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I. EXECUTIVE SUMMARY

Hazard mitigation planning is a process that identifies actions to reduce the dangers to
life and property from natural hazard events. This plan is a framework for the City of
Boston’s wide range of hazard mitigation efforts. This plan meets the guidelines for the
hazard mitigation planning program administered 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 plans, the Federal
Disaster Mitigation Act of 2000 requires all municipalities that wish to be eligible to
receive FEMA hazard mitigation grants to adopt a local multi-hazard mitigation plan, and
to update the plan every five years. Boston’s first hazard mitigation plan was approved by
FEMA in March 2008, and this 2014 Plan Update provides the first five-year update. An
approved Hazard Mitigation Plan makes the City eligible for FEMA’s Hazard Mitigation
Grant Program, Flood Assistance Mitigation grants, and Pre-Disaster Mitigation Grants.

Planning Process

Planning for the Boston Hazard Mitigation Plan 2014 Update was led by the Boston
Hazard Mitigation Executive Steering Committee, comprised of representatives of key
City departments and commissions with responsibility for various aspects of hazard
mitigation. The Executive Steering Committee was the main vehicle for coordinating
input on all hazards to be addressed in this plan. The committee reviewed the types of
impacts and the areas where natural hazards most affect the City, based on both historic
trends and expected future impacts of climate change. The committee coordinated
internal consultations between several City agencies, and organized a series of five
workshops that were facilitated by the Social and Environmental Research Institute
(SERI). The committee also established the City’s goals for addressing these natural
hazard impacts, and developed a list of proposed hazard mitigation measures.

Public participation in this planning process is important for improving awareness of the
potential impacts of natural hazards, building support for the mitigation actions the City
plans to take, and identifying additional potential impacts and actions. The City’s public
participation process included two public meetings hosted by the Boston Conservation
Commission, the first on April 18, 2012, before the plan update was drafted, and the
second on September 18, 2013, to provide an opportunity for comments on the draft plan
update. In addition, the draft plan update was posted on the City’s website for public
review prior to the second public meeting. Direct outreach was also conducted with key
institutions and state agencies. Any comments received were reviewed and incorporated
by the local hazard mitigation team. Revisions 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.
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Risk Assessment

This 2014 Plan Update assesses the potential impacts to the City from multiple natural
hazards, including flooding, high winds, winter storms, extreme heat, brush fire, and
geologic hazards. Of these hazards, flooding presents the most historically widespread
hazard to the City, but coastal storm damage and record breaking extreme heat events are
of increasing concern given the recent and projected trends in changes to the climate.
The Executive Steering 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 assessment. While historic trends in
natural hazards are fully incorporated into this plan update, the City has taken steps to
also take into consideration the potential future impacts of climate change. While not
(yet) required by federal plan guidelines, given the City’s commitment to addressing
climate change through its Boston Climate Action Plan (2011), the Hazard Mitigation
Executive Steering Committee established a strong priority for incorporating climate
change considerations into this Hazard Mitigation Plan 2014 Update. The need for this
approach is also reinforced at the state level by the recent adoption of the Massachusetts
Climate Adaptation Report (2011). In assessing climate change issues for this plan
update, the City drew upon the latest available scientific research, and made many
relevant reports available on its web site (see Section VIII).

In order to assist Boston in the task of bringing climate change issues into its hazard
mitigation plan update, the City and MAPC partnered with the Social and Environmental
Research Institute (SERI). The City of Boston Office of Emergency Management
organized a series of four collaborative stakeholder planning sessions on infrastructure,
regulations, buildings and facilities, and public safety. The sessions used a unique
methodology known as Vulnerability-Consequence Adaptation Planning Scenarios
(VCAPS). Many of the insights gleaned from this process informed the plan update, and
the details of these sessions are summarized in the document.

One of the key tools the City used to assess vulnerability was FEMA’s HAZUS-MH
program. The Mayor’s Office of Emergency Management (OEM) asked MEMA for the
Northeast States Emergency Consortium (NESEC) to conduct a HAZUS-MH Level 11
analysis of the City of Boston. The City collaborated with NESEC to 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 in the City, although
these analyses did not take climate projections into account.

The City of Boston invited 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, such as the flood hydrology
studies of Dr. Ellen Marie Douglas at UMASS Boston and earthquake studies by Dr.
Laurie Baise, Tufts University and Dr. James Kaklamanos, Merrimack College. In
addition the City has partnered with the US Army Corps of Engineers, which is
conducting a Hurricane Evacuation Study that will delineate areas impacted by several
hurricane scenarios.
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Hazard Mitigation Goals

The Boston Hazard Mitigation Executive Committee established the following Hazard
Mitigation Goals for the 2014 Plan Update:

Goal 1 Protect the health and safety of the public.

o Encourage people to be prepared before, during and after a hazard event.

o Ensure that services related to public health can function during and after a
hazard, e.g., sanitation, water, debris removal, hospitals and emergency services.

o Ensure that evacuation can happen in an organized and efficient manner.

o Minimize secondary impacts from hazards, such as the release of pollutants. e.g.,
by covering salt piles.

o Promote public communications

o Establish a multi-cultural and multi-language public awareness program

Goal 2: Protect existing properties and structures.

o Provide resources for residents and businesses to make their buildings and
properties more disaster resistant.

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

o Maintain existing mitigation structures.

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

o Ensure that critical facilities are protected from hazards.

o Protect natural areas to ensure that they buffer impacts to built areas during a
natural disaster.

o Preserve and restore the functions of natural resource systems.

Goal 3: Ensure that essential services can function during and after a hazard event.
o Ensure that critical infrastructure is protected from natural hazards.
o Ensure that people (key service providers and employees) can get into the City to
provide services.
o Ensure that interdepartmental communication is seamless.
o Maintain the Emergency Operations Plan (EOP) and supporting annexes.

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

o Continue to participate in regional efforts.

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

o Understand priorities and capabilities 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.
o Prioritize mitigation projects.
o Continue to program mitigation projects in the Capital Investment Plan.
o Pursue various funding sources.
o Encourage private property-owners to implement measures to protect their own
property.

Goal 6: Maintain Hazard Awareness.

o Track and compile hazard related data.

o Understand the potential implications of climate change on the frequency and
extent of natural hazard events and incorporate that knowledge into hazard
mitigation efforts.

o Maintain publicly available information on natural hazard risks in the City.

o Integrate hazard mitigation into other City initiatives and plans.

Hazard Mitigation Strategy

The Boston Hazard Mitigation Executive Steering Committee identified a number of
mitigation measures that would serve to reduce the City’s vulnerability to natural hazard
events. Many of these are related to improving and maintaining the integrity of the
drainage system through addressing maintenance and reconstruction issues. In keeping
with the City’s priorities for climate preparedness, there is also a strong emphasis on
coastal damages and extreme heat. Efforts 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 steps that can be taken to mitigate their damages will change over time. Global
climate change and the accompanying changes to sea level, average temperatures, and
extreme events will increase the City’s vulnerability in the future, and local officials will
work together across municipal lines and with state and federal agencies, institutions, and
the business community in order to understand and address these challenges.

To support this work in October 2013 the City of Boston released Climate Ready Boston:
Municipal Vulnerability to Climate Change, the 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 priorities, and planned next steps. The appendices to this
report contain prioritized actions targeted to the City’s agencies, including:
Administration and Finance, Boston Centers for Youth & Families, Boston Housing
Authority, Boston Public Health Commission, 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
Department, Office 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 Department. The report with
appendices is attached to this Hazard Mitigation Plan Update as Attachment H.

Plan Review and Update Process
The major components of the plan review and update process are summarized in Table 1:

Boston has made progress on implementing mitigation measures identified in its 2008
Hazard Mitigation Plan. While some of the measures identified in that plan are complete,
others still require the identification of funding source to support construction,
equipment, and additional manpower. Moving forward into the next five year
implementation period, there will be additional opportunities to incorporate hazard
mitigation into the City’s decision making processes.

Table 1 Plan Review and Update

Chapter

Reviews and Updates

Il — Public
Participation

The Boston Hazard Mitigation Executive Steering Committee placed an
emphasis on public participation for the update of the Hazard Mitigation
Plan, discussing strategies to enhance participation opportunities at its first
meeting and identifying key stakeholders. During plan development, the
plan was discussed at two public meetings hosted by the Conservation
Commission. The draft plan update was also available on the City’s
website for public comment.

IV — Risk
Assessment

MAPC gathered the most recently available hazard data and met with City
staff to identify changes in local hazards. City department heads and staff
reviewed critical infrastructure in order to create an up-to-date list. The
City used the most recently available version of HAZUS and implemented it
with enhanced local data with the help of NESEC. The impacts of climate
change and potential mitigation were explored in a series of stakeholder
workshops organized by the Social and Environmental Research Institute.

V - Goals

The Hazard Mitigation Goals were reviewed and endorsed by the Boston
Hazard Mitigation Executive Steering Committee.

VI —Hazard
Mitigation
Strategy

The list of existing mitigation measures was updated to reflect their
current status as well as to add new mitigation activities in the City since
adoption of the previous plan. Recommended mitigation measures from
the 2008 plan were reviewed and assessed as to whether they were
completed, on-going, or deferred. The Boston Hazard Mitigation Executive
Steering Committee determined whether to carry forward measures,
modify them, or delete them for the 2014 plan update. The 2014 Hazard
Mitigation Plan update also adds new mitigation measures. The
Committee re-prioritized all of these measures based on current
conditions.

VIl — Plan
Adoption and
Maintenance

This section of the plan includes a process for on-going plan
implementation that will assist the City in incorporating hazard mitigation
into other municipal planning, budgeting, and regulatory programs. It also
includes a five year update process that will better prepare the City to
update the plan again in 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 or
alleviate the losses of life, injuries, and property resulting from natural hazards through
long-term strategies. These long-term strategies include planning, policy changes,
programs, projects, and other activities.

Planning Requirements under the Federal Disaster Mitigation Act

The Federal Disaster Mitigation Act, passed in 2000, requires that after November 1
2004, all municipalities that wish to continue to be eligible to receive FEMA funding for
hazard mitigation grants, must adopt a local multi-hazard mitigation plan and update this
plan in five year intervals. This planning requirement does not affect disaster assistance
funding.

Federal hazard mitigation planning and grant programs are administered by the Federal
Emergency Management Agency (FEMA) in collaboration with the states. These
programs are administered in Massachusetts by the Massachusetts Emergency
Management Agency (MEMA) in partnership with the Department of Conservation and
Recreation (DCR). Massachusetts has taken a regional approach to hazard mitigation
planning and has engaged the regional planning agencies to provide technical assistance
to help cities and towns prepare their plans. Under this program, the City of Boston
prepared this plan with the technical assistance of the Metropolitan Area Planning
Council (MAPC). MAPC is also providing assistance to seven other Inner Core
communities to update their local Hazard Mitigation Plans, which were first adopted in
2008 as part of a Metro-Boston Multi Hazard Mitigation Plan. These local Hazard
Mitigation Plan updates are designed to meet the requirements of the Disaster Mitigation
Act for each community.

Federal/State Disaster Declarations
The City of Boston has experienced 21 natural hazard incidents that triggered federal or

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

DISASTER NAME
(DATE OF EVENT)

TYPE OF FEDERAL
ASSISTANCE PROVIDED

DECLARED AREAS IN MA

Hurricane Bob
(August 1991)

FEMA Public Assistance
Project Grants
Hazard Mitigation Grant Program

Counties of Barnstable, Bristol, Dukes,
Essex, Hampden, Middlesex, Plymouth,

Nantucket, Norfolk, Suffolk

No-Name Storm
(October 1991)

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

Counties of Barnstable, Bristol, Dukes,
Essex, Middlesex, Plymouth, Nantucket,

Norfolk, Suffolk

March Blizzard FEMA Public Assistance Project | Statewide
(March 1993) Grants
January Blizzard FEMA Public Assistance Project | Statewide

(January 1996)

Grants

October Flood

FEMA Public Assistance

Counties of Essex, Middlesex, Norfolk,

(October 1996) Project Grants Plymouth, Suffolk
FEMA Individual Household
Program
Hazard Mitigation Grant Program
June Flood FEMA Individual Household Counties of Bristol, Essex, Middlesex,

(June 1998)

Program
Hazard Mitigation Grant Program
Community Development Block
Grant-HUD

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 Program

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

Roxbury Fire
(Jun 9, 2002)

Small Business Administration

City of Boston

February Snowstorm FEMA Public Assistance Project | Statewide
(Feb 17-18, 2003) Grants
January Blizzard FEMA Public Assistance Statewide
(January 22-23, 2005) Project Grants
Hurricane Katrina FEMA Public Assistance Statewide
(August 29, 2005) Project Grants
May Rainstorm/Flood | Hazard Mitigation Grant Program | Statewide
(May 12-23, 2006)
April Nor’easter zard Mitigation Grant Program Statewide

(April 15-27, 2007)
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DISASTER NAME
(DATE OF EVENT)

TYPE OF FEDERAL
ASSISTANCE PROVIDED

DECLARED AREAS IN MA

Hyde Park Fire
(Jan 5, 2008)

Small Business Administration

City of Boston

Fenway Business
District Fire
(January 6, 2009)

Small Business Administration

City of Boston

Flooding
(March, 2010)

FEMA Public Assistance
FEMA Individuals and
Households Program

SBA Loan

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

Hazard Mitigation Grant Program

Statewide

Tropical Storm Irene
(August 27-28, 2011)

FEMA Public Assistance

Statewide

Hurricane Sandy
(October 27-30, 2012)

FEMA Public Assistance

Barnstable, Bristol, Dukes, Nantucket,
Plymouth, and Suffolk

Source: database provided by MEMA and the City of Boston

FEMA and HUD Funded Mitigation Projects

Over the last 20 years the City of Boston has received funding from FEMA and HUD for

hazard mitigation projects in the Muddy River. These funds were from the Community
Development Block Grant (CDBG) program and the Hazard Mitigation Grant Program

(HMGP). This project totaled $6,101,830 with $4,342,715 covered by federal grants and

$1,239,547 by City funding. Project funding is summarized in Table 3.

Table 3 FEMA and HUD-Funded Mitigation Projects

Project Title Federal City
(Funding Source) Scope of Work Total Cost Funding Funding
Muddy River Design and construction
Improvements — of improvements to the
2 projects Muddy Riverin Boston | 3163 013 | ¢2583,643 | $490,000
(Community and Brookline. Reduce
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
(Hazard Mitigation | removed from a length

Grant Program) of the Muddy River.

Source: 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, Boston has annexed six neighboring cities and towns to reach its
current size of 49.55 square miles. The City is located in Suffolk County. The City has
a mayor-council form of government. The City’s website is at www.cityofboston.gov.

With a population in 2010 of 617,594, Boston is the largest city not only in
Massachusetts, but in all six New England states, and the 21* largest 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
services. A total of 561,126 people are employed in the City. The Boston economy
constitutes 24% of the state’s economy and 10% for all of New England. The Financial
District is home to many nationally significant firms, the Longwood Medical Area has a
regionally significant concentration of healthcare industry firms, South Boston is home to
the newly established Innovation District with a growing roster of new high tech
companies, and the colleges and universities all over the City are significant sources of
jobs as well as important bases for the regional economy. The importance of the City’s
medical and educational facilities is substantial with twenty inpatient hospitals and
twenty-five public health clinics providing over 110,000 health service jobs. Boston’s
thirty-two universities, colleges, graduate schools and community colleges have a
combined enrollment of approximately 140,000 students, comprising 31% of the state’s
college students.

As the seat of state government, critical state and federal facilities are located in Boston.
A number of Federal agencies also have offices in the City. These include: FEMA
Region 1, Environmental Protection Agency Region 1, the U.S. Coast Guard, the Federal
Bureau of Investigation, the Dept. of Housing and Urban Development, and many others.

In addition to the people who live and work in the City, Boston attracts an average of 12
million tourists annually from around the country and around the world. Major
attractions include the 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 many events of historical significance
occurred here and are marked by buildings and other features of national significance.
These include large and well-known sites and structures such as the USS Constitution,
famous burying grounds, the Paul Revere House, the Old State House, and Old North
Church. But there are many smaller, lesser-known, but historically important sites
scattered around the City.

The City is an at-large member on the Executive Board of a FEMA funded effort directed
by the Coordinated Statewide Emergency Preparedness (COSTEP) to develop hazard

10
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mitigation strategies for cultural sites, museums, and libraries statewide with considerable
potential benefit for the many such institutions in Boston.

Boston also serves as the center of the region’s transit system, with subway lines,
commuter rail lines, bus service, 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, according to MASSPORT. Major ports
operated by MASSPORT in Boston include the Port of Boston, Conley Terminal,
Cruiseport and the Boston Autoport. Two interstates (1-90 and 1-93) 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, Mass. Highway District 6, DCR, MWRA, and
MASSPORT Authority participated in the process.

Boston’s distinct neighborhoods have strong identities. For the purpose of this plan we
refer to city neighborhoods as defined by the Boston Redevelopment Authority (BRA):
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/Bay Village, and West Roxbury.

Boston borders 14 communities: Quincy, Milton, Canton, Dedham, Needham, Newton,
Brookline, Watertown, Cambridge, Somerville, Everett, Chelsea, Revere, and Winthrop.
Population and Housing Characteristics

In 2010, the City’s population was 617,594 and the number of housing units was 272,481
(see Tables 4A and 4B below). Ten percent of the population is over 65 years, and 22

percent have a disability.

Table 4A - Boston Characteristics, 2010

Population = 617,594
e 5.2% are under age 5
e 10.1% are over age 65
e 16.8% speak English less than “very wel
e 35.9% of households have no vehicle
e 21.9% have a disability (over age 5)
e 7.5% live in group quarters

III

(over age 5)

Number of Housing Units = 272,481
e 66.1% are renter-occupied housing units
e 57.2% of housing units were built before 1940

Source: U.S. Census, 2010., 2006-2010 American Community Survey
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Table 4B - Boston Characteristics by Neighborhood (2010)

Neighborhood Population | Pop. under Pop. over Pop. living in Number of Renter-
age5 age 65 group quarters | housing units | occupied 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 Waterfront 1,889 2.4% 3.2% 11.2% 1,214 62.3%
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. Table 5 shows the acreage and percentage of land in 10 categories. If the
three residential categories are aggregated, residential uses make up 37.49% of the area
of the City (3,192.78 acres).

Table 5 - Boston 2005 Land Use

Land Use Type

High Density Residential (>4 DU/acre)
Medium Density Residential (2 —4 DU/acre)
Low Density Residential (<2 DU/acre)
Non-Residential, Developed
Commercial

Industrial

Transportation

Agriculture

Undeveloped

Undeveloped Wetland

Total

Acres
1,1786.9
565.33
41.45
6,350.3
3,302.61
1,311.02
3,419.21
63
3,157.25
1,604.48
31,601.54

Percent
37.3%
1.79%

A13%
20.09%
10.45%

4.15%
10.82%
2%
9.99%
5.08%
100.00

Source: MacConnell Land Use, 2005, Mass. GIS
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Development Trends

Boston has a history of land reclamation. According the City’s Open Space Plan, the
City grew from 1,000 acres to 30,000 acres due to land reclamation and annexation. As a
result, large areas of Boston are built on fill. As discussed later, the amount of filled land
affects the City’s vulnerability to certain natural hazards, particularly earthquakes.

