o o

Based on data froitme National Weather Service, National Climatic Data Center, FEMA
disaster declarations, the Suff@lounty FIS, and local daturceshistoric flood events
from 1950 through 201Were compiled andre summarized in Tabl.
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Table 12 Riverine Flood Events

Location Date Property Damage
Boston 03/1968 N/A

Boston 6/13/1998 $9-$17M

Boston 4/22/2000 $0

Suffolk County 5/13/2006 $0

Boston 10/28/2006 $8,000

Allston 2/13/2008 $5,000

Suffolk County 3/14/2010 $10.7M

Suffolk County 8/25/2010 $0

*excludes events classified as Coastal Flood or Urban/Small Stream Fl8odirce BostonHIRA

The Floodsf March 2010

The most severe recent flooding occurred during the major stdrmarch 2010, when

the City of Boston broke the record of 11 inches of rain set in 1953. During the month of
March of 2010, a new total of 14.83 inches of rainfall accunariatias officially

recorded by the National Weather Service (NWS).

Theweather pattern that caused these floods consisttlgfspringtime prevailing
westerly windghatmoved threesuccessivatorms combined with tropical moisture

from the Gulf of Mexco, across New Englan@he most precipitation came with the first
storm on March 145 and the third storm on March 31. A smaller storm occurred
between these two on Mar@R (see Figur&). Torrentialrain fals causedviarch 2010

to be thewettest month on record for the City of Bostdtistorically, NWS determined
that March 2010 was the fourth wettest of any month since 1872.

Figure 7 - March 2010 Precipitation Measured at the Muddy River
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NeponseRiver Watershed

The Neponset River, with headwaters about 25 miles southeast of Boston in the Town of
Foxborough, flow past thesoutheramost Boston neighborhoods of Hyde Rark

Mattapan, and Dorchestemnd forms the border between Boston and the Taivviilton

to the southThe most severe flooding in recent years was in Manchearly Aprilof

201Q due tosuccessive storm evetridSGS streamflow dathow that there were two
periods of high water in the Neponset River at the Milton Villstgeamflow gage,
corresponding Wit successivetorms. The river peaked at 6.9 feet on March 16

following the first storm, and again at 6.8 feet on March 31 followisgcond storm.

See Figure below.

Figure 8 Neponset RiverGage Height,March-April 2010

USGS 011055566 NEPONSET RIVER AT MILTON VILLAGE, MA
7.8
6.8
&i 5.8
E 4.8
“ 3.8
2.8
Har Har Har Har Apr Apr
a6 13 28 2F a3 18
2818 2818 2818 2818 2818 2818
— Gage height M Heasured gage height
=== Period of approwved data

The Charles River flowBom its headwaters in Hopkinton, MA and flows past the West
Roxbury neighborhood of Boston, then further downstream it fedarsg the northern

Boston neighborhoods of Allston/Brighton, Back Bay, and Downtown Boston, fgrmin

the border between Bostandneighboring communities of Cambridge and Watertown.

As was the case with the Neponset River, the storms of March 2010 caused two
successive peak elevations in the Charles. As measured at the nearest USGS gage in
Waltham jwst upstream from Boston, the Charles River rose to an elevation of 7.5 feet on
March 15 following the first March storm, and rose again to an elevatiorbddei.on

March 3L following the second storm. See Figiibelow.
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Figure 9 Charles River Gage Heght, March-April 2010
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Figure 10 Mother Brook, Dedham Gage Height, March-April 2010
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Mother Brook is a mamade diversiotthat flowsfrom Charles River tthe Neponset

River through Dedham artde Hyde Parksection of BostorDuring the storms of 2010

Mother Brook also experienced two peak stages, reaching 86.5 feet on March 18 and 86.1
feeton April 4. See Figurd0.

The Muddy River is a tributary of the Charles River that flows from Jamaica Plain
through the Fenway andaBk Bay neighborhoods of Boston. The river forms the border
between Boston and the Town of Brookline. During the storms of 2010 the Muddy River
reached a peak elevation of 15.4 feet on Marcth3,4vhich was slightly above flood
stage of 15.0 feet (seegire11). The river reached an elevation of lLlieet on March
31, 2010

Figure 11 Muddy River Gage Height,March-April 2010
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March 2010 Floodssues by Neighborhood

Davenport Creek floagtl Minot and Adams Streey the Adams Village neighborhood
of Dorchester

ToohigPlaygroundbn Gallivan BoulevardBefore the development of Toohig

Playground, a small stream was visible and flowed through a field off of Minot Street,
Dorchester. The stream is underground diverted through a culvert flowing thheugh t
Adams Village Business Districthe stream call ed Davenport
underground from the corner across the street from Rite Aid Drug Store, and continues
through Toohig Playground. The creek continues underneath homes and streets in
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Neporset and crosses Gallivan Boulevard and emerges out of ground on Hallet Street
feeding into the Neponset River in the middle of Pope John Paul IbPark.

Mother Brook Pond and Mother Brook, Neponset and Charles Rivers

Business Street, Hyde Pathuring the March 2010 Flood, Business Street was reported
closed due to flooding of Mother Brook from Reservation Road to River Street, Hyde
Park.

Almont Park/Hunt Playgrounid 40 Almont Street, Mattapaihe impacted streets
adjacent to the Almont Park are &d 80 Favre Street next to Almont Park and
Messinger Street, Mattapan. Reported frorl4avre Street that basement and street
flooded with sewage.

New Housing Development on Metropolitan Avenue, Hyde PHnwas reported that the
property adjacertb 528 Metropolitan Avenue, Hyde Park was undeveloped thickly
forested land. The land was cleat and 6 new homes were built behind Metropolitan
Avenue, Hyde Park. Rain water flows downhill frampermeableyround and collects

in the yard and basement.

Morrissey Boulevard, Dorcheste©n March 30 31, 2010, aection of Morrissey

Boulevard from Tolman Street to Pope Hill was closed in both directions on Tuesday
afternoon. The road was reopened late Tuesday evening. Morrissey Boulevard was closed
in both directions from Freeport Street to the University of Massachusetts at Boston.

Morrissey Blvd flooding during Hurricane Sandy
Photo: Devin M., Dorchester Reporter
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Wilmot Street, Roslindale: According tesidentiakeports by Michael Wstwater and

Yolanda Poma, ite Stop and Shop Supermarket and Plaza at 950 American Legion

Highway placed a retention pond at the end of the plaza to catch rainwatef réin. 0 Both
42 and 46Wilmot Streetexperienced flooding from the Stop and Shop parking lot when

the retaining pond overflowed.

Trailer Park, West Roxbun,608 VFW Parkway, Parking Lot flooded
Muddy Rivefi The Fenway

The Muddy River Restoration Project séatin 2013. The mitigation of flooding from
the Muddy River into the Fenway was as a ltesithe October Floods of 199@/hich
caused the flooding of the Green Line station at Kenmore SqQerélarch 3631,
201Q Massachusetts Bay Transportation Authority crews were on standby to build
sandbag dams at the Fenway MBTA station tracks ietkat the Muddy River again
overflows its banks.

OtherMore Recent Flooding Events

August 27, 2011 Heavy rain was experienced from the South End to West Roxbury at a
precipitation rate of 2 inches per hour from the outer bands of Hurricane Irenewelsich
centered 380 miles southwest of Cape Hatteras.

The City of Boston was under a Tropical Storm Watch.

October 4, 2011 Localized roadway ponding was caused due to heavy rainfall throughout
the Bostonbs neighborhoods.

June 56, 2012 A coastal flood athory was in effect due to astronomically high tides
which caused Morrissey Boulevard to be closed.

September 5, 2012 Isolated thunderstorms and heavy rain caused Boston streets to be
flooded. ASOS recorded 1.10 inches of rainfall at Logan IAP.

July 23,2013 Severe thunderstorms and torrential rainfall closed Columbia Road in
Dorchester where the roadway flooding was greater than one foot in depth. The
neighborhood impacted included Quincy Street, Hancock Street, Dudley Street and
Geneva Avenue.

Septenber 1, 2013 The 400 City of Boston residents experienced a power loss due to
heavy rain. A flash flood warning was issued at 8:27am.

December 19, 2013 The Storrow Drive Tunnel was closed due to flooding.
Decembe®-10, 2014After 4 inches of rain felbn December-40, Storrow Drive

westbound had several inches of standing water slowing traffic through the evening
commuteon December Lo he Muddy Ri ver s el evation i s nc
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butlateon December 9, 201€he river rose to 18 feet which is1.4fed above flood
stage determined by the MBTAransit workers were deployed to the Green Line
t un n e bBn@estacreatet! arricades using sandbags to prevemiveérdrom

overfloming into the station and cause flooding similar to what occurred in 1996.

Figure 12 Muddy River Elevation, December9, 2010
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Based on the record of previous occurrenicgand/riverine flooding in Bostois ahigh
frequency event as defined by the 20dassachusetts State Hazard Mitigation Plan. This
hazard may occur more frequently than onceyears (greater tha20% per year).

Urban Flooding

Urban flooding can occur virtually anywhere in tBey. In many places this hazard

amounts to little ma than a nuisance but in some circumstances groundsaisred

flooding or urban flooding can cause serious property damage and put people at risk.
Flooding in road underpasses can cause cars to become trapped, and basement flooding
can damage property @fead to mold growth, which can lead to breathing problems.
Managing groundwater in Boston can be complicated. In some many of the areas of the
City built on fill, such as the Back Bay, the building foundations rest on wooden piers
sunk deep into the gund, and the historically high water table must be maintained to
prevent these piers from rotting. The Boston Groundwater Trust works to ensure that the
appropriate policies are in place to ensure stormwater infiltration in these areas.

Treescanprovidei gni fi cant mitigation of wurban floodi
retain 100 gallons of water. Planting trees can provide a cost savings over installing larger

culverts and pipes. Milwaukee, Philadelphia and Austin have avoided large capital

improvement projects by investing in green infrastructure, including planting trees and
directing water to planted stormwater retentic
Streetso Project provides guidelines for greer
growing spaces for trees (see examples of Complete Streets projects on page 80).

One indicator of flooding impacts is the number of work orders issued by the Boston
Water and Sewer Commission (BWSC) for crews to respond to flooding problems
throughout theCity. Tables13A and13B summarize thélood-relatedwork ordes
identified by the BWSGrom January 2009 to Novemh2012 Each work order can
impact hundreds or possibly thousands of residents.

Table 13A - BWSC Flood-RelatedWork Orders, Jan. 2009 toNov. 2012

Neighborhood Work Orders Neighborhood Work Orders
Allston/Brighton 301 Jamaica Plain 272
Back BajBeacon Hill 205 Mattapan 209
Bay Village 113 North Dorchester 152
Beacon Hill 42 North End 160
Charlestown 198 Roslindale 209
Chinatown 43 Roxbury 401
East Boston 170 South Boston 228
Fenway/Kenmore 233 South Dorchester 338
Financial District 165 South End 159
Government Center 46 West End 59
Hyde Park 270 West Roxbury 130
Other (Newton) 3 Total 4,087

Source: Boston HIRA, Boston Watand Sewer Commission
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Table 13B BWSC Flood-RelatedWork Order s, Jan.2009-Nov. 2012

Year Number of Work Orders
2009 1,067

2010 1,424

2011 1,261

2012 335

Total 4,087

Source: Boston HIRA, Boston Water and Sewer Commission

Based on the record of previous occurrencasaverageirban flooding in Bostonccurs
at least once every 3 years, but less often than once a year.

Potential Flood Hazard Areas

The frequency and locations of flood hazard events in Boston can be estimated based on
a number of sources of information. One of these is the National Flood Insurance Rate
Maps. The FIRM flood zones are shownMap 3 A new series of updated FIRM maps

has recently been prepared by FEMA, ahduldbe released i2015 The new maps

may result in some areas being designated in flood hazard zones that have not previously
been so designated.

Another indicatoof flood riskis the number offepetitive losstructures.As defined by

the Community Rating System (CRS) of the National Flood Insurance Program (NFIP), a
repetitive loss property is any propefty which the NFIP has paid two or more flood

claims of $1,000 or more in any given-§@ar period sinc&978. For more information

on repetitive losses sédtp://www.fema.gov/business/nfip/replps.shtm

There are 23 repetitive loss properties in Boston. These include-fanglg homes, 24

family residences, condos, other residential andnesidential properties. From 1978 to
2012, these 23 properties experienced a total of 55 losses, resulting in $945,191 in claims
for both building losses and contents losseabl@14 shows the breakdowaf structure

type by number and amount of losses over this period.

Tablel4 - Repetitive Loss Properties Summary

Number of Claims| BuildingLosses | ContentsLosses| Total Losses
Single Family 13 $137,259.39 $30,385.02| $167,644.41
2-4 Family 6 39,240.46 5,350.00| 44,590.46
Condo 2 28,136.75 29,480.25| 57,617.00
Other Residential 11 119,531.01 0| 119,531.01
Non-Residential 23 191,071.05 364,737.93 555,808.98
TOTAL 55 $515,238.66 $429,953.20| $945,191.86

Source: Federal Emergency Management AgeXatipnal Flood Insurance Prograsia DRC
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Coastal Flooding, Astronomical High Tides and Storm Surge Impact

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, leading to
the inundation of low lying land areas and the overtopping of sea waloiiBhas

exposure to coastal flooding along the entire length of the harbor. Also, the high tide and
storm surge can limit the ability of stormwater to drain from inland waterways. Coastal
flood and storm surge records for Boston are shown in Tiadelow.

Storm surge is defined asn'abnormal rise in sea level accompanying a hurricane or

other intense storm, whose height is the difference between the observed level of the sea
surface and the level that would have occurred in the absence of theec\gtiomm surge

is usually estimated by subtracting the normal or astronodediiom the observed storm
tide," according to the NOAA/NWS description in Boston's Storm Ready certification.

Table 15 - Coastal Flood/Storm Surge Records1993- 2013

Date Type Deaths | Injuries Property Damage
12/13/1993 Coastal Flood 0 0 50K
12/16/1993 Coastal Flood 0 0 0
12/20/1995 Coastal Flood 0 0 0
3/5/2001 Coastal Flood 0 0 15.0M
11/6/2002 Storm Surge 0 0 10K
1/4/2003 Storm Surge 0 0 550K
12/6/2003 Storm Surge 0 0 50K
1/23/2005 Storm Surge 0 0 825K
5/24/2005 Storm Surge 0 0 95K
1/31/2006 Coastal Flood 0 0 155K
2/12/2006 Storm Surgf&ide | O 0 80K
4/15/2007 Coastal Flood 0 0 5K
4/16/2007 Coastal Flood 0 0 5K
4/17/2007 Coastal Flood 0 0 20K
10/18/2009 CoastaFlood 0 0 0
1/2/2010 Coastal Flood 0 0 0
3/14/2010 Coastal Flood 0 0 0
12/27/2010 Coastal Flood 0 0 50K
11/23/2011 Coastal Flood 0 0 0
8/28/11 Storm Surge 0 0 0
06/03/2012 Coastal Flood 0 0 0
06/04/2012 Coastal Flood 0 0 0
10/29/2012 Coastal Flood 0 0 3.0M
02/09/2013 Coastal Flood 0 0 30K
03/07/2013 Coastal Flood 0 0 0

NOAA Satellite and Information Service, National Climatic Data Center, US Department of Commerce
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Coastal erosion is caused by multiple factors, including wind, waves, tides, sea level
fluctuation, human alteration, and other factors that influence the movement of sand and
material within a shoreline system. The loss (erosion) and gain (accretiagstéldand

is a visible result of the way shorelines are reshaped in the face of these dynamic

conditions.

The neighborhoods of Charlestown, East Boston, Boston, Dorchester and South Boston
make up the coastal portion of the City of Boston. The estdrdatgth of shoreline is 15
miles that is directly exposed to open ocean. The City is protected from major coastal
storms by both natural and marade shoreline structures that require maintenance to

insure the long term protection of its coastline. (Sgarg 13).

Figure 13: Map of Coastal Structures in Boston Harbor
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The Massachusetts Coastal Inventory and Assessment Project investigated the publicly

owned coastal protection structures in the City a$tBo for their ability to provide

adequate protection from major coastal storn
coastline is protected by mamade structures, these areas do not normally erode, but the

condition of these structures is an indication efithpacts and damages caused by

coastal hazards. The results of the investigation are summarized below.

Within the City of Boston, there are 110 structures which provide significant coastal
protection. East Boston has 18 structures, Charlestown has 16 structures, Boston has 13
structures, South Boston has 36 structures, and Dorchester has 27 structures. The
structures were categorized by their type and by their structural condition based on a
preliminary field assessment. The ratings of structures by type and condition as well as
their length can be seen in Talilbelow. Definitions of ratings are in Takl8.

Table 16 Coastal Structure Type and Condition Rating

Total Structure Condition Rating
Primary Structure (1) Structures A B C D F Total Length
Bulkhead / Seawal 58 4 29 16 9 1 6804
Revetment 40 3 26 2 2 31905
Breakwater
Groin | Jetty
Coastal Dune 1 1 850
Coastal Beach 10 9 1 14614

110 7 65 26 " 1 B4173

Source: Mass. Coastal Infrastructure Inventory and Assessment Project Massachusetts DCR, Office of Waterways

The costs of repair and reconstruction are summarized by structure type and by condition

in Tablel7. In the City of Boston there are a total of 110 structures which would require
approximately $ 46 million t o gbMobstoriggcalal | t he
wi || be the structures in the ADO0O and AFO0 c
some level of damage or failure during the next major coastal storm event. To reconstruct

these structures, identified in the preliminary surveyeasgoin poor condition, an

estimated $ 23 million would be required to
Table 17 Coastal Structure Repair/Reconstruction Cost
Toial Structure Condition Rating
Primary Structure (1) Structures A B C D F Total Cost
Bulkhead / Seawall 53 § 1696420 § 8886714 $20382001 § emns § 34546360
Ravetmant 4 § 4484796 5 3903108 § 1361760 97856
Breakwater
Groin / Jatty
Coastal Dune 1 g 148 £12 i 146.512
Coastal Baach 10 5 1411695 § 491 04D g 1,002 665
110 § 10,731,362 5130596862 F21 743761 5 814216 F 46349201

Source: Mass. Coastal Infrastructure Inventory and Assessment Project Massachuset@AerRf Waterways
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Table 18 Coastal Structure Type and Condition Rating Definitions

Preliminary
Condition Definition Based Upon Perceived Immediacy of Action and Level of Action
Potential to Cause Damage if Not Corrected Required
Assessment

Like new condition. Structure expected to withstand major

coastal storm without damage.
A Excellent i ] None
Stable landform (beach, dune or bank). Adequate system exists

to provide protection from major coastal storm

Structure observed to exhibit very minor problems, superficial in
nature. Minor erosion to landform is present.

B Good | Structure / landform adequate to provide protection from a major Minor
coastal storm with no damage. Actions taken to prevent / limit
future deterioration and extend life of structure

Structure 1s sound but may exhibit minor deterioration, section
loss, cracking, spalling, undermining, and/or scour. Structure
adequate to withstand major coastal storm with little to moderate
damage. Actions taken to reinforce structure to provide full

) protection from major coastal storm and for extending life of
C Fair structure. Moderate

Moderate wind or wave damage to landform exists. Landform
may not be sufficient to fully protect shoreline during a major
coastal storm. Actions taken to provide additional material for
full protection and extended life

Structure exhibits advanced levels of deterioration, section loss,
cracking, spalling, undermining, and/or scour. Structure has
strong risk of significant damage and possible failure during a
major coastal storm Structure should be monitored until
repairs/reconstruction can be initiated. Actions taken to

D Poor reconstruct structure to regain full capacity to resist a major Major
coastal storm. ’

Landform eroded, stability threatened. Landform not adequate to
provide protection during major coastal storm. Actions taken to
recreate landform to adequate limits for full protection from a
major coastal storm.

Conditions of structure/landform may warrant emergency
stabilization as failure may result in potential loss of property
and/or life. Landform eroded, loss of integrity

Structure exhibits critical levels of deterioration, section loss,
cracking, spalling, undermining, and/or scour. Structure provides
little or no protection from a major coastal storm. Actions taken

F Critical - .
to totally reconstruct structure to regain full capacity.

Immediate
Landform stability is severely compromised, rate of
erosion/material loss may be increasing, and landform does not
provide adequate protection from a major coastal storm. Actions
taken to recreate landform to adequate limits for full protection
from a major coastal storm.

Source: Mass. Coastal Infrastructure Inventory and Assessment Project Massachusetts DCR, Office of Waterways
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The Massachusetts Coastal Erosion Commission issuedtaeport in January 2015
which includes an assessment of rates a$tad erosion for all coastal communities

based on GIS analysis of historic shortrterends (30 years) and long term trends (150
Commi s s i mnaoveratlsagot termtavefagerofd s

year s) .

The

shorelineaccretion (as opposed to erosion) of 0.3 feet per year, and a longaedof

accretion of 0.2 feet per year (see Tdl#g Nevertheless there are localized areas where

erosion is a concern. Some of thajan hotspots with vulnerabfgpulations or other

important features are Columbia Point, Long Island, Rainford Island, Moon Island, parts
of the East Boston coastline, the Reserve Channel, Fort Point Channel, and Pier 5 in

Charlestown.

Table 19 Rates ofCoastal Erosion, Short and Long Term

Toom TO‘Vn‘ sub- Short-Term Rate Long-Term Rate
region Mean (ft/yr) | Std Dev (ft/yr) | Mean (ft/yr) | Std Dev (ft/yr)
Aquinnah -0.3 2.8 -0.5 1.6
Entire town 0.4 5.2 -0.4 22
Barnstable CCB 1.1 7.2 -0.2 23
NS -0.3 21 *-0.7 2.0
Beverly -0.3 0.7 -0.1 0.3
Boston 0.3 2.0 0.2 1.7

Source: MA Coastal Erosion Commission, Vol. 1 Report and Recommendations, Jan. 2015

Even in the absence of a coastal storm, astronomical high tides periodically flood and
close Morrissey Boulevard adjacent to DorebeBay, Sedevel rise will increase the
frequency of such flooding. The National Climatic Data Center depicts an increased
frequency of coastal flooding events, listing 13 coastal floods and 4 storm surge tide

events since 2007.

The National Weather $@ce-Taunton anticipates that it is probable for the Boston tide
gage to exceed the value of at least 16 to 17 feet MLLW given a 4 to 6 foot storm surge
on a high spring tide cycle. A NWS Boston High Water Seminar held November 22,

2013 startegblanning an exercise (to be held2z@l5 for a scenario with a storm tide
reaching 18 feet above MLLW, easily attainable with afgot storm surge on a high

spring tide cycle. In this scenario, a major concern is the restriction of access to a major

t hat

transportation boulevard adjacent to the interstate highway system and the most impacted

residents reside in Savin Hdhd Columbia Point in Dorchester. The scenario is based

on seven coastal flooding incidents:

On February 2826, 2010, northeast winds buip seas along the edating coastline

and combined with astronomical high tides to produce in moderate coastal flooding.

On November 23, 2011, high astronomical tides combined with weak wave action
produced minor coastal flooding along @esstfacing shore of Massachusetts. Minor
coastal flooding during high tide closed Morrissey Boulevard.
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On June 4, 2012, Boston experienced high spring astronomical high tides. Coastal
flooding lasted through several high tide cycles with heavy rainfdirrissey Boulevard
was closed due to minor coastal inundation. On Long Wharf, 14 to 16 inches of water
flooded restaurants there.

October 29, 2012, Superstorm Sandy brought high winds and coastal flooding to Boston,
closing the ramp for Morrissey Blavard (Exit 14) off of 193 and flooding the
Harborwalk at Columbia Point. Savin Hill Beach experienced splash over the seawall.

Storm Surge at Long Wharf, February 2013
During the February-8, 2013 Blizzard, moderate coastal flooding occurred dunigig
tide on Saturday morning along Bostonds wat e
built to 30 feet just 15 miles off shore due to the astronomical high tide and high winds.

On March 78, 2013, widespread moderate coastal flooding during 5 tidecgiosed
Morrissey Boulevard in both directions from the University of MassachusBtiston to
Freeport Street, as well as Exit 14 froi®3 northbound.

On January 2, 2014 the City of Boston declared a Snow Emergency. Morrissey

Boulevardwas closed to traffic at 10:30am due to tidal flooding. Moderate storm surge
was predicted to be 1.8 feet with 3 foot wafsee Figure 4)..
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Flgure 14 Storm Surge January 2, 2014
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Based on ta record of previous occurrenceeastal flooding in Bostois ahigh
frequency event as defined by the 2Blassachusetts State Hazard Mitigation Plan. This
hazard may occur more frequently than oncgyears (greater tha20% per year).

Dam Failure

Dam failure caroccur as a result of structural 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 earthquaken the event of a dam failure, the number of fataliéiedamount of

property damagedepends on the amount of warning provided to the population and the

number of peopland value of property n t he path of the damds f | c
failure in general is infrequent but has the potential for severe impacts.
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According tothe inventory dams maintained by tassachusetts Department of
Conservation and Recreation, Office of Dam Safiigre are five dambocated in
Boston, and one located in Somerville upstream of Boston on the Mystic(Reeer
Table 20)

Table 20 DCR Inventory of Dams

Dam Name River Owner-Type Hazard Potential
Amelia Earhart Dam  Mystic Rlver DCR Flood Control LowHazard

Baker Chocolate Dam Neponset RivBXCR Flood Control SignificantHazard
Charles RDam Charles River DCR Flood Control Significant Hazard
Chestnut Hill Res. Offstream DCRMWRA Operated High Hazat

Southwest Campus Sawmill Brook City of BostorMunicipal Small Unregulated Dam
Westinghouse Dam Mother Brook DCRFlood Control Significant Hazard

SourceMass.DCR Inventory of Dams

Table20 shows that DCR categorizes dams according to the potential extent of hazard in
the event of dam failure. CR defines dam hazard classifications as follows:

High Hazard: Dams located where failure or moeperation will likely cause loss
of life and serias damage to homes(s), industrial or commercial
facilities, important public utilities, main highways(s) or
railroad(s).

Significant Hazard: Dams located where failure or moperation may cause loss of life
and damage home(s), industrial or commeraeilities, secondary
highway(s) or railroad(s) or cause interruption of use or service of
relatively important facilities.

Low Hazard: Dams located where failure or meperation may cause minimal
property damage to others. Loss of life is not expected.

Neponset River Dam Failure August 1955

The only known case of a dam failure in Boston occurred in 1955 on the Neponset River.
On August 11 and 12, 1955, Hurricane Connie produegihdhes of rainfall over most

of southern New England, saturating the ground and elevating river and reservoir levels
above normal levels. A few days later, on Augustl®@7Hurricane Diane deliveragp to

nearly 20 inches over a twaay period. These two storms contributed to making August
1955 the wettest month on record in Boston. Both the Neponset and Charles Rivers
flooded.

As a result of the baeto-back storms, over 200 dams in New Englaad partial to

complete failure. The U.S. Army Corps of Engineers deployed 1200 pieces of heavy
equipment in response. One of the failed dams was the Neponset River Dam. To mitigate
future flooding of the Neponset River, the Commonwealth of Massachuasstsdoa
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bond bill in September 1956 authorizing a major overhaul of the Neponset between Fowl
Meadow and the Baker Dam.

Dam Failure Impact

The greatest impact of the Neponset dam failure was the spreading of sediment

contaminated with polychlorinated lhipnyls (PCBs) from Mother Brook into the

Neponset Riverestuathc cor di ng to the U.S. Geologic Sur
area likely continued to be released after the flood and during subsequent rebuilding of
downstream dams. Today (2007), PCBsmaostly trapped behind these dams; however,

some PCBs either diffuse or are entrained back into the water column and are transported
downstream by river water into the estuary or volatilize into the atmosphere. In addition

to the continuing release of PCBsm historically contaminated bottom sediment, PCBs

are still originating from source areas along Mother and Meadow Brook as well as other
sources along the river and Boston Harbor. o
Concentrations, loads, and sources dyqgdorinated biphenyls, Neponset River and

Neponset River Estuary, eastern Massachusetts: U.S. Geological Survey Scientific
Investigations Report 201%004)

Other dams in Boston include the following:

Charles River Danit The Charles River Dam effectiyetontrols water levels in the river
in order tominimize the potential foriverineflooding from upstream flows from the
Charles River watershed@he dam als@rotecs against storm surges traveling upstream
from Boston Harbar The dam is actively mormted by DCR and is in good condition.
Thedam's pmps weregecentlycompletely overhauled as dtigative measure. Six
prime 2700 brsepowedieselpumps and 2rangnissionswere overhauled.

A potential future impact of climate change on the dam ipdissibility of a coastal

storm surge overtopping the dam due to a combination of sea level rise and higher storm
surges. The finished floor elevation inside
The new surge model being developed by the Army Cafrggineers indicates that a

Category 3 hurricane would be above that level.

Amelia Earhart Dam (Mystic River)Another DCR managed facility, the Amelia
Earhart Dam similarly protects against riverine flooding from the upstream Mystic River
watershed and storm surges from the lower Mystic River and Boston Harbor.

Neponset River DanisThe Neponset River formsdtboundary of the City of Boston

and the Town of Milton. There are two major dams on the Neponset River adjacent to the
City of Boston. The first is located in the vicinity of the former Walter Baker Complex

and the second at the Bay State Paper Competmg iHyde Park area. Failure of either

of these two dams would be unlikely to lead to loss of life.

Chestnut Hill Bradley Basin DainLocated at the Chestnut Hill Reservoir, this dam is
owned and maintained by DCR, and is in good condition.
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Based onhe record of previous occurrencdam failures in Bostoarevery low
frequency evesstas defined by the 2@IMassachusetts State Hazard Mitigation Plan.
This hazard may occless often than once in 100 years (Less than 1% probability
per year)

Wind Related Hazards

Wind-related hazards include hurricanes and tornados as well as high winds during
severe rainstorms and thunderstorms. The typical wind speed in the Boston area ranges
from around 11 miles per hour to 14 over the course of the lyetindependent of storm
events, gusts of up to 40 mph can occur.

As with many communities, falling treeaused by high winds calown power lines and
causepower outagesHazardous situations can be mitigated by routine maintenance and
care of streieand park treesMany cities operate on a®year pruning cycle, although this
number is often closer to 10, due to lack of funding for forestry staff and crews. Trees are
vulnerable to strong winds due to insufficient planting spaces and soil volNes.

standards for street tree plantings need to be developed and adopted as part of mitigation
planning. Information on wind related hazards can be fountflap 5in AppendixC.

According to the national classification of wind zones in the US, Bostemvii@in Zone
[, with maximum winds of 160 mph. Boston is also within the HurricBnsceptible
Region, as is all of the East Coast and Gulf of Mexico (see Fidiire

Figure 15Wind Zones in the United States
WIND ZONES IN THE UNITED STATES*

SOJEIS PEIUN S} U1 SAUOZ Pulpy - 2inbiy

WIND ZONES
ZONE|

(130 mph)
[ ZONEN
1
OTHER CONSIDERATIONS 16 mh)
e ] ZONEIN
U7 Special Wind Region {200 mph)
e I ZONE IV
Hurricane-Susceptible Region {250 mph)
* Design Wind Speed measuring criteria
ara consistent with ASCE 7-05
= 3.second gust
- 33 feet above grade
= Exposure C

51



CITY OF BOSTON NATURAL HAZARD MITIGATION PLAN
2014 UPDATE

Hurricanesand Tropical Storms

A hurricane is atropical cyclone in the Atlantic, Caribbean Sea, Gulf of Mexico, or
eastern Pacific, which the maximumniinute sustained surface wind is 64 knots (74
mph) or greatet according the the NOAA/NWS definition included in Boston's Storm
Readycertification Given its location near the coast, ey is highly vulnerable to
hurricanes. A hurricane is strongest as it travels over the ocean and is particularly
destructive to coastal property as the storm hits the land. Hurricanes generally occur
between June and Novembey.tropical storm isia tropical cyclone in which the
maximum Xminute sustained surface wind rangesri®4 to 63 knots (39 to 73 mph)

A hurricane or storm track is the line that delineates the path of the eye of a husricane
tropical storm Two recorded storm trackewve passedirectly through Boston: a tropical
stormthat passethrough Hyde Park, Mattapan, Roxbury, Dorchester, South Boston, and
East Boston; and a hurricatiat passethrough Allston/BrightonHowever the City
experiences the impacts of the wind and rain of hurricanes and tropical st@mahen
thestorm trackpasses nearby, but not diredttyough theCity. Storms that trackvest of

the City result instronger windsn Boston, while those that pago theeast may bring

more rainfall. The hazard mapping indicates that the 100 year wind speed is 110 miles
per hour. Major tropical stormsandhurricanes that gsedhrough or near Bostoare
summarized in Tabl21, and historic hurricane tracks are shown in Fidubelow

Hurricane intensity is measured according to the Saffir/Simpson scale, which categorizes
intensity linearly based upon maximum sustained winds, barometric pressure, and storm
surge potential.These are combined to estimate potential damage. The following shows the
wind speeds, surges, and range of damage caused by different hurricane categories:

Scale No. | Winds(mph) | Surge (ft) Potential
(Category) Storm Damage
1 747 95 4-5 Minimal
2 961 110 6-8 Moderate
3 1117 130 9-12 Extensive
4 13171 155 13-18 Extreme
5 > 155 >18 Catastrophic

Source: NOAA

Tropical storms are not included in the Saffir/Simpson scale, but by definition they
feature wind speeds under 74 mph, or lower than a Category 1 hurricane.

Of the28 hurricanes andropicalstorms listedn Table21 below, the Hurricane of 1944
from September 9 16, 1944 and the Tropical Storm of 1902 from Juné 12, 1902
tracked directly through the City of Boston. It is important to note, that Hurricane Irene
from August 217 30, 2011 and most recently Hurricane Sandy from Octobér3a2
2012fortunately did not track directly over the City of Boston. Hurricane Sandy was a
Category 3 hurricane at its peak intensity and weakened to a Category 2 off the
northeastern Atlantic coast. Hurricane Sandy became the largest Atlantic hurricane on
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Table 21 - Historic Hurricane Records for Bostonand New England

Hurricane Sandy October 2930, 2012

Tropical Storm Irene August 28, 2011

Hurricane Earl September 4, 2010

Hurricane Hanna August 28, 2008 to September 8, 2008
Tropical Storm Barry May 31, 2007 to June 5, 2007
Tropical Storm Hermine August 27- 31, 2004
Hurricane Bertha July 517, 1996

Hurricane Bob August 16 29, 1991
Hurricane Gloria September 27,1985
Hurricane Donna September 12, 1960
Hurricane Diane August 1719,1955

Hurricane Edna* September 11, 1954
Hurricane Carol* August 31, 1954

Hurricane Doug September 1112, 1950

Great Atlantic Hurricane 1944* September 9 16, 1944
Great New England Hurricane* September 21, 1938

Tropical Storm of 1923 October 15 19, 1923
Extratropical Storm of 1916 May 13¢ 18, 1916
Hurricane of 1916 July 10- 22, 1916
Hurricane of 1915 July 31, 1915 to August 5, 1915
Hurricane of 1908 May 24- 31, 1908
Tropical Storm of 1902 June 12-17, 1902
Hurricane of 1897 September 20 25, 1897
Hurricane of 1888 August 14 24, 1888
Tropical Storm of 1888 September 613, 1888
Hurricane of 1876 September 1219, 1876
Hurricane of 1869 September & 9, 1869
Hurricane of 1861 November I¢ 3, 1861

*Category 3 Source: National Oceanic and Atmospheric Administration

Hurricane Irene Impact and Extent of Damage

Irene weakened to a Category 1 hurricane as it made landfall along the Outer Banks of

North Carolina. The most severe impact in New England was experienced from

catastrophic inland flooding in Western Massachusetts, Vermont and New Hampshire. In

Boston, tropical storm force winds from the northeast quadrant of Irene toppled trees,
including some of Bostondés most treasured hi
downed electrical power lines and street lighting wiring, leaving thousands of residents

without electrical power, blocking roadways, and closing off emergency access.

Emergency responders, coordinating tree cutting operations with utility crews, prioritized
response according to public safety hazards.
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record with winds spanning 1,100 e8l Strong tropical force winds from the northeast

guadrant of the post tropical cyclone, Sandy developed istiper storrmor 6 east er t hat
impacted the City of Boston. Preliminary estimates assess costs at $4.8 million for the

City of Boston as compadldo a total of $75 billion in all impacted states, making Sandy

the second most expensive hurricane in U.S. history. Only Hurricane Katrina was more

costly. The most recent federal disaster declarations for hurricanes impaci@ity tbie

Boston are sbwn in Table22

Table 22 - Hurricane Disaster Declarations

Disaster Title Dates

DR751 Hurricane Gloria 9/27/1985

DR914 Hurricane Bob 8/19/1991

EM3252 Hurricane Katrina Evacuation 8/29/2005-10/1/2005
EM3315 Hurricane Earl 9/1/2010-9/4/2010
EM-3350 Hurricane Sandy 10/29/12¢10/30

Source: Federal Emergency Management agency (FEMA)

Figure 16 - Historic Hurricane Tracks In or Near Boston
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Tree Damage from Hurricane Irene

Approximately,2,000 calls to 911 were recorded flmwned treesThe storm caused
structural damage td2 homes In addition, the 24 Hour Constituent Hotlirezeived
1,199 storrrrelated request@nd 650 reportsef downed wires that did not involve fallen
trees A total of 1,027 locations were respondediuring the storm.

Hurricane Sandy Impact and Extent of Damage

Although Superstorm Sandy made landfall in New Jersey, its effects were felt in Boston.

A pre-landfall emergency declaration was in place for all of Massachusetts and

precautions included shutdown of the MBTA. High wirsdrom the northeast quadrant

of the storm toppled trees, power lines and ripped roofs off of houses and gskeols

Figure 17) Coastal inundation flooded the Bostor
at Carson Beagtsouth Boston.

Sandy caused $2 million of damage to Boston's municipal buildings , primarily from
wind damaged to roofs and water damage to ceilings and plaster walls. Approximately,
770 calls to 911 reported downed wires, street and sidewalk dedmisfarmer fires,
flooding, road closures and partial structural collapse. The 24 Hour Constituent Hotline
received 1,573 storm related requests, including 78 for flooding at 68 locations; 344 for
downed wires at 291 locations; 790 for damaged or doweechtr608 locations; 326 for
street debris at 303 locations; and 35 for power outages.

Hurricanes are a citwide hazard for BostonBased on the record of previous
occurrencedhurricanesn Bostonaremediumfrequency evestas defined by the 231
Massachusetts State Hazard Mitigation Plan. This hazard mayfarownce in 5 years
to once in 50 years (2% to 20% probability per year)
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Figure 17 Maximum Wind Gusts 10/29/12 (Superstorm Sandy)

Reported Max Wind Gusts in

MPH for October 29t" 2012

Boat beached during Superstorm Sandy on CarsoBeach
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Tornados
Tornado Risk and Vulnerability

A tornado is a violently rotating column of air, usually pendant to a cumulonimbus, with
circulation reaching the ground. It nearly always starts as a funnel cloud and may be
accanpanied by a loud roaringpise," according the NOAA/NWS definition included in

the City of Boston's Storm Ready certificatidime City of Boston is at high risk for high
winds from severe thunderstorms but at moderate risk of tornado activity. From August
21, 1951to datethere tave been no reported tornados that touatedn within the City

of Boston. However,on Monday, July 28, 2014 a tornado struck the City of Revere, MA
which is located adjacent to Boston to the north. There were several minor injuries but no
deaths. The to)ado was R2 in magnitude and was on the ground for approximately four
minutes in Revere. Since 1951 there have i@drtornados within 50 miles of central
Boston. Two of these were rated as an F3 and were within 36 miles of central Boston. A
1971 F1 tonado in the City of Newton injured six people and caused one death (HIRA).
The strongest tornado in Massachusetts history was the Worcester Tornado in 1953
(NESEC). More recently dornado caused significant damage in Springfield, resulting in
4 deaths idune of 2011Duringthattornado outbreak, tornado warnings were issued for
Middlesex and Norfolk counties including the Town of Dedham. The City of Boston
took precautions warning residents of the trailer park in West Roxbury of the tornado
warning due to the vulnerability di¢se mobile homes.

On July 18, 2012 the National Weather Service in Taunton issued a Tornado Warning for
Suffolk and Essex Counties. At 2:09 PM a waterspout was observed in Boston Harbor
from Logan International Airport. According to Glenn Fieldlarning Coordination
Meteorologisiat NOAAG Blational Weather Service office Traunton MA, ii a

supercellular storm structure, complete with rotating wall cloud, formed out by Woburn
and the rotation seen on radar prompted issuance of a tornado warningstoriirhe
intensified further as it moved out to sea and we still think there was likely to have been
an unreported waterspout farther off the coast, beyond the camera range. One and a half
inch hail was reported in Nahant, 1.25 inch hail in Revere and Peabbére was a

funnel cloud reported by a very well trained amateur radio coordinator in Peabody.
Federal Street was impassable from flooding in Lynn and there were a few trees downed
as well .o

Tornados are most common in the summer, and most forre gftédrnoon or evening.
The most probable month for a tornado is July, but the tornado season for the City of
Bostonruns fromMay through November (see Figut8). Tornados are often associated
with strong thunderstorms.
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Figure 18: Tornado Risk by Month for t he City Of Boston, MA (19502011)
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Source: Tornado climatology information compiledlny Greg ForbesSevere Weather Expert for The Weather Channel.

Tornadodamage 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 Enhanced Fujita
scak (EF-scale) whichallowssurveyors to create more precise assessments of tornado
severity. The Efscaleis summarized below:

Fujita Scale Derived Operational EF 5cale

F Fastest ¥4 | 3-second | EF 3-second | EF 3-second

Number | mile gust Number | gust Number | gusts
(mph) (mph) (mph) (mph)

0 40-72 45-78 0 65-85 0 65-85

1 73-112 79-117 1 86-109 1 86-110

2 113-157 118-161 2 110-137 |2 111-135

3 158-207 162-209 3 138-167 | 3 136-165

4 208-260 210-261 | 4 1668-199 |4 166-200

5 261-318 202-317 5 200-234 |5 Ower -200

Source: Massachusetts State Hazard Mitigation Plan, 2010

58


http://www.weather.com/tv/personalities/Dr-Greg-Forbes.html

CITY OF BOSTON NATURAL HAZARD MITIGATION PLAN
2014 UPDATE

Wall Cloud over Boston Harbor, July 18, 2012
Photo: Mark Garfikeli Boston Herald

There is littlehistorical datavith which to estimate possible tornado damage
Government Center, Copley Square, Prudential Center, Financial District and the new
Innovation District are at greatpotentialrisk from tornado winds due to the density and
height of the buildingsThese buildinggan generallgustain moderately high winds, but
their glassfacades may beulnerable. The facadef unreinforced masonry buildings

are more susceptibl@ornado denage in Massachusetts is estimated from $500 to
$227,600,000 per the Massachusetts Tornado History Pegjéittates that damages

from Massachusetts tornadoes ranges from $500 to $228 milbonadoes are a ciy

wide hazard for Boston

Based on the record of previous occurrenteaadoes in Bostoareavery low
frequency evesstas defined by the 2@IMassachusetts State Hazard Mitigation Plan.
This hazard may occless often than once in 100 years (Less than 1% probability
per year)

Nor beasters

A classic nordeaster i s asowtlandoisgositiooed pr essur
just off the coastal waters of New Engl and.
winter months in New England, occurring one to two times a, ye@ are notorious for

producing heavy snow, rain and tremendous waves that crash onto Atlantic beaches
causing beach erosion and structural damage.
strong northeasterly winds blowing in from the ocean ahettteagtorm and over the
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coastal areas. These strong northeast winds typically cause coastal flooding, coastal
erosion and gale to hurricane force winds.
much as 1,000 miles (see Fig® and these storms featusustained winds of 10 to 40

mph with gusts of up to 70 mph.

Figure 19- Satellite Image of March 2013 Nor'easter

, P ’/f-_if"f.{"-‘ = o
SourceThe Geostationary Operational Enviromted Satellite Program (GOB&
joint effort of NASA and NOAA

Many of the historidlood events identified in the previous section were precipitated by

nor b6easters, including the APerfect Stor mo e
December 201,ctober 2011and February 2018 er e | ar geaswasthedeast er s
major winter stornmof March 2013. The latter two storms are describetie section on

winter stormdelow: Nor'easters are a cHyide hazard for Boston.

Based on the record of previous occurrenoeseastern Bostonarehigh frequency
evens as defined by the 2@IMassachusetts State Hazard Mitigation Plan. This hazard
may occur more frequently than oncebigiears (greater tha20% per year).

Thunderstorms

While less severe than the other types of stoanisunderstorm, which features
lightning, strong winds, and rain or haihn lead to localized damage and represent a
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cloud" according the NOAA/NWS description included in Boston's Storm Ready
certification Hail is considered a secondary impact to thunderstorms, and therefore is not
anayzed as a separate hazard.

Hail size efersto the diameter of the hailstones. Warnings and reports may report hail
size through comparisons with reabrld objects that correspond to certain diameters:

Thunderstorms sometime give rise to tornados. On averageldistormstorms are

Description Diameter (inches
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 Be|1.50
Golfball 1.75
Hen's Egg 2.00
Tennis Ball 2.50
Baseball 2.75
Tea Cup 3.00
Grapefruit 4.00
Softball 4.50

only around 15 miles in diameter and last for about 30 minGtesNational Weather
ServiceTaunton issues a severe thunderstorm warning when a severe thunderstorm is
indicated on radar or a spotter reports a thunderstorm produoiweg or krger hail in
diameter and/or winds equal®o exceeding 58 miles an hour.

On August 19, 2011, the National Weather Service Doppler radar indicated a strong

thunderstorm at about 4 p.m., capable of producing psizeg hail with gusty winds of
up to 60mph. Heavy downpours, thunder and lightning were reported in the City of
Boston. As a safety precaution for a major public event, participants at Greenfest on City
Hall Plaza were evacuated successfully into City Hall as high winds; lightning and heavy
rain fell directly over Government Center. During the same thunderstorm, a State Police

trooper

and his canine

International Airport in East Boston.

During severe thunderstorms buildings in Boshave been struck by lightning. On May

wer e

struck

by

Il i ghtn

7, 2011, a three alarm fire broke out when lightning struck a third floor rear porch in the
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Ashmont Hill section of Dorchester. On July 18, 2012, a lightning strike briefly knocked
out power to the building hougiWWBZ-TV and WBZ News Radio 1030. The potent
lightning strike, during a live news broadcast took the station off air. The same
thunderstorm created a lightning strike that set a home on fire in the Codman Hill/Lower
Mills section of Dorchester. In Rostlale Square, lightning hit a transformer and the
business district lost power when wires fell on parsad and residential property.
Thunderstorms are a cityide hazard for Boston.

Lightning creates hazardous conditions for pedestrians. On Jip@8, during a

soccer game, 10 people were hospitalized following a lightning strike when taking shelter
under a tree on Talbot Avenue, Dorchester. On May 5, 2010 lightning struck a cell tower
on River Street in Hyde Park and the powerful electricaltbeleled through the ground
striking a man working on a lift. On August 5, 2010, a man was struck by lightning and
succumbed to his injuries while walking along the Sugar Bowl in South Boston. During
the July 4' 2012 celebrations, the Boston Esplanads evacuated as a public safety
measure during the Fourth of July Boston Pops Concert, and two people were struck by
lightning at Thomas Park in South Boston.

Based on the record of previous occurrenttegydersorms in Bostonarehigh frequency
evens as defined by the 28IMassachusetts State Hazard Mitigation Plan. This hazard
may occur more frequently than oncebigiears (greater tha20% per year).

Lightning Strike During Esplanade Concert, July 4, 2012

Photo: Patrick Flanagan
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Winter Storms

Winter storms are the most common and most f
large geographic areas. The majority of blizzards and ice storms in the region cause more
inconvenience than they do serious property damage, injuries, or deaes/eHl,

periodically, awinter stormbecomes true disaster, and necessitates intense-tnae

emergency respae. Occasionally winter storms also hinder the tidal exchange in tidally

restricted watersheds and result in localized flooding within thesse Ice buildup at

gate structures can damage tide gates and increase the hazard potential as a result of
malfunctioning tide gate$Vinter storms are a combination hazard because they often

involve wind, ice and heavy snowlfaHeavy wet snowis considered secondary

impactof winter storms and thereforenot analyzed aa sepaate hazard.

The averagermual snowfall fothe nortlernportionof Boston(including Jamaica Plain
Roxbury, Mattapan, north Dorchester, South End, South Bostonp#Bsighton, Back
Bay, Beacon Hill, the Financial District, North End, East Boston, and Charlesfaivgn)
within a range 088.1 to 48 inches while treuthern portion of th€ity, including
Roslindale, West Roxbury, and Hyde Park, are in the rang®.4f- 72 inchesof snow
annually

Severe snow accumulation can have a number of different impacts on a community.