While the City is essentially built out, there are a significant number of infill projects,
redevelopments, and major renovations occurring citywide (see Figure 1). Boston’s
development and analysis for proposed future development is coordinated by the Boston
Redevelopment Authority. Currently, one of the most active area of development in the
City is the Innovation District in the South Boston waterfront.

Development trends throughout the metropolitan region are tracked byMAPC’s
Development Database, which provides an inventory of new development over the last
decade. The database tracks both completed developments and those currently under
construction. The database includes 285 developments in the City of Boston since 2005,
of which 189 are completed and 96 were under construction as of March 2015. The
geographic distribution of these projects by Boston neighborhoods is summarized in
Table 6 (several adjacent neighborhoods have been combined). The neighborhoods with
the most new commercial developments are the Fenway/Longwood Medical Area, South
Boston/South Boston Waterfront, Chinatown/Downtown/North End/West End, and Back
Bay/South End.

The database also includes several attributes of the new development, including acres,
housing units, employment, commercial space, 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 rooms. The projects currently under construction include 7,008
housing units, 8.3 million square feet of commercial space, and 909 hotel rooms.

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

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

« The City has a high amount of impervious surfaces.

o 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 well, those with a disability, the very young, and
the elderly.

e Boston’s housing is old and much was constructed before modern-day building
codes.

o Large portions of the City are built on fill.

13



CITY OF BOSTON HAZARD MITIGATION PLAN
REVISED DRAFT 2014 UPDATE

Figure 1 - New Development Projects under BRA Article 80 Review

«H

Article 80 Projects

November 2012

Construction Complete
Under Construction
Board Approved
Under Review

Source: Boston Redevelopment Authority
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Table 6 Summary of Boston Developments 2005-2015

HOUSING COMMERCIAL

DEVELOPMENTS COMPLETED 2005-2014 # PROJECTS UNITS EMPLOYMENT (SQ FEET)
Allston/Brighton 9 746 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 22 216 804 349 447,248 0
South Boston/South Boston Waterfront 18 35.1 951 1820 2,005,304 0

SUBTOTAL Contstruction Complete 189 305 9,126 17,653 9,517,890 8
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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In order to characterize any change in the city’s vulnerability associated with new
developments, a GIS mapping analysis was conducted which overlaid the development
sites with the FEMA Flood Insurance Rate Map (see Table 7). The analysis reveals that
of the 196 developments completed since 2005, eight were in a flood zone, and six of
those were in a Zone X (0.2%, annual chance flood hazard, or “500 year” flood zone). Of
the 96 new developments currently under construction, only two are in a flood zone, one

of which is in Zone X and one in Zone AE (1% annual chance flood hazard, or “100

year” flood zone). These 10 projects represent 3.5% of the 285 new developments

completed or under construction in Boston since 2005. Even those projects that are

located within a flood zone must meet the standards of the City’s Floodplain Overlay

Zoning District, which set floor elevation standards for construction in a flood hazard

district and prohibits certain activities and uses (see page 104).

Table 7 — New Developments in Flood Zones

Neighborhood Development # FLOOD ZONE
DEVELOPMENTS COMPLETED 2005-2014 ) B B
Hyde Park Hyde Park Ave PMDI Artists AE 1% Annual Chance Flood
North End Battery Wharf AE 1% Annual Chance Flood
Charlestown CNY-Parcel 4-Harborview 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 Boston Renaissance Charter School X 0.2% Annual Chance Flood
S. Bos. Waterfront | Channel Center: Phase |l X 0.2% Annual Chance Flood

Subtotal Zone AE 2 B

Subtotal Zone X 6 B

TOTAL ALL FLOOD ZONES 8 | _ ~
DEVELOPMENTS UNDER CONSTRUCTION IN 2015 o )
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 B

TOTAL ALL FLOOD ZONES 2 | ~
ALL DEVELOPMENTS 2005-2015 ) } )

Subtotal Zone AE 3 B

Subtotal Zone X 7 B

TOTAL ALL PROJECTS 10 |
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Although the vast majority of Boston’s new development is not located within a
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 change (see Risk
Assessment section, pages 27-31). To address this concern and reduce future
vulnerability in 2013 the Boston Redevelopment Authority adopted Climate Change
Preparedness and Resiliency Guidelines into the Article 80 development review process
(see Figure 2). The guidelines include a detailed checklist 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 checklist in Appendix A)..

The guidelines cover sea-level 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 guidelines will require 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 Master Plan amendments will
be asked to adhere to the quidelines and complete the climate preparedness checklist,
which will be reviewed by the Boston Interagency Green Building Committee.

ADD PHOTOS OF NEW DEVELOPMENT
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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 over 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 project’s environmental impacts including the survivability, integrity and safety
of the project and its inhabitants.

Climate change conditions may include, but not be limited to, sea-level rise, higher
maximum and mean temperatures, more frequent and longer extreme heat events, more
frequent and longer droughts, more sever freezing rain and heavy rainfall events, and
increased wind gusts. Include analysis of secondary and cascading impacts including more
frequent and longer interruptions of utility services including electrical, gas, and
telecommunication systems, and disruptions of 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 future climate 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 Sea-Levels. For any
environmental impacts due to climate change that are identified, 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 Resources, and 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 Project Proponent 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 the 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 reviewed by the IGBC for addressing Action Items
A, B, and C as set forth above.

See the Climate Change Resiliency and Preparedness Checklist in Appendix A.
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I11. PLANNING PROCESS AND PUBLIC
PARTICIPATION

The City of Boston employed a six step planning framework based on FEMA’s hazard
mitigation planning guidance focusing on local needs and priorities but maintaining a
regional perspective on 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 activities. The
City of Boston facilitated participation by the general public and other stakeholders
through: the City’s Hazard Mitigation Executive Steering Committee, two public
meetings hosted by the Boston Conservation Commission, meeting with the Coordinated
Statewide Emergency Preparedness committee (COSTEP), posting the plan to the Boston
Environment Department’s webpage, and invitations sent to neighborhood groups. The
Main Street Business District, municipal boards and commissions, the local chamber of
commerce, neighboring communities, and other local or regional entities were also
invited to review the plan and provide comment. Regional coordination was facilitated
by the Metro Boston Regional Hazard Mitigation Planning Committee.

Within the planning framework described above, a number of additional activities were
introduced into the planning process for the Boston Hazard Mitigation Plan 2014 Update
to address the greater size and complexity presented by the City and its desire to
incorporate the potential impacts of climate change into the plan update. The most
significant aspects were the utilization of an overall project steering committee
representing all relevant City agencies, coupled with four collaborative stakeholder
working groups in partnership with SERI, who have developed a methodology for
exploring natural hazard impacts and mitigation measures related to climate change.

Planning Process Summary

The six-step planning framework outlined below is based on the guidance provided by
FEMA in the Local Multi-Hazard Mitigation Planning Guidance, July 1, 2008. Public
participation is a central element of this process, which attempts to focus on local
problem areas and identify needed mitigation measures based on where gaps occur in the
existing mitigation efforts of the municipality. In a plan update such as this, the process
described below allows staff to bring the most recent hazard information into the plan,
including new hazard occurrence data, changes to a municipality’s existing mitigation
measures, and progress made on actions identified in previous plans.

1. Map the Hazards — The City relied on data from a number of different federal, state,
and local sources in order to map the areas with the potential to experience natural
hazards. This mapping represents a multi-hazard assessment of the municipality and is
used as a set of base maps for the remainder of the planning process. These maps 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 Damages
5. Plan Approval Iﬂpﬂf‘ 3. Review

and Adoption Existing

Mitigation
4. Develop
Mitigation Strategies

. Assess the Risks and Potential Damages — Critical facilities, infrastructure,
vulnerable populations, and other features are mapped and compared with the hazard
data from the first step to identify those that might be particularly vulnerable to these
hazards. Land use data and development trends are also incorporated into this analysis.
In addition, the City developed estimates of the potential impacts of certain hazard
events on the community.

. Review Existing Mitigation —Boston has an active history in hazard mitigation and
has adopted flood plain zoning districts, wetlands protection programs, and other
measures as well as enforcing the State Building Code, which has provisions related to
hazard resistant building requirements. All current municipal mitigation measures
were documented.

. Develop Mitigation Strategies — The City of Boston worked with the municipal staff
to identify new mitigation measures, utilizing information gathered from the hazard
identification, vulnerability assessments, and the City’s existing mitigation efforts to
determine where additional 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 — 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 approval. Once
FEMA approves the plan FEMA issues a conditional approval pending adoption of the
plan by the Boston City Council. More information on plan adoption can be found in
Chapter IX and documentation of plan adoption can be found in Appendix G.
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6. Implement and Update the Plan — Implementation is the final and most important
part of any planning process. Hazard mitigation plans must also be updated on a five
year basis making preparation for the next plan update an important on-going activity.
Chapter VII includes more detailed information on plan implementation.

Boston’s Participation in the Regional Committee

The Metro Boston Hazard Mitigation Planning Committee served as an opportunity for
neighboring communities to discuss hazard mitigation issues of shared concern. The
committee includes representatives of Boston, Brookline, Cambridge, Chelsea, Everett,
Malden, Medford, and Somerville. The City of Boston’s appointed representative to the
regional committee was Elaine M. Sudanowicz from the Mayor’s Office of Emergency
Management. The committee met on April 13, 2010 and was attended by representatives
from Boston and all the neighboring cities and towns.

In addition, as the MAPC staff worked on each community’s plan, regional issues of
shared concern, and other issues that may arise between neighboring communities, were
discussed in greater detail in each of the local committee meetings and resulting actions
are reflected in the identified mitigation measures, as noted in Chapter V1.

The Boston Hazard Mitigation Executive Steering Committee

The Boston Hazard Mitigation Executive Steering Committee was central to the planning
process as it was the primary body tasked with coordinating multiple City agencies and
developing a mitigation strategy for the City. Given this role, it is important that this
committee included a diverse representation of knowledgeable municipal staff. The
Executive Steering Committee membership can be found in Table 8 below.

The Executive Steering Committee provided overall direction and oversight of the
planning process, while smaller working groups provided information on the impacts of
hazards on the City, existing mitigation measures, and helped to develop proposed
mitigation measures.

The steering committee met on February 8, 2012 and September 6, 2012. The original
co-chairs for the first meeting on February 8, 2012 were James Hunt, Mayor’s Office of
Environmental and Energy Services, and Don McGough, Mayor’s Office of Emergency
Management. During the course of the plan review, they both left their positions with the
City of Boston, and were replaced with the current co-chairs, Brian Swett, Mayor’s
Office of Environmental and Energy Services and Rene Fielding, Mayor’s Office of
Emergency Management.
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Table 8

Boston Hazard Mitigation Executive Steering Committee

Name

Representing

Brian Swett, Co-Chair

Mayor’s Office of Environmental and Energy Services

Rene Fielding, Co-Chair

Mayor’s Office of Emergency Management

Para Jayasinghe

Public Works Department

Paul Shoemaker

Boston Public Health Commission

Carl Spector

Environment Department

John Sullivan

Boston Water and Sewer Commission

Aldo Ghirin Boston Parks and Recreation

Chris Busch Boston Redevelopment Authority

John Hanlon Office of Budget Management, Capital Planning
Staff Support

Elaine M. Sudanowicz Mayor’s Office of Emergency Management
James Freas MAPC

Martin Pillsbury MAPC

Collaborative Working Meetings with the Social and Environmental Research
Institute

The City of Boston invited the Social and Environmental Research Institute (SERI) to
assist in the development of the Boston Hazard Mitigation plan because of their
experience with bringing the potential consequences of climate change on natural hazards
explicitly into the planning process.

SERI began the process with a meeting on stormwater issues at the Boston Water and
Sewer Commission on January 30, 2012. The City then held four collaborative working
meetings from March through May 2012 that brought together City staff, state agency
staff, and other stakeholders to identify hazards and vulnerabilities, consider the potential
impacts of climate change, and discuss the hazard mitigation strategy. Each group
focused on a different area as follows:

e Infrastructure — roads, transit, water and sewer, parks, airport, dam, utilities,
groundwater NGO

e Buildings and Facilities — publicly owned buildings, libraries, universities,
historic and cultural institutions

e Regulations — zoning and other ordinances or regulations, social services,
insurance, landmarks

e Public Safety — police, fire, emergency management, public health, emergency
medical services, public housing, environmental protection

SERI’s approach, known as Vulnerability-Consequence Adaptation Planning Scenarios
(VCAPS), is based on a logic model framework, in which each hazard is discussed
through a sequence of primary and secondary impacts that lead to particular
consequences of concern. The results of the VCAPS working group sessions are

| summarized in Appendix B.
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Attendance at the working meetings included representatives of key City, State, and
regional agencies. A complete list of participants of all four working meetings is provided
in Appendix E.

Participation with COSTEP MA

COSTEP MA (Coordinated Statewide Emergency Preparedness in 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 MA is to to develop hazard mitigation
strategies for cultural sites, museums, and libraries statewide, with considerable potential
benefit for the many such institutions in Boston. Participating 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 City of Boston is an at-large member on the Executive Board of COSTEP.

Public Meetings

The public had an opportunity to provide input to the Boston hazard mitigation planning
process at two public meetings hosted by the City of Boston, one early in the planning
process, and one after a draft plan was available for review. The first public meeting was
held on April 18, 2012, and the second was held on September 18, 2013; both meetings
were held in the Boston City Hall.

Both meetings were publicized as regular meetings of the Boston Conservation
Commission in accordance with the Massachusetts Open Meeting Law. In addition, both
meetings were extensively advertised through the City website, the Mayor’s Office of
Neighborhood Services (ONS) e-mail lists reaching a wide range of residents and other
stakeholders, notification to City Main Street Program neighborhood organizations, and
direct invitations to specific stakeholder groups. A number of neighborhood
organizations posted the meeting notices on their websites as a result of receiving one or
more of these notifications. Additionally, the City produced and circulated a flyer
advertising both of the public meetings. The City of Boston encouraged citizen
participation through email and followed up on inquiries. The attendance list for each
meeting can be found in Appendix F.

Notice was sent to numerous agencies organizations, inviting them to review and submit
comments on this Boston Hazard Mitigation Plan 2014 Update. Many of these
organizations were also invited to participate in the collaborative working group
meetings. A list of the invitees is provided in Appendix F. The following neighboring
municipalities were also notified of the draft plan update and invited to comment on it:
Quincy, Milton, Canton, Dedham, Needham, Brookline, Newton, Watertown,
Cambridge, Somerville, Everett, Chelsea, Revere, and Winthrop.

23



CITY OF BOSTON HAZARD MITIGATION PLAN

REVISED DRAFT 2014 UPDATE

A City website with a description of the planning process and information on hazard
mitigation, copies of reports on hazards in the City, a schedule of public meetings, and,
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. Revisions 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 the Metro Boston Regional Committee
March 9, 2011 Hazard Mitigation Kickoff Meeting with MEMA and Boston
April 20, 2011 Hazard Mitigation & RiskMAP Collaboration Meeting

June 23, 2011

US Army Corp of Engineers and FEMA on Boston Hurricane
Evacuation Study

November 18, 2011

Meeting with COSTEP, North Andover

January30, 2012

Meeting with Boston Water and Sewer Commission and SERI

February 8, 2012

Boston Hazard Mitigation Executive Steering Committee

March 28, 2012

Infrastructure Stakeholders meeting with SERI

April 4, 2012 Regulations Stakeholders meeting with SERI

April 25, 2012 Buildings and Facilities Stakeholders meeting with SERI
April 18, 2012 First Public Meeting with Boston Conservation Commission
May 10, 2012 Public Safety Stakeholders meeting with SERI

July 18, 2012 Meeting with Boston and DCR

July 20, 2012 Meeting with Boston and MassDOT

September 6, 2012

Boston Hazard Mitigation Executive Steering Committee

January 16, 2013

Meeting of the local Hazard Mitigation staff team

January 31, 2013

Meeting with COSTEP, Boston

September 18, 2013

Second Public Meeting with Boston Conservation Commission

October 18, 2013

Close of Comment Period; draft revisions and final city review

December 16, 2013

Draft Plan Update submitted to MEMA

January 28, 2014

Plan Review Tool received from MEMA

March 24, 2014

Revised Draft Plan Update submitted to MEMA

September 11, 2014

Plan Review Tool received from FEMA

November 18, 2014

Revisions to Plan Review Tool Received from MEMA

April 17, 2015

Revised Draft Plan Update submitted to MEMA
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IV. RISK ASSESSMENT

The risk assessment analyzes the potential natural hazards that could occur within Boston
as well as the relationship between those hazards and land uses and critical infrastructure.
This section also includes a vulnerability assessment that estimates the potential damages
that could result from certain large scale natural hazard events.

In addition to a review of historic trends for natural hazard events as an indicator of
Boston’s vulnerability, the potential future impacts of climate change are also
incorporated into this plan. The City of Boston has embarked on a significant initiative to
address climate change mitigation and adaptation, as documented in its 2011 climate
action plan, A Climate of Progress.

Overview of Hazards and Impacts

According to the Massachusetts Hazard Mitigation Plan 2010 (state plan), Massachusetts
is subject to the following natural hazards (listed in order of frequency): floods, heavy
rainstorms, nor’easters or winter storms, coastal erosion, hurricanes, tornados, wildfires,
and earthquakes. State and federal disaster declarations are summarized in Table 2.

Table 9 summarizes the current hazard risks for Boston. This evaluation takes into
account the historic frequency of the hazards; it does not consider the effect of future

Table 9 - Hazard Risks Summary

Hazard Type Probability Consequence Hazard Rating
Flooding

Inland/Riverine Possible Critical High (8)

Coastal Storms/Storm 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)
-Nor’easters 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)

Landslides 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)

Source: Massachusetts Hazard Mitigation Plan, 2010, 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 occur. This analysis is
drawn from the hazard rating found in the City of Boston Hazard Identification and Risk

| Assessment (HIRA). The rating definitions are summarized in Table 10.

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

Probability (Weight x1)* ‘ 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 1-3 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 3-10 years. once every 10 years, but less often than
once every 3 years.
Unlikely (1) Event expected to occur at least On average, this event occurs at least
once within the next 11-100 years. | once every 100 years, but less often
than once every 10 years.

Consequence (Weight x2)

Ratings Definitions

Catastrophic (4) Mass fatalities OR basic life services disrupted for up to 30 days OR more
than 50% of property severely damaged.

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

Limited (2) Some injuries 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 OR less
than 10% of property severely damaged.

*The probabilities and averages used in this table are not always based on extensive data, but in some cases reflect the
collective judgment of emergency responders. Source: Boston HIRA

Impacts of Climate Change

Many of the natural hazards that Boston has historically experienced 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 heat. These are described in more detail below.

Climate Change Impacts: Extreme Precipitation

Boston’s average annual precipitation is 42 inches. While total annual precipitation has
not changed significantly, according to the 2012 report When It Rains It Pours — Global
Warming and the Increase in Extreme Precipitation from 1948 to 2011 intense rainstorms
and snowstorms have become more frequent and more severe over the last half century in
the northeastern United States. Extreme downpours are now happening 30 percent more
often nationwide than in 1948 (see Figure 3). In other words, large rain or snow storms
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that happened once every 12 months, on average, in the middle of the 20th century, now
happen every nine months.

Figure 3 - Change in Frequency of Extreme Downpours, 1948 — 2011
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Source: When 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 now produce 10 percent more precipitation, on average, than in
1948. In particular, the report finds that New England has experienced the greatest
change with intense rain and snow storms occurring 85 percent more often than in 1948

At the other extreme, changes in precipitation patterns and the projected future rising
temperatures due to climate change (discussed below) will likely increase the frequency
of short-term (one- to three-month) droughts and decrease stream flow during the
summer.

Climate change impacts: Sea-level 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
(Figure 4). The change is relative, 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, represent long-term processes that have been
underway since the end of the last Ice Age, approximately 14,000 years ago.
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Figure 4 - Boston Sea Level Trends, 1920-2011
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Climate change is accelerating the rate of global (absolute) sea-level rise (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 Assessment states that there is “very
high confidence (>9 in 10 chance) that global mean sea level will rise at least 0.2 meters
(8 inches) and no more than 2.0 meters (6.6 feet) by 2100 (see Table 11).”* The low end
of this range represents a continuation of the current trend, which has a relatively small
contribution from melting ice. The higher end includes greater contributions from melting
ice, for which there is an increasing amount of data, though still not enough to resolve
some uncertainties. The report presents four scenarios of sea-level 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 of sea-level rise by the end of the century, the
oceans will likely continue to rise after that.

Table 11- Global Sea-Level Rise Scenarios’

Scenario SLR by 2100 (m)* SLR by 2100 (ft)*
Highest 2.0 6.6
Intermediate-High 1.2 3.9
Intermediate-Low 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 sea-level rise that different localities
experience. Changes in the temperature and salinity of water will affect ocean currents,
and the melting of ice will alter the Earth’s gravitational field. Both of these mechanisms
could cause Boston (and the Northeast coast overall) to see sea-level rise that, in the
higher scenarios, is more than a foot greater than the global average. Early evidence of
the predicted ocean-current effect was published in June 2012.3

1 parris, Adam, et al. Global Sea Level Rise Scenarios for the United States National Climate Assessment, NOAA
Technical Report OAR CPO-1, National Oceanic and Atmospheric Administration, December 2012.
2 - -

ibid.
3 Sallenger Jr, A., K. Doran, P. Howd, “Hotspot of accelerated sea-level rise on the Atlantic coast of North America,”
Nature Climate Change (2012) 2, 884-888, doi:10.1038/nclimate159724, June 2012. See also, Parris et al., supra., for a
summary of all contributing factors.
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Figure 5 - Projected Flooding of Boston Harbor and vicinity
with water at 7.5 feet above mean higher high water”
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2010.
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With average global sea-level rise approaching four feet under an intermediate-high
scenario, another foot or so from local sea-level effects, and another half-foot of relative
sea-level rise due to continuing land subsidence, the City of Boston may need to evaluate
the effects of five feet or more of sea-level 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 would have at a lower sea level, and, second, that smaller, more frequent storms
will cause the same amount of flooding that larger, less frequent storms used to (these are

| two different ways at looking at the same phenomenon.) Figure 5 shows an estimate of
the amount of flooding that would be caused by a five-foot storm surge hitting Boston at
high tide on top of 2.5-feet of sea-level rise (total water level, 7.5 feet above current mean
higher high water). The area of flooding is much greater than today’s 100-year
floodplain, its rough, contemporary equivalent. Conversely, the flooding caused by the
current 100-year storm—with a one-percent chance of occurring in a given year—will
have about a 30-percent annual chance of occurring after one foot of sea-level rise.”

Climate Change Impacts: Extreme Heat

Recent temperature trends suggest greater potential impacts to come due to climate

change. In the report “Confronting Climate Change in the U.S. Northeast,” (2007), the
Union of Concerned Scientists presented temperature projections to 2099 based on two
scenarios, one with lower carbon dioxide emissions, and the other with high emissions.

| Figure 6 - Extreme Heat Scenarios
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Flood Related Hazards

® Ellen Douglas, personal communication, 2008.

Between 1961 and 1990, Boston experienced an
average of 11 days per year over 90°F. That could
triple to 30 days per year by 2095 under the low
emissions scenario, and increase to 60 days per year
under the high emissions scenario. Days over 100°F
could increase from the current average of one day per
year to 6 days with low emissions or 24 days with high
emissions By 2099, Massachusetts could have a
climate similar to Maryland's under the low emissions
scenario, and similar to the Carolinas' with high
emissions (Figure 6). Furthermore, the number of days
with poor air quality could quadruple in Boston by the
end of the 21* century under higher emissions scenario,
or increase by half under the lower emissions scenario.
This would have significant impacts on public health,
particularly for those individuals with asthma and other
respiratory system conditions, which typically affect
the young and the old more severely.

30



CITY OF BOSTON HAZARD MITIGATION PLAN
REVISED DRAFT 2014 UPDATE

Flooding is the most prevalent serious natural hazard identified by local officials in
Boston. Flooding can be caused by hurricanes, nor’easters, severe rainstorms, and
thunderstorms among other causes. Sea level rise as well as more intense storms brought
on by global climate change has the potential to increase the frequency and extent of
flooding from all of these causes.

Overview of City-Wide Flooding

Boston is subject to three kinds of flooding: coastal flooding where wind and tide leads to
flooding along tidal waterways: inland/riverine flooding where the rate of precipitation
and/or amount of stormwater runoff overwhelms the capacity of natural or structured
drainage systems causing overflows; urban flooding in which precipitation causes the
water table to rise and leads to flooding of low-lying areas such as streets and
underpasses. These types of flooding are often combined as storm events lead to large
amounts of draining stormwater, which is blocked by the inland push of wind and tide
driven water.

The city is divided into four watersheds, Boston Harbor, Charles River, Mystic River and
Neponset River. All of these waterways have the potential to flood sections of the city. In
addition, a number of smaller brooks and waterways have flooded in the past, most
notable of these being the Muddy River and Mother Brook. In many rivers and streams,
years of shoreline modifications, land reclamation, stream piping, and development have
severely altered the natural flow of water in Boston. Stormwater drainage from developed
areas occurs primarily through the manmade system of storm drains.

Photo: Quinn Eureka
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Inland/Riverine Flooding

Inland/riverine flooding occurs 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 residents. Large amounts of impervious area in the
City’s four watersheds increase the frequency and severity of flooding because storm
water is prevented from absorbing into the ground and flows overland directly into the
waterway, increasing the volume of flow. This type of flooding most often occurs within
the mapped floodplain areas. Boston has a significant history of damaging flood events in
many different parts of the City.

Based on the current Suffolk County FEMA Flood Insurance Rate Maps (FIRM,
effective September 24, 2009) available for Boston, the following areas are in 100-year
flood hazard zones, which FEMA defines as an area with a 1% annual chance of
flooding.

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

« In East Boston, Belle Isle Marsh, Constitution Beach and the Wood Island Bay
Marsh area; the flood plain at Belle Isle Marsh is protected as part of the Belle
Isle Marsh Reservation

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

« Most of the wharves from the Charlestown Bridge to the Northern Avenue Bridge

+ In South Boston, the MASSPORT Marine Terminal area and portions of other
piers along Boston Harbor; land on the southern side of the Reserved Channel;
some land between A Street and the Fort Point Channel; Castle Island; the Conley
Terminal; and the coast along Dorchester Bay extending to Columbus Park and
including William J. Day Boulevard

« Land along the Charles River

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

« In Dorchester, land around the Bayside Exposition Center, land along the
southern coast of Columbia Point, the coast around Savin Hill including
Morrissey Boulevard, the Victory Road Park and Tenean Beach area including
land west of 1-93, the Port Norfolk area, and land along the Neponset River
including the Neponset River Reservation

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

« In Roslindale, land within the Stony Brook Reservation

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

Based on data from the National Weather Service, National Climatic Data Center, FEMA

disaster declarations, the Suffolk County FIS, and local data sources, historic flood events
from 1950 through 2011 were compiled and are summarized in Table 12.
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Table 12 Riverine Flood Events*

Location Date Property Damage
Boston 03/1968 N/A

Boston 6/13/1998 $9-S17M

Boston 4/22/2000 SO

Suffolk County 5/13/2006 SO

Boston 10/28/2006 $8,000

Allston 2/13/2008 $5,000

Suffolk County 3/14/2010 S10.7M

Suffolk County 8/25/2010 SO

*excludes events classified as Coastal Flood or Urban/Small Stream Flood  Source: Boston HIRA

The Floods of March 2010

The most severe recent flooding occurred during the major storms of March 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 accumulation was officially
recorded by the National Weather Service (NWS).

The weather pattern that caused these floods consisted of early springtime prevailing
westerly winds that moved three successive storms, combined with tropical moisture
from the Gulf of Mexico, across New England. The most precipitation came with the first
storm on March 14-15 and the third storm on March 31. A smaller storm occurred
between these two on March 22 (see Figure 7). Torrential rain falls caused March 2010
to be the wettest month on record for the City of Boston. Historically, NWS determined

| that March 2010 was the fourth wettest of any month since 1872.

Figure 7 - March 2010 Precipitation Measured at the Muddy River

E
a= USGS
USGS 01104683 MUDDY RIVER AT BROOKLINE, MA
o
]
1]
g
2 15
-=
.
—
m
ey
=]
+ 18
=
=]
-
=
]
bt
= G
1]
@
[
o
a
Feb Har Har Har Har Apr Apr
27 a6 13 28 27 a3 1a
2818 2818 2818 2818 2818 2818 2818
—— FPrecipitation == Period of approved data

March 2010 Flood Levels by Watershed
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Neponset River Watershed

The Neponset River, with headwaters about 25 miles southeast of Boston in the Town of
Foxborough, flow past the southern-most Boston neighborhoods of Hyde Park, Mattapan,
and Dorchester, and forms the border between Boston and the Town of Milton to the
south. The most severe flooding in recent years was in March and early April of 2010,
due to successive storm evetns. USGS streamflow data show that there were two periods
of high water in the Neponset River at the Milton Village streamflow gage,
corresponding with successive storms. The river peaked at 6.9 feet on March 16
following the first storm, and again at 6.8 feet on March 31 following a second storm.
See Figure 8 below.

Figure 8 Neponset River Gage Height, March-April 2010
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The Charles River flows from its headwaters in Hopkinton, MA and flows past the West
Roxbury neighborhood of Boston, then further downstream it flows along the northern
Boston neighborhoods of Allston/Brighton, Back Bay, and Downtown Boston, forming
the border between Boston the neighboring 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 just 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 elevation o f 6.5 feet on
March 31 following the second storm. See Figrue 9 below.

Figure 9 Charles River Gage Height, 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 man-made diversion that flows from Charles River to the Neponset
River through Dedham and the Hyde Park section of Boston. During the storms of 2010
Mother Brook also experienced two peak stages, reaching 86.5 feet on March 18 and 86.1
feet ib April 4. See Figure 10.

The Muddy River is a tributary of the Charles River that flows from Jamaica Plain
through the Fenway and Back 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 March 14-15, which was slightly above flood
stage of 15.0 feet (see Figure 11). The river reached an elevation of 14.1 feet on March
31, 2010.

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

Davenport Creek flooded Minot and Adams Street, in the Adams Village neighborhood
of Dorchester

Toohig Playground on Gallivan Boulevard: Before 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 through the
Adams Village Business District. The stream called Davenport Creek “works its way
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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Neponset and crosses Gallivan Boulevard and emerges out of ground on Hallet Street
feeding into the Neponset River in the middle of Pope John Paul Il Park.”

Mother Brook Pond and Mother Brook, Neponset and Charles Rivers

Business Street, Hyde Park: During 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 Playground — 40 Almont Street, Mattapan: The impacted streets
adjacent to the Almont Park are 78 and 80 Favre Street next to Almont Park and
Messinger Street, Mattapan. Reported from 14-16 Favre Street that basement and street
flooded with sewage.

New Housing Development on Metropolitan Avenue, Hyde Park: It was reported that the
property adjacent to 528 Metropolitan Avenue, Hyde Park was undeveloped thickly
forested land. The land was clear-cut and 6 new homes were built behind Metropolitan
Avenue, Hyde Park. Rain water flows downhill from impermeable ground and collects
in the yard and basement.

Morrissey Boulevard, Dorchester: On March 30 — 31, 2010, a section 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 to residential reports by Michael Westwater and
Yolanda Poma, "the Stop and Shop Supermarket and Plaza at 950 American Legion
Highway placed a retention pond at the end of the plaza to catch rainwater run-off.” Both
42 and 46 Wilmot Street experienced flooding from the Stop and Shop parking lot when
the retaining pond overflowed.

Trailer Park, West Roxbury, 1608 VFW Parkway, Parking Lot flooded.
Muddy River — The Fenway

The Muddy River Restoration Project started in 2013. The mitigation of flooding from
the Muddy River into the Fenway was as a result of the October Floods of 1996, which
caused the flooding of the Green Line station at Kenmore Square. On March 30-31,
2010, Massachusetts Bay Transportation Authority crews were on standby to build
sandbag dams at the Fenway MBTA station tracks in the event the Muddy River again
overflows its banks.

Other More 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 Irene which was
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 Boston’s neighborhoods.

June 5-6, 2012 A coastal flood advisory 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.

September 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.
December 10, 2014 Storrow Drive westbound had several inches of standing water

slowing traffic through the evening commute. The Muddy River’s elevation is normally
seven to eight feet, but on December 9, 2010, after 4 inches of precipitation, the river rose
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to 16.4 feet, which is 1.4 feet above flood stage determined by the MBTA. Transit
workers were deployed to the Green Line tunnel’s entrance to created barricades using
sandbags to prevent the river from overflowing into the station and cause flooding similar
to what occurred in 1996.

Figure 12 Muddy River Elevation, December 9, 2010
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Based on the record of previous occurrences, inland/riverine flooding in Boston is a high
frequency event as defined by the 2013 Massachusetts State Hazard Mitigation Plan. This
hazard may occur more frequently than once in 5 years (greater than 20% per year).

Urban Flooding

Urban flooding can occur virtually anywhere in the City. In many places this hazard
amounts to little more than a nuisance but in some circumstances groundwater-sourced
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 and lead 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 ground, 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.

Trees can provide significant mitigation of urban flooding. On average, a tree’s leaves can
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 retention areas. The City of Boston’s “Complete
Streets” Project provides guidelines for green infrastructural improvements and larger
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 the City. Tables 13A and 13B summarize the flood-related work orders
identified by the BWSC from January 2009 to November 2012. Each work order can
impact hundreds or possibly thousands of residents.

Table 13A - BWSC Flood-Related Work Orders, Jan. 2009 to Nov. 2012

Neighborhood Work Orders Neighborhood Work Orders
Allston/Brighton 301 Jamaica Plain 272
Back Bay/Beacon 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 Water and Sewer Commission
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Table 13B  BWSC Flood-Related Work Orders, 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 occurrences, on average urban flooding in Boston occurs
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 shown on Map 3. A new series of updated FIRM maps
has recently been prepared by FEMA, and should be released in 2015. The new maps
may result in some areas being designated in flood hazard zones that have not previously
been so designated.

Another indicator of flood risk is the number of repetitive loss structures. As defined by
the Community Rating System (CRS) of the National Flood Insurance Program (NFIP), a
repetitive loss property is any property for which the NFIP has paid two or more flood
claims of $1,000 or more in any given 10-year period since 1978. For more information
on repetitive losses see http://www.fema.gov/business/nfip/replps.shtm.

There are 23 repetitive loss properties in Boston. These include single-family homes, 2-4
family residences, condos, other residential and non-residential 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 losses. Table 14 shows the breakdown of structure

type by number and amount of losses over this period.

Table 14 - Repetitive Loss Properties Summary

Number of Claims Building Losses Contents Losses | 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 Agency, National Flood Insurance Program via 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 walls. Boston has
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 Table 15 below.

Storm surge is defined as "an 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 the cyclone. Storm surge
is usually estimated by subtracting the normal or astronomic tide from the observed storm
tide," according to the NOAA/NWS description in Boston's Storm Ready certification.

Table 15 - Coastal Flood/Storm Surge Records, 1993 - 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 Surge/Tide | 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 Coastal Flood 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 (accretion) of coastal land
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 estimated length of shoreline is 15
miles that is directly exposed to open ocean. The City is protected from major coastal
storms by both natural and man-made shoreline structures that require maintenance to
insure the long term protection of its coastline. (see Figure 13).

Figure 13: Map of Coastal Structures in Boston Harbor
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Source: MA Coastal Erosion Commission, May 2014
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The Massachusetts Coastal Inventory and Assessment Project investigated the publicly
owned coastal protection structures in the City of Boston for their ability to provide
adequate protection from major coastal storms. Since more than half of Boston’s
coastline is protected by man-made structures, these areas do not normally erode, but the
condition of these structures is an indication of the impacts 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 Table 16 below. Definitions of ratings are in Table 18.

Table 16 Coastal Structure Type and Condition Rating

Total Structure Condition Rating

Primary Structure (1) Structures A B C D F Total Length
Bulkhead / Seawall 59 4 29 16 a 1 IR004
Revetment 40 3 26 9 2 39605
Breakwater
Groin [ Jetty
Coastal Dune 1 1 850
Coastal Beach 10 9 1 14614

110 7 BS 26 11 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 Table 17. In the City of Boston’ there are a total of 110 structures which would require
approximately $ 46 million to bring all the coastal structures to “A” Rating. Most critical
will be the structures in the “D” and “F” classifications as those are assumed to undergo
some level of damage or failure during the next major coastal storm event. To reconstruct
these structures, identified in the preliminary survey as being in poor condition, an
estimated $ 23 million would be required to upgrade the City’s coastal protection.