Hazardous driving conditions can impact emergency response and vulnerable citizens in

need of services, heavy snow on tree branches cantbans¢o fall andlamage electric

lines, and, in extreme situations, heavy snow can cause collapse-an cabeiilding

roofs.Blizzards include all the hazards associated with heavy snow storms also

accompanied by winds of at least 35 miles per houtemg@eratures below 20 degrees
FahrenheitThe most significant winter storm in re
1978, 0 which resulted in over 3 feet of snow
businesses, and school§evere winter stormendblizzardsin Boston since 1978 are

summarized in Tabl23, and the winter storms of 2013 are described below

Table 23

Blizzards and Severe Winter Storns in Boston
Blizzard of 1978 February 1978
Blizzard March 1993
Blizzard January 1996
Severe Snovstorm March 2001
Severe Snow Storm December 2003
Severe Snow Storm January 2004
Severe Snow Storm January 2005
Severe Snow Storm December 2010
Severe Snow Storm January 2011
Blizzard February2013

Source: National Oceanic and Atmospheric Aastration
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The Blizzard of February 2013

On Friday, February 8, 2013, two major storm systems combined off the North Atlantic

coast forming severe Norodeast blizzard condi
pressure and central pressure systemraated an intense winter Nor'east blizzard cyclone

of historic proportions with a signature classic shaped comma being well defined. Very

intense convective snow fell north of the low pressure system creating a 48 hour snow

storm. The City of Boston wasder a Blizzard Warning. Officially, the City of Boston
recordedthesl ar gest snow accumul ation of 24.9 inc
Airport breaking a record in over 100 years of recordkeeping. Along the coast, the City

of Boston was undea Coastal Flood Warning. There was a moderate risk of coastal

flooding in Boston Harbor from the powerful coastal Nor'east blizzard. Morrissey

Boulevard was flooded by coastal inundation and was closed. A Hurricane Force Wind

Watch was in effect foraastal waters of Eastern Massachusetts, and Gale Warning for

Boston Harbor. The strongest winds were off shore. The City of Boston experienced a

gust of 76 mph.

The Nor'east Coastal Snow storm of March 2013

On March 6, 2013, a slow moving strong pditlantic storm developed into a very

power f ul coast al nor 6easter | ocated 323 mil e
under a Winter Storm Warning, Coastal Flood Warning, and Wind Advisory. A Gale
Warning was i ssued f orerskled dfftha codtwhibho r . The n

significantly increased snow fall amounts for the City of Boston. The snowfall recorded

at Logan Airport was 13.1 inches; Brighton at 15.0; Jamaica Plain at 18.0 and West
Roxbury at 14.8. Sustained 38 mph winds were redoatiBoston ASOS Logan Airport

with peak winds gusts of 48 mph. The impact of extremely long duration and onshore
northeast winds contributed to coastal inundation causing DCR to close coastal roadways
and Morrissey Boulevard during the astronomical hidé cycles.

Managingsnow can be a challenging and expensive task. Generally the denser areas of
the City, such as Beacon Hill, Charlestown, and the North End posegthatlenges to

snow removalNarrow streets andnestreet parking, particularly dbie and triple

parking can prevent adequate plowargl impede access for emergency vehicles

Residents and property owners often have little land to place snow that accumulates on
their driveways, parking lots and sidewalks, so they often shovel snowoalways In

recent years, th€ity has use@bout100,000 ton®f salton its roads eackinter. Most,

if not all, of the salt is imported from overseas. Ty has been seeking additional

supply options so as to not rely on one vendor. There ara &mations for salt storage

and about 34,000 torssestored ateachone Bost on has a o6bl ack pave
meaning that every street is to be cleared.Cityeis divided into 15 plow districts.
Approximately 350 pieces of equipment are used for sswwrol. The main objective is

to ensure that streets are passable for emergency vehicles. The greatest impacts are seen
when theCity is hit by backto-back storms where the short period of timesiwt allow

for existing snow to melt. The result has beg&reet closured.ime of dayof a storm is
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also aconcern Overnight storms are easier to plow since there are festécleson the
road. Daytime storms on a weekday are much more of a challenge.

According to the NOA/NWS definition included iBBoston's Storm Ready certification,

an ice storm ixharacterized byydamaging accumulations of ice are expected during
freezing rain situationg'hese accumulations of ice make walking and driving extremely
dangerous. Significant ice accumulations areallg@ccumulations of ¥4" or greatér.

Ice storms can arise in any part of the city and are anettg hazard. Expected impacts

can include impaired transportation conditions, impaired delivery of emergency services,
iced trees and downed limbs, andsl@$ power and communications due to ice coated
lines or falling tree limbs.

Impacts from winter weathérin addition to norpassable streets and sidewalks
includedowned power lines causing loss of electric power sergateh basins being

buried andsometimes clogged, water service pipes bursting shutoff valvesbeing

buried (more common when cold and windy), fire hydrants being buried by snow, older
water mains bursting, and dangerous icicles forming on buildings. Snow can also block
building ventilation, increasing the risk of indoor carbon monoxide poisaanmaigplace a
heavy load on roofs

The Citybés overall wvulnerability to winter
travel on roadways, temporary road closures, school closuepptantial restrictions

on emergency vehicle access. Other vulnerabilities include power outages due to fallen

trees and utility lines, and damage to structures due to heavy snow loads.

Based on the record of previous occurrena@ster storm events inBostonarehigh
frequency evemstas defined by the 2@IMassachusetts State Hazard Mitigation Plan.
This hazard may occur more frequently than onceyiears (greater tha20% per year).

Ice Jams

Although known to occur in central and western Masgsetts, ice jams are not a hazard
for Boston. The Army Corps of Engine&lsld Regions Research and Engineering
Laboratory database on ice jams shows no record of ice jams in Boston from 1913 to 2013.

Geologic Hazards

Geologic hazards includ=arthquakes, landslides, sinkhglsubsidence, and unstable
soils such as fill, peat, and clapjlthough the most recebuilding codeshave higher
seismic standards, maniderstructuresare more vulnerable to seismic hazards.
Information on geologibazards can bleund on Map 4 of the hazard mitigation map
series (AppendiC).
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Earthquakes

An earthquake is the vibration, sometimes violent, of the earth's surface that follows a
release of energy in the earth's crust due to fault fracture and raouehfault is a

fracture in the earth's crust along which two blocks of the crust have slipped with respect
to each other. Faults are divided into three main groups, depending on how they move.
Normal faults occur in response to pulling or tension: thexlging block moves down

the inclined dip of the fault plane. Thrust (reverse) faults occur in response to squeezing
or compression: the overlying block moves up the inclined dip of the fault plane- Strike
slip (lateral) faults occur in response to eittygre of stress; the blocks move horizontally
along a vertical fault past one another. Most faulting along spreading zones is hormal,
along subduction zones is thrust, and along transform faults is-slipke

The focal depth of an earthquake is the dépmim the Earth's surface to the region where

an earthquake's energy originates (the focus). Earthquakes with focal depths from the

surface to about 43.5 miles are classified as shallow. Earthquakes with focal depths from

43.5 to 186 miles are classified intermediate. The focus of deep earthquakes may reach

depths of more than 435 miles. The focuses of most earthquakes are concentrated in the
crust and upper 20 miles of the Earthés crus
about 3,960 milesso even the deepest earthquakes originate in relatively shallow parts of

the Earth's interior.

The epicenter of an earthquake is the point on the Earth's surface directly above the focus,
and the focus is the area of the fault where a sudden ruptiséemi The location of an
earthquake is commonly described by the geographic position of its epicenter and by its
focal depth. Earthquakes beneath the ocean floor sometimes generate immense sea waves
or tsunamis if the earthquake causes upward or downwaveément of the sea floor.

The tsunami originates where this movement takes place.

The cause of earthquakes in eastern North America is the forces moving the tectonic

plates over the surface of the Earth. New England is located in the middle of the North
American Plate. One edge of the North American plate is along the west coast where the

plate is pushing against the Pacific Ocean plate. The eastern edge of the North American

plate is at the middle of the Atlantic Ocean, where the plate is spreadindramayne
European and African pl ates. New Engl andos
cracking of the crustal rocks due to compression as the North American plate is being

very slowly squeezed by the global plate movements.

Seismologists useMagnitude scale (Richt&calg to express the seismic energy

released by each earthquakie typical effects of earthquakes in various ranges
summarized below
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Richter Magnitudes Earthquake Effects

Less than 3.5 Generally not felt, but recorded

3554 Often felt, but rarely causes damage

Under 6.0 At most slight damage to wellesigned buildings. Can

cause major damage to poorly constructed buildings oy
small regions.

6.1-6.9 Can be destructive in areas up to about 100 km. acros
wherepeople live.

7.07.9 Major earthquake. Can cause serious damage over lar(
areas.

8 or greater Great earthquake. Can cause serious damage in areay

several hundred meters across.

Source: Nevada Seismological Library (NSL), 2005

Damageo structuresn an earthquakean becawsed byseveral geologic mechanisms,
includingground motion, surface faulting, and ground failure in which weak or unstable
soils, such as those composed primarily of saturated sand or silts, ligyetcess

called liquefactio). The effects of an earthquake increase with earthquake magnitude,
decrease with distance from the earthquake epicenter, and are highly dependent on the
type of geologic materials present at a g$teen if theepicenter oainearthquakes not
located n theCity of Boston, it is important to note thaiie to the harder, cooler rocks

that comprise the eastern U.S. (compared to the western tistant earthquakes are

more widely felt h the metropolitan Boston area.

According to Dr. John Ebel, Direatof the Boston College Weston Observatolng, t
bedock of thenortheasterriJnited Statess much colder asompared to that of the
western US.Our colder bedrock is why the 5.8 magnitude earthquake in Mineral,
Virginia on August 23, 2014ndthe 4.0 magnitudesarthquake 3 miles west of Hollis
Center, Maine on October 16, 20d@th resulted inremorsbeingfelt in theCity of
Boston. A summary of earthquakes affecting ety is found in Table24.

According to theNortheast States EmergenCgnsortium, fom 1668to 2007, 355
earthquakes were recorded in Massachusétie region has experienced larger
earthquakesncluding amagnitude 6.@uake that struck ih7550ff the coast of Cape
Anne.The closest recorded earthquake epicenter wihe &raintree/Quincy border,
southwest of th®oute3 interchange withnterstate Rout83. This quake occurred in
1979with a magnitude of 2.2yhich is the smallesjuake normally felt by people.

The Northeast States Emergency Consortium documenteebattuakes within 250

miles of the NESEC northeast region from January 1 through December 5, 2012. These
earthquakes ranged from 0.3 to 4.5, and 30 of them were 2.5 or greater (se@@-igure

below). NESEC also notes that of particular interestin 2042s a sequence ofr
of 12 offshore earthquakes that occurred off the continental slope east of Massachusetts,
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ranging from magnitude 0.5 to 4.5. The 4.5 event occurred 250 miles east of Boston on
April 12, 2012. Because of the proximity to Bostod other coastal cities such as
Portsmouth, NH and Portland, ME, the NESEC State Geologists and State Directors of
Emergency Management have requested that the US Geological Survey (USGS) conduct
an immediate and thorough review and advise them on teatf for future activity in

this offshore region. The USGS investigation is currently underway.

Table 24 - Historical Earthquakes in Boston or Surrounding Area,17272012*

Location Date Magnitude*

MA - Cape Ann 11/10/1727 5

MA - Cape Ann 12/29/1727 NA
MA ¢ Cape Ann 2/10/1728 NA
MA ¢ Cape Ann 3/30/1729 NA
MA ¢ Cape Ann 12/9/1729 NA
MA ¢ Cape Ann 2/20/1730 NA
MA ¢ Cape Ann 3/9/1730 NA
MA - Boston 6/24/1741 NA
MA - Cape Ann 6/14/1744 4.7
MA - Salem 7/1/1744 NA
MA - Off Cape Ann 11/18/1755 6

MA ¢ Off Cape Cod 11/23/1755 NA
MA - Boston 3/12/1761 4.6
MA - Off Cape Cod 21211766 NA
MA - Offshore 1/2/1785 5.4
MA ¢ Wareham/Taunton 12/25/1800 NA
MA - Woburn 10/5/1817 4.3
MA - Marblehead 8/25/1846 4.3
MA - Brewster 8/8/1847 4.2
MA - Boxford 5/12/1880 NA
MA - 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 ¢ Boston 12/27/1974 2.3
VAcMineral 8/23/2011 5.8
MA - Nantucket 4/12/2012 4.5
ME - Hollis 10/17/2012 4.0

*Historical earthquakes without recorded magnitude were classified based on intensity using the Modified

Mercalli Scale (intensity V or higherSource: HIRA
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Figure 20-Northeast Earthquakes, 1/1/12 to 12/5/12
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Earthquake Impacts Earthquakeswavemultiple impacts beyond the obvious building
collapse. Buildings may suffer structural damage which may not be readily apparent.
Earthquakes can cause major damage to roadways, making emergpoogeaifficult.
Water lines and gas lines can break, causing flooding and fires. Another potential
vulnerability is equipment within structures. For example, a hodpiteding may be
structurally engineered to withstand an earthquake, but if thpreguitinside is not
properly securedhefunction of the hospital could baffected Earthquakes can also
trigger landslides.

Liquefactioni Liquefaction poses a particular risk for Bostmatause athe extensive
area of theCity built on filledland (seeFigures 21 and22). During an earthquake these
soils become unstable, effectively liquefyingstabilizing the buildings above leading to
collapse, ruptured utilities, and other related impacts.

Potential earthquake damage®tmston have been estimated using HAZANS1. Total
damages are estimated at4illion for a 5.0 magnitude earthquakéth an epicenter in
downtown Bostonand $45 nillion for a 6.5 magnitude earthquakeith an epicenter in
central New Hampshir®©ther potenal earthquakémpacts are detailed in Tal28.

According to the Boston College Weston Observatory, in most parts of New England,
there is a one in ten chance that a potentially damaging earthquake will occur in a 50 year
time period. The Massachusettat® Hazard Mitigation Plan 2013 classifies earthquakes
as "very low" frequency events that occur less frequently than once in 100 years, or a less
than 1% per year.
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Figure 21 - Boston Study Region Liquefaction Potential
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Figure 22 - Boston Study Region Soils
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Source: Baise, Laurie G., Rebecca B. Higgi and Charles M. Brankman, Tufts University
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Unreinforced Masonry Buildings Many oldermasonry structures lack structural
components that would prevent collapse in the event of an earthquake. Basselooh
conducted by the Northeast States Emergency Consautiliomg property assessment
dataonthe structural classifications of bumdjsin Boston there are as many as 18,919
unreinforced masonry buildings (URM) the City (see Figur@3). These buildings

include historic structures such as @lel Statehousd-aneuil Hall, ananost of the

buildings on Beacon Hill and Back Bay. In addition, a number of the fire stations, police
stations, and schools are vulnerable masonry buildings.

Old State House, example of an Unreinforced Masonry Building

Beyond these unreinforced maspbuildings, roughly 50% of the residential building
stock in theCity was built before 1940 thereby pdating the building code and
applicable earthquake damage mitigation design standards.

Although earthquakes aegpotential citywide hazard,ite aeas of theCity with the
greatest overall vulnerability to earthquake damage are those where unreinforced
masonry buildings are located in areas with high liquefaction potential. R2¢gsteows
these areas as mapped by NESEC.
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Figure 23
Observed Count of URM Buildings by Tract for Boston
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Figure 24
City of Boston Property Parcels with Liquefaction Potential
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Landslides

Typically, a landslide occurs when tbenditionof a slope changes from stable to

unstable. Natural precipitation such as heavy snow accumulation, torrential rain-and run
off may saturate soil creating instability enough to contribute to a landslide. The lack of
vegetation and root structure that diabs soil and human activity can destabilize hilly
terrain.

There is no universally accepted measure of landslide extent but it has been represented
as a measure of the destructiveness of a landslide. Zaldpresents the estimated

intensity for arange of landslides. For a given landslide volume, fast moving rockfalls
have the highest intensity while slow moving landslides have the lowest intensity.

Table 25. Landslide Intensity

Estimated Volume Expected Landslide Velocity

(m? 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 Slightintensity

10,0001 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,
Central Italy, M. Cardinali et al, 2002

The City of Boston is atklativelylow risk for landslides. However, the City of Boston

has experienced small landslides in our neighborhoods. The hilly terrains throughout
many of Bostono6s oldenindgrdstoucturenobretalning imalisy e a n
unreinforced masonry, granite boulders or stone slopes. Under proper conditions these
structures are subject to erosion and collapse in the form of a landslide.

The City of Boston has experienced the collapse retaining wall in the Orient Height
section of East Boston. Most recently, a large 40 foot rock cliff landslide collapsed
carrying mud and large boulders onto Olive Street in the Brighton neighborhood of
Boston following three major backo-back weeked winter stormghatculminated on
Sunday, February 24, 2013.

Based on past occurrenca®d the Massachusetts Hazard Mitigation Plan 2013

landslides are of Very Low frequency, events that can occur less frequently than once in
100 years (less than 1%ipyear).
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Atlantic Based Tsunami

The Federal Emergency Management Agency defines tsunami as a series of enormous
seismic sea waves created by an underwater disturbance caused by geologic activity in

the form of earthquakes, volcanic eruptiamsgerwater landslides or meteorites striking

the Earth. A tsunami can move hundreds of miles per hour in the open ocean and smash
into land with waves as high as 100 feet or more. Earthquake induced movement of the
ocean floor most often generates tsuisanif a major earthquake or landslide occurs

close to shore, the first wave in a series could reach the shore in a few minutes, even

before a warning is issued. Coasts that are at greater risk are areas less than 25 feet above
sea level and within a nailof the shoreline.

Tsunami wave action over the shore is variable and mainly dependent of the combination

of both submarine and land topography in the area and the orientation of the arriving

waves. The extent of damage and impact from tsunami depeowlshgsource and

severity of onset on the tide cycle. As such, the Boston Harbor Islands, Deer Island
Sewerage Treatment Pl ant, Bostonds I nner Har
Bostonbds coast al nei ghbor hoodfsoméunami.al | v ul ne

According to the West Coast and Alaska Tsunami Warning CABMEATWC), an

Atlantic based tsunami threat level for the US east ¢oésiv when compared to the US

Pacific and Caribbean coasts. Although the probability is low, a tsunesat tioes exist

and it is not out of the realm of possibility for the Atlantic. Geophysics specialists and

geologists from the U.S. Geologic Survey and the Woods Hole Oceanographic Institute

have researched Georges Bank Lower Slope of the western NizaiticAand the

relationship there between submarine landslides and earthquakes (se@%igure A T h e

US Atlantic coast would be particularly vulnerable to devastation from tsunami because

of the high density of population and infrastructure along itslyavg coastal areas and
estuaries.o Uri S ten Brink, et.al., Marine

Figure 25 - Atlantic Based TsunamiPotential Threat
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Further,Dr. ten Brink confirms thafi te likelihood that a tsunami will hit this coast is

fairly low. Howewer, he most likely source will be a landslide that happens underwater at

an area of about 215 miles offshore Boston in anlkarean as the Continental Slope.

This is the area that separates the very wide and shallow shelf. The shelf is about 100 to
150meters deep from the deepocéan. The US Geol ogi c Survey is
probability of a landslide on the Continental Shelf.

The City of Boston'gustification toinclude Atlanticbased Tsunami on the east coast is
based upon one of three possiblensems for theCity. First, a submarine landslide off

the continental slope 215 miles off shore of the City of Boston. Such an underwater
landslideoccurred in 1929vhen a 7.2 magnitude earthquake created large waves that
killed 28 people ilNewfoundland. Second, there is a subduction zone in the
Caribbearcalled the Puerto Rico Trench that could create an east coast tsuntrrd
scenario is from earthquake and volcanic activity in the form of a submarine landslide in
the Canary IslandsThis scenario involves the collapse of the western flank of the
Cumbre Vieja Volcano located at La Palma, Canary Islgmatentially generating a

giant wave which scientists have termed a megatsunami. The wave would radiate out
across the Atlantic Oceamnd inundate the eastern seaboard of North America including
the American, the Caribbean, and northern coasts of South America some six to eight
hours later.The impact from such an event is being analyzed as to how high the waves
would actually become a@e crossing the Atlantic Ocean to the City of Boston and
Eastern Massachusetts.

The NOAA National Weather Servie€aunton organized a NW&/CATWC Tsunami
Awareness Emergency Manager Workshop attended by the City of Boston on February
23, 2010. As a follv-up, the City of Boston participated in an Atlantic Tsunami

Warning LANDEX 10 Exercise with the WCATWC on March 4, 2010. LANDEX 10
simulated a major earthquake, subsea landslide and tsunami generated 170 southeast of
Boston. The May acy Kanagéniefit (O&EM) reguiarlyEnorétorsy e
NWS-WCATWC Warning/Advisory Tsunami Alerts. Since 2010, the NWEATWC

issued Warnings and Advisories which have not resulted in a tsunami in the Atlantic to
date.

Tsunami Vulnerability and Impact

A tsunami genetad in the Atlantic could severely impact populations and critical
infrastructures along Bostonbs inner and out
Bostondbs coast al nei ghborhoods are surrounde
above the inundatioreVel of a tsumani. provide some elevation protection from tsunami.

However, the population density of those living along and their ability to evacuate the

coast increases their risk from tsunami. These residents and businesses include special

needs poputeons, assisted living facilities, public housing, higher education, major

modes of transportation, oil and natural gas refineries and steam power generation for
Bostonds hospitals. The City of Boston pl an
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impacs of tsunami inundation along the entire Boston coastline when the new Tsunami
HAZUS-MH tool is available.

Response to an approaching tsunami could easily requireraittneoastal evacuation

zone. Accurately predicting the timing of landfall is of themost importance for
successfuberticalevacuation.If the tsunami struck late evening/early morning, then it
would be challenging to warn and evacuate residents quibidyel time for a tsunami

could be as little as a few houes shown ifrigure26. In this example &.4 magnitude
earthquake struck at 11:01pm EST, Sunday, January 12,180ated 85 miles northeast

of Mayaguez, Puerto Rico. Fortunately, the earthquake did not generate a tsunami. The
WCATWOC issued tsunami travel times between 8 twurs If atsunamialert had been
issuedt would have affected Bostdretween 2:00am EST to 5:00am on Monday
morning, January 14, 2014.

Figure 26 - Atlantic Based Tsunami Travel Times

Tsunami travel time contours in hours, beginning from the earthquake origin time.
|
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Event ID: mzbn5m-1 Earthquake Origin Time: 04:00:58 (UTC)
Earthquake Magnitude: 6.4 Date: 1/13/2014

Earthquake Location: [19.37N, -66.79W]|, 85 miles NE of Mayaguez, Puerto Rico

Relatively few tsunami waves have been recorded on the Atlantic coast. One of the most
serious was on November 18, 1929, when a 7.3M earthquake generated a tsunami that
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killed 29 people in Newfoundland and Nova Scotia. The National Oceanic and
AtmosphericAdministration (NOAA) lists the following known or suspected East Coast
tsunamis®

1. Nov 1, 1755/ Lisbon, Portugal/ Tsunami in Newfoundland and the Caribbean.
Computer models suggest 10' waves along the East Coast of the USA.

2. Oct 11, 1918/ Puertico/ Waves recorded on Atlantic City, NJ, tidal gage.

3. Nov 18, 1929/ Grand Banks/ Tsunami in Newfoundland and Nova Scotia.
Newfoundland Waves recorded on Atlantic City, NJ / Ocean City, Maryland / and
Charleston, South Carolina tidal gages.

4. Aug 4, 1946/ Dominican Republic/ Waves recorded on Atlantic City, NJ, Daytona
Beach, FL, and Bermuda tidal gages.

5. Aug 8, 1946/ Dominican Republic / Waves recorded on Atlantic City, NJ, tidal gage.
6. Nov 14, 1840/ Mid Atlantic Region / Tsunami in theldeare River.

7. Nov 17, 1872 / Maine/ Maine

8. Jan 9, 1926/ Maine/ Maine

9. May 19, 1964/ Northeast USA/ Northeast USA

Severe coastal storms can produce metapamis, tsunamike wave phenomenon of
meteorological origin. Climate change may incraasefrequency of these. On June 13,
2013, thirty different tide gages and one buoy measured a tslikamiave from
Barnegat Light, New Jersey to Southeastern Massachusetts, probably due to severe
thunderstorms generating metisonami waves. Rogue wavasocked people into the
ocean, damaged boat moorings, and caused minor coastal inundation.

Based on past occurrenca®d the Massachusetts Hazard Mitigation Plan 2818amis
are of very lowfrequency, events that can occur less frequently than ordd@®igears
(less than 1% per year).

Extreme Temperatures

Extreme temperatures can impact public health, economic activity, cultural artifacts, and
governance functions when electrical and transport systems are disrupted. Ecological
impacts may also oac as high temperatures can cause a deterioration of water quality.
In Boston @treme heat events are most common in.Jithe highestemperature
recordedvas104°F, on July 4, 1911followed morerecenly with ahigh of 103F on
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July 22, 2011According to the Northeast Regional Climate Center at Cornell University,
2012 was the warmest year in the US to date, and the third hottest siintresne cold

is most common in January with the lowest recorded temperature-h8firgn

February, 1934 Extreme temperatures are a eyde hazard for Bostorm.able26

shows the recent history of extreme temperatures in Boston.

Table 26 Extreme Temperatures in Boston, 2002012

Year Number of Daysk90°F bdzYo6SNJ 2F 5
2005 14 8

2006 11 None

2007 18 2

2008 8 None

2009 6 None

2010 24 None

2011 13 2

2012 12 1

Extreme Heat

Extreme heat is the primary cause of weatletated fatalities in the United States.
Historically, from 19792003, excessive heat exposure caused 8,015 deaths in the United
States. During this period, more people in this country died from extreme heat than from
hurricanes, lightning, tornados, floods, and earthquakes combined. In 3@ Heaths

were caused byxeessive heat exposure.