Table 17 Coastal Structure Repair/Reconstruction Cost

Tatal Structure Condition Rating
Primary Structure (1) Structures A B C D F Total Cost
Bulkhead / Seanall 53 § 4686420 § BERET14 520382001 § 4215 § 34548360
Ravetmant 4 § 448479 S 3903106 5 1361760 974855
Breakwater
Grom { Jatty
Coastal Dune 1 g 148 612 ) 148,512
Coastal Baach 10 5 1411625 5§ 491.040 § 1,902,665
110 Io1071362 513050862 §21743761 5 94216 § 0 46.49201

Source: Mass. Coastal Infrastructure Inventory and Assessment Project Massachusetts DCR, Office of 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 ] 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 | Siructure / 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 is 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 issued a draft report in January 2015
which includes an assessment of rates of costal erosion for all coastal communities.
Based on GIS analysis of historic of short tern trends (30 years) and long term trends
(150 years). The Commission’s report finds that Boston has an overall short term
average of shoreline accretion (as opposed to erosion) of 0.3 feet per year, and a long
term trend of accretion of 0.2 feet per year (see Table 19). Nevertheless there are
localized areas where erosion is a concern. Some of the major hotspots with vulnerable
populations 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 of Coastal Erosion, Short and Long Term

SO Town. il 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 1.0
Entire town 0.4 5.2 -0.4 2.2
Barnstable CCB 1.1 7.2 -0.2 23
NS -0.3 2.1 *.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, VVol. 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 Dorchester Bay, Sea-level 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 Service-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 startedplanning an exercise (to be held in 2014) for a scenario with a storm tide
reaching 18 feet above MLLW, easily attainable with a six-foot storm surge on a high
spring tide cycle. In this scenario, a major concern is the restriction of access to a major
transportation boulevard adjacent to the interstate highway system and the most impacted
residents reside in Savin Hilland Columbia Point in Dorchester. The scenario is based on
seven coastal flooding incidents:

On February 25-26, 2010, northeast winds built up seas along the east-facing 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 the east-facing 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 rainfall. Morrissey 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 Boulevard (Exit 14) off of 1-93 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 8-9, 2013 Blizzard, moderate coastal flooding occurred during high
tide on Saturday morning along Boston’s waterfront, including Long Wharf . Waves
built to 30 feet just 15 miles off shore due to the astronomical high tide and high winds.

On March 7-8, 2013, widespread moderate coastal flooding during 5 tide cycles closed
Morrissey Boulevard in both directions from the University of Massachusetts — Boston to
Freeport Street, as well as Exit 14 from 1-93 northbound.

On January 2, 2014 the City of Boston declared a Snow Emergency. Morrissey
Boulevard was closed to traffic at 10:30am due to tidal flooding. Moderate storm surge
| was predicted to be 1.8 feet with 3 foot waves (see Figure 14)..
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Figure 14 Storm Surge, January 2, 2014
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National Weather Service — Taunton, MA, January 2, 2014

Based on the record of previous occurrences, coastal flooding in Boston is a high
frequency event as defined by the 2013 Massachusetts State Hazard Mitigation Plan. This
hazard may occur more frequently than once in 5 years (greater than 20% per year).

Dam Failure

Dam failure can occur 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 earthquake. In the event of a dam failure, the number of fatalities and amount of
property damages depends on the amount of warning provided to the population and the
number of people and value of property in the path of the dam’s floodwaters. Dam
failure in general is infrequent but has the potential for severe impacts.
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According to the inventory dams maintained by the Massachusetts Department of
Conservation and Recreation, Office of Dam Safety, there are five dams located in
Boston, and one located in Somerville upstream of Boston on the Mystic River (see

Table 20).

Table 20 DCR Inventory of Dams

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

Baker Chocolate Dam Neponset River DCR Flood Control Significant Hazard
Charles R. Dam Charles River DCR Flood Control Significant Hazard
Chestnut Hill Res. Offstream DCR-MWRA Operated High Hazard

Southwest Campus  Sawmill Brook  City of Boston-Municipal Small Unregulated Dam
Westinghouse Dam  Mother Brook  DCR Flood Control Significant Hazard

Source: Mass. DCR Inventory of Dams

Table 20 shows that DCR categorizes dams according to the potential extent of hazard in
the event of dam failure. DCR defines dam hazard classifications as follows:

High Hazard: Dams located where failure or mis-operation will likely cause loss
of life and serious damage to homes(s), industrial or commercial
facilities, important public utilities, main highways(s) or

railroad(s).

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

Low Hazard: Dams located where failure or mis-operation 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 produced 4-6 inches 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 August 17-19, Hurricane Diane delivered up to
nearly 20 inches over a two-day 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 back-to-back storms, over 200 dams in New England had 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 Massachusetts passed a
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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 biphenyls (PCBs) from Mother Brook into the
Neponset River estuary. According to the U.S. Geologic Survey, “PCBs from this source
area likely continued to be released after the flood and during subsequent rebuilding of
downstream dams. Today (2007), PCBs are mostly 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 PCBs from 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.” (Source: Breault, R.F., 2011,
Concentrations, loads, and sources of polychlorinated biphenyls, Neponset River and
Neponset River Estuary, eastern Massachusetts: U.S. Geological Survey Scientific
Investigations Report 2011-5004)

Other dams in Boston include the following:

Charles River Dam — The Charles River Dam effectively controls water levels in the river
in order to minimize the potential for riverine flooding from upstream flows from the
Charles River watershed. The dam also protects against storm surges traveling upstream
from Boston Harbor. The dam is actively monitored by DCR and is in good condition.
The dam's pumps were recently completely overhauled as a mitigative measure. Six
prime 2700 horsepower diesel pumps and 2 transmissions were overhauled.

A potential future impact of climate change on the dam is the possibility 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 dam’s pump station is 122.17 (MDC base).
The new surge model being developed by the Army Corps of Engineers 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 Dams — The Neponset River forms the boundary 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 Company in the Hyde Park area. Failure of either
of these two dams would be unlikely to lead to loss of life.

Chestnut Hill Bradley Basin Dam — Located at the Chestnut Hill Reservoir, this dam is
owned and maintained by DCR, and is in good condition.
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Based on the record of previous occurrences, dam failures in Boston are very low
frequency events as defined by the 2013 Massachusetts State Hazard Mitigation Plan.
This hazard may occur less 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 year, but independent of storm
events, gusts of up to 40 mph can occur.

As with many communities, falling trees caused by high winds can down power lines and
cause power outages. Hazardous situations can be mitigated by routine maintenance and
care of street and park trees. Many cities operate on a 6-7 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 volumes. New
standards for street tree plantings need to be developed and adopted as part of mitigation

| planning. Information on wind related hazards can be found on Map 5 in Appendix C.

According to the national classification of wind zones in the US, Boston lies within Zone
I1, with maximum winds of 160 mph. Boston is also within the Hurricane-Susceptible
| Region, as is all of the East Coast and Gulf of Mexico (see Figure 15).

| Figure 15 Wind Zones in the United States
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Hurricanes and Tropical Storms

A hurricane is "a tropical cyclone in the Atlantic, Caribbean Sea, Gulf of Mexico, or
eastern Pacific, which the maximum 1-minute sustained surface wind is 64 knots (74
mph) or greater," according the the NOAA/NWS definition included in Boston's Storm
Ready certification. Given its location near the coast, the City 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 November. A tropical storm is "a tropical cyclone in which the
maximum 1-minute sustained surface wind ranges from 34 to 63 knots (39 to 73 mph)."

A hurricane or storm track is the line that delineates the path of the eye of a hurricane or
tropical storm. Two recorded storm tracks have passed directly through Boston: a tropical
storm that passed through Hyde Park, Mattapan, Roxbury, Dorchester, South Boston, and
East Boston; and a hurricane that passed through Allston/Brighton. However, the City
experiences the impacts of the wind and rain of hurricanes and tropical storms even when
the storm track passes nearby, but not directly through the City. Storms that track west of
the City result in stronger winds in Boston, while those that pass to the east may bring
more rainfall. The hazard mapping indicates that the 100 year wind speed is 110 miles
per hour. Major tropical storms and hurricanes that passed through or near Boston are
summarized in Table 21, and historic hurricane tracks are shown in Figure 16 below.

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 74 — 95 4-5 Minimal
2 96 — 110 6-8 Moderate
3 111-130 9-12 Extensive
4 131 - 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 Cateqgory 1 hurricane.

Of the 28 hurricanes and tropical storms listed in Table 21 below, the Hurricane of 1944
from September 9 — 16, 1944 and the Tropical Storm of 1902 from June 12 — 17, 1902
tracked directly through the City of Boston. It is important to note, that Hurricane Irene
from August 21 — 30, 2011 and most recently Hurricane Sandy from October 22 — 31,
2012 fortunately 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 Boston and New England

Hurricane Sandy October 29-30, 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 5-17, 1996

Hurricane Bob August 16 - 29, 1991
Hurricane Gloria September 27,1985
Hurricane Donna September 12, 1960
Hurricane Diane August 17-19, 1955
Hurricane Edna* September 11, 1954
Hurricane Carol* August 31, 1954

Hurricane Doug September 11-12, 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 6 -13, 1888

Hurricane of 1876 September 12 - 19, 1876

Hurricane of 1869 September 7 -9, 1869

Hurricane of 1861 November 1 -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 Boston’s most treasured historic trees onto homes and vehicles and
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 miles. Strong tropical force winds from the northeast
quadrant of the post tropical cyclone, Sandy developed into a super storm nor’easter that
impacted the City of Boston. Preliminary estimates assess costs at $4.8 million for the
City of Boston as compared to 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 impacting the City of
Boston are shown in Table 22

Table 22 - Hurricane Disaster Declarations

Disaster Title Dates

DR-751 Hurricane Gloria 9/27/1985

DR-914 Hurricane Bob 8/19/1991

EM-3252 Hurricane Katrina Evacuation 8/29/2005-10/1/2005
EM-3315 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 for downed trees. The storm caused
structural damage to 42 homes. In addition, the 24 Hour Constituent Hotline received
1,199 storm-related requests and 650 reports of downed wires that did not involve fallen
trees. A total of 1,027 locations were responded to during 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 a shutdown of the MBTA. High winds from the northeast quadrant
of the storm toppled trees, power lines and ripped roofs off of houses and schools (see
Figure 17). Coastal inundation flooded the Boston’s Harborwalk. A sailboat ran aground
at Carson Beach, South 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 debris, transformer 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 downed tree at 608 locations; 326 for
street debris at 303 locations; and 35 for power outages.

Hurricanes are a city-wide hazard for Boston. Based on the record of previous
occurrences, hurricanes in_Boston are medium frequency events as defined by the 2013
Massachusetts State Hazard Mitigation Plan. This hazard may occur from once 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 Carson Beach
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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
accompanied by a loud roaring noise," according the NOAA/NWS definition included in
the City of Boston's Storm Ready certification. The City of Boston is at high risk for high
winds from severe thunderstorms but at moderate risk of tornado activity. From August
21, 1951 to date there have been no reported tornados that touched-down 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 tornado was F-2 in magnitude and was on the ground for approximately four
minutes in Revere. Since 1951 there have been 101 tornados 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 tornado 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 a tornado caused significant damage in Springfield, resulting in
4 deaths in June of 2011. During that tornado 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 of these 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 Field, Warning Coordination
Meteorologist at NOAA’s National Weather Service office in Taunton, MA, “a
supercellular storm structure, complete with rotating wall cloud, formed out by Woburn
and the rotation seen on radar prompted issuance of a tornado warning. The storm
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 Peabody. There 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.”

Tornados are most common in the summer, and most form in the afternoon or evening.
The most probable month for a tornado is July, but the tornado season for the City of
Boston runs from May through November (see Figure 18). Tornados are often associated
with strong thunderstorms.
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| Figure 18: Tornado Risk by Month for the City Of Boston, MA (1950-2011)
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Source: Tornado climatology information compiled by Dr. Greg Forbes, Severe Weather Expert for The Weather Channel.

Tornado damage severity is measured by the Fujita Tornado Scale, in which wind speed
is not measured directly but rather estimated from the amount of damage. As of February
01, 2007, the National Weather Service began rating tornados using the Enhanced Fujita-
scale (EF-scale), which allows surveyors to create more precise assessments of tornado

severity. The EF-scale is summarized below:

Fujita Scale Derived Operational EF Scale

F Fastest 14 | 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

4 208-260 210-201 |4 168-199 |4 166-200

5 261-318 262-317 |5 200-234 |5 Ovwer -200

Source: Massachusetts State Hazard Mitigation Plan, 2010
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Wall Cloud over Boston Harbor, July 18, 2012
Photo: Mark Garfinkel — Boston Herald

There is little historical data with which to estimate possible tornado damage.
Government Center, Copley Square, Prudential Center, Financial District and the new
Innovation District are at greater potential risk from tornado winds due to the density and
height of the buildings. These buildings can generally sustain moderately high winds, but
their glass facades may be vulnerable. The facades of unreinforced masonry buildings
are more susceptible. Tornado damage in Massachusetts is estimated from $500 to
$227,600,000 per the Massachusetts Tornado History Project estimates that damages
from Massachusetts tornadoes ranges from $500 to $228 million. Tornadoes are a city-
wide hazard for Boston

Based on the record of previous occurrences, tornadoes in Boston are a very low
frequency events as defined by the 2013 Massachusetts State Hazard Mitigation Plan.
This hazard may occur less often than once in 100 years (Less than 1% probability

per year).

Nor’easters

A classic nor’easter is a strong low pressure system that forms over land or is positioned
just off the coastal waters of New England. Nor’easters are relatively common in the
winter months in New England, occurring one to two times a year, and are notorious for
producing heavy snow, rain and tremendous waves that crash onto Atlantic beaches
causing beach erosion and structural damage. The characteristics of a nor’easter produce
strong northeasterly winds blowing in from the ocean ahead of the storm 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. The storm radius of a nor’easter can be as

| much as 1,000 miles (see Figure 19) and these storms feature sustained winds of 10 to 40
mph with gusts of up to 70 mph.

| Figure 19- Satellite Image of March 2013 Nor'easter

=

Source: The Geostationar Opertoal Environmental Satellite Program (GOES),a
joint effort of NASA and NOAA...

Many of the historic flood events identified in the previous section were precipitated by
nor’easters, including the “Perfect Storm” event in 1991. More recently, blizzards in
December 2010, October 2011, and February 2013 were large nor’easters, as was the
major winter storm of March 2013. The latter two storms are described in the section on
winter storms below: Nor'easters are a city-wide hazard for Boston.

Based on the record of previous occurrences, nor'easters in _Boston are high frequency
events as defined by the 2013 Massachusetts State Hazard Mitigation Plan. This hazard
may occur more frequently than once in 5 years (greater than 20% per vear).

Thunderstorms

While less severe than the other types of storms, a thunderstorm, which features
lightning, strong winds, and rain or hail, can lead to localized damage and represent a
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hazard risk for communities. Hail is defined as "showery precipitation in the form of
irregular pellets or balls of ice more than 5 mm in diameter, falling from a cumulonimbus
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 refers to the diameter of the hailstones. Warnings and reports may report hail
size through comparisons with real-world objects that correspond to certain diameters:

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 Ball |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

Thunderstorms sometime give rise to tornados. On average, thunderstorms storms are
only around 15 miles in diameter and last for about 30 minutes. The National Weather
Service-Taunton issues a severe thunderstorm warning when a severe thunderstorm is
indicated on radar or a spotter reports a thunderstorm producing 1 inch or larger hail in
diameter and/or winds equal to or 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 penny-sized hail with gusty winds of
up to 60 mph. 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 were struck by lightning in their vehicle at Boston’s Logan
International Airport in East Boston.

During severe thunderstorms buildings in Boston have been struck by lightning. On May
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 housing WBZ-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 Roslindale Square, lightning hit a transformer and the
business district lost power when wires fell on parked cars and residential property.
Thunderstorms are a city-wide hazard for Boston.

Lightning creates hazardous conditions for pedestrians. On July 20, 2008, 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 electrical bolt traveled 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 Esplanade was 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 occurrences, thunderstorms in Boston are high frequency
events as defined by the 2013 Massachusetts State Hazard Mitigation Plan. This hazard
may occur more frequently than once in 5 years (greater than 20% per year).

Lightning Strike During Esplanade ncert, July 4, 2012
Photo: Patrick Flanagan
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Winter Storms

Winter storms are the most common and most familiar of the region’s hazards that affect
large geographic areas. The majority of blizzards and ice storms in the region cause more
inconvenience than they do serious property damage, injuries, or deaths. However,
periodically, a winter storm becomes a true disaster, and necessitates intense large-scale
emergency response. Occasionally winter storms also hinder the tidal exchange in tidally
restricted watersheds and result in localized flooding within these areas. Ice build-up at
gate structures can damage tide gates and increase the hazard potential as a result of
malfunctioning tide gates. Winter storms are a combination hazard because they often
involve wind, ice and heavy snow fall. Heavy wet snow is considered a secondary
impact of winter storms and therefore are not analyzed as a separate hazard.

The average annual snowfall for the northern portion of Boston (including Jamaica Plain
Roxbury, Mattapan, north Dorchester, South End, South Boston, Allston/Brighton, Back
Bay, Beacon Hill, the Financial District, North End, East Boston, and Charlestown) falls
within a range of 38.1 to 48 inches while the southern portion of the City, including
Roslindale, West Roxbury, and Hyde Park, are in the range of 48.1 - 72 inches of 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 can cause them to fall and damage electric
lines, and, in extreme situations, heavy snow can cause collapse or cave-in of building
roofs. Blizzards include all the hazards associated with heavy snow storms also
accompanied by winds of at least 35 miles per hour and temperatures below 20 degrees
Fahrenheit. The most significant winter storm in recent history was the “Blizzard of
1978,” which resulted in over 3 feet of snowfall and multiple day closures of roadways,
businesses, and schools. Severe winter storms and blizzards in Boston since 1978 are
summarized in Table 23, and the winter storms of 2013 are described below.

Table 23

Blizzards and Severe Winter Storms in Boston
Blizzard of 1978 February 1978
Blizzard March 1993
Blizzard January 1996
Severe Snow Storm 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 February 2013

Source: National Oceanic and Atmospheric Administration

63



CITY OF BOSTON HAZARD MITIGATION PLAN
REVISED DRAFT 2014 UPDATE

The Blizzard of February 2013

On Friday, February 8, 2013, two major storm systems combined off the North Atlantic
coast forming severe Nor’east blizzard conditions for the City of Boston. The low
pressure and central pressure systems created 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 was under a Blizzard Warning. Officially, the City of Boston
recorded the 5™ largest snow accumulation of 24.9 inches at Boston’s Logan International
Airport breaking a record in over 100 years of recordkeeping. Along the coast, the City
of Boston was under a 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 for coastal 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 mid-Atlantic storm developed into a very
powerful coastal nor’easter located 323 miles off of Nantucket. The City of Boston was
under a Winter Storm Warning, Coastal Flood Warning, and Wind Advisory. A Gale
Warning was issued for Boston Harbor. The nor’easter stalled off the coast which
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 recorded at Boston 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 high tide cycles.

Managing snow can be a challenging and expensive task. Generally the denser areas of
the City, such as Beacon Hill, Charlestown, and the North End pose greater challenges to
snow removal. Narrow streets and on-street parking, particularly double and triple
parking can prevent adequate plowing and 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 snow onto roadways. In
recent years, the City has used about 100,000 tons of salt on its roads each winter. Most,
if not all, of the salt is imported from overseas. The City has been seeking additional
supply options so as to not rely on one vendor. There are seven locations for salt storage
and about 34,000 tons are stored at each one. Boston has a ‘black pavement policy’
meaning that every street is to be cleared. The City is divided into 15 plow districts.
Approximately 350 pieces of equipment are used for snow control. The main objective is
to ensure that streets are passable for emergency vehicles. The greatest impacts are seen
when the City is hit by back-to-back storms where the short period of time does not allow
for existing snow to melt. The result has been street closures. Time of day of a storm is
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also a concern. Overnight storms are easier to plow since there are fewer vehicles on the
road. Daytime storms on a weekday are much more of a challenge.

According to the NOA/NWS definition included in Boston's Storm Ready certification,
an ice storm is characterized by "damaging accumulations of ice are expected during
freezing rain situations. These accumulations of ice make walking and driving extremely
dangerous. Significant ice accumulations are usually accumulations of %" or greater."
Ice storms can arise in any part of the city and are a city-wide hazard. Expected impacts
can include impaired transportation conditions, impaired delivery of emergency services,
iced trees and downed limbs, and loss of power and communications due to ice coated
lines or falling tree limbs.

Impacts from winter weather — in addition to non-passable streets and sidewalks —
include downed power lines causing loss of electric power service, catch basins being
buried and sometimes clogged, water service pipes bursting, and shut-off valves being
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 poisoning and place a
heavy load on roofs.

The City’s overall vulnerability to winter storms is primarily related to restrictions to
travel on roadways, temporary road closures, school closures, and potential 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 occurrences, winter storm events in_Boston are high
frequency events as defined by the 2013 Massachusetts State Hazard Mitigation Plan.
This hazard may occur more frequently than once in 5 years (greater than 20% per year).

Ice Jams

Although known to occur in central and western Massachusetts, ice jams are not a hazard
for Boston. The Army Corps of Engineers Cold 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 include earthquakes, landslides, sinkholes, subsidence, and unstable
soils such as fill, peat, and clay. Although the most recent building codes have higher
seismic standards, many older structures are more vulnerable to seismic hazards.
Information on geologic hazards can be found on Map 4 of the hazard mitigation map
series (Appendix C).
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Earthquakes

An earthquake is the vibration, sometimes violent, of the earth's surface that follows a
release of enerqy in the earth's crust due to fault fracture and movement. A fault 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: the overlying 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 either type of stress; the blocks move horizontally
along a vertical fault past one another. Most faulting along spreading zones is normal,
along subduction zones is thrust, and along transform faults is strike-slip.

The focal depth of an earthquake is the depth from 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 as 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 Earth’s crust. The depth to the center of the Earth's core is
about 3,960 miles, so 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 rupture initiates. 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 downward movement 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 spreading away from the
European and African plates. New England’s earthquakes appear to be the result of the
cracking of the crustal rocks due to compression as the North American plate is being
very slowly squeezed by the global plate movements.

Seismoloqists use a Magnitude scale (Richter Scale) to express the seismic energy
released by each earthquake. The typical effects of earthquakes in various ranges is
summarized below.
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Richter Magnitudes

Earthguake Effects

Less than 3.5

Generally not felt, but recorded

3.5-54 Often felt, but rarely causes damage

Under 6.0 At most slight damage to well-designed buildings. Can
cause major damage to poorly constructed buildings over
small regions.

6.1-6.9 Can be destructive in areas up to about 100 km. across
where people live.

7.0-7.9 Major earthquake. Can cause serious damage over larger

areas.

Great earthquake. Can cause serious damage in areas
several hundred meters across.

8 or greater

Source: Nevada Seismological Library (NSL), 2005

Damage to structures in an earthquake can be caused by several geologic mechanisms,
including ground motion, surface faulting, and ground failure in which weak or unstable
soils, such as those composed primarily of saturated sand or silts, liquefy (a process
called liquefaction). 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 site. Even if the epicenter of an earthquake is not
located in the City of Boston, it is important to note that due to the harder, cooler rocks
that comprise the eastern U.S. (compared to the western U.S.), distant earthquakes are
more widely felt in the metropolitan Boston area.

According to Dr. John Ebel, Director of the Boston College Weston Observatory, the
bedrock of the northeastern United States is much colder as compared to that of the
western US. Our colder bedrock is why the 5.8 magnitude earthquake in Mineral,
Virginia on August 23, 2011 and the 4.0 magnitude earthquake 3 miles west of Hollis
Center, Maine on October 16, 2012 both resulted in tremors being felt in the City of
Boston. A summary of earthquakes affecting the City is found in Table 24.

According to the Northeast States Emergency Consortium, from 1668 to 2007, 355
earthquakes were recorded in Massachusetts. The region has experienced larger
earthquakes, including a magnitude 6.0 quake that struck in 1755 off the coast of Cape
Anne. The closest recorded earthquake epicenter was at the Braintree/Quincy border,
southwest of the Route 3 interchange with Interstate Route 93. This quake occurred in
1979 with a magnitude of 2.2, which is the smallest quake normally felt by people.

The Northeast States Emergency Consortium documented 165 earthquakes 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 (see Figure 20
below). NESEC also notes that of particular interest in 2012 was a sequence or “swarm”
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 Boston and 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 the potential for future activity in
this offshore region. The USGS investigation is currently underway.

Table 24 - Historical Earthquakes in Boston or Surrounding Area, 1727-2012*

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 2/2/1766 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
VA —Mineral 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 higher). Source: HIRA
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Figure 20 -Northeast Earthquakes, 1/1/12 to 12/5/12
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Earthquake Impacts — Earthquakes have multiple 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 emergency response difficult.
Water lines and gas lines can break, causing flooding and fires. Another potential
vulnerability is equipment within structures. For example, a hospital building may be
structurally engineered to withstand an earthquake, but if the equipment inside is not
properly secured; the function of the hospital could be affected. Earthquakes can also
trigger landslides.

Liquefaction — Liquefaction poses a particular risk for Boston because of the extensive
area of the City built on filled land (see Figures 21 and 22). During an earthquake these
soils become unstable, effectively liquefying, destabilizing the buildings above leading to
collapse, ruptured utilities, and other related impacts.

Potential earthquake damages to Boston have been estimated using HAZUS-MH. Total
damages are estimated at $3.4 billion for a 5.0 magnitude earthquake with an epicenter in
downtown Boston, and $345 million for a 6.5 magnitude earthquake with an epicenter in
central New Hampshire. Other potential earthquake impacts are detailed in Table 29.

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 Massachusetts State 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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Unreinforced Masonry Buildings — Many older masonry structures lack structural
components that would prevent collapse in the event of an earthquake. Based on research
conducted by the Northeast States Emergency Consortium utilizing property assessment
data on the structural classifications of buildings in Boston, there are as many as 18,919
unreinforced masonry buildings (URM) in the City (see Figure 23). These buildings
include historic structures such as the Old Statehouse, Faneuil Hall, and most 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 masonry buildings, roughly 50% of the residential building
stock in the City was built before 1940 thereby pre-dating the building code and
applicable earthquake damage mitigation design standards.

Although earthquakes are potential city-wide hazard, the areas of the City with the
greatest overall vulnerability to earthquake damage are those where unreinforced
masonry buildings are located in areas with high liquefaction potential. Figure 24 shows
these areas as mapped by NESEC.

71



CITY OF BOSTON HAZARD MITIGATION PLAN
REVISED DRAFT 2014 UPDATE

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

“ "':%d . : K’ "

Liquefaction Potential
Low

| Moderate

[ very High

Structure Class
Non-URM construction
Undetermined

- Suspected URM construction

- Confirmed URM construction [—

Source: Northeast States Emergency Consortium

72



CITY OF BOSTON HAZARD MITIGATION PLAN
REVISED DRAFT 2014 UPDATE

Landslides

Typically, a landslide occurs when the condition of 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 stabilizes 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. Table 25 represents the estimated
intensity for a range 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 Slight intensity

10,000 — 50,000 Very high intensity High intensity Medium intensity

>500,000 Very high intensity High intensity

>>500,000 Very high intensity

Source: A Geomorphological Approach to the Estimation of Landslide Hazards and Risks in Umbria,
Central Italy, M. Cardinali et al, 2002

The City of Boston is at relatively low risk for landslides. However, the City of Boston
has experienced small landslides in our neighborhoods. The hilly terrains throughout
many of Boston’s neighborhoods have an older infrastructure of retaining walls,
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 of a 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 back-to-back weekend winter storms that culminated on
Sunday, February 24, 2013.

Based on past occurrences and 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% per year).
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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 eruptions, underwater 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 tsunamis. If 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 mile of 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 depends upon the source and
severity of onset on the tide cycle. As such, the Boston Harbor Islands, Deer Island
Sewerage Treatment Plant, Boston’s Inner Harbor, Dorchester Bay and the City of
Boston’s coastal neighborhoods are all vulnerable to coastal inundation from tsunami.

According to the West Coast and Alaska Tsunami Warning Center (WCATWC), an
Atlantic based tsunami threat level for the US east coast is low when compared to the US
Pacific and Caribbean coasts. Although the probability is low, a tsunami threat does 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 North Atlantic and the
relationship there between submarine landslides and earthquakes (see Figure 25). “The
US Atlantic coast would be particularly vulnerable to devastation from tsunami because
of the high density of population and infrastructure along its low lying coastal areas and
estuaries.” Uri S ten Brink, et.al., Marine Geology 264, 2009, p.65)

Figure 25 - Atlantic Based Tsunami Potential Threat
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Further, Dr. ten Brink confirms that “the likelihood that a tsunami will hit this coast is
fairly low. However, the most likely source will be a landslide that happens underwater at
an area of about 215 miles offshore Boston in an area known as the Continental Slope.
This is the area that separates the very wide and shallow shelf. The shelf is about 100 to
150 meters deep from the deep ocean.” The US Geologic Survey is researching the
probability of a landslide on the Continental Shelf.

The City of Boston's justification to include Atlantic-based Tsunami on the east coast is
based upon one of three possible scenarios for the City. First, a submarine landslide off
the continental slope 215 miles off shore of the City of Boston. Such an underwater
landslide occurred in 1929, when a 7.2 magnitude earthquake created large waves that
killed 28 people in Newfoundland. Second, there is a subduction zone in the

Caribbean called the Puerto Rico Trench that could create an east coast tsunami. A third
scenario is from earthquake and volcanic activity in the form of a submarine landslide in
the Canary Islands. This scenario involves the collapse of the western flank of the
Cumbre Vieja Volcano located at La Palma, Canary Islands, potentially generating a
giant wave which scientists have termed a megatsunami. The wave would radiate out
across the Atlantic Ocean and 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 once crossing the Atlantic Ocean to the City of Boston and
Eastern Massachusetts.

The NOAA National Weather Service -Taunton organized a NWS-WCATWC Tsunami
Awareness Emergency Manager Workshop attended by the City of Boston on February
23, 2010. As a follow-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 Mayor’s Office of Emergency Management (OEM) regularly monitors
NWS-WCATWC Warning/Advisory Tsunami Alerts. Since 2010, the NWS-WCATWC
issued Warnings and Advisories which have not resulted in a tsunami in the Atlantic to
date.

Tsunami Vulnerability and Impact

A tsunami generated in the Atlantic could severely impact populations and critical
infrastructures along Boston’s inner and outer harbor and Dorchester Bay. All of
Boston’s coastal neighborhoods are surrounded by hilly drumlins that would likely be
above the inundation level 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 populations, assisted living facilities, public housing, higher education, major
modes of transportation, oil and natural gas refineries and steam power generation for
Boston’s hospitals. The City of Boston plans to conduct further loss estimation on the
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impacts of tsunami inundation along the entire Boston coastline when the new Tsunami
HAZUS-MH tool is available.

Response to an approaching tsunami could easily require a one-mile coastal evacuation
zone. Accurately predicting the timing of landfall is of the utmost importance for
successful vertical evacuation. If the tsunami struck late evening/early morning, then it
would be challenging to warn and evacuate residents quickly. Travel time for a tsunami
could be as little as a few hours, as shown in Figure 26. In this example a 6.4 magnitude
earthquake struck at 11:01pm EST, Sunday, January 12, 2014, located 85 miles northeast
of Mayaguez, Puerto Rico. Fortunately, the earthquake did not generate a tsunami. The
WCATWOC issued tsunami travel times between 3 to 6 hours. If a tsunami alert had been
issued it would have affected Boston between 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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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
Atmosphegic Administration (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/ Puerto Rico/ 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 the Delaware 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 meteo-tsunamis, tsunami-like wave phenomenon of
meteorological origin. Climate change may increase the frequency of these. On June 13,
2013, thirty different tide gages and one buoy measured a tsunami-like wave from
Barnegat Light, New Jersey to Southeastern Massachusetts, probably due to severe
thunderstorms generating meteo-tsunami waves. Rogue waves knocked people into the
ocean, damaged boat moorings, and caused minor coastal inundation.

Based on past occurrences and the Massachusetts Hazard Mitigation Plan 2013,

Tsunamis are of Very Low frequency, events that can occur less frequently than once in
100 vears (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 occur as high temperatures can cause a deterioration of water quality.
In Boston extreme heat events are most common in July. The highest temperature
recorded was 104°F, on July 4, 1911, followed more recently with a high of 103°F on
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July 22, 2011. According to the Northeast Regional Climate Center at Cornell University,
2012 was the warmest year in the US to date, and the third hottest summer. Extreme cold
is most common in January with the lowest recorded temperature being -18°F in
February, 1934. Extreme temperatures are a city-wide hazard for Boston. Table 26
shows the recent history of extreme temperatures in Boston.

Table 26 Extreme Temperatures in Boston, 2005-2012

Year Number of Days = 90°F Number of Days <5°F
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 weather-related fatalities in the United States.
Historically, from 1979-2003, 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 2001, 300 deaths
were caused by excessive heat exposure.

During the summer months, the City of Boston is especially vulnerable to heat-related
hazards. On summer days, the City can be as much as 16°F degrees warmer than
surrounding areas. The City's development and infrastructure, which is largely made up
of asphalt, concrete, and metal, traps the heat. This is known as the "Urban Heat Island"
effect.

The Boston Public Health Commission defines severe heat as air temperature of 90°F or
higher. Extending over multiple days, each day’s maximum temperature would be
considered extreme and constitute a natural hazard event. In 2010, there were 24 days in
the City of Boston with recorded temperatures 90° F or greater.

Heat waves are particularly dangerous for children, seniors, people with cardiovascular
disease, and people taking psychotropic and other medications. According to the Centers
for Disease Control, social isolation and the inability to care for oneself put a person at
greater risk for heat-related illness. However, even young and healthy individuals can
succumb to heat if they participate in strenuous physical activities during hot weather or
do not take appropriate precautions.

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

decreased air quality, which aggravates 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 access to air-conditioning.
Evacuations from buildings without air-conditioning or other cooling capability are
crucial to avoid heat stress, both for people at work and those at home. Cooling centers
may be stressed to capacity.

The probability of large-scale power outages is higher during extended 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 increasing temperatures 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 public on stewardship and
the value of trees.

Extreme Cold

Extreme cold is a dangerous situation that can bring on health emergencies, especially in
susceptible populations such as homeless individuals, children, and the elderly. Wind
chill factor, the combined effect of cold temperatures and wind speed, adds to the threat
posed by low temperatures. Boston’s Emergency Operations Plan notes that:

e Extreme cold conditions may last for several days.
e Frozen and burst pipes can be secondary events caused by extreme cold.
e 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 exist when the
National Weather Service (NWS) forecasts a wind chill of 0° 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 Advisory (Boston): When the NWS forecasts a wind chill
of 0° F to -14° F for three hours or more

2. Wind Chill Advisory (NWS): When the NWS forecasts a wind chill of -15° F to -
24° F for three hours or more

3. Wind Chill Warning (NWS): When the NWS forecasts a wind chill of -25° F or
colder for three hours or more

Based on past occurrences extreme temperatures are of medium frequency, defined by
the Massachusetts Hazard Mitigation Plan 2013 as events that occur from 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 region such fires rarely grow to the size of those seen more
typically in the western U.S. As their name implies, these fires typically burn 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 allow the fire the spread into homes.
Some of the park areas in the City may have conditions suitable for brush fires,
particularly those with large stands of phragmites (wetland grasses). These fires can lead
to urban conflagrations.

Wildfires in Massachusetts are measured by the number of fires and the sum of acres
burned. The most recent data available for wildfires, shown in Figure 27 below,
indicates that the wildfire extent in Boston was between 0.25 ;and 9.0 acres burned, with
the City experiencing fewer than 20 wildfires between 2001-2009.

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 winds and wind direction black ash could be seen
floating in the air throughout the Boston neighborhoods of West Roxbury, Hyde Park,
Jamaica Plain, Mattapan, and Dorchester. Likewise, the ash was located in Milton and
Quincy along the Rt. 28 corridor.
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Potential vulnerabilities to wildfire include injuries and loss of human life, damage to
structures and other improvements, and impacts on natural resources. Given the
immediate response times to reported wildfires in Boston, the likelihood of injuries and
casualties is minimal. Smoke and air pollution from wildfires can be a health hazard,
especially for sensitive populations including children, the elderly, and those with
respiratory and cardiovascular diseases. Wildfire may also threaten the health and safety
of those fighting the fires. First responders are exposed to the dangers from the initial
incident and after-effects from smoke inhalation and heat stroke.
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Based on past occurrences and the Massachusetts Hazard Mitigation Plan 2013,
brushfires are of Medium frequency, events that can occur events that occur from once in
5 years to once in 50 years (2% to 20% probability per year).

Urban Conflagrations

Urban conflagrations are large building-to-building fires that spread over a relatively
large urban area. While not typically included as a natural hazard, urban conflagrations
can be sparked by a natural hazard event like an earthquake, tornado, or lightning strike.

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

(1 closely built structures;

[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 large-scale combustible construction or demolition projects;

1 wild land / urban interfaces; and

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

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

Conflagration may occur naturally (e.g., lightning strike) or be started by people, either
intentionally (arson) or by accident (e.g., smoker’s carelessness or lack of fire knowledge
[incorrect use of space heaters]). In order for the Boston Fire Department (BFD) to
classify a fire as a conflagration, the fire needs to be self-sustaining 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
homeless. The 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
in current dollars). Although many building codes were changed in the aftermath of this
and subsequent fires, much of Boston’s housing stock predates those changes. In 1964, a
rear porch fire on Bellflower Street (Dorchester) lined with three deckers caused another
conflagration that damaged or destroyed 35 multi-family dwellings (there were fires
reported on over 250 roofs). In 1987, a small plane crashed into a Lonsdale Street
(Dorchester) house damaging or destroying 9 homes and 12 vehicles because of the
ensuing fires.
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Conflagration is a low probability, high impact event for the City of Boston. Several
reasons for this are Boston’s narrow streets, tightly spaced buildings, access issues and
building construction that predates modern fire codes. Boston’s geographic neighborhood
layout, with Charlestown and East Boston separated from the rest of the City by bridges
and tunnels can delay the arrival of first responders. Closely spaced wooden three-
deckers (three-family homes) are common across numerous neighborhoods in the City.
Most vulnerable are the non-masonry, balloon frame architecture 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 conflagration 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 modern fire codes.