During the summer months, ti@&ty of Boston is especially vulnerable to heeltated
hazards. On summer dayte City can be as much a®5°F degrees warmer than
surroundingareas.The City's development anthfrastructure whichis largely made up

of asphalt, concrefand metal, traps the heat. This is known as the "Urban Heat Island"
effect

The BostorPublic Health Commissiodefines severe heat as air temperatur@0sf or
higher. Extending over multiple dayse a ¢ h  d aipubnstempeatare would be
considered extreme and constitute a natural hazard éneti10, there were 24 days in
the City of Boston with recorded temperaturd® & or greater.

Heat waves are particularly dangerous for children, seniors, people wdibveescular

disease, and people taking psychotropic and other medications. According to the Centers
for Disease Control, social isolation and tihability to care for oneself put a person at
greater risk for heatelated illnessHowever, even young anetalthy individuals can

succumb to heat if they participate in strenuous physical activities during hot weather

do not take appropriate precautions.

Exposure to extremely high temperatures impacts human health through heat stress and

decreased air quali whichaggravates other respiratory diseases, such as emphysema.
The elderly and other vulnerable populations generally suffer greater impacts and many
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elders die in extreme heat waves, especially with limited accessdoraiitioning.
Evacuations fsm buildings without atconditioningor other cooling capabilitgre

crucial to avoid heat stress, both for people at work and those at home. Cooling centers
may be stressed to capacity.

The probability of largescale power outageshsgher duringextended heat waves.

Outages in apartment complexes and congregate care facilities could result in loss of air
conditioning services and subsequently displace large numbers of individuals who will
require a location to escape the heat.

With increasingemperatures and summer extreme heat events, trees play a critical role in
protecting public health by regulating local temperatures. In areas of the city where the public
cannot afford to escape the summer heat by leaving town or finding access to air
conditioning, trees reduce the urban heat island effect and keep people cool. Tree distribution
and canopy coverage across the city needs to be evaluated for opportunities to plant and
protect trees. Public outreach is equally important to educate the polsdtewardship and

the value of trees.

Extreme Cold

Extreme cold is a dangerous situation that can bring on health emergenciesllgapecia
susceptible populatiormich as homeless individuals, children, and the elderly. Wind
chill factor, the combinedffect of cold temperatures and wind speed, adds to the threat

A

posed by low temperatureBo st ond6s Emergency Operations

1 Extreme cold conditions may last for several days.
1 Frozen and burst pipes can be secondary events caused by exdi@éme
1 The City of Boston has programs in place to prepare for extreme cold weather.

The City of Boston recognizes an extreme cold weather situation to existivenen
National Weather ServiddWS) forecass awind chill of @° F or below for three hours
or more. During an extreme cold weather situation, depending upon the prevailing
conditions, the City of Boston will issue any one of three types of alerts:

1. Extreme Cold Weather AdvisofBoston) When the NWS forecasts a wind chill
of 0° F to-14° F for tiree hours or more

2. Wind Chill Advisory(NWS): When the NWS forecasts a wind chill-a6° F to-
24° F for three hours or more

3. Wind Chill Warning(NWS): When the NWS forecasts a wind chill-@5° F or
colder forthree hours or more

Based on past occuneesextreme temperaturese ofmediumfrequencydefined by

the Massachusetts Hazard Mitigation Plan 2018vasts that occudrom once in 5 years to
once in 50 years (2% to 20% probability per year)
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Fire Hazards

Brush Fires

For the purposes of this plan, a brush fire is an uncontrolled fire occurring in a forested or
grassland area. In the Boston regsorchfires rarely grow to the size tfioseseen more
typically in the western U.S. As their name implies, these firesalpiburn no more

than the underbrush of a forested area. These fires present a 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 allafitte the spread into homes.

Some of the park areas in @&y may have conditions suitable for brush fires,

particularly those with large stands of phragmites (wetland grasses). Theserfikesdca

to urban conflagrations.

Wildfires in Massachusettsemeasured by the number of fires and the sum of acres
burned. The most recent data available for wildfires, shown in Fajurelow,

indicates that the wildfire extent in Boston was between 0.25 and 9.0 acres burned, with
the City experiencing feweghan 20 wildfires between 202009.

On April 19, 2012, a brush fire broke out in a wooded area near Trenton Road in Dedham
and burned between 50 to 100 acres along the Neponset River Reservation, bordering on
the City of Boston. Due to the high windadwind direction black ash could be seen
floating in the air throughouhe Boston neighborhoodsf West Roxbury, Hyde Park,

Jamaica Plain, Mattapan, and Dorchester. Likewise, the ash was located in Milton and
Quincy along the Rt. 28 corridor.

Figure 27. MA Wildfires 2001-2009
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Source: Massachusetts Hazard Mitigation Plan
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Potentialvulnerabilities towildfire includeinjuries and loss dfiuman life,damage to
structures and other improvements, andacts omaturalresources. Given the
immediateresponse times to reported wildfiiesBoston the likelihood of injuries and
casualties is minimal. Smoke and air pollution from wildfires can be a health hazard,
especially forsensitive populations including children, the elderly, and those with
respiatory and cardiovasculdiseases. Wildfire may also threaten the health and safety
of those fighting the fires. First respondersexposed to the dangers from the initial
incident and afteeffects from smoke inhalation and heat stroke.

Based on pastogurrencesind the Massachusetts Hazard Mitigation Plan 2013
brushfiresare ofMedium frequencyevents that can occavents that occur from once in
5 years to once in 50 years (2% to 2pfabability per year)

Urban Conflagrations

Urban conflagrationarelarge buildingto-building firesthatspread over a relatively

large urban are&Vhile not typically included as a natural hazardhan conflagrations

can be sparked by a natural hazard event like an earthquake, tornado, or lightning strike.

The Ndional Fire Protection Association (NFPA) uses the term conflagration to describe
a fire with major buildingto-building flame spread over some distance. Numerous factors
increase the chance of conflagration in an urban setting, including:

(1 closely builtstructures;

(1 the use of untreated wood shingles as exterior covering for roofs or walls;
1 poor water supplies, weaknesses in automatic or manual fire suppression
systems;

(1 dilapidated structures, especially abandoned buildings in large numbers;

[1 largescale combustible construction or demolition projects;

1 wild land / urban interfaces; and

1 built-up areas near highazard locations, where a transportation or industrial
fire or explosion could quickly involve large numbers of buildings.

Most urkan conflagrations have two or more of the factors listed above. The City of
Boston contains many of the abelisged conditions, increasing the possibility of Boston
experiencing conflagration.

Conflagration may occur naturally (e.g., lightning strikeberstarted by people, either
intentionally (arson) or by accident (e.g.,
[incorrect use of space heaters]). In order for the Boston Fire Department (BFD) to

classify a fire as a conflagration, the fire netdbe selfsustaining and last an extended

period (approximately eight hours).

Boston has experienced numerous conflagrations over the years causing millions of
dollars in damage, displacing hundreds of businesses, and leaving hundreds of people
homelessThe largest property loss to conflagration to date was the Great Boston Fire of
1872, which destroyed 776 buildings and caused $75,000,000 (approximately $3.5 billion
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in current dollars). Although many building codes were changed in the aftermath of this

and subsequent fires, much of Bostonds housi
rear porch fireon Bellflower Streef{Dorchesterlined with three deckers caused another
conflagration that damaged or destroyed 35 nfattiily dwellings (there weréres

reported on over 250 roofs). In 1987, a small plane crashed into a Lonsdale Street
(Dorchesterhouse damaging or destroying 9 homes and 12 vellielzsuse of the

ensuing fires

Conflagration is a low probability, high impact event for the CitBoston. Several

reasons for this are Bostonds narrow streets
buil ding construction that predates modern f
layout, with Charlestown and East Boston separated fromest@f the City by bridges

and tunnels can deldlye arrival offirst responders. Closely spaced wooden three

deckers (thre¢éamily homes) are common across numerous neighborhoods in the City.

Most vulnerable are the nanasonrypalloon framearchitecture and wood construction

attached row houses.

Vulnerability to conflagration in the City of Boston includes the potential for human

injury and/or death from burns, smoke inhalation, and psychological trauma. Personnel
responding to the conflagran are particularly susceptible to upper respiratory problems
because of the gases and toxins present in a fire. Property and infrastructure affected by a
conflagration are vulnerable to structural collapses, specifically with structures built

before moern fire codes.

Space Weather and Solar Storms

The level of activity of the Sun sunspots, flares, amount of radiation, and other

phenomend goes through an approximately-§éar cycle of increase and decrease.

Solar astronomers count the cycle from 1#5%766 as the first cycle, and we are now in

cycle 24. According to NOAAbGs Space Weat her
solar activity is expected to occur in 2013, although the maximum will be ethiass

average intensity.

NOAA divides distirbances on Earth caused by solar activity into three major categories:
geomagnetic storms, solar radiation storms, and radio blackouts. For each category,
disturbances are described by a rating scale that goes from 1 (minor) to 5 (ek#héme).
the extrere end, solar storms can produce:

1 Widespread voltage control problems and protective system prolvigroser
systems, with some electrical grids experiencomgplete collapse or blackouts

1 Degradation of functionality of global positioning system (GRS8igtion air
traffic control systems, telecommunication systems, and satellite communication

7 http://lwww.swpc.noaa.gov/SolarCycle/
8 http://www.swpc.noaa.gov/NOAAsles/index.html#GeomagneticStorms
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The primary concern for emergency responders is a geomagnetic storm. In March 1989, a
major geomagnetic storm caused a chain reaction that took only 92 secoadsedhe

entire electrical grid of the province of Quebec to blackout leaving over 6 million people
without power for over 9 hours. The rapid onset did not allow operators any reaction

time to evaluate what was occurring or to take corrective actiom.s@Ziety may be

becoming more vulnerable to such storms. The Northeast U.S. is particularly vulnerable
due to its high geomagnetic latitude, the local geology, and the interconnectivity of the
grid.

In the case of electric power grids, both the mammerhich systems are operated and
the accumulated design decisions engineered into préagmetworks around the world
have tended to significantly enhance geomagnetic storm impacts. The result is to
increase the vulnerability of this critical infrastture to space weather disturbantes.

I f a maj or g e o ma gbouttenitimes fargar thaas arsotdioarydscd

occurred today, over 300 large transformers in the Unites States could be at risk of
permanent damage, with the potential to cut powé&Btmillion people? Repair times

could range from weeks to years depending on the size and types of the transformers
damagedin a solar cycle, there are typically three or four G5 events. There is about a 10
percent chance of acyflesluperstormo in each

Invasive Species

The Asian bnghorned beetle (ALBAnoplophora glabripennjss a destructive woed

boring pest of mapland other hardwoodsALB is believed to have been introduced into
the United Statekom wood pallets and other wood packing material accompanying
cargo shipments from Asial'he tree species preferred as hosts by the Asian Longhorned
Beetle are hardwoods including several maple species (Norway, sugar, silver, and red
maple), box eldehorsechestnut, buckeye, elm, London plane, birch, and willow.

The Asian Longhorned Beetle is classified in the wood boring beetle family,
Cerambycidae. Adults are 1 to 1 %2 inches in length with long antennae and are shiny
black with small white markingsn the body and antenna@nce the eggs hatch, small
white larvae bore their way through the bark into the tree, feeding on the sensitive

9 Kappenman, JGeomagnetic Storms and Their Impacts on the U.S. Power Goigta: Metatech
Corporation, 2010

10seeSevere Space Weather Everttmderstanding Societal and Economic ImpaétdNorkshop Repart
National Academy of Sciences, 2008tp://www.nap.edu/catalog.php?record_id=125471d
http://science.nasa.gov/scientews/sciencat-nasa/2009/21jan_severespaceweather/

11 SeeRiley, P. "On the probability of occurrence of extreme space weather evigmisg Weather, vol. 10,
S02012d0i:10.1029/2011SW000732012, and_ove, J."Credible occurrence probabilities for extreme
geophysical events: Earthquakes, volcanic eruptions, magstetims' Geophysical Research Letters, vol.
39, L10301, doi:10.1029/2012GL051431, 2012.
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vascular layer beneath. The larvae continue to feed deeper into the tree's heartwood
forming tunnels, or galleried the trunk and branches. This damage weakens the
integrity of the tree and will eventually Kill it if the infestation is severe enough.

Over the course of a year, a larva will mature and then pupate near the surface, under the
bark. From the pupa, an dtlbeetle emerges, chewing its way out of the tree; forming
characteristic round holes approximately 3/8ths of an inch in diameter. Many of these
holes will appear on a heavily infested tree frequently accompanied by frass (sawdust)
and sap oozing from thHeoles. The emergence of beetles typically takes place from June
through October with adults then flying in search of mates and nevdaggg sites to

complete their life cycle.

In August 2008, ALB was discovered in Worcester County, Massachusetts, ang in
2010, ALB was found ithe City of BostonOn July 2, 2010, an arborist at the Faulkner
Hospital in Jamaica Plain discovered six red maples trees that were exhibiting signs of
ALB infestation. The trees were removed on July 3, 2010.

The Asian LongHorned Beetle Suppression Zone neighborhoods encompass parts of
West Roxbury, Roslindale, Jamaica Plain, and Rox(seg Figur@8). In 2011, the

ALB Eradication Program shared their plans for a tyegr treatment program in

Boston in which all host ¢es within %2 mile of the infestation was trebtgth

imidacloprid. The 2012mwing update determined that since the onset, more than 70,000
trees have been surveyed and no other ALB damage has been identified.

On August 31, 2012, discovered for thetfiime in Massachusetts, the Emerald Ash

Borer (EAB) was detected in the Town of Dalton. The Emerald Ash Borer has spread to
Eastern Massachusetts and was detected on November 22, 2013 off of Route 125 in
North Andover, MA.The first detectiorof anEmerdd Ash Borer within the City of

Boston was on July 16, 2014, when it was found in the Arnold Arboretum, and confirmed
onJuly 18, 2014.

EAB is a very tiny, emeraldreen metallic flying beetle native to Asia that prefers the
northern hardwood of ash teehich is a common species in the Berkshires as well as in
eastern Massachusetts. The eastward spreagriddis planipennigrom western
Massachusetts is inevitable because the EAB is a tiny flying inslestever, the City of
Boston inventory of Ash ¢es is limited and the City is no longer planting the variety of
Fraxinus species of Ash trees. The City of Boston remains vigilant in the continued
monitoring to prevent the spread and eradication of invasive species protect our trees.
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Figure 281 Asian Longhorn Beetle Suppression Area in Boston
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The Boston Parks and Recreation Department recently expanded an elm bark beetle
program to fight the transmission of Dutch elm disease. The City placed experimental
traps at 24ocations in the Emerald Necklace and Copley Square in an effort to protect
elm trees from destructive elm bark beetles.

Vulnerability Assessment

The purpose of the vulnerability assessment is to estimate the extent of potential damages
from natural haards

Critical Infrastructure in Hazard Areas

Critical facilities include facilities that perform important funcsaturing a natural
disastersuch as shelters, emergency operation centers, and public yaktiesll as
locations that house senséipopulations, such as schools orging homes In Boston
2733 critical facilities have been identified for this plan update, a significant increase
over 892 facilities identified in the 2008 plarhesefacilities are listed ihe Critical
Facilities Inventoryn AppendixD.

Thecritical facilities are included on the maps that also pottiagreas subject to
natural hazards, timdicate the potential vulnerabilities thfe criticalfacilities to natural
hazards Because ofheir large size, the fucale map series &vailable in digital
format but a reducedcale set of eight citwide maps is included in Append® of this
plan.

Because such a large portion of Boston was constructed andilow lying areaand

because of th€ityd s e x t e n s i significanbhansberof tritical &agilitiea are

located in hazard zonesndsomeare located in more than one hazard zoeened

multi-hazard zonesThe Critical Facilities Inventory in AppendD displays which

hazard zones each facility is located in, and the number of facilities located in each

category of hazard zone is summarized in TaBlbelow. Of the 2733 critical facilities

inventoried,57 are located within a flood hazard area (asidehtt ed on FEMAGOs FI o
Insurance Rate Maps), and®Bare located within an area potentially subject to storm

surges (as identified on the US Corps of Eng

There are 46 muHnazard sites that are located in both a flood hazard aodnasurge

area.n addition to the critical facilities sitespmponents of th€ityd s t r ansport ati o
infrastructure are also located within or partially within both hurricane surge zones and

areas at high risk for liquefaction. This includes Storrow&rsoldiers Field Road; |

90, and 193 (see Maps 4, 5, and 8 in Appenddy.
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Table 27 Summary of Critical Facilities Located in Hazard Zones

Hazard Zones Number of Percent of Total
Critical Facilities (2733)
Facilities

FLOOD ZONES

Zone A 1 -

Zone AE 29 1.1%

0.2% Chance 27 1.0%

TOTAL in All Flood Zones 57 2.1%

HURRICANE SURGE

ZONES

1 49 1.7%

2 677 24.7%

3 1 --

4 143 5.3%

TOTAL in All Surge Zones 870 31.8

LANDSLIDE

SUSCEPTIBILITY

Low 456 17

Moderate 2271 83

Not Classified 6 --

TOTAL in All Zones 2,727 100%

AVG. ANNUAL

SNOWFALL

Low (367 48 inches/year) 1,853 67.8%

High (4872 inches/year) 850 32.2%

TOTAL in All Zones 2733 100%

Damage Assessments

An estimae of damages for hurricanes, earthquakes, and floadasgperformedby the
Northeast States Emergency Consortivas the HAZUSMHE softwae.

HAZUS- MHE (multiple-hazards) is a computer program developed by FEMA to
estimatepotentiallossedrom earthquakes, floods, and hurricane winds. Loss estimates

produced by HAZUSM H E

ar e

based

on

current

scientific

of the effects of hurricane winds, floods and earthquakes. There are three levels at which

HAZUS-MHE c an

b e | usesrefault date andédilding types, utilities,

transportation, from national databgsesluding the U.SCensus. The analysis in the
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2008 plan used Levéldata. For thi2014 plan update, the Northeast States Emergency
Consortium usetlevel Il da, which is based oacity-specificinventory of critical
facilities and infrastructure that was updated in 2011

For more information on the HAZUBIHE software, go to
http://www.fema.govglan/prevent/hazus/index.shtm

EstimatedwWind Damages from Hurricanes

Table28 showsthe estimategotentialwind damages to th€ity of Boston fromseveral
historichurricanesshould they occur today. Tieirricanes analyzed include

1 The Hurricane of 1938 (not named)

91 Hurricane Carol, 1954

91 Hurricane Irene, 2011

HAZUS-MHE Hu r estimatesdamage caused by wamdly, and does nanclude
damage caused liipoding, storm surge, or collaterahpactssuch apower outages
The HAZUSMH E analysis for hurricanes does not include estimates of casualties.

Table 28
Estimated Wind Damages from Hurricanes(2012 $)

1938 Hurricane| Hurricane Carol Hurricane
(1954) Irene (2011)

Direct Economic Losses
for Buildings
Building image
(Structural and NotStructural) $298,978,000 $631,972,000 $7,839,000
Building Contents Damage $32,408,000 $82,636,000 $704,000
Business Interruption (Income Losses $40,784,000 $104,996,000 $67,000
Total BuildingRelated Losses $372,170,000 $819,604,000 $8,610,000
Displaced Householdand Peoplée
Number of Displaced Households 756 2,176 0
Number of Displaced People 1,746 5,027 0
Estimated Debris Generate@ons)
Tree (To be Disposed at Public Exper 7,437 12,077 540
Reinforced Concrete and Steel 0 3 0
Brick, WoodGlass, Plaster and Other 61,673 127,106 1,604
Total Debris 69,110 139,186 2,144

Source: NESEC, HAZUMIH Level Ilanalysis for the City of Boston
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EstimatedDamages from Earthquakes

Table29 shows the estimatgubtential damages to tl@ty of Boston fromseveral
historic earthquakeshould they occur today. The earthquakes analyzed include

1 A magnitude 5.@arthquake epentered in downtown Bosto® magitude2.0
earthquake occurred at this location@ecember 27, 1974

1 A magnitude 6.@arthquake epicenteredtime Atlantic Ocean about 24 miles east
of Cape Ann A magnitudeS.0earthquake occurred at this locationNovember
18, 1755

1 A magnitude 6.5 earthquakpicentered icentral New HampshireA magnitude
6.5earthquake occurred at this locationJame 11, 1638

This earthquake report estimates damage caused directly by the earthquake, and does not
include damageaused by collateral impacts such as hazardous materials releases.

Table 29

Estimated Damages from Earthquakes

5.0 Magnitude 6.0 Magnitude 6.5 Magnitude
Downtown Cape Ann New Hampshire

Direct Economic Losses for
Building¢
Building Damage
(Structural, NorStructural) $1,920,605,000 $234,978,000 $246,399,000
Building Contents Damage $1,019,422,000 $83,158,000 $73,999,000
Businessriterruption (Income Loss $509,999,000 $113,579,000 $136,705,000
Total BuildingRelated Losses $3,450,026,000 $431,715,000 $457,103,000
Displaced Householdand Peoplé
Number of Displaced Households 4,125 509 554
Number of Displaced People 9,529 1,176 1,280
Casualties
Minor Injuries
(no hospitalization required) 728 107 159
Injuries Requiring Hospitalization
(but not lifethreatening) 357 21 24
Life-Threatening Injuries 373 11 2
Deaths 100 5 4
Estimated Debris Generated (Ton:
Reinforced Concrete and Steel 289 50 60
Brick, Wood, Glass, Plaster 304 82 91
Total Debris 593 132 151

Source: NESEC, HAZUMIH Level Ilanalysis for the City of Boston
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Estimated Damages frorRiverine and Streanilooding

Table30 shows the estimatqubtential danages to th€ity of Boston from a 10§@ear storm. The analysis was conducted for each of
the major watersheds that cover @igy, including the Charles River, Mother Brook, Muddy River, and Mystic River. The total direct

economic losses from all watersheds bamed is mee than $212 billion, as shown in Tal3@ The HAZUSM H E analysis for
flooding does not include estimates of casualties.

Table 30

Estimated Damages fromRiverine and StreamFlooding

100 Year Storm

Charles Rer Mother Brook Muddy River Mystic River TOTAL
Watershed Watershed Watershed Watershed
Direct Economic Losses for Buildidgs
Building Damage (Structural) $4,727,000 $44,045,000 $24,341,000 $2,792,000 $75,905,000
Building Contents Damage $10,899,000 $60,985,000 $55,867,000 $5,919,000 $133,670,000
Business Interruption (Income Losse $969,000 $538,000 $883,000 $288,000 $2,678,000
Total BuildingRelated Losses $16,595,000 $105,568,000 $81,091,000 $8,999,000 $212,253,000
Displaced Peopfe
Number of Displaced People 467 2,040 7,373 245 10,125
Debris Generated (Tons)
Finishes (Drywall, Flooring,
Insulation, etc.) 113 3,807 3,052 113 7085
Structures (Framing, Walls, Exterior
Cladding) 1 812 0 1 814
Foundations 2 537 0 2 541
Total Debris 116 5,156 3,052 116 8,440

Source: NESEC, HAZUMH Level Ilanalysis for the City of Boston
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V. HAZARD MITIGATION GOALS

At its February 8, 201feeting, theBoston Hazard MitigatioExecutiveSteering

Committee meetingstablishedhe goals and objectives for natural hazard mitigation
planning in Boston.The committee reviewed and confirmed the goals at their subsequent
meeting.

Goal 1 Protect the health and safety of the public.

Encourage people to be prepared before, danmbafter a hazard event.

Ensure that services related to public health can function during and after a
hazard, e.g., sanitation, water, debris removal, hospitals and emergency services.
Ensure that evacuation can happen in an organized and efficieméman

Minimize secondary impacts from hazards, such as the release of polletgnts.

by covering salt piles.

Promote public communications

@ G@x GG

Q)

Goal 2: Protect existing properties and structures.

Provide resources for residents and businesses to makbutihdings and

properties more disaster resistant.

Educate the public on measures they can take to protect their property.

Maintain existing mitigation structures.

Ensure that future development / redevelopment does not make existing properties
more vulnerble to hazards.

Ensure that critical facilities are protected from hazards.

@ G@xGx G

Q)

Goal 3: Increase resilience by protecting and enhancing natural resources
Make green infrastructure a central part of the City's development strategy

Protect natural areas to ensthat they buffer impacts to built areas during a
natural disaster.

Protect and increase urban tree canopy

Manage ®rmwaterwith Low Impact Development techniques

Preserve and restore the functions of natural resource systems such as wetlands.
Promote geen roofs and cool roofs

O G

O D DG

Goal 4: Ensure that essential services can function during and after a hazard event.
Ensure that critical infrastructure is protected from natural hazards.

Ensure that people (key service providers and employees) can get iGityttee
provide services.

Ensurethatinterdepartmental communication is seamless.

Maintain the Emergend@perationd’lan EOP) andsupporting annexes

O G

O G
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Goal 5: Work regionally to mitigate impacts from natural hazards and to respond
and recover from hazard events.
Cj Continue to participate in regional efforts.
Cj Cooperate with other agencies, communities, and private entities.
G Understand priorities and capabilities of other entitieallow for resource
sharing, mutual aid, and entering into memoranda of understanding (MOU).

Goal 6: Determine priorities for directing resources for hazard mitigation and
response.

Prioritize mitigation projects.

Continue to program mitigation prajesin the Capital Investment Plan

Pursue various funding sources.

Encourage private propertwners to implement measures to protect their own
property.

@ GX@

Goal 7: Maintain Hazard Awareness.

Q Track and compile hazard related data.

G Understand the potentimnplications ofclimate change on the frequency and
extent of natural hazard events and incorporate that knowledgeazaod
mitigation efforts.

Maintain publidy available information on natural hazard risks in @ity.
Integratehazardmitigation into other City initiatives and plans.

GG
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VI. HAZARD MITIGATION STRATEGY

The central component of a hazard mitigation plan is the strategy for reducing the
communityds vul ner abi | Resporaliag tdtlee amalgsis of risk,| hazar
vulnerabilities, potential impacts, and anticipated future development, the process for

developing this strategequires evaluating previous and current community actmns

mitigatethe effects of natural hazards ars$essing where more action is neeied

complement or modify existing measur€he following sections include descriptions of

existing mitigation measures, a status update on mitigation measures identified in

previous plans, and descriptions of proposed mitigation measures. All mitigation

measures are evaluated by their benefits and potential costs to arrive at a prioritized list of

action items.

Introduction

The City of Bostonés Natur al Hazard Mitigat.
losses from hazards identified in the Natural Hazard Risk Assessment. The strategy

focuses on existing and potential mitigation actions that will mitigate the effects of

natural hazards. The Mitigation Strategy is a coordinated effort City of Boston

Departmets and intergovernmental stakeholders. These stakeholders recommended a
comprehensive range of inventive and effective natural hazard mitigation actions.

Mitigation Strategy Goals

A Establish mitigation goal s aemlngtermbj ecti ves
vulnerability to naturahazards.

A I dentify and anal yze -specificonitigatioe dcteomsshatv e r an g e
aim to achieve the goals and objectives of the natural hazard mitigation strategy.

A Depict pr oj,enplement, rfd adminigter mitgation actinns.

FEMA Reqguirements:

The Boston Hazard Mitigation Executive Steering Committee developed the mitigation
strategy consistent with the process and steps presented in the Federal Emergency
Ma n a g e me n t(FEM8)dHovweTy-Gude: Developing the Mitigation Plan (FEMA
386-3). This section satisfies the following requirements:

Requirement §201.6(c)(3)(i)){The hazard mitigation strategpall include a]
description of mitigation goals to reduce or avoid lben vulnerabilities to the
identified hazards.

Requirement §201.6(c)(3)(ii){The mitigation strategghallinclude a] section

that identifies and analyzes a comprehensive range of specific mitigation actions and
projects being considered to reduce the&# of each hazard, with particular emphasis
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on new and existing buildings and infrastructure. [The mitigation strategy] must also
address the jurisdictionds participation
and continued compliance with NFt@quirements and the Community Rating System as
appropriate.

Requirement: 8201.6(c)(3)(iii):[The mitigation strategy secti@hallinclude] an
action plan describing how the actions identified in section (c)(3)(ii) will be prioritized,
implemented, anddministered by the local jurisdiction. Prioritizatisimall include a
special emphasis on the extent to which benefits are maximized according to a cost
benefit review of the proposed projects and their associated costs.

What is Hazard Mitigation?

Hazard mitigation means to permanently reduce or alleviate the losses of life, injuries and
property resulting from natural hazards through {ergn strategies. These lotgrm

strategies include planning, policy changafijcationprogramsjnfrastructue projects

and other activities.

Hazardmitigation measuregsan generally be sorted indtx categoriesaccording to
FEMA®G kocal Multi-Hazard Mitigation Planning Guidance

1 Prevention: Government administrative or regulatory actions or processes that
influence the way land and buildings are developed and hailt direcpublic
activities to reduce hazard losses. Examples include planning and zoning,
building codes, capital improvement programs, open space preservation, and
stormwater management régtions.

1 Property ProtectionModificationor removalof existing buildings or
infrastructure to protect them from a hazd&tgamples include acquisition,
elevation, relocation, structural retrofits, flood proofing, storm shutters, and
shatter resistdrglass.

1 Public EducatiormandAwareness: Actions to inform and educate citizens, elected
officials, and property owners about the potential risks from hazards and ways to
mitigate them. Such actions include outreach projects, real estate disclosure
requirementshazard information centers, and schagé and adult education
programs.

1 Natural Resource Protecti@md Green InfrastructuréActions that, in addition to
minimizing hazard lossepreserve or restore the functions of natural systems.
These actions includew impact developmengsediment and erosion control,
stream corridor restoration, watershed managemdmanforest and vegetation
management, and wetland restoration and preservation.
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9 Structural Projects: Actions that involve thanstruction of structures to reduce
the impact of a hazard. Such structures include storm water controls (e.qg.,
culverts), floodwalls, seawalls, retaining walls, and safe rooms.

1 Emergency Services Protection: Actions that will protect emergency&grvic
before, during, and immediately after an occurrence. Examples of these actions
include protection of warning system capability, protection of critical facilities,
protection of emergency response infrastructure.

Funding to implement hazard mitigatiprojects may come from a variety of federal,
state, and local sourceBEMA currently has three mitigation grant programs: the
Hazards Mitigation Grant Program (HGMP), the-Bisaster Mitigation program
(PDM), and thd~lood Mitigation Assistance (FMA)rogram. The three links below
provide additional information on these programs.

HMGP: http://lwww.fema.qov/government/grant/hmgp/index.shtm
PDM: http://www.fema.gov/government/grant/pdm/index.shtm
FMA: http://www.fema.gov/government/grant/fma/index.shtm

Otherpotential funding sources include the U.S. Army Corps of Engineering, the Small
Business Administration.

Existing Mitigation Measures

The City of Boston achieved Emergency Management Accreditation from the National
Emergency Management Accreditation graom. The City implements an extensive set

of existing mitigation measures related to all kinds of natural hazards. These are
described below, and summarized in Tedile

As there are a significant number of state facilities inGitg of Boston, some ahe
mitigation measures are the responsibility of state agencies and authorities. These are
also included in Thle 31.

Existing Multi-Hazard Mitigation Measures

Emergency Operatioridlan EOP) i Every community irthe Commonwealth of
Massachusetts is required to hay@aa.B o0 s t lam adslresssmitigation,

preparedness, response and recovery from a variety of natural andadan
emergenciesncludingflooding, hurricanes, tornadodam failuresearthquakesnd

winter stormsBostod s EOP was | ast wupdated in 2012

Office of Emergency Management (OEMheMa y oOffitesof Emergency
Managementoordinates emergency management and homeland secogtams for

the City of BostonOEM works to mitigate, plan, and prepare for @mgencies; educate

the public aboupreparednessoordinate resources for emergency response and recovery
efforts; collect and disseminate critical information; and seek further opportunities to
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supportthe overall preparedness of Boston. In addit®BM plays a critical role in
emergencieby maintaining situational awareness of the incident as web@slinating
interr-agency respons@EM alsomanag s B o EmemenbyOperatiorGenter
during a time of needEM coordinatesvith otherfederal, state, and locanhtities
throughoutheregionto ensurghatproper hazard mitigation measureglemented

Local Emergency Management Planning Committee (LEPQ)e LEPC meets
regularlyto coordinate emergency management planning acesgsis City
departments, community institutions, and the private sdtsanembership includes
representatives ddw enforcementemergencymedicalservices emergency
managementffire service public health public works, environmentalagencies
hospitak/healthcaretransportationmedig communitygroups facilitiesusing Extremely
Hazardous Substance(s) (EH&)d elected state and local officials.

Communications Redundant and diverse methods are used to alert the public prior to or
during an emergenas described in the Boston EOP Emergency Public Information
Annexand the Boston Communications and Warning PTédas approach benefits the

entire community, including people with access and functional needs, as it offers multiple
options to access dadal and timely information thus enabling all people to take the
necessary steps under the circumstaridethods of alert include but are not limited to

the following: captioned television broadcastsnail alerts, cell phones with text

messaging capaliy, alphanumeric pagers, personal digital assistants (PDA), National
Oceanic and Atmospheric Administration weather radios with visual and tactile alerts,
text radios, electronic message boards on highways and in other public places, alerts that
are inclusive of and compatible with TTYs and accessible to individuals with hearing
impairments, and written flyers that are brought eoedloor or posted in public places.

The City of Boston's emergency notification system, ALERTBoston, alerts residents
about @ emergency in their area by using listed phone numbers. This is a voluntary
program where residents are able to register in advance and specify notification
preferences. Residents may enter various modes of communication for contact, such as
text messagesell phones, business phones, social media, -anaile

Text messaging is used to transmit emergency notifications, updatesther important
information to individuals who register for the service. This service should be available to
individuals with limited English proficiency, providing an option of selecting an
alternative language for the message during thegigpracess. Alert types may include

life safety, fire, weather, accidents involving utilities or roadways, team activation
notifications, or disaster notification (such as notification of a terrorist attack).

As a StormReady community, the City of Boston presidnformation to the National
Weather Service about the potential impact of natural hazards. This information is used
to provide the public with weather reports that allow forpenning and preparedness in

an effort to protect life and property in tivake of a natural disaster.

The national Emergency Alert System (EAS) was designed to ensure that if one link in
the dissemination of alert information is broken, the public has alternate sources for
warning. EAS provides capacity for the following:
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)

Broadcast radio, television, and cable systems to send and receive emergency
information quickly and automatically, even if their facilities are unattended.

)

Authorized local and state personnel to distribute important emergency information.

>

Direct monitorng of the National Weather Service (NWS) for local weather and other
emergency alerts. Local broadcast stations, cable systems, and other EAS patrticipants
can then rebroadcast the alerts, providing an almost immediate relay of local
emergency messages ke tpublic.

>

Automatic interruption of regular programming and relaying of the emergency
messages in languages used by the EAS participant. EAS network participants are
mandated to broadcast national EAS alerts. However, use of EAS for local
broadcasting iencouraged, but not mandatory.

Boston coordinates EAS warnings with MEMA, who is responsible for implementing the
EAS.

Not all broadcasts of emergency information trigger the EAS. Pursuant to 47 Code 38 of
Federal Regulations (CFR), 879.2, the Federam@anications Commission (FCC)
adopted separate requirements to meet the needs of people with disabilities in cases
where radio and television broadcasters and cable service providers prowE&®on
emergency announcements and alerts.

Disaster Preparedrssinformationi The City of Boston provides information and

education to the public concerning threats to life, safety, and property. Ready Boston is
the citywide community preparedness campaign, managed by the Office of Emergency
Management (OEM), degied to educate and inform the public about the hazards they
face, what they can do to prepare and what they can do to minimize or protect themselves
in the face of hazards. Ready Boston educates and informs resistentgh various

outlets. By using webnd social media, the City has been successful in informing the
public about emergencies, protective measures and keeping them educated about
preparedness. OEM conducts emergency preparedness public presentations, exhibitions
and workshops throughout tlgear to continually educate the public.

Through Ready Boston, the City also provides outreach that empowers Boston Public
School students to help their families plan for emergencies through the Student Tools for
Emergency Planning (STEP) program. ReBdgton also encourages adult residents to
get involved with emergency response and recovery by volunteering as a member of the
Community Emergency Response Team (CERT).

Residents have the option of signing up for ALERTBoston to receive emergency alerts
via text, email TTY or voice messages. This program allows residents-ito topt

receive specific alerts about emergencies that impact the City. Many news outlets inform
residents about ALERTBoston, while encouraging them to register for this freeeservi
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The City collaborates with numerous public and private agencies to initiate outreach,
ensuring diverse populations are appropriately educated and advised. In an effort to
ensure that information is accessible for4torglish speaking populations, tGdy

website provides a tool that allows the site to be translated multiple languages. This
capability helps in the Cityés continued eff
where language barriers may exist. In addition to providing informaticthe website,

OEM works with variou<City agencies to ensure the elderly and residents with

functional or accessibility needs have access to this information through public speaking
workshops and presentations. For example, in November 2011 OEM cexhdnct
emergency preparedness workshop with deaf anddfdrdaring residents using
interpreters and a PowerPoint presentation.

Capital Improvement Planninig Thecriteriausedto prioritizecapital improvement

projectsi n B o 2014d.8:Castal Planmg Budget Procedurédanualincludes

consideration for natural hazard mitigation and reductions in energy consumption and
greenhouse gas emissioBgction Cof the Manuak peci fi es that #dAplannin
municipal constructiomnd major renovation dity-owned facilities and othengor

City projects shall include an estimate of annual energy use and greenhouse gas

emissions. Such planning shall also include an evaluation of the risks posed by the likely

effects of climate change through 2050 topghgect itself and related infrastructure and

a description of the potential steps to avoid, minimize, or mitigate thoserisks.Se ct i on D
of the Manual alsdescribes natural hazamli t i gati on pl anning and FE
requirement for municipal adoption of pto maintain eligibility for FEMA grant

funding. Itr e g u i r aportunitres for miigating natural hazards that could be

eligible for FEMA project funding should be identifiéedOne of these criteria is the

extent to which a project mitigates an environmental hazard or is otherwise consistent

with the Citybds hazard mitigation goal s.

Emergency Power Generatdrshe City recently completed bocal Energy Assurance

Plan that studid the need foemergency power generatorschitical public faclities and

emergency shelters. The findings indicate that there are 134 facilities which would

require electrical power during an emergency, ranging from police and fire stations to

emergeng s helters and the Citybds Emergency Oper
facilities, 14 currently have generators with sufficient power capacity to maintain normal
operations, 44 have esite generators capable of running lights and elevators, and the

final 76 do not have any power generation capacities. There are some portable generators
available to be shared as necessary amongst these critical facilities.

Energy and Environmei8ervices The mission of the Environmental and Energy
Services Cabinet is twofold: to preserve and enhance the resouBes oft louift &nd
natural environment and to promote affordable, efficient, reliable and safe energy
systems for Boston residentshe Cabineoversees the Inspectional Services
Department, the Environment Departmehg Parks and Recreation Departmentyes
as chair of the Mayor's Energy Management Bpand oversees programs and policies
onclimate changegreen buildings, groundwater, rgglanning, recycling, renewable
energy, and certain transportation issugise Environment Department maintains
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Boston's historic sites, buildings, landscapes, and waterways through protective
designation and review processes.

Green Building- Article3 7 i n t he c@letequitethe Wilzation ofgreen
building design and practices new large project® reduce environmental impacts to
conserve natural resources, and promote sustainable developvasryt.green building
measures directlgnitigate the impact of natural hazarétsr exampleoy reducingurban
heat island effect, reducing storm water runoff, reducing energy demand, and raising
building elevations above floodplairemong other provisions.

Grow Boston Greemas a collaboratie effort of the City of Boston, the Massachusetts

Department of Conservation and Recreation,Bogton Natural Areas Network

(BNAN) to increase the urban tree canopy cover in the city by plamichgaring for

trees. The Grow Boston Greener program was launched on Arbor Day, April 30, 2007.

An inventory of the Citybds trees showed that
29% (see Figur@9). The GBG vision is to plant an additional 100,0@&2$& by 2020 to

increase the urban tree canopy to 35% and make Boston a cooler, cleaner, healthier city.

The goals of GBG are to increase tree canopy, mitigate heat island effect, reduce energy
consumption, improve air quality and improve storm water manage

Figure 29 - Boston Existing Urban Tree Canopy

Boston’s Existing Urban Tree Canopy
(by Census Block)

Percent Canopy Cover

O 0-10%
O 11-20%
O 21-30%
O 31-35%
& 36-40%
= 41-83%
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Mayor s Executi ve OInga08rMawnThdhs Mardno signedart i o n
Executive Order on Climate Action that estab
subsequent planning and implementati®ame of the key provisions of the Executive

Order include:

Adopting goals for reduction of greenhouse gases

Establishing the Mayordés Community CIl i mat
Requiring an updated Climate Action Plan every three years

Preparing an integrated plan to reduce the figka the effects of climate

change, including natural hazard mitigation.

= =4 =4 -4

Climate ActionPlan The 2011 update to BAGlmaemodbs cl i mat e

Progressjncludes a climate adaptatiotamework whi ch i s focused Aon
the greatest nederm risks: sedevel rise, increased frequency and intensity of heat
waves, and increased intensity of storms, o0 a

social consequences. Although it uses adijgifferent vocabulary, components of the
adaptation plan have considerable overlap with natural hazard mitigation, and integration
of the climate plan with the natural hazard mitigation plan is one important element. The
adaptation plan follows threa$ic guidelines:

1 Climate adaptation is as important as climate mitigation.

1 Information on the effects of climate change is sufficient to start planning now,
but flexibility and openness to new information are essential.

1 Climate adaptation must bleoroughly integrated into all planning and project
review conducted by the City.

Climate Ready Bostomn October 2013, the City releas€timate Ready Boston:

Municipal Vulnerability to Climate Chamgthe report of the Mayor's Climate
Preparedness Task Force examining the preparedness of muiaiciteds, operations,
services, and policies for the effects of climate change. Individual departments identified
vulnerabilities (based on the TBHA estimates of the effects elesehrise and UCS
projections of temperature change, see above), ettablipriorities, and planned next
steps. Based on the departmental assessments, the Task Force had five key findings:

T Climate preparedness must be an i mportant
capital pl anni ngcommumieatioGsartd tramsportationi t i ¢ a | I T,
centers need particular attention.
The effects of rising temperatures should be a high priority.
Municipal emergency plans should be reviewed and practiced in light of the
expanded risks posed by climate change.
1 Close coordination withegional, Commonwealth, and federal partners is
necessary to address crgggsdictional infrastructure vulnerability.
1 Education, engagement, and communicatiovithin City government and with
the communitg are essential for preparing for both the sternn and longerm

effects of climate change.

= =
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The report and actions arising from it will be used as a source in implementing the City's
Hazard Mitigation Planlt is attached to this Hazard Mitigation Plan Update as
Attachment G.

Downtown WaterfronMunicipal Harbor Plan In March 2013 the Boston

Redevelopment Authority launched the new Downtown Waterfront Municipal Harbor
Plan and zoning recommendations for the Greenway District with a series of public
meetings and tours. BRA officials Peter Meadéd Kairos Shen noted that the removal

of the Central Artery roadway opens up opportunities for reconnecting neighborhoods to
the waterfront, and for planning in a more environmentally sensitive malreefocus

of the plan is oencouraging development appriate for an area sensitive to sea level
rise.

Existing Flood Hazard Mitigation Measures

Boston Wateand Sewer CommissionThe Boston Water and Sewer Commission
(BWSC), one of the most important flood mitigation agents inGlitg, actively manages

the storm drain system, tracks data on water levels and makes this information publicly
available, investigates reports of floodiagd develops solutiomanging from new
management actions to capipabjectslike dredging, drainage reconstruction, arler
physical improvements

Boston Conservation CommissibiThe Boston Conservation Commission reviews all
projects that remove, fill, dredge, or alter protected wetland resource areas. The
Commission ensures that appropriate erosion and sedimerdls@re in place during
and after construction activities, and that functions and values of coastal and inland
resource areas are protected.

National Flood Insurance Program (NFIFP)Bostonparticipates in the NFIP witi35
policies in force as dDecembeBll, 2014. The FEMA database on flood insurance
policies and claimévww.fema.gov/policyclaim-statisticsflood-insurance/policyclaim-
statisticsflood-insurance/policyclaim-13) provides thdollowing information for the
City of Boston

Flood insurance policies in force ( aPafcenber 31, 2004 1,292
Coverage amount of flood insurance policies $392,401,900
Premiums paid $1,313,805
Total losses (all losses submitted regardless of the status) 264
Closed losses (Losses that have been paid) 165
Open losses (Losses that have not been paid in full) 2
CWORP losses ( Losses that have been closed witlagntent) 97
Total payments (Total amount paid on losses) $1030,417.85
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The City complies withF E M ANF$P requirement$®y enforcing floodplain regulations,
adoptingup-to-date floodplain mapm its zoning codgand providing information to
property owners and builders regarding floodplains and building requirements.

Catch Basin Drain Maintenance Boston cleans its catch basins typically every three
years. ThBWSChas created a GiBased database iofformation on its catch basins

and is developing a ciwide catch basin preventive maintenance plan. Awitle

cleaning set the baselirend now the amounts of debris removed are recorded and used
to determine the future cleaning schedule. Extra raaarice occurs in areas that tend to
flood. Some drains are cleaned in advance of forecasted significant storms. The
Department of Conservation and Recreafld@R), a state agencgims to clearthe

catch basing Boston for which it is responsibéce @r year.

Street Sweeping The Boston Public Works DepartmdRWD) sweeps posted arterial
roadsyearround to the curb weath@ermitting. During the winter months, sweeping
operations may be suspended until snow is cleared and removed to thBl@amtosted
streets are swept every week to two weeks from April through November each year.
However, in the neighborhoods of the North End, Beacon Hill and the South End street
sweeping is done from March through December.

Erosionand Sediment Control / 8Btmwater ManagemehnfThe Boston Water &ewer
Commissiorrequires developers to assess methods to retain stormwater on site for new
construction and renovation projects requiring BWSC review. B\W§GiresBest
Management Practices (BMR) include erosiomontrol measures during construction

and has developed and implemented a Stormwater Construction Inspection Guide and
staffed an enforcement program to address construction sediment issues. Developers are
also required to design infiltration systerhew Impact Development (LIPtechniques

and particle separators in accordance with BWSC Site Plan Requirements and
Massachusetts Department of Environmental Protection Stormwater management
policies

Green Infrastructuréatural Flood Control Various lowlying areas around theity

have been protected from development and provide flood storage capheityost
significant greenway is the Emerald Necklace, a continuous greenway that extends from
Franklin Park in Mattapan to the Back Bayhéxt significant open space resources in
Boston include therbanwilds and the wetlands along the Neponset River. Several
protected sites that help mitigate stormwater impactsde a parcel along Bussey

Brook that is leased by the Arnold Arboretum, Western campus of the Boston State
Hospital site at the Boston Nature Center, and af@00buffer zone along Canterbury
Brook on the eastern campus.

Inflow/Infiltration Removal Reducingnflow andinfiltration (I&I) is anissue for the
sanitary sewesystem I1&l is excess water that flows into sewer pipes, @ists of
two kinds of flows inflow is sormwaterthatflows into sewers via roof drain
downspouts, foundation drains, storm drain ci@®snections, anthrough holes in
manhole covers; iflfration is goundwatethatseeps into sewer pipes through holes,
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cracks, joint failures, and faulty connectioi’dot h t ypes of .Rleixat r aneous:
concern for floodindgecausé¢he additionalvater flowing intoa sewesystem can exceed

its capacity leading to the discharge of untreated wastewater BTWeS Cl&Igreduction

programis based on the results of a comprehensive flow analysis in 198Rrémel

sewer system evaluation studiesking at identifyingsourceof I&1 . BWSC conducts
ongoingrehabilitation work and progs for 1& removal including repairing leaky pipes

and disconnecting roof leaders, sump pumps, and improper connections to the sewer

systemIn some placesgeducing 1&lcan lead to localized floodingecausevatertha

once drained into the sewer systemast find other paths

Combined Sewer Separatiefithe Boston Water and Sewer Commissamd the MWRA
have been working to separdéte stormwater and wastewater systems sitiee1980'as
part of the cleanup of Basn Harbor This reduces public health impacts during heavy
rains.

FloodplainManagement B o s t Elaodplsin OverlayZoningDistrict (ZoningArticle
25)is administered by the Boston Reelopnent Authority These regulations set floor
elevationstandards for construction in a flood hazard dissictprohibit certain
activities and usesuch as mobile homesd storage of flammable materidlgder the
separate authority of the Massachusetts Wetlands ProtectioméBgton
Conservation Comissionalso reviews projects proposed in the-j@ar floodplain and
the two agenciesxpectapplicants to give consideration to future sea level rise over the
design life of the project, particularly in determining the grelawe! floor elevation for
buildings, as well as the location of building mechanical equipment, utilities, storage
areas for hazardous materials, underground garage portals, exhaust and ventilation
infrastructure, and building entry points.

Development ReviewMany projects undergiwvo coordinated public review proces$es

theCityb s Articl e 80 zoni ongertheeMassachusedtsnd st at e r e\
Environmental Policy Act (MEPA)These reviews incorporate Chaféreview, flood

plain issues, water access, storm water and draibsgier the MEPA process, a number

of city, regional and state entities and the public are able to review the project and

provide input. BWSC also participates in this review and will also make

recommendations on additional drainage provisions. BWSC ngisb#ion site plans

before building permits can be issued.