Space Weather and Solar Storms

The level of activity of the Sun—sunspots, flares, amount of radiation, and other
phenomena—goes through an approximately 11-year cycle of increase and decrease.
Solar astronomers count the cycle from 1755 to 1766 as the first cycle, and we are now in
cycle 24. According to NOAA’s Space Weather Prediction Center, the next maximum in
solar activity is expected to occur in 2013, although the maximum will be of less-than-
average intensity.’

NOAA divides disturbances 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 (extreme).® At
the extreme end, solar storms can produce:

e Widespread voltage control problems and protective system problems in power
systems, with some electrical grids experiencing complete collapse or blackouts

e Degradation of functionality of global positioning system (GPS), aviation air
traffic control systems, telecommunication systems, and satellite communication

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 seconds to cause the
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 action. Our society may be
becoming more vulnerable to such storms. The Northeast U.S. is particularly vulnerable

" http://www.swpc.noaa.gov/SolarCycle/
& http://www.swpc.noaa.gov/NOAAscales/index.html#GeomagneticStorms
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due to its high geomagnetic latitude, the local geology, and the interconnectivity of the
grid.

In the case of electric power grids, both the manner in which systems are operated and
the accumulated design decisions engineered into present-day networks around the world
have tended to significantly enhance geomagnetic storm impacts. The result is to
increase the vulnerability of this critical infrastructure to space weather disturbances.’

If a major geomagnetic “superstorm”—about ten times larger than an ordinary G5—
occurred today, over 300 large transformers in the Unites States could be at risk of
permanent damage, with the potential to cut power to 130 million people.”® Repair times
could range from weeks to years depending on the size and types of the transformers
damaged. In a solar cycle, there are typically three or four G5 events. There is about a 10
percent chance of a “superstorm” in each solar cycle.™

Invasive Species

The Asian longhorned beetle (ALB, Anoplophora glabripennis) is a destructive wood-
boring pest of maple and other hardwoods. ALB is believed to have been introduced into
the United States from wood pallets and other wood packing material accompanying
cargo shipments from Asia. The tree species preferred as hosts by the Asian Longhorned
Beetle are hardwoods including several maple species (Norway, sugar, silver, and red
maple), box elder, horse chestnut, 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 % inches in length with long antennae and are shiny
black with small white markings on the body and antennae. Once the eggs hatch, small
white larvae bore their way through the bark into the tree, feeding on the sensitive
vascular layer beneath. The larvae continue to feed deeper into the tree's heartwood
forming tunnels, or galleries, in 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 adult beetle emerges, chewing its way out of the tree; forming
characteristic round holes approximately 3/8ths of an inch in diameter. Many of these

® Kappenman, J.. Geomagnetic Storms and Their Impacts on the U.S. Power Grid. Goleta: Metatech
Corporation, 2010

10See Severe Space Weather Events--Understanding Societal and Economic Impacts: A Workshop Report,
National Academy of Sciences, 2008, http://www.nap.edu/catalog.php?record_id=12507, and
http://science.nasa.gov/science-news/science-at-nasa/2009/21jan_severespaceweather/.

1 See Riley, P. "On the probability of occurrence of extreme space weather events" Space Weather, vol. 10,
502012, doi:10.1029/2011SW000734, 2012, and Love, J. "Credible occurrence probabilities for extreme
geophysical events: Earthquakes, volcanic eruptions, magnetic storms™. Geophysical Research Letters, vol.
39, L10301, doi:10.1029/2012GL 051431, 2012.
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holes will appear on a heavily infested tree frequently accompanied by frass (sawdust)
and sap oozing from the holes. The emergence of beetles typically takes place from June
through October with adults then flying in search of mates and new egg-laying sites to
complete their life cycle.

In August 2008, ALB was discovered in Worcester County, Massachusetts, and in July
2010, ALB was found in the City of Boston. On 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 Long Horned Beetle Suppression Zone neighborhoods encompass parts of
West Roxbury, Roslindale, Jamaica Plain, and Roxbury (see Figure 28). In 2011, the
ALB Eradication Program shared their plans for a three-year treatment program in
Boston in which all host trees within ¥ mile of the infestation was treated with
imidacloprid. The 2012 spring 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 the first time 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 detection Emerald Ash Borer within the City of Bosoton
was on July 16, 2014, when it was found in the Arnold Arboretum, and confirmed on

July 18, 2014.

EAB is a very tiny, emerald-green metallic flying beetle native to Asia that prefers the
northern hardwood of ash trees which is a common species in the Berkshires as well as in
eastern Massachusetts. The eastward spread of Agrilus planipennis from western
Massachusetts is inevitable because the EAB is a tiny flying insect. However, the City of
Boston inventory of Ash trees 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.

Figure 28 — 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 24 locations in the Emerald Necklace and Copley Square in an effort to protect
elm trees from destructive elm bark beetles.
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Vulnerability Assessment

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

Critical Infrastructure in Hazard Areas

Critical facilities include facilities that perform important functions during a natural
disaster, such as shelters, emergency operation centers, and public utilities, as well as
locations that house sensitive populations, such as schools or nursing homes. In Boston
2733 critical facilities have been identified for this plan update, a significant increase
over 892 facilities identified in the 2008 plan. These facilities are listed in the Critical
Facilities Inventory in Appendix D.

The critical facilities are included on the maps that also portray the areas subject to
natural hazards, to indicate the potential vulnerabilities of the critical facilities to natural
hazards. Because of their large size, the full-scale map series is available in digital
format, but a reduced-scale set of eight city-wide maps is included in Appendix C of this
plan.

Because such a large portion of Boston was constructed on fill and low lying areas and
because of the City’s extensive coast line, a significant number of critical facilities are
located in hazard zones, and some are located in more than one hazard zone, termed
multi-hazard zones. The Critical Facilities Inventory in Appendix D displays which
hazard zones each facility is located in, and the number of facilities located in each
category of hazard zone is summarized in Table 27 below. Of the 2733 critical facilities
inventoried, 57 are located within a flood hazard area (as identified on FEMA’s Flood
Insurance Rate Maps), and 870 are located within an area potentially subject to storm
surges (as identified on the US Corps of Engineers “SLOSH” maps).

There are 46 multi-hazard sites that are located in both a flood hazard and a storm surge
area. In addition to the critical facilities sites, components of the City’s transportation
infrastructure are also located within or partially within both hurricane surge zones and
areas at high risk for liquefaction. This includes Storrow Drive, Soldiers Field Road, I-
90, and 1-93 (see Maps 4, 5, and 8 in Appendix C).

Table 27 Summary of Critical Facilities Located in Hazard Zones

| Hazard Zones | Numberof | Percent of Total |
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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 (36 — 48 inches/year) 1,853 67.8%
High (48-72 inches/year) 850 32.2%
TOTAL in All Zones 2733 100%

Damage Assessments

An estimate of damages for hurricanes, earthquakes, and flooding was performed by the
Northeast States Emergency Consortium was the HAZUS-MH™ software.

HAZUS- MH™ (multiple-hazards) is a computer program developed by FEMA to
estimate potential losses from earthquakes, floods, and hurricane winds. Loss estimates
produced by HAZUS-MH™ are based on current scientific and engineering knowledge
of the effects of hurricane winds, floods and earthquakes. There are three levels at which
HAZUS-MH™ can be run. Level | uses default data on building types, utilities,
transportation, from national databases, including the U.S. Census. The analysis in the
2008 plan used Level I data. For this 2014 plan update, the Northeast States Emergency
Consortium used Level 11 data, which is based on a city-specific inventory of critical
facilities and infrastructure that was updated in 2011.
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For more information on the HAZUS-MH™ software, go to
http://www.fema.gov/plan/prevent/hazus/index.shtm

Estimated Wind Damages from Hurricanes

Table 28 shows the estimated potential wind damages to the City of Boston from several
historic hurricanes, should they occur today. The hurricanes analyzed include:

e The Hurricane of 1938 (not named)

e Hurricane Carol, 1954

e Hurricane Irene, 2011

HAZUS-MH™ Hurricane estimates damage caused by wind only, and does not include
damage caused by flooding, storm surge, or collateral impacts such as power outages.
The HAZUS-MH™ 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 Damage
(Structural and Non-Structural) $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 Building-Related Losses $372,170,000 $819,604,000 $8,610,000
Displaced Households and People®
Number of Displaced Households 756 2,176 0
Number of Displaced People 1,746 5,027 0
Estimated Debris Generated (Tons)
Tree (To be Disposed at Public Expense) 7,437 12,077 540
Reinforced Concrete and Steel 0 3 0
Brick, Wood, Glass, Plaster and Other 61,673 127,106 1,604
Total Debris 69,110 139,186 2,144

Source: NESEC, HAZUS-MH Level Il analysis for the City of Boston

Estimated Damages from Earthquakes

Table 29 shows the estimated potential damages to the City of Boston from several
historic earthquakes, should they occur today. The earthquakes analyzed include:
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e A magnitude 5.0 earthquake epicentered in downtown Boston. A magnitude 2.0
earthquake occurred at this location on December 27, 1974.

e A magnitude 6.0 earthquake epicentered in the Atlantic Ocean about 24 miles east
of Cape Ann. A magnitude 6.0 earthquake occurred at this location on November
18, 1755.

e A magnitude 6.5 earthquake epicentered in central New Hampshire. A magnitude
6.5 earthquake occurred at this location on June 11, 1638.

This earthquake report estimates damage caused directly by the earthquake, and does not

include damage caused 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
Buildings’
Building Damage
(Structural, Non-Structural) $1,920,605,000 $234,978,000 | $246,399,000
Building Contents Damage $1,019,422,000 $83,158,000 $73,999,000
Business Interruption (Income Loss) $509,999,000 $113,579,000 | $136,705,000
Total Building-Related Losses $3,450,026,000 $431,715,000 | $457,103,000
Displaced Households and People®
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 life-threatening) 357 21 24
Life-Threatening Injuries 373 11 2
Deaths 100 5 4
Estimated Debris Generated (Tons)
Reinforced Concrete and Steel 289 50 60
Brick, Wood, Glass, Plaster, 304 82 91
Total Debris 593 132 151

Source: NESEC, HAZUS-MH Level 11 analysis for the City of Boston
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Estimated Damages from Riverine and Stream Flooding

| Table 30 shows the estimated potential damages to the City of Boston from a 100-year storm. The analysis was conducted for each of
the major watersheds that cover the City, including the Charles River, Mother Brook, Muddy River, and Mystic River. The total direct

| economic losses from all watersheds combined is more than $212 billion, as shown in Table 30. The HAZUS-MH™ analysis for
flooding does not include estimates of casualties.

| Table 30

Estimated Damages from Riverine and Stream Flooding

100 Year Storm
Charles River Mother Brook Muddy River Mystic River TOTAL
Watershed Watershed Watershed Watershed

Direct Economic Losses for Buildings®
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 Losses) $969,000 $538,000 $883,000 $288,000 $2,678,000
Total Building-Related Losses $16,595,000 $105,568,000 $81,091,000 $8,999,000 $212,253,000
Displaced People®
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, HAZUS-MH Level Il analysis for the City of Boston
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V. HAZARD MITIGATION GOALS

At its February 8, 2012 meeting, the Boston Hazard Mitigation Executive Steering
Committee meeting established the 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.

o

o

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 pollutants. e.g.,
by covering salt piles.

Promote public communications

Goal 2: Protect existing properties and structures.

o

Provide resources for residents and businesses to make their buildings 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 vulnerable to hazards.

Ensure that critical facilities are protected from hazards.

Goal 3: Increase resilience by protecting and enhancing natural resources

m]

u]

Make green infrastructure a central part of the City's development strategy

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

Protect and increase urban tree canopy

Manage stormwater with Low Impact Development techniques

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

Goal 4: Ensure that essential services can function during and after a hazard event.

a

u]

Ensure that critical infrastructure is protected from natural hazards.

Ensure that people (key service providers and employees) can get into the City to
provide services.

Ensure that interdepartmental communication is seamless.
Maintain the Emergency Operations Plan (EOP) and supporting annexes.
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Goal 5: Work regionally to mitigate impacts from natural hazards and to respond
and recover from hazard events.

o Continue to participate in regional efforts.
o Cooperate with other agencies, communities, and private entities.

o Understand priorities and capabilities of other entities to allow for resource-
sharing, mutual aid, and entering into memoranda of understanding (MOU).

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

o Prioritize mitigation projects.

o Continue to program mitigation projects in the Capital Investment Plan.

o Pursue various funding sources.

o Encourage private property-owners to implement measures to protect their own
property.

Goal 7: Maintain Hazard Awareness.
o Track and compile hazard related data.

o Understand the potential implications of climate change on the frequency and
extent of natural hazard events and incorporate that knowledge into hazard
mitigation efforts.

o Maintain publicly available information on natural hazard risks in the City.
o Integrate hazard mitigation into other City initiatives and plans.

93



CITY OF BOSTON HAZARD MITIGATION PLAN
REVISED DRAFT 2014 UPDATE

VI. HAZARD MITIGATION STRATEGY

The central component of a hazard mitigation plan is the strategy for reducing the
community’s vulnerabilities to natural hazard events. Responding to the analysis of risk,
vulnerabilities, potential impacts, and anticipated future development, the process for
developing this strategy requires evaluating previous and current community actions to
mitigate the effects of natural hazards and assessing where more action is needed to
complement or modify existing measures. The following sections include descriptions of
existing mitigation measures, a status update on mitigation measures identified in
previous plans, and descriptions of proposed new 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 Boston’s Natural Hazard Mitigation Strategy reduces or eliminates potential
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
Departments and intergovernmental stakeholders. These stakeholders recommended a
comprehensive range of inventive and effective natural hazard mitigation actions.

Mitigation Strategy Goals

* Establish mitigation goals and objectives that aim to reduce or eliminate long-term
vulnerability to natural-hazards.

* Identify and analyze a comprehensive range of hazard-specific mitigation actions that
aim to achieve the goals and objectives of the natural hazard mitigation strategy.

* Depict projects that prioritize, implement, and administer mitigation actions.

FEMA Requirements:

The Boston Hazard Mitigation Executive Steering Committee developed the mitigation
strategy consistent with the process and steps presented in the Federal Emergency
Management Agency’s (FEMA) How-To-Guide: Developing the Mitigation Plan (FEMA
386-3). This section satisfies the following requirements:

Requirement §201.6(c)(3)(i): [The hazard mitigation strategy shall include a]
description of mitigation goals to reduce or avoid long-term vulnerabilities to the
identified hazards.

Requirement §201.6(c)(3)(ii): [The mitigation strategy shall include a] section

that identifies and analyzes a comprehensive range of specific mitigation actions and
projects being considered to reduce the effects of each hazard, with particular emphasis
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on new and existing buildings and infrastructure. [The mitigation strategy] must also
address the jurisdiction’s participation in the National Flood Insurance Program (NFIP),
and continued compliance with NFIP requirements and the Community Rating System as
appropriate.

Requirement: 8201.6(c)(3)(iii): [The mitigation strategy section shall include] an
action plan describing how the actions identified in section (c)(3)(ii) will be prioritized,
implemented, and administered by the local jurisdiction. Prioritization shall 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 long-term strategies. These long-term
strategies include planning, policy changes, education programs, infrastructure projects
and other activities.

Hazard mitigation measures can generally be sorted into six categories, according to
FEMA'’s Local Multi-Hazard Mitigation Planning Guidance:

e Prevention: Government administrative or regulatory actions or processes that
influence the way land and buildings are developed and built, and direct public
activities to reduce hazard losses. Examples include planning and zoning,
building codes, capital improvement programs, open space preservation, and
stormwater management regulations.

e Property Protection: Modification or removal of existing buildings or
infrastructure to protect them from a hazard. Examples include acquisition,
elevation, relocation, structural retrofits, flood proofing, storm shutters, and
shatter resistant glass.

e Public Education and Awareness: 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
requirements, hazard information centers, and school-age and adult education
programs.

o Natural Resource Protection and Green Infrastructure: Actions that, in addition to
minimizing hazard losses, preserve or restore the functions of natural systems.
These actions include low impact development, sediment and erosion control,
stream corridor restoration, watershed management, urban forest and vegetation
management, and wetland restoration and preservation.
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e Structural Projects: Actions that involve the construction of structures to reduce
the impact of a hazard. Such structures include storm water controls (e.g.,
culverts), floodwalls, seawalls, retaining walls, and safe rooms.

e Emergency Services Protection: Actions that will protect emergency services
before, during, and immediately after an occurrence. Examples of these actions
include protection of warning system capability, protection of critical facilities,
protection of emergency response infrastructure.

Funding to implement hazard mitigation projects may come from a variety of federal,
state, and local sources. FEMA currently has three mitigation grant programs: the
Hazards Mitigation Grant Program (HGMP), the Pre-Disaster Mitigation program
(PDM), and the Flood Mitigation Assistance (FMA) program. The three links below
provide additional information on these programs.

HMGP: http://www.fema.gov/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

Other potential 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 Program. The City implements an extensive set
of existing mitigation measures related to all kinds of natural hazards. These are
described below, and summarized in Table 31.

As there are a significant number of state facilities in the City of Boston, some of the
mitigation measures are the responsibility of state agencies and authorities. These are
also included in Table 31.

Existing Multi-Hazard Mitigation Measures

Emergency Operations Plan (EOP) — Every community in the Commonwealth of
Massachusetts is required to have a plan. Boston’s plan addresses mitigation,
preparedness, response and recovery from a variety of natural and man-made
emergencies, including flooding, hurricanes, tornados, dam failures, earthquakes, and
winter storms. Boston’s EOP was last updated in 2012.

Office of Emergency Management (OEM) - The Mayor’s Office of Emergency
Management coordinates emergency management and homeland security programs for
the City of Boston. OEM works to mitigate, plan, and prepare for emergencies; educate
the public about preparedness; coordinate resources for emergency response and recovery
efforts; collect and disseminate critical information; and seek further opportunities to
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support the overall preparedness of Boston. In addition, OEM plays a critical role in
emergencies by maintaining situational awareness of the incident as well as coordinating
inter-agency response. OEM also manages Boston’s Emergency Operations Center
during a time of need. OEM coordinates with other federal, state, and local entities
throughout the region to ensure that proper hazard mitigation measures implemented.

Local Emergency Management Planning Committee (LEPC) — The LEPC meets
regularly to coordinate emergency management planning across various City
departments, community institutions, and the private sector. Its membership includes
representatives of law enforcement; emergency medical services, emergency
management, fire service, public health, public works, environmental agencies,
hospitals/healthcare, transportation, media, community groups, facilities using Extremely
Hazardous Substance(s) (EHS), and elected state and local officials.

Communications - Redundant and diverse methods are used to alert the public prior to or
during an emergency as described in the Boston EOP Emergency Public Information
Annex and the Boston Communications and Warning Plan. This approach benefits the
entire community, including people with access and functional needs, as it offers multiple
options to access critical and timely information thus enabling all people to take the
necessary steps under the circumstances. Methods of alert include but are not limited to
the following: captioned television broadcasts, e-mail alerts, cell phones with text
messaging capability, alpha-numeric 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 door-to-door or posted in public places.

The City of Boston's emergency notification system, ALERTBoston, alerts residents
about an 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 messages, cell phones, business phones, social media, and e-mail.