Greenbelt Protection Distridt Thesedistricts areareas alongth€ityd s gr eenbel t
roadways designated protect open space areas and scenic resourbese are nine
areadesignated as Greenbelt Protection Overlay Districts:

1. William J. Day Boulevard in Dorchester and South Boston
2. Veterans of Foreign Wars Parkway in West Roxbury

3. American Legion Highway in Roslindale

4. Jamaicaway in Jamaica Plain, Roxbury, Afekt Roxbury

5. Arborway in Jamaica Plain and West Roxbury

6. West Roxbury Parkway in West Roxbury
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7. Enneking Parkway, in West Roxbury and Hyde Park
8. Turtle Pond Parkway, in West Roxbury and Hyde Park
9. Dedham Parkway, in Hyde Park

Massachusetts StaBuilding Code The Massachusetts State Building Code contains

detailed regulations regardifigod proofing,snowloads,wind loadsandearthquake

resistantdesigif he code was ame mduglastricterseisrhie 198006s t o
standards, so the vast jmaty of buildings in Boston prelate that change and were not

built to the stricter standard3he codaequireshatnew buildings andubstantial

improvementsn flood hazard areasust be elevated so that tleevest flooris at or

abovebase flooctlevation. In coastal flood hazard areas subjelsigio velocitywave

action(V Zones) new buildings andubstantial improvemenisust be elevated so that

thelowest flooris two feetabovethebase floocelevation

DCR dam safety regulatioiisThe sta¢ has enacted dam safety regulations mandating
inspections and emergency action plans. All new dams are subject to state permitting
although new dams are not likely to be developed in Boston

City of Boston Open Space Pladopted in 2008, this plan lays out strategies for
preserving and expanding the open space and natural resource ameniti€3tgf thigh
potential benefit for flood mitigation efforts. Particularly important are policies outline in
the plan that calior the involvement oParks and Recreationepartment staff, with a
range of environmental science and design expertise, to work with other agencies,
particularly the BRA, on neighborhood plans and development review.

Open space areas in t6ay are essentiafi g r e e n i n forflaod mitigatiort. The e 0

City, in concert with a number of State agencies and neighboring municipalities, has

managed to preserve or create open space areas in floodplains and other arézisyof the

These include naturalr eas and par ks along the rivers, i
spaces that can serve as stormwater retention areas during storms, and small green spaces

in road medians, along sidewalks, and in other urban spaces that can allow for some

infiltration of stamwater.

Underground Utility Potection- Theelectricsystemf or Bost ond&as street |
protected from flooding by being buried 33 inches deep, with openings at the bottom to

allow water to drain out. Fire crews maintain the fire box system. Pritiatesiown

and operatether underground utilitiesncluding the electric grid, telecommunications

systems, and natural gas distributidrhose utilities are responsible for maintaining and

protecting their systems in the event of flooding or othealusz

Flood PreventiorEducation- TheBWSC provides informatioon its website and in

flyers sent with billon various items such as keeping catch basin grates clear of debris

and sediment anolckflow valves to protect properties in areas that flobdeT May or 6 s
office reminds residents to keep catch basin grates clear of leaves.
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Emerald Necklace Park Systén®ne of the original functions of this park system,
designed in the 9century, wago provide stormwater management and flood storage
Its ongoing mainteanceto meet this purpose represents an important mitigation measure.

Muddy River Flood Contrdl The significance of past flooding in the Muddy River area
has led to a number of mitigation actions that have focused on this\tydang with
theU.S.Army Corps of Engineer@JSACE) theState and the Town of Brookline, the
City is pursuing &93 million project that will improvdlood control, water qualityand
habitatin the Muddy RiverThe project willincreasé he r i ver 6acitylanddr aul i c
establish management practices to reduce the sediment and debris load entering the
waterway.A $30.9 millionconstructiorcontract was awardddr Phase | of the project

on Aug. 10, 2012and agroundbreaking ceremony was held in October 2@MER

controls much of the land and roadways in this area and is responsible for maintaining
drainage infrastructure as well as conducting sseeeping and other sediment and
debris management activities.

DCR Properties The statdDepartmenbf Conservation an&ecreatioris responsible

for the maintenance ohany parks, roadways, and otipeoperties throughout th@ity.
These includémportant transportation corridors suchsy Boulevard, Morrissey
Boulevard, and Storrow Drive. Some particdkmilities of note are pumps in the tunnels
along Storrow Drive, tide gatésr mitigating flooding of Morrissey Boulevardnd
dredging near the Belle Isle Marsh, and a range of other projects and management
activities.

Storm Ready Certification The City was recently recertified as a Storm Ready
Community through the National Weather Service, good through May 20, 2015. To
receive this certificatiorthe Citydemonstrate that it

Establisleda 24hour warning point and emergency operations center

Had more than one way to receive severe weather warnings and forecasts and to
alert the public

1 Creata a systento monitor weather conditions locally

1 Promotel the importance of public readiness through community seminars

1 Developda formal hazardous wewedr plan, which includes training severe
weather spotters and holding emergency exercises.

T
T

Charles River Darm DCR raises and lowers water levels at the Charles River Dam based
on weather forecasts. For flood control purposes, they need to begin lowaterg

levels well ahead of a predicted storm. DCR has established operating parémneters
controlof water levels. If they raise or lower water levels outside of these parameters,
they inform local emergency management personnel. The Charles River Bainedel
pumps to use when needed. Otherwise DCR prefers to use the gates on the dams for
changing the water levels. The operation of the dam is coordinated with MEMA and
ACOE, and DCR works with these two agencies when there is a storm.
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MassDOT and MBT facilities. MassDOT, with funding from thEederal Highway

Administrationis startingpa pi | ot project, ACIi mate Change
Vul nerability Assessments and Adaptation Opt
will focus on four critical tudy areas of the Central Artery, including the Sumner and

Callahan Toll Plaza in East Boston, the Greenway, the Ted Williams Tunnel Boat Section

in South Boston, and the MBTA Aquarium Station on the Blue Line. A hydrodynamic

model will be used to analyzke vulnerability of the Central Artery to sea level rise and

extreme weather events. MassDOT will investigate options for adaptation, and establish

an emergency response plan for tunnel protection and/or shutdown in the event of a major
storm. Key climge variables will be storm event frequency, storm surge height, and sea

level rise. The investigation of adaptation options will include-besgfit analysis. The

project will focus on climate impacts and adaptive capacity of the Central Artery for

todayand the year 2030. Climate scenarios will also be developed for 2070 and 2100,

which will result in highlevel adaptive options only.

Existing Wind Hazard Mitigation Measures

Massachusetts State Building Cad€&he City enforces the Massachusettst&tauilding

Code whose provisioniaclude design standards for wind speeds of 100 miles per hour

(780 CMR Eighth EditionTableR301.2(4).The codeds provisions are
effective mitigation measure agaimmsgh winds other than a tornado. Howewf a

tornado were to occur, the potential for severe damages would be extremely high.

Tree Maintenance The Parks and Recreation Department has regulatory and operational
responsibilities for public shadeclulesees. The
pruning, disease control, removals, and storm damage rdgSif&\R prunes trees on

their utility Rightsof-Way. Utility companies also prune trees in their transmission

corridors.

Existing WinterStormHazard Mitigation Measures

~

Snow disposdl The City contractdor snow removaservicesnd mai nt ai ns a A
pavemento policy requiring all stTheets to
Public Works Departmenbordinates witlCity agencies taodentify snow disposal areas

bl
b e
SidewalkClearance’ The City requires by ordinance that property owners keep the

public sidewalks in front of their property clear of snow and ice.

SnowEventCommunication$ City Hall, the BWSC, and other City agencies provide
information and warnings with ragd to such issues as freezing pipes, the danger of roof
collapse under snow loadbge need to keepentilation grates clear of snow, and other
matters.

Fire Hydrant LocatiorMappingi TheCityd s f i re hydrants have been

and mapped to asst with locating them in the event that they are buried in shbe.
Mayor s Office ofredeemtUrybdmuMedhhtaniams 6 Adopt
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smartphone@pgication that allows community members to adopt a hydrant, taking
responsibility for ensuring hydrants are accessible to firefighters after a snowstorm.

Existing Geoloqic Hazard Mitigation Measures

Massachusetts State Building Cad8ection 1612.1 othie StateBuilding Code on

designing for earthquake loads (780 CMR 1612.0) stateftppu r pose i s fit o mi n
the hazard to lifef occupants of all buildings and ndmilding structures, to increase the

expected performance of higher occupancy structuresnagared to ordinary structures,

and to improve the capability of essential facilities to function during and after an

e ar t h drurthde,due to the complexity of seismic design, the criteria presented are

the minimum consideredcabl pejadptutiertdoandret
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 buildings.

Thecode requires that every new structure be assigned a Seismic Design Category
(SDC), and designed and constructed to resist effects of earthquake matn@aS8DC is
based upon the Occupancy Category and the severity of the design earthquake ground
motion asexpressed b$sand S1. Table 1604.11 in the code provides these values for
each city and town in Massachusetts; for Boston the values are0a2@ $.068 &

The Ss and S1 coefficients correspond to the Maximum Considered Earthquake (MCE),
which is ddéined as "collapse prevention” motion. On the East Coast, the MCE is
equivalent to an event with return period of 2,500 years (or an event with 2% probability
of being exceeded in 50 years).

The Seismic Design Categaugfines the required level of strucal anaysis and
construction detailingSDC determines permissible structural systems, limitations on
height and irregularity, requirements for design of components for seismic resistance, and
types of lateral force analyses that should be perforiibd.Occupancy Category ranges
from | to IV, depending upon the consequences of a potential failure and the need for
operational accessibility following a seismic eve8ection 1612.2.6f the codeassigns

all buildings toseismic hazard exposure grougaroup Il includes buildingthathave a
substantial public hazard due to occupancy oy imstuding those in which more than
300 people congregatand Group Il are those buildings having essential facilities

are required for postarthquakeecovery, including fire, rescue and police stations,
emergency rooms, powgenerating facilities, and communications facilities

On November 5 and 6, 2012, the City of Bosto
(ISD), Boston Fire PreventiqiiBoston Pblic Works DepartmenBoston Redevelopment

Authority (BRA,and t he Boston Landmar kdés-ddgommi ssi on
National Earthquake Technical Assistance Program (NETAP) opportunity coordinated by

t he Mayor b6s Office of BHMAdherpeavereaytotaMdi6a ge ment a
course participants who successfully complétesd-EMA 154 Rapid Visual Screening

of Buildings for Potential Seismic Hazards and ATC 20 Post Earthquake Safety

Evaluation of Buildings. The training focuses on how to idemiifientially hazardous
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buildings before an earthquake occurs by providing methods to rapidly identify,
inventory and rank buildings according to their expected safety and usability during and
after earthquakes. The second day focused on rapid and detailadtion procedures

for evaluating earthquake damaged buildings and posting them withooaled placards

as inspected, limited entry, or unsafe.

Of the 56 attendees, 46 represented the ISD Commissioner and his entire leadership team,
senior manager$uilding and structures, planning and zoning, electrical, plumbing and

gas inspectors and health inspectors from all divisions of Boston Inspectional Services
Department. The additional 10 participants were civil engineers from the Boston Public
Works Demrtment; theStateFire Marshall and Boston Fire Building Inspectors; and

staff architects representing the Boston Redevelopment Authority and the Boston
Landmarks Commission.

ExistingOtherHazard Mitigation Measures

DevelopmenReviewi The FireDeparmentreviews of all major development projects
ensure that proper fire gy provisions are incorporated

Coolingand WarmingCentersi The City maintains a network of cooligd warming
centers that may be used by residents who do not have access to cool spaces during
extreme heat event3.he City also operates accompanying communications and
transportation networks to support the provision of these services to residents in need.

Homeless shelter$ During extreme temperature events, vulnerable homeless people are
offered the opportunity to stay sthelterfacilities.

Complete Streets Program

The City of Boston is currently designing and constructing projects in Boston's
neighborhoodshat have embraced the Complete Strgaidelines Many of these

projects incorporate improvements to stormwater management and introduction of more
trees and landscaping that will help mitigate both stormwater and urban heat impacts. A
summary of thewrrent projects follows:

Alford Street Bridge, Charlestown

Alford Street Bridge (State Route 99 over the MyRleer) is being reconstructed with a
new deck and superstructuréhe machinery of this twileaf double bascule bridge

being reconditioned with new components and the substructure is being repaired. The
rehabilitation was designed to withstand a @,98ar seismic event.

Project ManageBoston Public Works

Status:n construction

Audubon Circle, Fenway
The new design chudubon Grcle, a historically significant gateway from the north into
Boston and the Emerald Necklace park systeithre-emphasize the historic circle with
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benches, walls, trees and planters that will green the space and treat stormwater from the
streets and salvalks. Status:Design

Project Managemoston Transportation Department

Boylston Street, Fenway

The redevelopment @oylston Street between Fenway Park and the Longwood Medical
Areawill capture setback space to create wider sidewalks with street trees and other
greenscape elements, in keeping with the Emerald Necklace that bookends the space, and
to add bike lanes.

Project ManagerBoston Transportation Department

Status:Design

Broad StreetCrossrads Initiative, Downtown

This important Crossro@sl widened tredined sidewalks will better connect well

traveled State Street, Faneuil Hall Marketplace and Government Center to the new Rose
Kennedy Greenway at the hariquepaésseirightpe. The p
system for the landscaping, and structural soil.

Status:Conpleted

Project ManageiBoston Redevelopment Authority

Causeway StreeCrossroads Initiative, Bullfinch Triangle

The key goals of the Causeway Street project are to transform the corridor into a great
pedestriaroriented boulevard and reconnect the West End and North End
neighborhoods. The design will improve traffic operations and safety, provide significant
upgrads to existing bicycle accommodations, and improve pedestrian amenities and
convenience.

Project Manageublic Works Department

Status:Design

Central Square, East Boston

The square includes vast expanses of pavement and an oval park in the center that is
difficult to access. The redesigned square will reclaim much of the pavement for
pedestrian use by narrowing the streexpanding the park, and widening the sidewalks
to create spaces for outdoor seating, cafes, and greenscape elements.

Project ManagemBoston Transportation Department

Status:Design

Centre and South Streets, Jamaica Plain

Centre and South Streets -buonessispilheaMNeswi ca Pl ai no
concept designs are proposed for Monument Square, Hyde Square and the Mozart Park

area to widen sidewalks, create shorter evafiss, and introduce greenery.

Project ManageiBoston Transportation Department

Status:Design

Cummins Highway, Roslindale
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Cummins Highway from Washington Street (Roslindale Square) to Harding Road will be
fully reconstructed includinthe installation of new sidewalks, roadway resurfacing, a
new traffic signal at Brown Avenue, new tree plantings, and bike lanes.

Project ManagemBoston Public Works

Status:Completed

Frederick Douglass Street Improvements, South End/Roxbury

Streets in the Frederick Douglass neighborhood will be reconstnvitedewn
sidewalks, a new street lighting system with LED lights, and new tree plantings
Project ManagemBoston Public Works

Status:Completed

Existing mitigation measures and their status are summarized in3kable

Table 31 - BostonExisting Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed

MULTIPLE HAZARDS

1) Emergency Operations | Citywide Effective Update annually
Plan (EOP)

2) Massachusetts State City-wide Effective None

Building Code

3) Evacuatiomnd Emergency| Citywide Effective None

Preparation guides;
preparedness information

4) Communications City-wide Effective None
Equipment- Phone alert
system, reverse 911, Alert
Boston, twitter

5) Criteria forCity CIP City-wide Effective None
LIN2E2S0Ga AyOf
SYGANRYYSyYyil f

6) Fire Marine Unit moves th| Boston Harbor Effective None
boat to the dam locks if a
hurricane is forecast

7) Boston Police Harbor BostonHarbor New Pier and None
Patrol relocated to Pier 10 Security Gates.
Former Dry Dock
turned into park

8) PWD requires nen City-wide Effective None
conductive coversn all

manholes

9) Local Emergency Plannin¢ Citywide Effective None

Committee (LEPC)

FLOOD HAZARDS
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Table 31 - BostonExisting Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed
10) BWSG@-year Capital City-wide Effective Updateannually
Improvement Program (2011
13), coordinated with other
agencies, updated annually
11) Boston Wateand Sewer | City-wide Effective None
Operations/ Maintenance
Activitiesc catch basin, drain
cleaning, street sweeping
12) Prestorm preparations | Citywide Effective None
(e.g. sandbags, inspections
key vulnerable sitgs
13) BWSC requirements for| City-wide Effective None
Erosion and Sediment Contr
and Storm Water plans
14) Various lowying areas | Emerald Necklace,| Effective None
around theCityhave been Boston Urban
protected from development| Wilds, Neponset
and provide flood storage River wetlands,
capacity. parcel along Busse
Brookleasedby
Arnold Arboretum;
Boston State
Hospitalsite at
Boston Nature
Center; 106&foot
buffer on
Canterbury B.
15) Inflow/ Infiltration (I/1) City-wide Effective None
Removal projects- BWSC
undertook flow analysis and
sewer system evaluati@to
determine I/l sources. This
led torehabilitation workand
projects for I/l removal.
16) Floodplain Overlay Areas identified on| Effective Integration of climate
District (Article 25) FIRM maps change effects
17) MEPA and Article 80 City-wide Effective None
development review
18) Greenbuildingzoning City-wide Effective None

requirements encourage low
impact development

techniques
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Table 31 - BostonExisting Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed
19) Article 29 (Greenbelt Designated districty Effective None
Protection Overlay District)
requires open space
preservation
20) Conservation Protection| Designated districty Site plan required | None
Subdistrictsand Article 80 (total of 34) in Conservation
review Protection
Subdistrict
21) Grow Boston Greener | CityOwide Effective None
goal of 100,000 trees by 202
22) Undergrouncelectric City-wide Effective None
utility protection.
23) Public information City-wide Effective None
BWSC website, newsletters
YR al @2NXDa h
information on flood
prevention, and stormwater
mitigation and snovandice
removal from catch basins
24) Mitigating healthand City-wide Effective None
safety impacts after
floodingr I1SD willbrder
electricityshut offand
condemn food
25) Combined Sewer Dorchester, Stony | All completed None

Separation Projects

Brook, Fort Point
Channel, Morrissey

Blvd. Conduit
26) Muddy River Flood Muddy River Project is Complete project
Control, Water Quality and | watershed underway
Habitat Enforcement and
Historic Landscape
Preservation Project
27) Charlesgate area in Muddy River Effective None
Boston dredged watershed
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Table 31 - BostonExisting Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed

28) Muddy River Muddy River Effective None

maintenance (DCR removes| watershed

leaves springindfall; DCR

andCity street sweeping,

catch basin cleaning)

29) Remote monitoring of | Muddy River Effective None

Stony Brook conduit water | watershed

levels (new SB at Parker St

andold SB at Northeastern)

30) Risk Assessment for Boston Fire Alarm | Rearandside Fencing to be

.2al2y CANXB !]building site securityinstalled | installed.

perimeter security

31) Longwood Area BWSC | Longwood Medical| Study has been | Drainage

study of locations that Area completed improvementsare

experience flooding underway

32) DCR maintenance of Storrow Drive area| Effective None

Storrow Drive pumpsqipes,
and catch basins

33) Storrow Drive
Reconstruction Project

Storrow Drive area

Project is in desigr
and permitting
phase

Implement the
project

34) St. Botolph Street BWS( St. Botolph St. ProjectCompleted| None

storm system area Back Ba

35) Archdale Area, Archdale Area Effective None

Roslindale maintaining

natural flood storage capacit

36) Archdale Area, Archdale Area Effective None

Roslindale Ravine provides

flood storage, releases to

Bussey Brook

37) Archdale Area, Archdale Area Has been used 5 | None

Roslindale MWRA times since

connection to Stony Brook construction (in
2008);effective

38) Canterbury Brook, Canterbury Brook | TBD TBD

Mattaparm DCAM mitigation

project

39) Neponset River Area, Neponset River Effective None

Dorchester natural land

Area
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Table 31 - BostonExisting Mitigation Measures

Type

Area
Covered

Effectiveness/
Implementation

Improvements/
Changes Needed

protected, provides flood
storage

40) Neponset River Area, Neponset River Effective None

Dorchester sedimenthas | Area

been removed from river to

increase capacity

41) Neponset River DCR Neponset River, USACE Aquatic | Implement findings
studying impacts of removin¢ Dorchester area | Ecosystem of study

Tilestone and Hollingsworth Restoration

Dams and Baker dams for Program--

ecologicalkestoration and
creation offishladder

Ongoing study

42) Pine Neck CreekBWSC | Pine Neck Creek | Effective None
installed riprap, restored salt| between 193 and

marsh Port Norfolk

43) Day Boulevard, South | Day Boulevard DCR completed | None
Bostorr DCR repaired M seawdl

Street seawall restoration

44) Belle Isle MarshDCR Belle Isle Marsh Flood controland | Continued

flood control project. State
designaton as Area of Critica
Environmental Concern

Jefferies Pointand
Orient Heights, E
Boston

dredging oRgoing

implementationof
project

45) East Boston Greenway | East Boston Effective None
Corridor Bremen Street Greenway Corridor

park will preserve flood

storage capacity

46) East Boston Greenway | East Boston Effective None
Corridor storm water system| Greenway

47) HavreStreet, East Bostor East Boston Under Complete project
sewer relief project construction

48) Centre Terrace, Centre Terrace Effective None
Wedgemere BWSC area

improvements for up to 10

year storm

49) Centre Terrace, Centee Terrace Effective None
Wedgemere BWSC inspectq area

grates

50) Centre Terrace, Centre Terrace Effective, @signed| None

Wedgemere, West Roxbury
Detention basin built in

private development

area

for 50-year storm
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Table 31 - BostonExisting Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed

51) George Wright Golf George Wright Goll Effective None

Course, Hyde Park Course

inspections of catch basins

52) Engine 20, Dorchester: | Dorchester Sumppump Additional

Elevation ohew boiler and maintenance; floodproofingof

relocated to same level as BWSC built buildingsmay be

generator holding tank required

53) Charlestown Underpass| Charlestown Effective Monitor roadway

Stormwater Drainage conditions

Improvements

54) DCR raises and lowers | Charles River Dam| Effective None

water level at Charles River | area

Dam based on weather

forecast.

55) BWSC can open gae Fens area Effective None

Fens Gatehouse when watel

levels are high to bypass

conduit

56) DCR Dam Safety Statewide Effective None

Regulations

57) ParksaandRecreation Citywide Adopted March None

Flood Mitigation Sustainable 2011

Design Guidelines

58) Sewer Lateral Finantia | Citywide Effective None

Assistance Program

59) Expandd camcity for City-Wide Effective None

remote monitoring ofwater

levels in streams and major

trunk lines.

60) Davenport Creek Adams Village Effective None

Adams Village drainage

improvements

61) Drainage improvements| Roslindale Effective None

at American Legion Highway

at Wilmot St, near Stopnd

Shop

62) Business Street Hyde Park Effective None

improve stormwater drainage
and backflow valves

WIND HAZARDS
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Table 31 - BostonExisting Mitigation Measures

Type

Area
Covered

Effectiveness/
Implementation

Improvements/
Changes Needed

63) ParksaandRec. Dept.
regular tree maintenance

City-wide

Effective

None

64) NSTAR clearing of
downed wires

City-wide

Effective

None

65) ISDregularinspections of
construction sites

City-wide

Effective

None

66) Underground lights
systemsstreet lights rated
for high winds

City-wide

Effective

None

WINTER HAZARDS

67) Traffic plan during snow
storms

City-wide

Effective

None

68) Regulations requiring
sidewalk clearing by abutter
and parking bans

City-wide

Effective

None

69) City ontract with vendor
for snow melters on
emergency basis

City-wide

Effective

None

70) Snow plowing strategy

City-wide

Effective

None

71) Fire hydrant locations ar
recorded with GP&nd
flagged for snow removal

City-wide

Effective

None

72) Publieeducation on
frozen pipes, snow loads on
roofs, and keeping ventilatiof
clear of snow

City-wide

Effective

None

73) Building Code requires
new roofsto be designed to
handle snow loads

City-wide

Effective

None

74) ISD can order building
owners to removecicles or
cordon off area

City-wide

Effective

None

75) Emergency Operations
Center can be used as back
up storm control center

City-wide

Effective

None

76) Snow Common
Operational Picture
(SNOWCORSnow removal
GPS mitigation tracking

Citywide

Effective

None

77) Pretreat streetsin
advance of icing conditions

Citywide

Effective

None
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Table 31 - BostonExisting Mitigation Measures

Type

Area
Covered

Effectiveness/
Implementation

Improvements/
Changes Needed

78) PWD Coordinates with
City Agencies to ldentify
Snow Dumps

City-wide

Effective

None

79) PWD Coordinates with
State on Clearing Snow off
Bridges

City-wide

Effective

None

80) Acquired new closed loog
Salting Equipment for more
effective sding using less
salt (500 Ibdane per mile).

City-wide

Effective

None

GEOLOGIC HAZARDS

81) State Building Code
addresses earthquake
standards

City-wide

Effective

None

82) Communications in
Police Headquarters secureq
to withstand earthquake.
Backup at Frontage Road

Police HQ and
Frontage Road

Effective

None

83) Three police stations
rebuilt or renovated to
modern building standards

Districts 3, 5, 7

Effective

None

COASAL DAMAGE

84) Long Island Boston
Propertyand Construction
Management istabilizingSW
part of island

Long Island

TBD

TBD

85) Moon Island Seawall
inspections and assessment

Moon Island

Completed

Repair Granite
Seawall

86) East Eagle Street, East | East Eagle Street | A portion of the None
Bostormr USACE study in 199 site conveyed to
NSTAR for
implementation
87) MWRA/DCAM land, Eag Western shore of | DCAMandUSACE| None
Bostorr PWD is working to | East Boston completed
address erosion mitigation work
88) Reserved Channel Reserved Channel| In construction, None

sewer separation under
design. Debris being cleanec

completion due
2015

89) Boston Harbor: USACE
andMASSPORAre gudying
the feasibility and

environmentalimpact of

Boston Harbor:
main shipping
channel,Reserved
Channel and

Ongoingfeasibility
study and
dredginganalysis

Federal tinding
authorization
requiredfor
implementation
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Table 31 - BostonExisting Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed
deepening themain shipping | approach to Navy

chamel and Reserved
Channel

dry dock

90) Participation in the
National Floodnsurance

Areas identified on
the FIRM maps.

There arel,101
policies in force.

Consider applying for

Community Rating

Program (NFIP) System
91) RiskMAP Updated Flood Plain Effective None

Expansion
92) Morrissey Boulevard, Dorchester DCR Design Complete project
Dorchester tide gates have Underway
beenupdated
93) DorchesterDr. Rev. Bill | Dorchester Effective - None
Loesch Park Drainage Completedand
Improvements Rededicated

August 11, 2012

94) DorchesterFranklin Park Dorchester To be scheduled | Implementation of
Drainage Improvements project
95) Hyde Park George Hyde Park Ongoing program | None
Wright Drainage
Improvements
96) Jamaica PlaimSouth Jamaica Plain Completedn None
Street Mall Drainage 2010
Improvements
97) Mattapanc Almont Park | Mattapan Completed June | None
K | deyayguand 2013
Infrastructure Drainage
Improvements
98) Mattapanc Erie Ellington| Mattapan Completed None
Park Drainage Improvements
99) North EndDeFilippo North End In design Implementation of
Wall Infrastructure Drainage project
Improvements
100) RoxburyFranklin Park | Roxbury Completed None
Site Drainage Improvements September 2013
and Ventilation
101) Mattapar Walker Mattapan Completed June | None
Playground Drainage 2011
infrastructure
102) South End Statler Park| South End Completed None

Infrastructure Drainage

Improvements

118




CITY OF BOSTON NATURAL HAZARD MITIGATION PLAN
2014 UPDATE

Table 31 - BostonExisting Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed
103) West Rxbury Hynes | West Roxbury Complete None
Field Drainage Iprovements
104) West RoxbunBillings | WestRoxbury In construction None
Field Drainage Improvement BWSC contract
#221 issued on
Oct 19,2011
105) North Dorchester Bay | Dorchester Completed by None
CSO Project MWRA
106) Lawrence Avenue, Dorchester Projectawarded | None
Dorchester pipe enlargemen for $350; to be
completed 2013
107) Back Street Sewand | Back Bay Completed None
Storm Drain Project
Groundwater Restoration
108) Newmarket Square Newmarket Square| In construction; to| None
Storm Drains, Sewer be conpleted in
Separatiorand Water Mains 2014
109) City of Boston Utility City-wide Effective None
Coordination Software
(COBUCS) Utility Coordinati
Measure
110) PWD Operations Cente| City-wide Effective None
at Frontage RgCoordination
of PWD Assets and Resourc
during an incident.
111) MasDEP has-8 City-wide Effective None
Emergency Oil Boom Trailer
to mitigate hazardous spills i
Boston Harbor.BPD Truck
Team, BPD HAZMAT Unit, &
BPD Harbor Patrol Unit can
transport Oil Boom Trailers t
site of disaster
112) Health in All Policies City-wide BPHC in A pilot rapid Health

ensure that equitable health
impacts and climate change
considerations are factored

into Citydecisionmaking

partnership with
multiple agencies
and community
partners

Impact Assessment
was comjeted for a
BPHC property
scheduled for
redevelopment,
partner agencies
meet regulaly; two
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Table 31 - BostonExisting Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed
workshopswere
conducted.
113) Community outreach City-wide Effective/Partial | Complete
and education on emergency Implementation implementation
preparedness to grow by BPHG; Public
resilient communities able to Health
cope with natural hazards Preparedness
(PHP)
114) Partnership with UMass| City-wide Effective/ Effective, fully
Boston on two emergency Ongoing implemented
management professional implementation
development certificate by BPHGC; Public
programs: (1) Inclusive Health
Emergency Plannirend (2) Preparedness
All Hazards Protection and (PHP)
ResponseDelValle and
UMass Courses focus on
socially vulnerable
populations.
115) Boston MedicaReserve | City-wide Effective, None
Corps (BMRC) Recruitment, implementedby
Development, and BPHGQ; Public
Preparedness to support PH Health
in its role as the Emergency Preparedness
Support Function 8 (Public (PHP)
Health and Medical Services
Coordinator for the City of
Boston. This mitigation
measure will reduce the
public health onsequences
of emergencies.
116) Response to flooding at| 201-211 River Completedby None
201-211 River Street, Street, Mattapan | BPHC and
Mattapang repairs and effectiveg no
upgrade sump pump capacit floodinglastyear
117) Surveillance for new or | City-wide Effective/ None
emerging infectious diseaseg Ongoing
that pose a threat to public implementation
health: effective using by BPHQ;
multiple streams of data. Communicable
Feedback provided to disease

partners so they can take
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Table 31 - BostonExisting Mitigation Measures

Type

Area
Covered

Effectiveness/
Implementation

Improvements/
Changes Needed

appropriate steps toeduce
spread of disease.

118) Public education on how City-wide Effective/ None
to reduce disease risk: Ongoing
materials for the public and implementation
for health care providers to by BPHC;
share with the public. Fact Communicable
sheets, educational sessions disease
119) Information and clinical | City-wide Effective/ None
guidance provided to Ongoing
healthcare providers. Health implementation
alerts. Use of existing health by BPHC;
care contacts. Communicable
disease
120) Vaccine distribution on g City-wide Effective/ None
limited basis in situations Ongoing
where that may be indicated implementation
by BPHC;
Communicable
disease
121) Community Emergency| City-wide Effective/ None
Response Teams (CERT) Ongoing
Preparedness Fairs implementation
by OEM

Implementation Progress onthe Previous Plan

During the planning procesSjty staff reviewed mitigationmeasures identified in the

2008Metro-BostonMulti-HazardMitigation PlanBostonAnnexanddetermined whether

measures had been implementdeferred or were still in process All in-process

measuresra carried forward into th2014 planupdate Deferred measures wedeleted

or carried forward into th2014 plan updatdased ormanassessment of the continued
relevance or effectiveness of the measuretedause of the deferralhe status of
these mitigation measures is shown in T&déelow.
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Status of ProposedMitigation Measures from the 2008Plan

Table 32

Mitigation Measures

Priority

Implementation
Responsibility

2013
Status

Fed.,Sate, Qty,

gggg{a?gfr High ;g‘é\{[g:fpzrrigﬁéne Phase | construction began 2013
Recreation
The Boston Property and Constructid
Protect Fire Alarm High |Fire Dept Management Depthas filed a Notice
Building ' of Intent with the Conservation
Commission for site improvements
Storrow Driveand
Bow_ker Overpass High [DCRandMassDOT |In process: n-going maintenance
continued
maintenance
Storrow Driveand In-Process reconstruction work has
Bowker Overpass High |DCRandMassDOT begun
reconstruction
Rebuild Charlestowq
Rutherford Avenue High |BTDandMassDOT |In process; public review process

Underpass tunnel

Conduct earthquake

OEM, NESEC, HAZ

HAZUS study completeconceptual

study High MH and DPW design

. . . Dive Boat purchasedOct. 2010
Purchase fire boat High |Fire Dept. 69 Fire Boat purchased Sept, 2011
Rehabilitate Long Hiah Public Works Bridge has been demolished and wi
Island Bridge 9 Department be replaced
Acquire snow melting . Pilottesting withMASSPORTogan
technology High \DPWandMASSPOR Did not receiveHMGP funding
Improve . .
communications High Multiple Depts. Upgrades ofgoing

system

UASI Public Safety

UASI Grants for update

Canterbury Brook
Dredging

Medium

DCAM, BWSC, MWH

DCAMo complete dredging

Long term solution tq
stabilize bank at East
Eagle Street

Medium

Public FacilitiesPCM

Permanent access and utility easem
of 338 East Eagle Street
Conveyance to NSTAR on Feb 10, 2
Land 16,808 square feet; Permanen
easement 13,742 square feet

Stabilize bank or
establish new bank a

Columbia Point

Medium

UMassand DCAM

Preliminary feasibility study in desigr
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Beyond the mitigation measurpsoposedn the 2
has since then proceeded with a number of other measures, summarized 88Table

008 Hazard Mitigation Plan, tlaty

Table 33
Status ofOther Mitigation Measures N

ot Included in the 2008 Plan

Mitigation Measures

2013 Status

EstablisHargerprimaryemergency operations
center

Identified new location

Purchase generators for fire stations without ol

Three phase installation program
complete by early 2014

Portable generators foCitydepartments/
facilities

Boston DOE LEARudy

Maintain and update&Emergency Operations Plg
(EOP)evacuation plans, other relevant plans a
protocols.

OEM Updategblan

Move the Police Harbor Patrol site

Completed

Retrofit manrhole covers with non conductive
covers

Ongoing replacemergrogram

Colleges of Fenway project to restudy and ma|
Muddy River Watershed

USACE working on Phase 1 RFP

Sediment removal and dam operations on
Neponset River in Dorchester

Neponset River Greenway

Expand capacity to monitor water levels remotj

Completed reatime monitoring
automated rain gauge

Moon Island: implement recommendations froi
the Assessment

Designer selected; project scheduls
TBD

Erie Street, Dorcheste&rnew larger storm drain

Completed by Boston Water dn

with easement on Erie St.

Sewer Commission

Regional and Inter-Community Considerations

Someo f B o0 Baraodmdigation issues are inrtBymmunity issues that involve
cooperation between two or more municipalit@msareregionalissuesnvolving a state,
regional, or federal agency.

The City of Boston has been working with Brookline on flood mitigation efforts in the
Muddy River. As mitigation issues are identified for other rivers in the border areas of the
City, particularly as climate change results in new hazard profiles for these waterways,
the Citywill look for opportunities to partner with neighboring communities.
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The drainage systems that seBaston and surroundim@pmmunities are a complex
system ofstorm drains, roadway drainage structures, pump stations and other facilities
owned and operated by a wide array of agencies including but not limitedBogtoa
Water and Sewer Commissiahe Department of Conservation and Recreation (DCR),
andMassabusetts Departmenf Transportation (MOT), and in the case of combined
sewer systems, the Massachusetts Water Resources Authority (MWR@&planning,
construction, operationand maintenance of these structures are integral to the flood
hazard mitigdon efforts ofall thecommunities. These agencies must be considered the
Cityd eegional partners in hazard mitigation. In the sections that follow, the plan
identifies actionsvhere cooperatiowith non-city agenciesnay be necessary

Proposed HazardMitigation Measures

Identification of Potential Mitigation Measures

The City of Bostorsolicited suggestions for mitigation measures f@ity officials and
members of the Hazard Mitigation Executive Steering Comnieause these
individuals have thenost comprehensive knowledge of local conditions. Mitigation
measures from the 2008 plan that had not yet beenletedpvere considered as well as
new and modified mitigation measures not included in the previous plan. The Hazard
Mitigation Executive Sering Committee reviewed and refined the list of proposed
mitigation measures at its September 6, 2012 meeting and in subsequent religew of
draft plan update. City officialsrovided the best available information on the mitigation
measures, their e#1ated cost, and time frame for implementation.

This sectiordescribes new mitigation measures planned for the next five yidwrs.
proposednitigation measures are listedTiable34 below, along with priority, lead
implementation, time frame, estinedtcost, and potential funding source.

Introduction to Table 34, Summary of ProposedMitigation Measures

Mitigation Measuré A brief description of each mitigation measurg@isvided.

Priorityi As described in the f oflMitgaton Activitiesie ct i on A F
and shown in Tabld4 below,the prioritizationof mitigation measues based on

multiple factorghat wereconsidered irassigning a overallrank of high, medium, or

low to each mitigation measure. The ranking of each miigaheasure is shown in

column 2 of Tabl&4

Implementation Responsibility The Executive Steering Committekesignagd
implementation responsibility b@ity agency staff andepartmentanagersit is likely
that somanitigation measures will requirbdt several departments work together and
assigning staff is the responsibility of the governing body of each community.

Time Framéd 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
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design, or already designed and awaiting fundiagndingopportunitiescould affect the
time frane for implementation

Estimated Cost The cost dataf available representurrent rough estimates only

Potential Funding SourcésThis columnidentifieslikely sources of funding foeach
measure.Agencies with implementation responsibility in most cases will be responsible
for pursuing funding opportunities. Funding sources may be internal or external to the
City. Many measurs mayrequireseverafunding sources. ldentification of a potential
funding source does not guarantee that a project will be eligible for or selected for
funding.

Abbreviations Used in Table34

Federal

FEMA Mitigation Grants includes:
FMA = Flood Mitigation Assistance Program.
HMGP = Hazard Mitigation Grant Program
PDM = PreDisaster Mitigation Program

ACOE = U. S. Army Corps of Engineers

EPA = U.S. Environmental Protection Agency

NPS = National Park Service

USCG = US Coast Guard

USDA = United States Department of Agriculture

State

CZM = Coastal Zone Management

DCR = MA Department of Conservation and Recreation
DEP = MA Department of Environmental Protection (State Revolving Fund
Mass DOT = Massachusetts Department of Transportation
MBTA = Massachusetts Bay Transit Authority

City

BFD = Boston Fire Department

BRA = Boston Redevelopment Authority

BPHC = Boston Public Health Commission

BWSC = Boston Water and Sewer Commission

EDIC = Boston Economic Development and Industrial Corporation
ISD = Boston Inspectional Services Department

PN

OEM = Mayor 6s OfMahagegnenbf Emer gency
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Table34 - Proposed Mitigation Measures

Mitigation Lead Time Estimated Potential Funding
Measure Priority | Implementation | Frame Cost Sources
Flood Hazard Mitigation Measures
1) Muddy River Restoratio Fed., State,
¢ flood control HIGH Boston Parkand 2017 $92 M Federal, sta_teand
Rec., Town of localfunding
Brookline
2) Storrow Drive
reconstructionand State, Federal
drainage improvements HIGH DCR 2018 $45¢135M transportation funds
3) Charlestown Underpass
¢replacetunnelwith urban Boston Federal Hiah
boulevardand drainage HIGH | Transportation TBD $100M al righay
. Administration
improvements Dept.
4) Dredging to ddress
Canterbury Brook flooding
in Mattapan (DCAM) HIGH DCAM 2017 >$1 M State, DCAM
5) Morrissey Boulevard
rehabilitation, including
tidal flooding and drainage, HIGH DCR 2018 $25 M State¢ DCRFederal
improvements
6) Longwood Medical Areg
drainage improvements MED BWSC 2014 $178,425 BWSC
7) Floodproof basement
and elevate utilitiedor .
Engine 20, Dorchester MED BFD 2016 $100- $250K CityBFD
8) Assess the vulnerability
of Central Artery and Masg
Pike to riverine and coastg
flooding, particularly with HIGH MasDOT 201415 Staff time for Statd MasDOT

climate changein order to
developmitigation
measures

assessment
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Table34 - Proposed Mitigation Measures

Mitigation
Measure

Priority

Time
Frame

Lead
Implementation

Estimated
Cost

Potential Funding
Sources

9) Assesthe vulnerability
of the MBTA system to
coastal and riverine
flooding and to heat waves
particularly with climate
changein order to develop
mitigation measures

HIGH

MBTA 201415

Staff time for
assessment

MBTA

10) Assess vulnerability of
the electrical grid,
particular major
distribution lines and
substations to natural
hazards likely to be
increased by climate
changein order to develop
mitigation measures

HIGH

2014

Electric Utilities 2016

TBD

Electric Utilities

11) AssessSStormwater
Management Drainage
Systemin order to
recommendmprovements
to storm drainsat the
Uphams Corner, McKim
and Lower Mills Branch
Libraries

MED

BWSC 2015

Staff time for
assessment

BWSC

12) Assess Boston Maring
Industrial ParlStormwater
Management Systenand

implement Improvements

MED

BRA 2016-17

$1.52M

CityBRA

13) Lawrence Street,
Roxburyg construct large
drain on easement

MED

BWSC 2014

$350,000

BWSC

Wind HazardMitigation Measure

14) Assessment of mast
armsfor wind
vulnerabilityat signalized
intersectionson State
Major Arterials and
Roadways

LOW

MassDOT 2017

Staff time for
assessment

StateMasDOT
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Table34 - Proposed Mitigation Measures

Mitigation Lead Time Estimated Potential Funding
Measure Priority | Implementation | Frame Cost Sources
15) Public education on
Hurricane andrornado OEMwill develop
Awarenessusing Red outreach as part .
Cross Tornado APP for MED of ALERT 2016 Staff Cost City OEM
iPhone and Android smatr BOSTON
phones.
16) New street tree
planting standards on
spacing and soil volume t MED ??7? 201617 Staff cost City
increasewind resilience
Geologic Hazard Mitigation Measures
17) Purchase Android
based mobile GPS
Tablets for ISD City/ISD DolT &
Inspectorg60 units) MED ISD & DolT 201516 $6,000 Federal
(preparedness)
18) Conduct Study for
Retrofit of ,
Unreinforced '\(zfﬁce OmeFx_rtE’
masonry buildingso MED ac;?fgegit;’ 2015-18 | Less than $10 City OPM
improve earthquake Departments
resilienceof
municipal buildings
) Broaramand Ot
Earthquake Alert APF MED various City | 2015-18 | Staff time City OEM
Departments
(preparedness)
20) Purchase ASA/DHS
FINDERor Fire Dept. HIGH | Boston Fire Dept 2017 TBD once Federal
(Preparedness) COTS
21) Increase public
education on earthquake
using Red Cross :
EarthquakeAPP for OoEtl\r/le;V(llrll iivegi
iPhonesand Android MED P Staff Cost 2015
Smart Phones and of ALERT
BOSTON

participate in annual
Northeast SHAKEOUT
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Table34 - Proposed Mitigation Measures

Mitigation Lead Time Estimated Potential Funding

Measure Priority | Implementation | Frame Cost Sources
Coastal Damage Mitigation Measures
22) Moon Island seawall Property and
rehabilitationto mitigate MED Construction 2016 $1.5M City
coastal hazards Management
23) Stabilize bank or
establish new bank at
Columbia Pointo MED UMass Boston, 2016 | Lessthan $1 N StatdQMASS/ D.CR
mitigate coastal hazards state and private funding
24) Long term solution to
stabilize bank at Bast Eag -y | US Army COIpS 515 || oo than 1N Federal USATE
Streetto mitigate coastal of Engineers
hazards
25) Assess feasibility of
strengthening seawalls
and/or adding vegetation :
for shoreline stabilization| MED DCR 2016 Staff time for Statgd DCR
along Morrissey Blvdo assessient
mitigate coastal hazards
26) Stabilize coastal ban
along the eastern side of
Long Island, adjacent to Property and $7,000 to CityPCM and
the Public Health MED Construction 2017 $10,000 per Statd DCR
I 2YYAaaAa 2 yQ Management linear foot
mitigate coastal hazards
27) Assess Boston Harbo Collaboratiorof
waterfront for additional BRAEDIC, DCR, Staff time for CityBRA/EDIC and
sea and flood wall MED | CzZM, MaDOT, 2017 State/DCRCZMDOT
protection to mitigate USCG, Navy, NP assessient FederalUSGS/Navy
coastal hazards TBHA, Businesse
28) Assess impact of tida
flooding at McCormack
and Dever schools, 315
Mt. Vernon Street Property a_lnd .

, : ' MED Construction 2018 | Less than $10} CityPCM
Columbia Point,

Management

Dorchesterto develop
mitigate measures
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Table34 - Proposed Mitigation Measures

Mitigation Lead Time Estimated Potential Funding

Measure Priority | Implementation | Frame Cost Sources
Extreme Heat Mitigation Measures
29) Tree Planting progra
to mitigate extreme heat Boston Parks
and stormwater impacts | HIGH : 201418 TBD CityBPR
to mitigate extreme heat andRecreation
30) Cool Roofs Progragqn
Green Roofs and White Boston
Roofsto mitigate extreme| MED | Environment | 201418 TBD CityEnvt. Dept.
heat Dept.
Fire Hazard Mitigation Measures
31) Assess feasibility of
NFPA FireWise Program
for urban environmersil BFD, Fire
education olhomeowners| MED Prevention 2015 Staff time CityBFD
on reducing brush and Division
mulch fires
32) Boston Fire BFD Fire
Prevention Programs MED Prevention | 201418 Staff time CityBFD
(preparedness) Division
33) Boston FirdLife Safety Boston Fire
Plan Program HIGH | Dept., Office of | 201418 Staff time CityBFD
(preparedness) Field Services
34) Boston Fire LEPC BostcgffFire f License and City BFD

i Dept., Office o icens i
(pr;l)zrnleldl\::snsger HIGH Field Services 201418 Stafftime State
LEPC
SolarStorm Mitigation Measures
35) Inventory equipment
vulnerable to Solar Storm MED | OEM Logistics | 201415 Staff time City OEM
EMPs
36) Build Faraday Cages Cage without
to store and protect redundant
redundant radio and . equipment
communication mep | OEMandCityl »4, 415 | $40-$50,000 City OEM
: Departments .
equipment, lap tops, Cages with
and batteries. equipment
$500,000
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Table34 - Proposed Mitigation Measures

Mitigation
Measure

Priority

Lead
Implementation

Time
Frame

Estimated
Cost

Potential Funding
Sources

Other Hazard Mitigation Measures

37) Prevent outbreaks of
West Nile Virus and
Eastern Equine
Encephalitis by treating
catch basins with
mosquito larvacides

MED

BPHC and
Suffolk County
Mosquito Control

201418

$35,954 for

materials per
treatment, plus
staff time (BD,

BHA, BPHC,
DCR & ZobB
for application

BPHC and Suffolk
County Mosquito
Control

38) Assess the risk of
water-reactive chemicals
stored in floodprone
buildingsto mitigate flood
hazards

LOW

BFD HAZMAT
andBFD LEPC

2015

Saff time for
assessent

CityBFD

39) Monitor Outbreak of
Invasive Species and
Eradicate Asian
Longhorned Beetle
treating host trees with
imidacloprid

MED

USDA

201416

$55,000 per
year

FederalcUSDAAPHIS

Multi-HazardMitigation

Measures

40) Participate in the
Community Rating Systel

MED

Boston
Environment
Dept.

2015

Staff time

CityEnvt. Dept.

41) Update Storm Ready
Certification with NWS

MED

Boston OEM

2016

Staff time

City OEM

42) Adopt atree retention
ordinance to preserve
existing trees or equally
compensate for the loss
oft he treeds
(mitigation for both
flooding and extreme
heat)

HIGH

TBD

201415

Staff time

City

43) Community
Preparedness Workshop
and Outreach

(preparedness)

HIGH

OEM

201418

Stafftime

CityyOEM
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Table34 - Proposed Mitigation Measures

Mitigation
Measure

Priority

Time
Frame

Lead
Implementation

Estimated
Cost

Potential Funding
Sources

44) Establish a muki
cultural and mult
languagepublic
awareness prograran
natural hazards and
mitigation

HIGH

OEM 2016-18

Staff time

CityyOEM

45) Conduct a survey of
emergency generators at
critical infrastructure
facilities, municipal
buildings, shelters and
youth hostels

HIGH

OEM 2016-18

Stafftime

CityOEM

46) Evaluate feasibility of
mobilizing passenger
ferries for evacuation
(preparedness)

MED

OEM 2017

Staff time

CityOEM

Climate Change AdaptatioNlitigation Measures

47) Convene a Cabinet
levelClimate Preparednes
Task Forcéo review
currentactivities and
policies and provide
guidance for further
development
(preparedness)

HIGH

Climate
Preparedness
Task Force

201415

Staff time for
review and
guidance

City

48) Identify ways for
institutions and businesse
to reduce their
vulnerability to climate
change andor the City of
Boston to support those
efforts

HIGH

Green Ribbon

o 201415
Commission

Staff time for
Commission
support

City

49) Survey the
preparedness oéxisting
buildingsand other assets
(e.g. MBTA station$dr
climate change
(preparedness)

HIGH

Boston
Redevelopment
Authority

201415

Staff time for
survey

CityBRA
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Table34 - Proposed Mitigation Measures

Mitigation Lead Time Estimated Potential Funding
Measure Priority | Implementation | Frame Cost Sources
50) Include climate change Staff time for
preparednessn Article 80 Boston drafting
Development Reviewo HIGH | Redevelopmen{| 201415 Article 80 CityBRA
enhance flood mitigation Authority guidelines ang
checklist
51) Adopta Wetlands

Ordinancethat includes

: Staff time for
sealevel rise and develop

new floodplain maps that Boston drafting
: P map MED Conservation | 201415 |ordinance and CityBCC
incorporate projected o .