Text messaging is used to transmit emergency notifications, updates, and other 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 the sign-up process. 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 provides information 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 for pre-planning and preparedness in
an effort to protect life and property in the wake 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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m Broadcast radio, television, and cable systems to send and receive emergency
information quickly and automatically, even if their facilities are unattended.

m  Authorized local and state personnel to distribute important emergency information.

m Direct monitoring of the National Weather Service (NWS) for local weather and other
emergency alerts. Local broadcast stations, cable systems, and other EAS participants
can then rebroadcast the alerts, providing an almost immediate relay of local
emergency messages to the public.

m  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 is encouraged, 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), §79.2, the Federal Communications Commission (FCC)
adopted separate requirements to meet the needs of people with disabilities in cases
where radio and television broadcasters and cable service providers provide non-EAS
emergency announcements and alerts.

Disaster Preparedness Information — The City of Boston provides information and
education to the public concerning threats to life, safety, and property. Ready Boston is
the city-wide community preparedness campaign, managed by the Office of Emergency
Management (OEM), designed 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 residents through various
outlets. By using web and 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 the year 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. Ready Boston 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 to opt-in to
receive specific alerts about emergencies that impact the City. Many news outlets inform
residents about ALERTBoston, while encouraging them to register for this free service.
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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 for non-English speaking populations, the City
website provides a tool that allows the site to be translated multiple languages. This
capability helps in the City’s continued efforts to inform and educate diverse populations
where language barriers may exist. In addition to providing information on the website,
OEM works with various 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 conducted an
emergency preparedness workshop with deaf and hard-of-hearing residents using
interpreters and a PowerPoint presentation.

Capital Improvement Planning — The criteria used to prioritize capital improvement
projects in Boston’s 2014-18 Capital Planning Budget Procedures Manual includes
consideration for natural hazard mitigation and reductions in energy consumption and
greenhouse gas emissions. Section C of the Manual specifies that “planning for all new
municipal construction and major renovation of City-owned facilities and other major
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 to the project itself and related infrastructure and
a description of the potential steps to avoid, minimize, or mitigate those risks.” Section D
of the Manual also describes natural hazard mitigation planning and FEMA’s
requirement for municipal adoption of plans to maintain eligibility for FEMA grant
funding. It requires that “opportunities for mitigating natural hazards that could be
eligible for FEMA project funding should be identified.” One of these criteria is the
extent to which a project mitigates an environmental hazard or is otherwise consistent
with the City’s hazard mitigation goals.

Emergency Power Generators — The City recently completed a Local Energy Assurance
Plan that studied the need for emergency power generators in critical public facilities 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
emergency shelters and the City’s Emergency Operations Center (EOC). Of these
facilities, 14 currently have generators with sufficient power capacity to maintain normal
operations, 44 have on-site 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 Environment Services - The mission of the Environmental and Energy
Services Cabinet is twofold: to preserve and enhance the resources of Boston’s built and
natural environment and to promote affordable, efficient, reliable and safe energy
systems for Boston residents. The Cabinet oversees the Inspectional Services
Department, the Environment Department, the Parks and Recreation Department; serves
as chair of the Mayor's Energy Management Board; and oversees programs and policies
on climate change, green buildings, groundwater, park planning, recycling, renewable
energy, and certain transportation issues. The Environment Department maintains
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Boston's historic sites, buildings, landscapes, and waterways through protective
designation and review processes.

Green Building - Article 37 in the City’s zoning code requires the utilization of green
building design and practices in new large projects to reduce environmental impacts to
conserve natural resources, and promote sustainable development. Many green building
measures directly mitigate the impact of natural hazards, for example by reducing urban
heat island effect, reducing storm water runoff, reducing energy demand, and raising
building elevations above floodplains, among other provisions.

Grow Boston Greener is a collaborative effort of the City of Boston, the Massachusetts
Department of Conservation and Recreation, and Boston Natural Areas Network
(BNAN) to increase the urban tree canopy cover in the city by planting and caring for
trees. The Grow Boston Greener program was launched on Arbor Day, April 30, 2007.
An inventory of the City’s trees showed that Boston had an overall tree canopy cover of
29% (see Figure 29). The GBG vision is to plant an additional 100,000 trees 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 management.

Figure 29 - Boston Existing Urban Tree Canopy

Boston’s Existing Urban Tree Canopy
(by Census Block)

Percent Canopy Cover
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Mayor’s Executive Order on Climate Action - In 2007 Mayor Thomas Menino signed an
Executive Order on Climate Action that established the framework for the City’s
subsequent planning and implementation. Some of the key provisions of the Executive
Order include:

Adopting goals for reduction of greenhouse gases

Establishing the Mayor’s Community Climate Action Task Force
Requiring an updated Climate Action Plan every three years

Preparing an integrated plan to reduce the risks from the effects of climate
change, including natural hazard mitigation.

Climate Action Plan — The 2011 update to Boston’s climate action plan, A Climate of
Progress, includes a climate adaptation framework, which is focused “on preparing for
the greatest near-term risks: sea-level rise, increased frequency and intensity of heat
waves, and increased intensity of storms,” and addressing their health, economic, and
social consequences. Although it uses a slightly different 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 three basic guidelines:

e Climate adaptation is as important as climate mitigation.

e Information on the effects of climate change is sufficient to start planning now,
but flexibility and openness to new information are essential.

e Climate adaptation must be thoroughly integrated into all planning and project
review conducted by the City.

Climate Ready Boston: In October 2013, the City released Climate Ready Boston:
Municipal Vulnerability to Climate Change, the 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 (based on the TBHA estimates of the effects of sea-level rise and UCS
projections of temperature change, see above), established priorities, and planned next
steps. Based on the departmental assessments, the Task Force had five key findings:

e Climate preparedness must be an important and explicit criterion in the City’s
capital planning. The City’s critical IT, communications, and transportation
centers need particular attention.

e The effects of rising temperatures should be a high priority.

e Municipal emergency plans should be reviewed and practiced in light of the
expanded risks posed by climate change.

e Close coordination with regional, Commonwealth, and federal partners is
necessary to address cross-jurisdictional infrastructure vulnerability.

e Education, engagement, and communication—within City government and with
the community—are essential for preparing for both the short-term and long-term
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 Plan. It is attached to this Hazard Mitigation Plan Update as
Attachment G.

Downtown Waterfront Municipal 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 Meade and 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 manner. The focus
of the plan is on encouraging development appropriate for an area sensitive to sea level
rise.

Existing Flood Hazard Mitigation Measures

Boston Water and Sewer Commission — The Boston Water and Sewer Commission
(BWSC), one of the most important flood mitigation agents in the City, actively manages
the storm drain system, tracks data on water levels and makes this information publicly
available, investigates reports of flooding, and develops solutions ranging from new
management actions to capital projects like dredging, drainage reconstruction, and other
physical improvements.

Boston Conservation Commission — The Boston Conservation Commission reviews all
projects that remove, fill, dredge, or alter protected wetland resource areas. The
Commission ensures that appropriate erosion and sediment controls are in place during
and after construction activities, and that functions and values of coastal and inland
resource areas are protected.

National Flood Insurance Program (NFIP) — Boston participates in the NFIP with 935
policies in force as of December 12, 2013. The FEMA database on flood insurance
policies and claims (http://www.fema.gov/business/nfip/statistics/pcstat.shtm) provides
the following information for the City of Boston:

Flood insurance policies in force ( as of November 30, 2012) 1,125
Coverage amount of flood insurance policies $265,710,800
Premiums paid $1,025,240
Total losses (all losses submitted regardless of the status) 261
Closed losses (Losses that have been paid) 164
Open losses (Losses that have not been paid in full) 0
CWAOP losses ( Losses that have been closed without payment) 97
Total payments (Total amount paid on losses) $1,028,242.49

The City complies with FEMA’s NFIP requirements by enforcing floodplain regulations,
adopting up-to-date floodplain maps in its zoning code, and providing information to
property owners and builders regarding floodplains and building requirements.
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Catch Basin / Drain Maintenance - Boston cleans its catch basins typically every three
years. The BWSC has created a GIS-based database of information on its catch basins
and is developing a city-wide catch basin preventive maintenance plan. A city-wide
cleaning set the baseline, and now the amounts of debris removed are recorded and used
to determine the future cleaning schedule. Extra maintenance occurs in areas that tend to
flood. Some drains are cleaned in advance of forecasted significant storms. The
Department of Conservation and Recreation (DCR), a state agency, aims to clean the
catch basins in Boston for which it is responsible once per year.

Street Sweeping — The Boston Public Works Department (PWD) sweeps posted arterial
roads year-round to the curb weather-permitting. During the winter months, sweeping
operations may be suspended until snow is cleared and removed to the curb. Non-posted
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.

Erosion and Sediment Control / Stormwater Management— The Boston Water & Sewer
Commission requires developers to assess methods to retain stormwater on site for new
construction and renovation projects requiring BWSC review. BWSC requires Best
Management Practices (BMP) to include erosion control 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 systems, Low Impact Development (LID) techniques
and particle separators in accordance with BWSC Site Plan Requirements and
Massachusetts Department of Environmental Protection Stormwater management
policies.

Green Infrastructure/Natural Flood Control - Various low-lying areas around the City
have been protected from development and provide flood storage capacity. The most
significant greenway is the Emerald Necklace, a continuous greenway that extends from
Franklin Park in Mattapan to the Back Bay. Other significant open space resources in
Boston include the urban wilds and the wetlands along the Neponset River. Several
protected sites that help mitigate stormwater impacts include a parcel along Bussey
Brook that is leased by the Arnold Arboretum, the western campus of the Boston State
Hospital site at the Boston Nature Center, and a 100-foot buffer zone along Canterbury
Brook on the eastern campus.

Inflow/Infiltration Removal — Reducing inflow and infiltration (I1&1) is an issue for the
sanitary sewer system. 1&1 is excess water that flows into sewer pipes, and consists of
two kinds of flows: inflow is stormwater that flows into sewers via roof drain
downspouts, foundation drains, storm drain cross-connections, and through holes in
manhole covers; infiltration is groundwater that seeps into sewer pipes through holes,
cracks, joint failures, and faulty connections. Both types of “extraneous” flows. I1&I is a
concern for flooding because the additional water flowing into a sewer system can exceed
its capacity, leading to the discharge of untreated wastewater. The BWSC’s I&I reduction
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program is based on the results of a comprehensive flow analysis in 1982 and further
sewer system evaluation studies looking at identifying sources of 1&I. BWSC conducts
ongoing rehabilitation work and projects for 1&I removal, including repairing leaky pipes
and disconnecting roof leaders, sump pumps, and improper connections to the sewer
system. In some places, reducing I&I can lead to localized flooding because water that
once drained into the sewer system must find other paths.

Combined Sewer Separation - The Boston Water and Sewer Commission and the MWRA
have been working to separate the storm water and wastewater systems since the 1980'sas
part of the cleanup of Boston Harbor. This reduces public health impacts during heavy
rains.

Floodplain Management - Boston’s Floodplain Overlay Zoning District (Zoning Article
25) is administered by the Boston Redevelopment Authority. These regulations set floor
elevation standards for construction in a flood hazard district and prohibit certain
activities and uses, such as mobile homes and storage of flammable materials. Under the
separate authority of the Massachusetts Wetlands Protection Act, the Boston
Conservation Commission also reviews projects proposed in the 100-year floodplain and
the two agencies expect applicants to give consideration to future sea level rise over the
design life of the project, particularly in determining the ground-level 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 Review - Many projects undergo two coordinated public review processes —
the City’s Article 80 zoning review and state review under the Massachusetts
Environmental Policy Act (MEPA). These reviews incorporate Chapter 91 review, flood
plain issues, water access, storm water and drainage. Under 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 must sign off on site plans
before building permits can be issued.

Greenbelt Protection District — These districts are areas along the City’s greenbelt
roadways designated to protect open space areas and scenic resources. There are nine
areas designated as Greenbelt Protection Overlay Districts:

. William J. Day Boulevard in Dorchester and South Boston
. Veterans of Foreign Wars Parkway in West Roxbury

. American Legion Highway in Roslindale

. Jamaicaway in Jamaica Plain, Roxbury, and West Roxbury
. Arborway in Jamaica Plain and West Roxbury

. West Roxbury Parkway in West Roxbury

. Enneking Parkway, in West Roxbury and Hyde Park

. Turtle Pond Parkway, in West Roxbury and Hyde Park

. Dedham Parkway, in Hyde Park

O©CoOoO~NO O WDN P
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Massachusetts State Building Code — The Massachusetts State Building Code contains
detailed regulations regarding flood proofing, snow loads, wind loads, and earthquake
resistant design. The code was amended in the 1980’s to include stricter seismic
standards, so the vast majority of buildings in Boston pre-date that change and were not
built to the stricter standards. The code requires that new buildings and substantial
improvements in flood hazard areas must be elevated so that the lowest floor is at or
above base flood elevation. In coastal flood hazard areas subject to high velocity wave
action (V Zones), new buildings and substantial improvements must be elevated so that
the lowest floor is two feet above the base flood elevation

DCR dam safety regulations — The state 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 Plan — Adopted in 2008, this plan lays out strategies for
preserving and expanding the open space and natural resource amenities of the City, with
potential benefit for flood mitigation efforts. Particularly important are policies outline in
the plan that call for the involvement of Parks and Recreation Department 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 the City are essential “green infrastructure” for flood mitigation. The
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 areas of the City.
These include natural areas and parks along the rivers, “urban wilds” and other park
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 stormwater.

Underground Utility Protection - The electric system for Boston’s street lights is
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. Private utilities own
and operate other underground utilities, including the electric grid, telecommunications
systems, and natural gas distribution. Those utilities are responsible for maintaining and
protecting their systems in the event of flooding or other hazards.

Flood Prevention Education - The BWSC provides information on its website and in
flyers sent with bills on various items such as keeping catch basin grates clear of debris
and sediment and backflow valves to protect properties in areas that flood. The Mayor’s
office reminds residents to keep catch basin grates clear of leaves.

Emerald Necklace Park System — One of the original functions of this park system,

designed in the 19™ century, was to provide stormwater management and flood storage.
Its ongoing maintenance to meet this purpose represents an important mitigation measure.
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Muddy River Flood Control — The significance of past flooding in the Muddy River area
has led to a number of mitigation actions that have focused on this area. Working with
the U.S. Army Corps of Engineers (USACE), the State and the Town of Brookline, the
City is pursuing a $93 million project that will improve flood control, water quality, and
habitat in the Muddy River. The project will increase the river’s hydraulic capacity and
establish management practices to reduce the sediment and debris load entering the
waterway. A $30.9 million construction contract was awarded for Phase | of the project
on Aug. 10, 2012, and a groundbreaking ceremony was held in October 2012. DCR
controls much of the land and roadways in this area and is responsible for maintaining
drainage infrastructure as well as conducting street sweeping and other sediment and
debris management activities.

DCR Properties — The state Department of Conservation and Recreation is responsible
for the maintenance of many parks, roadways, and other properties throughout the City.
These include important transportation corridors such as Day Boulevard, Morrissey
Boulevard, and Storrow Drive. Some particular facilities of note are pumps in the tunnels
along Storrow Drive, tide gates for mitigating flooding of Morrissey Boulevard, and
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 certification, the City demonstrated that it:

e Established a 24-hour warning point and emergency operations center

e Had more than one way to receive severe weather warnings and forecasts and to
alert the public

e Created a system to monitor weather conditions locally

e Promoted the importance of public readiness through community seminars

e Developed a formal hazardous weather plan, which includes training severe
weather spotters and holding emergency exercises.

Charles River Dam - DCR raises and lowers water levels at the Charles River Dam based
on weather forecasts. For flood control purposes, they need to begin lowering water
levels well ahead of a predicted storm. DCR has established operating parameters for
control of water levels. If they raise or lower water levels outside of these parameters,
they inform local emergency management personnel. The Charles River Dam has diesel
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.

MassDOT and MBTA facilities: MassDOT, with funding from the Federal Highway
Administration, is starting a pilot project, “Climate Change and Extreme Weather
Vulnerability Assessments and Adaptation Options of the Central Artery.” The project
will focus on four critical study areas of the Central Artery, including the Sumner and
Callahan Toll Plaza in East Boston, the Greenway, the Ted Williams Tunnel Boat Section
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in South Boston, and the MBTA Aquarium Station on the Blue Line. A hydrodynamic
model will be used to analyze the 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 climate variables will be storm event frequency, storm surge height, and sea
level rise. The investigation of adaptation options will include cost-benefit analysis. The
project will focus on climate impacts and adaptive capacity of the Central Artery for
today and the year 2030. Climate scenarios will also be developed for 2070 and 2100,
which will result in high-level adaptive options only.

Existing Wind Hazard Mitigation Measures

Massachusetts State Building Code — The City enforces the Massachusetts State Building
Code whose provisions include design standards for wind speeds of 100 miles per hour
(780 CMR Eighth Edition, Table R301.2(4)). The code’s provisions are the most cost-
effective mitigation measure against high winds other than a tornado. However, if 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 shade trees. The Department’s maintenance program includes
pruning, disease control, removals, and storm damage repairs. NSTAR prunes trees on
their utility Rights-of-Way. Utility companies also prune trees in their transmission
corridors.

Existing Winter Storm Hazard Mitigation Measures

Snow disposal —The City contracts for snow removal services and maintains a “black
pavement” policy requiring all streets to be cleared to serve emergency vehicles. The
Public Works Department coordinates with City agencies to identify snow disposal areas.

Sidewalk Clearance — The City requires by ordinance that property owners keep the
public sidewalks in front of their property clear of snow and ice.

Snow Event Communications — City Hall, the BWSC, and other City agencies provide
information and warnings with regard to such issues as freezing pipes, the danger of roof
collapse under snow loads, the need to keep ventilation grates clear of snow, and other
matters.

Fire Hydrant Location Mapping — The City’s fire hydrants have been located with GPS
and mapped to assist with locating them in the event that they are buried in snow. The
Mayor’s Office of New Urban Mechanics recently launched an ‘Adopt a Hydrant’
smartphone application that allows community members to adopt a hydrant, taking
responsibility for ensuring hydrants are accessible to firefighters after a snowstorm.
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Existing Geologic Hazard Mitigation Measures

Massachusetts State Building Code — Section 1612.1 of the State Building Code on
designing for earthquake loads (780 CMR 1612.0) states that its purpose is “to minimize
the hazard to life of occupants of all buildings and non-building structures, to increase the
expected performance of higher occupancy structures as compared to ordinary structures,
and to improve the capability of essential facilities to function during and after an
earthquake”. Further, due to the complexity of seismic design, the criteria presented are
the minimum considered to be “prudent and economically justified” for the protection of
life safety. The code also states that absolute safety and prevention of damage, even in an
earthquake event with a reasonable probability of occurrence, cannot be achieved
economically for most buildings.