. o Commission preparing
climate changt® mitigate mans
flood hazards P
52) Develop guidelines ani Inspectional
prioritization for better Services .
enforcement of flood Department Staff time for

. MED b 201415 drafting CityISD/BPHC
proofing standards$o and Boston uidelines
mitigate flood hazards Public Health g
Commission

ga)eiaet;lc;rewwelgnner:i%enf(g Office of Stafftime for

P planning HIGH | Emergency | 201415 City/OEM
storms and flooding assessment

Management

(preparedness)

Prioritization of Mitigation Activities

The last step in developing thatigation strategy is to assign a level of priority to each
mitigation measurePrioritizationis based owrurrent estimatesf the existing and
potental hazard impacts and of the costaction and inactian

Prioritization of mitigation measures was conducted by members of the Boston Hazard
Mitigation Steering Committee, as shown in TaBte The priority of each mitigation
measure represents the judgment of3tezering Committebased on multiple factors,
including the hazard risk that the measure addresses, the geographic extent or criticality
of the location affected by the measure, thepioal benefit, and the estimated relative

cost or complexity of the measure.

Theestimatedenefit created by a mitigation measure was based on a qualitative
estimatebased on local knowledgé hazard areashe numbeof homes, businesses, or
people served by the mitigation action and an estimate of the costs or damages avoided
via implementation of the mitigation measugstimated costs were rankidterms of

High (greater than $10,000,000), Medium ($2,000,000 6(RD,000), or Low (less than
$2,000,000, or staff time)Based on these factors, each mitigation measure was assigned
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an overall priority (High, Medium or Low). The time frame for each mitigation measure

is also indicated.

Table35 - Prioritization of ProposedMitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

Flood Hazard Mitigation Measure

1) Muddy River
Restorationflood
control

Fenway

High

High

High

201418

2) Storrow Drive
reconstructionand
drainage
improvements

Back Bay

High

High

High

2017

3)Charlestown
Underpasg; replace
tunnel with urban
boulevardand
drainage
improvements

Charlestown

High

Medium

High

2018

4) Dredging to
address Canterbury
Brookfloodingg
(DCAM)

Mattapan

Medium

Medium

High

2015

5) MorrisseyBlvd.
rehabilitation,
including tidal
flooding and drainage
improvements

Dorchester

High

Med/High

High

2018

6) Longwood Medical
Area drainage
improvementsg

Fenway/LMA

Medium

Low

Medium

2014

7) Floodproof
basement and levate
utilities for Flood
prevention for Engine
20, Dorchester

Dorchester

Low

Medium

Low

2016
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Table35 - Prioritization of ProposedMitigation Measures

Mitigation Actions | Geographic| Estimated | Estimated| Overall Time
by Hazard Risk Extent Benefit Cost Priority Frame

8) Assess the
vulnerability of
Central Artery and
Mass. Pike to riverine
and coastal flooding,
particularly with City-wide Medium Low High 201415
climatechange, in
order to develop
mitigation measures

9) Assesthe
vulnerability of the
MBTA system to
coastal and riverine
flooding and to heat
waves, particularly
with climate change
in order to develop
mitigation measures

City-wide Medium Low High 201415

10) Assesshe
vulnerability of the
electrical grid,
particular major
distribution lines and
substations to natural
hazards likely to be
increased by climate
changein order to
develop mitigation
measures

City-wide High Medium High 201416

11) Assess
Stormwater
Managenent
Drainage Systenm
order torecommend Dorchester Medium Low Medium 2015
improvementsto
storm drains athe
Uphams Corner,
McKim and Lower
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Table35 - Prioritization of ProposedMitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

Mills Branch Litaries

12) Assess Boston
Marine Industrial Park
Stormwater
Management System
Assessment and
implement
Improvements

South Boston

Medium

Medium

Medium

20162017

13) Lawrence Street,
Roxburyg construct
large drain on
easement

Roxbury

Medium

Medium

Medium

2016

Wind Hazard Mitigation Measures

14) Assessment of
mast armgor wind
vulnerabilityat
signalized
intersections on
Major Arterials on
State Roadways

City-wide

Medium

Low

Low

2016

15) Public Education
on Hurricanes and
Tornades, using Red
Cross Tornado APP
for iPhone and
Android smart
phones.

City-wide

Medium

Low

Medium

2015

16) New street tree
planting standards on
spacing and soil
volume toincrease
wind resilience

City-wide

Medium

Low

Medium

201516

GeologicHazard Mitigation Measures

17) Purchase
Android-based
mobile GPS Tablets
for ISD Inspectors

City-wide

Medium

Medium

Medium

201516
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Table35 - Prioritization of ProposedMitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

(preparedness)

18) Conduct study
for retrofit of
unreinforced
masonry to improve
earthquake resilience
of municipalbuildings

City-wide

Medium

Medium

Medium

201418

19) Participate in the
Quake Smart
Program

Citywide

Medium

Medium

Medium

2015-18

20) Purchase ASA/
DHS FINDERT Fire
Dept(preparedness)

Citywide

High

TBD once
COTS

High

2017

21) Increase public
education on
earthquakes using
Red Cross
EarthquakeAPP for
iPhones and Android
Smart Phones and
participatein annual
Northeast SHAKEOU

City-wide

Medium

Medium

Medium

2016

Coastal Damage Mitigation Meas

ures

22) Moon Island
seawall rehabilitation

Moon Island

Medium

Medium

Medium

2017

23) Stabilize bank or
establish new bank af
Columbia Pointo
mitigate coastal
hazards

Columbia
Point

Medium

Low

Medium

2016

24) Long term
solution to stabilize
bank at East Eagle
Streetto mitigate
coastal hazards

EastBoston

Medium

Low

Medium

2016

25) Assess feasibility
of strengthening
seawalls and/or
addingvegetation for

shoreline stabilization

Dorchester

Medium

Low

Medium

2016
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Table35 - Prioritization of ProposedMitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

along Morrissey Blvd.
to mitigate coastal
hazards

26) Stabilize coastal
bank along the
eastern side of Long
Island, adjacent to the
Public Health
I 2YYAaaazy
to mitigate coastal
hazards

Long Island

Medium

Medium

Medium

2017

27) Assess Boston
Harbor waterfront for
additional sea and
flood wallprotection
to mitigate coastal
hazards

Boston
Harbor
coastline

Medium

Medium

Medium

2017

28) Assessnpact of
tidal flooding at
McCormack and
Dever public schools,
315 Mt. Vernon St,
Dorchesterto
devlelop mitigation
actions

Columbia Pt,
Dorchester

Medium

Low

Medium

2017

Extreme HeaMitigation Measures

29) Tree Planting
program to mitigate
extreme heat and
stormwater impacts

City-wide

High

High

High

201418

30) Cool Roofs
Programg Green
Roofs and White
Roofsto mitigate
extreme heat

Citywide

Medium

Low

Medium

201418

FireHazard Mitigation Measures

31) Assess feasibility
of NFPA FireWise
Program for urban
environmenal

Citywide

Medium

Low

Medium

2016
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Table35 - Prioritization of ProposedMitigation Measures

Mitigation Actions | Geographic| Estimated | Estimated| Overall Time
by Hazard Risk Extent Benefit Cost Priority Frame
education

of homeowners on
reducing brush and
mulch fires

32) Boston Fire
Prevention Programs

City-Wide Medium Low Medium 2015
(preparedness)
33) Life Safety Plan
Program . . . .
(preparedness) City-Wide High Low High 201418
34) Boston Fire LEPC
Tier Il Manager City:Wide High Low High 201418

(preparedness)

Solar Storm Mitigation Measures

35) Inventory
equipment vulnerable  Citywide High Low Medium 201415
to Solar Storm EMPs

36) Build Faraday
Cages to protect
redundant radio and
communication
equipment, lap tops,
and batteries.

City-wide High Medium Medium 201415

Other Hazard Mitigation Measures

37) Prevent outbreaks
of West Nile Virus an(
Eastern Equine
Encephalitis by City-wide Medium Low Medium 201418
treating catch basins
with mosquito
larvacides

38) LEPC Assess the
risk of waterreactive
chemicals stored in
flood-prone buildings | Citywide Low Low Low 2015
to mitigate flood
hazards
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Table35 - Prioritization of ProposedMitigation Measures

Mitigation Actions | Geographic| Estimated | Estimated| Overall Time
by Hazard Risk Extent Benefit Cost Priority Frame
39) Monitor

Outbreak of Invasive
Species and Eradicat
Asian Longhorned
Beetle treating host
trees with
imidacloprid

City-Wide Medium Low Medium 2015

Multi-Hazard Mitigation Measures

40) Participate in the
Community Rating City-wide Medium Low Medium 2015
System

41) Update Storm
Ready Certification City-wide Medium Low Medium 2016
with NWS

42) Adopt atree
retention ordinance
to preserve existing
trees or equally
compensate for the | Citywide High Low High 201415
lossof t he t
caliper(mitigation
for both flooding and
extreme heat)

43) Community
Preparedness
Workshops and City-wide High Low High 201418
Outreach
(preparedness)

44) Establish a muki
cultural and mult
languagepublic
awareness program
on natural hazards
and mitigation

City-wide High Medium High 2015-17

45) Conduct a survey
of emergency
generatorsat critical
infrastructure
facilities, municipal
buildings, shelters

City-wide Medium Low Medium 2015-16
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Table35 - Prioritization of ProposedMitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

and youthhostelsin
order to upgrade as
needed

46) Evaluate
feasibility of
mobilizing passenger
ferries for evacuation
(preparedness)

Waterfront

Medium

Low

Medium

2016

Climate Change daptation Mitigat

ion Measures

47) Convene a
Cabinet leveClimate
Preparedness Task
Forceto review
currentactivities and
policies and provide
guidance for further
development
(preparedness)

City-wide

High

High

High

201415

48) Identify ways for
institutions and
businesses to reduce
their vulnerability to
climate change and
for the City of Boston
to support those
efforts

City-wide

High

High

High

201415

49) Survey the
preparedness of
existing buildings and
other assets (e.g.
MBTA stationsfor
climate change
(preparedness)

City-wide

High

Medium

High

201415

50) Include climate
change preparedness
in Article 80
Development Review
to enhance flood

mitigation

City-wide

High

Low

High

201415
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Table35 - Prioritization of ProposedMitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

51) Adopta Wetlands
Ordinancethat
includessealevel rise
and develop new
floodplain maps that
incorporate projected
climate changéo
mitigate flood
hazards

City-wide

High

Low

High

201415

52) Develop
guidelines and
prioritization for
better enforcement
of flood proofing
standardgo mitigate
flood hazards

City-wide

High

Low

High

201415

53) Review
emergency operation
planning for storms
and flooding
(preparedness)

City-wide

High

Low

High

201415
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VIl . PLAN ADOPTION AND MAINTENANCE

Plan Adoption

TheBostonHazard Mitigation Pla2014 Updatewas adopted by thBoston City
Councilon September 16, 20155ee Appendi¥ for documentation. The plan was
approved by FEMA odanuary 8, 201fbr a five-year period that will expire adanuary
8, 2021

Plan Maintenance

Althoughmanyof therecommendedhitigation measures from th@ty's previous

Hazard Mitigation Plan have been implemented, since that plan was aotop@&x8

there has not been a forntatal pro@ss to guide implementation thie planor integrae

it with other City plans and programfSuch a process is needed over the next five years
for the implementation of this plan update, and will be structured as described below.

TheBostonHazard MitigationSteering Committeeversaw the preparation tifis plan

update This groupwill continue to meet on an-ageded basis to function as the Local

Hazard Mitigationmplementation Grou@and maintain and update the plan in

accordance with the Cityds poTlheCitywils and proc
continue public participation during the nexy&ar planning cycle. Yearly reviews of

the plan as well as the Five Year Comprehensive Update (as described below under

policy # OEM2012005), will be publicly noticed in accordance with City andestgien

meeting laws, and the current plan will be available to the public on the City's website.

Any comments received will be reviewed and considered by the Hazard Mitigation

Steering Committee.

Implementation Schedule

The Boston Office of Emergency Marg e me n t 6Esnergeck Menagement Plans
Maintenance Policy (OEN2011-001, effective December 9, 2Q14s revised by OEM
2011001-REV A, revision date August 6, 201é$tablishes the following policy for plan
maintenance:

3. POLICY

a. Emergency managemigplans contain information on policies, roles, and
responsibilites, operational procedures, and several other topics involved in the
pl anning and response to incidents. Thes
involve the coordination of multipl€ity departments and the information
contained in the plans will become obsolete as department roles and standard
operating procedurdsSOP6s) change.
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b. Roles and Responsibilities
i. Boston Emergency Management Advisory Council (BEMAC): Responsible for
finalred ew and approval of the Cityds Emer ge.l

ii. Office of Emergency Management: The OEM is charged with maintenance of
emergency management plans and keeping annexes, appendices, attachments, and
figures current. Plan revisions will be comrated by the OEM Director who will

ensure that an annual review is conducted for each plan in accordance with the
schedule listed in this pol.

iii. City Departments: City of Boston Departments Offices, and Commissions
that have a role in any of théaps covered by this policy will be responsible for
reviewing and updating the plan in accordance with the schedule listed in this

policy.

iv. External Agencies: Any outside agency with a role in any of the plans covered
by this policyis responsible foreviewing and updating the pan when requested.

c. Each plan will be reviewed annually according to the following schedule:
Hazard Mitigatiori June 1

Each plan will also be reviewed following any exercise or activation of the plan
that identifies poteral improvements.

4. PROCEDURE

a. Plans will be reviewed according to a specified procedure which is outlined
below:
v. Hazard Mitigation Plain This plan will be reviewed in accordance with
OEMés Hazard Mitigati on -1200) am Policy (p

The above referred policy, OEMBlazard Mitigation Program PolyidOEM-2012005,
effective April 15, 2012) specifies a Hazard Mitigation Plan Review procedure at Section
3c, as follows:

i. Yearly Review: the City of Boston, through the direction of the @ostazard
Mitigation Steering Committee, will perform an annual review of its Hazard
Mitigation Plan. This comprehensive examination will include: a prioritization
and reevaluation of mitigation project; af@ioritization of projects, as
appropriate;a assessment of each projectds curr
for improvements and/or changes. The Boston Hazard Mitigation Steering
Committee will produce an annual Hazard Mitigation Status Report that
represents the results of the annual review
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ii. Five Year Comprehensive Update: Per Federal Emergency Management Agency
(FEMA) regulations, the Hazard Mitigation Plan will undergo a comprehensive
review and update every five years. The Plan will be forwarded first to the
Massachusetts Emergency Managet#gency and the Massachusetts
Department of Conservation and Recreation for initial review; then to FEMA for
final approval, and lastly to the Boston City Council for adoption

Prepare and Adopt an Updated Local Hazard MitigationPlae MAG6s appr oval
plan is valid for five years, by which time an updated plan must be approved by FEMA in
order to maintain th€ityd approved plan status and its eligibility for FEMA mitigation
grants. Because of the time required to secure a planning grant, prepare an updated plan,
and complete the approval and adoption of an updated plan, the Hazard Mitigation
Steering Committewill begin the process by the end of Year 3.

Integration of the Plans with Other Planning Initiatives

Upon approval of th8osion Hazard Mitigation Plarz014 Updateby FEMA, theLocal

Hazard Mitigation Implementation Teamill provide all interested pags and

implementing departments with a copy of the plan and will initiate a discussion regarding
how the plan can be integrated into that
Hazard Mitigation Executive Steering Committedl review and discusthe planwith

the following departments:

Office of Emergency Management
Boston Water and Sewer Commission
Boston Public Works Department
Boston Redevelopment Authority
Boston Public Health Commission
Boston Fire Department
BostonPoliceDepartment
BostonConservatiorCommission
BostonParks and Recreation

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

Other groups that will be coordinated with includegke institutionsChambeiof

Commerce, land conservation organizations and watershed groups. The plan will also be
posted ot h e @ebsitgafiesreviewing it for sensitive information that would be
inappropriate for public posting. The posting of the plan on a web site will include a
mechanism for citizen feedback.
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fiMassachusetts: Confronting Climate Change in the Nortésion of Concerned
Scientists 2007

ABoston, Massachusett s: l denti fying and Beco
Changeo (July 2011) National Resources Defen

When It Rains It Pours Global Warming and the Increase in Extreme
Precipitation,Environment America Research and Policy Centely 2012

MA Coastal Hazards Commission, Preparing For the Storm: Recommendations for
Management of Risk from Coastal Hedsiin Massachusetts, May 2007

FEMA, Flood Insurance Rate Maps Boston, MA 2010

Massachusetts StormSmart Coasts, websitigr://ma.stormsmartcoasts.org/

New England Seismic Network, Boston College3ton Observatory, website:
http://aki.bc.edu/index.htm

Northeast States Emergency Consortium, websitg://www.nesec.org/

U. S. Census2010
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The following were alsoonsulted regarding specific categories of hazards:

CLIMATE CHANGE PROCESS METHODOLOGY

Dr. Thomas Webler anbr. Seth TulerSocialandEnvironmental Research Institute,
City of Bostoni SERI Diagramming Climate Changrelated VulnerabilityConsequence
Adaptation Planning Scenarios (VCAPS).

HAZUS-MH: EARTHQUAKE, FLOOD, HURRICANE STUDIES OF BOSTON
Edward S. Fratto, Executive Director Natist States Emergency Consortium

CIVIL ENGINEERING AND SOIL LIQUEFACTION

Dr. Laurie Baise, Civil Engineer, Tufts University Department of Civil and
Environmental EngineerinigRecent Study completed on Soil Liquefaction on the City
of Boston. Followon Sudy on mapping soil typing into NEHRP categories.

EARTHQUAKES

Dr. John Ebel, Weston ObservatériBC EarthandEnvironmental Sciences
Justin Starr Weston Observatoriy BC EarthandEnvironmental Sciences
Dr. James Kaklamanos, Merrimack College, DepCivil and Environmental
Engineering Recent Seismic Study on Boston

EXTREME SEASONAL WEATHER STORM READY
Glenn A. Field, Warning Coordination Meteorologist, NOAA NWW&unton

EXTREME HEAT

Tufts University Department of UrbamdEnvironmental Polig andPlanning.

APreparing for Heat Waves in Boston: A Cool
2010(student paper).

FLOOD HYDROLOGY
Dr. Ellen Marie Douglas, Assistant Professor of Hydrology, UMARSton Coastal Sea
Level Rise in Boston Harbor

GROUNDWATER MONITORING andRECHARGE

Elliott Laffer, Executive DirectorBoston Groundwater Trust

Christian Simonelli, BGwT TechnicahdRecharge Coordinator

B.F. Thomas and R.M. Vogel Department of Civil and Environmental Engineering, Tufts
University, i T Hngpact of Stormwater Recharge Practices on Boston Groundwater
Levelso
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Bibliography of Climate Change Related Reports
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APPENDIX A

Boston Redevelopment Authority
Climate Change Preparedness and Resiliency Checklist for
New Construction
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Climate Change Preparedness and Resiliency Checklist for New Construction

In November 2013,in conformance with the Mayor's 2011 Climate Action Leadership
Committee's recommendationsthe Boston Redevelopment Authority adopted policy for all
development projects subject to Boston Zoning Article 80 Small and Large Project Review,
including all Institutional Master Plan modifications and updateare to completethe
following checklist and provide any necessary responses regarding project resiliency,
preparedness and to mitigate any identified adverse impacts that might arise under future
climate conditions

For more information about the City of Boston's climate policies and practicasd the 2011
update of the climate action planA Climate of Progressplease see the City's climate action
web pages athttp://www.cityofboston.gov/climate

In advance we thank you for your time and assistance in advanciogst practices in Boston.

Climate Change Analysis and Information Sources:

1. Northeast Climate Impacts Assessmenivivw.climatechoices.org/nej)

2. USGCRP 2009http://www.globalchange.gov/publications/reports/scientific
assessments/usimpacts/)

3. Army Corps of Engineers guidance on sea level rise
(http://planning.usace.army.mil/toolbox/library/ECs/EC11652212Nov2011.pdf)

4. Proceedingpf t he Nati onal Academy of Science, 0GI
temperature 6Vermeer and Rahmstorf, 2009
(http://www.pnas.org/content/early/2009/12/04/0907765106.full.pdf )

5, 0Hot spot of -ewlaiseloretheatlantid coaseoNortAmericad Asbury
H. Sallenger Jr*, Kara S. Doran and Peter A. Hov2012
(http://www.bostonredevelopmentauthority.org/planning/Hotspot of Accelerated
Sealevel Rise 2012.pd)

6. OBuilding Resilience in Bostondé: Best Practi.
Resilience for Existing Buildings, Linnean Solutions, The Built Environment Coalition,

The Resilient Design Institute, 2103
(http://www.greenribboncommission.org/downloads/Building_Resilience_in_Boston

SML.pdj

Checkilist

Please respond to all of the checklist questions to tHeallest extent possible. For

projects that r es po 0 8ealewkeRseand Siornss,rLgcationf t he D.
Description and Classification questions, please respond to all of the remaining

Section D questions.

Checklist responses are due at the timof initial project filing or Notice of Project
Change and final filings just prior seeking Final BRA Approval. A PDF of your
response to the Checklist should be submitted to the Boston Redevelopment
Authority via your project manager.

Please NoteMWheninitiating a new project, please visit the BRA web site for the most
current Climate Change Preparedness & Resiliency Chbst.
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Climate Change Resiliency and Preparedness Checklist

A1 - Project Information

Project Name:

Project Addrass Primary:

Project Address Additional:

Project Contact (name / Title /
Company / email / phone):

A2 - Team Description

Owner / Developer:

Architect:

Engineer (building systems):

Sustainability / LEED:

Permitting:

Construction Management:

Climate Change Expert:

A3 - Project Permitting and Phase

At what phase is the project - most recent completed submission at the time of this response?

PNF / Expanded Draft / Final Project Impact Report BRA Board Motice of Project
PMNF Submission Submission Approved Change

Plannad BRA Final Design Approved Under Construction just
Development Area Construction completed:

A4 - Building Classification and Description

List the principal Building Uses:

List the First Floor Uses:

What is the principal Construction Type - select most appropriate type?

Wood Frame Masonry Steel Frame Concrete
Describe the building?
Site Area: SF Building Area: SF
Building Height: Ft. Mumber of Stories: Firs.
First Floor Elevation (reference Elev. Are there below grade No /
Boston City Base): spaces/levels, if yes how many: Number of Levels
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A5 - Green Building

Which LEED Rating System(s) and version has or will your project use (by area for multiple rating systems)?

Select by Primary Usea:

Select LEED Outcome:

Will the project be USGBC Registeraed and / or USGBC Certified?

Registered:

A6 - Building Energy

What are the base and peak operating energy loads for the building?

Electric:

What is the planned building
Energy Use Intensity:

Electric:

What is nature and source of your back-up / emergency generators?

Electrical Generation:

System Type and Mumber of Units:

Mew Construction Core & Shell Healthcare Schools
Retail Homes Midrise Homes Other
Certified Silver Gold Platinum
Yes / No Certified: Yes / No
(kW) Heating: (MMBtushr)
(kbut/SF or Cooling: {Tons/hr)
kWh/SF)
What are the peak energy demands of your critical systems in the event of a service interruption?
(kW) Heating: (MMBtushr)
Cooling: {Tons/shr)
(kW) Fuel Source:
Combustion Gas Turbine Combine Heat (Units)
Engine and Power

B - Extreme Weather and Heat Events

Climate change will result in more extrame weather events including higher year round average temperatures, higher peak
temperatures, and more periods of extended peak temperatures. The section explores how a project responds to higher

temperatures and heat waves.

B.1 - Analysis

What is the full expected life of the project?

Select most appropriate:

What is the full expected operational life of key building systems (e.g. heating,

Select most appropriate:;

What time span of future Climate Conditions was considered?

Select most appropriate:

10 Years 25 Years 50 Years 75 Years
cooling, ventilation)?

10 Years 25 Years 50 Years 75 Years

10 Years 25 Years 50 Years 75 Years
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