The code requires that every new structure be assigned a Seismic Design Category
(SDC), and designed and constructed to resist effects of earthquake motions. The SDC is
based upon the Occupancy Category and the severity of the design earthquake ground
motion as expressed by Ss and S1. Table 1604.11 in the code provides these values for
each city and town in Massachusetts; for Boston the values are 0.29 Ss and 0.068 S1.
The Ss and S1 coefficients correspond to the Maximum Considered Earthquake (MCE),
which is defined 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 Category defines the required level of structural analysis and
construction detailing. SDC 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 performed. The Occupancy Category ranges
from 1 to 1V, depending upon the consequences of a potential failure and the need for
operational accessibility following a seismic event. Section 1612.2.5 of the code assigns
all buildings to seismic hazard exposure groups. Group Il includes buildings that have a
substantial public hazard due to occupancy or use, including those in which more than
300 people congregate, and, Group 111 are those buildings having essential facilities that
are required for post-earthquake recovery, including fire, rescue and police stations,
emergency rooms, power-generating facilities, and communications facilities.

On November 5 and 6, 2012, the City of Boston’s Inspectional Services Department
(ISD), Boston Fire Prevention, Boston Public Works Department, Boston Redevelopment
Authority (BRA), and the Boston Landmark’s Commission participated in a two-day
National Earthquake Technical Assistance Program (NETAP) opportunity coordinated by
the Mayor’s Office of Emergency Management and FEMA. There were a total of 56
course participants who successfully completed the FEMA 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 identify potentially hazardous
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 detailed evaluation procedures
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for evaluating earthquake damaged buildings and posting them with color-coded placards
as inspected, limited entry, or unsafe.

Of the 56 attendees, 46 represented the ISD Commissioner and his entire leadership team,
senior managers, building 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 Department; the State Fire Marshall and Boston Fire Building Inspectors; and
staff architects representing the Boston Redevelopment Authority and the Boston
Landmarks Commission.

Existing Other Hazard Mitigation Measures

Development Review — The Fire Department reviews of all major development projects to
ensure that proper fire safety provisions are incorporated.

Cooling and Warming Centers — The City maintains a network of cooling and warming
centers that may be used by residents who do not have access to cool spaces during
extreme heat events. The City also operates accompanying communications and
transportation networks to support the provision of these services to residents in need.

Long Island — During extreme temperature events, vulnerable homeless people are
offered the opportunity to stay at facilities located on Long Island.

Complete Streets Program

The City of Boston is currently designing and constructing projects in Boston's
neighborhoods that have embraced the Complete Streets guidelines. 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 the current projects follows:

Alford Street Bridge, Charlestown

Alford Street Bridge (State Route 99 over the Mystic River) is being reconstructed with a
new deck and superstructure. The machinery of this twin leaf double bascule bridge is
being reconditioned with new components and the substructure is being repaired. The
rehabilitation was designed to withstand a 1,500 year seismic event.

Project Manager: Boston Public Works

Status: In construction

Audubon Circle, Fenway

The new design of Audubon Circle, a historically significant gateway from the north into
Boston and the Emerald Necklace park system, will re-emphasize the historic circle with
benches, walls, trees and planters that will green the space and treat stormwater from the
streets and sidewalks. Status: Design

Project Manager: Boston Transportation Department
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Boylston Street, Fenway

The redevelopment of Boylston Street between Fenway Park and the Longwood Medical
Area will 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 Manager: Boston Transportation Department

Status: Design

Broad Street- Crossroads Initiative, Downtown

This important Crossroad’s widened tree-lined sidewalks will better connect well-
traveled State Street, Faneuil Hall Marketplace and Government Center to the new Rose
Kennedy Greenway at the harbor’s edge. The project includes a unique passive irrigation
system for the landscaping, and structural soil.

Status: Completed

Project Manager: Boston Redevelopment Authority

Causeway Street- Crossroads Initiative, Bullfinch Triangle

The key goals of the Causeway Street project are to transform the corridor into a great
pedestrian-oriented boulevard and reconnect the West End and North End
neighborhoods. The design will improve traffic operations and safety, provide significant
upgrades to existing bicycle accommodations, and improve pedestrian amenities and
convenience.

Project Manager: Public 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 streets, expanding the park, and widening the sidewalks
to create spaces for outdoor seating, cafes, and greenscape elements.

Project Manager: Boston Transportation Department

Status: Design

Centre and South Streets, Jamaica Plain

Centre and South Streets form Jamaica Plain’s primary small-business spine. New
concept designs are proposed for Monument Square, Hyde Square and the Mozart Park
area to widen sidewalks, create shorter crosswalks, and introduce greenery.

Project Manager: Boston Transportation Department

Status: Design

Cummins Highway, Roslindale

Cummins Highway from Washington Street (Roslindale Square) to Harding Road will be
fully reconstructed including the installation of new sidewalks, roadway resurfacing, a
new traffic signal at Brown Avenue, new tree plantings, and bike lanes.

Project Manager: Boston Public Works

Status: Completed
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Frederick Douglass Street Improvements, South End/Roxbury

Streets in the Frederick Douglass neighborhood will be reconstructed with new
sidewalks, a new street lighting system with LED lights, and new tree plantings
Project Manager: Boston Public Works

Status: Completed

| Existing mitigation measures and their status are summarized in Table 31.

Table 31 - Boston Existing Mitigation Measures

Type Area Effectiveness/ Improvements/

Covered Implementation Changes Needed
MULTIPLE HAZARDS
1) Emergency Operations City-wide Effective Update annually
Plan (EOP)
2) Massachusetts State City-wide Effective None
Building Code
3) Evacuation and Emergency | City-wide Effective None
Preparation guides;
preparedness information
4) Communications City-wide Effective None
Equipment-- Phone alert
system, reverse 911, Alert
Boston, twitter
5) Criteria for City CIP City-wide Effective None
projects include “mitigates an
environmental hazard”
6) Fire Marine Unit moves the | Boston Harbor Effective None
boat to the dam locks if a
hurricane is forecast
7) Boston Police Harbor Boston Harbor New Pier and None
Patrol relocated to Pier 10 Security Gates.

Former Dry Dock
turned into park

8) PWD requires non- City-wide Effective None
conductive covers on all
manholes
9) Local Emergency Planning | City-wide Effective None
Committee (LEPC)
FLOOD HAZARDS
10) BWSC 3-year Capital City-wide Effective Update annually

Improvement Program (2011-
13), coordinated with other
agencies, updated annually
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Table 31 - Boston Existing Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed
11) Boston Water and Sewer | City-wide Effective None
Operations/ Maintenance
Activities — catch basin, drain
cleaning, street sweeping
12) Pre-storm preparations City-wide Effective None
(e.g. sandbags, inspections of
key vulnerable sites)
13) BWSC requirements for City-wide Effective None
Erosion and Sediment Control
and Storm Water plans
14) Various low-lying areas Emerald Necklace, | Effective None
around the City have been Boston Urban
protected from development | Wilds, Neponset
and provide flood storage River wetlands,
capacity. parcel along Bussey
Brook leased by
Arnold Arboretum;
Boston State
Hospital site at
Boston Nature
Center; 100-foot
buffer on
Canterbury Bk.
15) Inflow/ Infiltration (I/1) City-wide Effective None
Removal projects -- BWSC
undertook flow analysis and
sewer system evaluations to
determine I/1 sources. This
led to rehabilitation work and
projects for I/ 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) Green building zoning City-wide Effective None
requirements, encourage low
impact development
techniques
19) Article 29 (Greenbelt Designated districts | Effective None

Protection Overlay District)
requires open space
preservation
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Table 31 - Boston Existing Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed
20) Conservation Protection Designated districts | Site plan required | None
Subdistricts and Article 80 (total of 34) in Conservation
review Protection
Subdistrict
21) Grow Boston Greener - CityOwide Effective None
goal of 100,000 trees by 2020
22) Underground electric City-wide Effective None
utility protection.
23) Public information— City-wide Effective None
BWSC website, newsletters
and Mayor’s Office provide
information on flood
prevention, and stormwater
mitigation and snow and ice
removal from catch basins
24) Mitigating health and City-wide Effective None
safety impacts after
flooding—ISD will order
electricity shut off and
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
28) Muddy River Muddy River Effective None
maintenance (DCR removes watershed

leaves spring and fall; DCR
and City street sweeping,
catch basin cleaning)
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Table 31 - Boston Existing Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed

29) Remote monitoring of Muddy River Effective None

Stony Brook conduit water watershed

levels (new SB at Parker St
and old SB at Northeastern)

30) Risk Assessment for

Boston Fire Alarm

Rear and side

Fencing to be

Boston Fire Alarm building’s building site security installed installed.
perimeter security

31) Longwood Area BWSC Longwood Medical | Study has been Drainage

study of locations that Area completed improvements are
experience flooding underway

32) DCR maintenance of Storrow Drive area | Effective None

Storrow Drive pumps, pipes,
and catch basins

33) Storrow Drive
Reconstruction Project

Storrow Drive area

Project is in design
and permitting
phase

Implement the
project

34) St. Botolph Street BWSC | St. Botolph St. Project Completed | None
storm system area, Back Bay
35) Archdale Area, Archdale Area Effective None
Roslindale—maintaining
natural flood storage capacity
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
Mattapan—DCAM mitigation
project
39) Neponset River Area, Neponset River Effective None
Dorchester—natural land Area
protected, provides flood
storage
40) Neponset River Area, Neponset River Effective None

Dorchester—sediment has
been removed from river to
increase capacity

Area
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Table 31 - Boston Existing Mitigation Measures

Type

Area
Covered

Effectiveness/
Implementation

Improvements/
Changes Needed

41) Neponset River -- DCR
studying impacts of removing
Tilestone and Hollingsworth
Dams and Baker dams for
ecological restoration and
creation of fish ladder

Neponset River,
Dorchester area

USACE Aquatic
Ecosystem
Restoration
Program --
Ongoing study

Implement findings
of study

42) Pine Neck Creek — BWSC | Pine Neck Creek Effective None
installed rip-rap, restored salt | between I-93 and

marsh Port Norfolk

43) Day Boulevard, South Day Boulevard DCR completed None
Boston—DCR repaired M seawall

Street seawall restoration

44) Belle Isle Marsh—DCR Belle Isle Marsh, Flood control and | Continued

flood control project. State
designation as Area of Critical
Environmental Concern

Jefferies Point, and
Orient Heights, E.
Boston

dredging on-going

implementation of
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) Havre Street, East Boston | 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, Centre Terrace Effective None
Wedgemere—BWSC inspects | area

grates

50) Centre Terrace, Centre Terrace Effective, designed | None
Wedgemere, West Roxbury— | area for 50-year storm

Detention basin built in

private development

51) George Wright Golf George Wright Golf | Effective None

Course, Hyde Park— Course

inspections of catch basins

52) Engine 20, Dorchester: Dorchester Sump pump Additional
Elevation of new boiler and maintenance; floodproofing of
relocated to same level as BWSC built buildings may be
generator holding tank required
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Table 31 - Boston Existing Mitigation Measures

Type

Area
Covered

Effectiveness/
Implementation

Improvements/
Changes Needed

53) Charlestown Underpass
Stormwater Drainage
Improvements

Charlestown

Effective

Monitor roadway
conditions

54) DCR raises and lowers
water level at Charles River
Dam based on weather
forecast.

Charles River Dam
area

Effective

None

55) BWSC can open gate at
Fens Gatehouse when water
levels are high to bypass
conduit

Fens area

Effective

None

56) DCR Dam Safety
Regulations

State-wide

Effective

None

57) Parks and Recreation
Flood Mitigation Sustainable
Design Guidelines

City-wide

Adopted March
2011

None

58) Sewer Lateral Financial
Assistance Program

City-wide

Effective

None

59) Expanded capacity for
remote monitoring of water
levels in streams and major
trunk lines.

City-Wide

Effective

None

60) Davenport Creek —
Adams Village drainage
improvements

Adams Village

Effective

None

61) Drainage improvements
at American Legion Highway
at Wilmot St, near Stop and
Shop

Roslindale

Effective

None

62) Business Street —
improve stormwater drainage
and backflow valves

Hyde Park

Effective

None

WIND HAZARDS

63) Parks and Rec. Dept.
regular tree maintenance

City-wide

Effective

None

64) NSTAR clearing of
downed wires

City-wide

Effective

None

65) ISD regular inspections of
construction sites

City-wide

Effective

None
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Table 31 - Boston Existing Mitigation Measures

Type

Area
Covered

Effectiveness/
Implementation

Improvements/
Changes Needed

66) Underground lights
systems; street lights rated
for high winds

City-wide

Effective

None

67) Critical repairs are being
made annually to Long Island
Bridge

Long Island

Effective

None

WINTER HAZARDS

68) Traffic plan during snow
storms

City-wide

Effective

None

69) Regulations requiring
sidewalk clearing by abutter
and parking bans

City-wide

Effective

None

70) City contract with vendor
for snow melters on
emergency basis

City-wide

Effective

None

71) Snow plowing strategy

City-wide

Effective

None

72) Fire hydrant locations are
recorded with GPS and
flagged for snow removal

City-wide

Effective

None

73) Public education on
frozen pipes, snow loads on
roofs, and keeping ventilation
clear of snow

City-wide

Effective

None

74) Building Code requires
new roofs to be designed to
handle snow loads

City-wide

Effective

None

75) ISD can order building
owners to remove icicles or
cordon off area

City-wide

Effective

None

76) Emergency Operations
Center can be used as back-
up storm control center

City-wide

Effective

None

77) Snow Common
Operational Picture
(SNOWCOP) - Snow removal
GPS mitigation tracking

City-wide

Effective

None

78) Pre-treat streets in
advance of icing conditions

City-wide

Effective

None

79) PWD Coordinates with
City Agencies to Identify
Snow Dumps

City-wide

Effective

None
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Table 31 - Boston Existing Mitigation Measures

Type

Area
Covered

Effectiveness/
Implementation

Improvements/
Changes Needed

80) PWD Coordinates with
State on Clearing Snow off
Bridges

City-wide

Effective

None

81) Acquired new closed loop
Salting Equipment for more
effective salting using less
salt (500 Ibs/lane per mile).

City-wide

Effective

None

GEOLOGIC HAZARDS

82) State Building Code
addresses earthquake
standards

City-wide

Effective

None

83) Communications in
Police Headquarters secured
to withstand earthquake.
Back-up at Frontage Road.

Police HQ and
Frontage Road

Effective

None

84) Three police stations
rebuilt or renovated to
modern building standards

Districts 3,5, 7

Effective

None

COASTAL DAMAGE

85) Long Island—Boston
Property and Construction
Management is stabilizing SW
part of island

Long Island

TBD

TBD

86) Moon Island—Seawall
inspections and assessment

Moon Island

Completed

Repair Granite
Seawall

87) East Eagle Street, East East Eagle Street A portion of the None
Boston—USACE study in 1989 site conveyed to
NSTAR for
implementation
88) MWRA/DCAM land, East | Western shore of DCAM and USACE | None
Boston—PWD is working to East Boston completed
address erosion mitigation work
89) Reserved Channel— Reserved Channel In construction, None

sewer separation under
design. Debris being cleaned.

completion due
2015

90) Boston Harbor: USACE
and MASSPORT are studying
the feasibility and
environmental impact of
deepening the main shipping
channel and Reserved
Channel

Boston Harbor:
main shipping
channel, Reserved
Channel and
approach to Navy
dry dock

Ongoing feasibility
study and
dredging analysis

Federal funding
authorization
required for
implementation
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Table 31 - Boston Existing Mitigation Measures

Type

Area
Covered

Effectiveness/
Implementation

Improvements/
Changes Needed

91) Participation in the
National Flood Insurance

Areas identified on
the FIRM maps.

There are 1,101
policies in force.

Consider applying for
Community Rating

Program (NFIP) System
92) RiskMAP Updated Flood Plain Effective None

Expansion
93) Morrissey Boulevard, Dorchester DCR - Design Complete project
Dorchester—tide gates have Underway
been updated
94) Dorchester- Dr. Rev. Bill Dorchester Effective - None
Loesch Park Drainage Completed and
Improvements Rededicated

August 11, 2012

95) Dorchester- Franklin Park | Dorchester To be scheduled Implementation of
Drainage Improvements project
96) Hyde Park—George Hyde Park Ongoing program | None
Wright Drainage
Improvements
97) Jamaica Plain — South Jamaica Plain Completed in None
Street Mall Drainage 2010
Improvements
98) Mattapan — Almont Park | Mattapan Completed June None
/ Hunt’s Playground 2013
Infrastructure Drainage
Improvements
99) Mattapan — Erie Ellington | Mattapan Completed None
Park Drainage Improvements
100) North End- DeFilippo North End In design Implementation of
Wall Infrastructure Drainage project
Improvements
101) Roxbury- Franklin Park Roxbury Completed None
Site Drainage Improvements September 2013
and Ventilation
102) Mattapan- Walker Mattapan Completed June None
Playground Drainage 2011
infrastructure
103) South End — Statler Park | South End Completed None
Infrastructure Drainage
Improvements
104) West Roxbury- Hynes West Roxbury Complete None

Field Drainage Improvements

119




CITY OF BOSTON HAZARD MITIGATION PLAN
REVISED DRAFT 2014 UPDATE

Table 31 - Boston Existing Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed
105) West Roxbury- Billings West Roxbury In construction- None
Field Drainage Improvements BWSC contract
#221 issued on
Oct. 19, 2011
106) North Dorchester Bay Dorchester Completed by None
CSO Project MWRA
107) Lawrence Avenue, Dorchester Project awarded None
Dorchester pipe enlargement for $350K, to be
completed 2013
108) Back Street Sewer and Back Bay Completed None
Storm Drain Project
Groundwater Restoration
109) Newmarket Square Newmarket Square | In construction; to | None
Storm Drains, Sewer be completed in
Separation and Water Mains 2014
110) City of Boston Utility City-wide Effective None
Coordination Software
(COBUCS) Utility Coordination
Measure
111) PWD Operations Center | City-wide Effective None
at Frontage Rd.; Coordination
of PWD Assets and Resources
during an incident.
112) MassDEP has 6-8 City-wide Effective None
Emergency Oil Boom Trailers
to mitigate hazardous spills in
Boston Harbor. BPD Truck
Team, BPD HAZMAT Unit, and
BPD Harbor Patrol Unit can
transport Oil Boom Trailers to
site of disaster
113) Health in All Policies City-wide BPHC in A pilot rapid Health

ensure that equitable health
impacts and climate change
considerations are factored

into City decision-making

partnership with
multiple agencies
and community
partners

Impact Assessment
was completed for a
BPHC property
scheduled for
redevelopment,
partner agencies
meet regularly; two
workshops were
conducted.
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Table 31 - Boston Existing Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed
114) Community outreach City-wide Effective/Partial Complete
and education on emergency Implementation implementation
preparedness to grow by BPHC — Public
resilient communities able to Health
cope with natural hazards Preparedness
(PHP)
115) Partnership with UMass | City-wide Effective / Effective, fully
Boston on two emergency Ongoing implemented
management professional implementation
development certificate by BPHC — Public
programs: (1) Inclusive Health
Emergency Planning and (2) Preparedness
All Hazards Protection and (PHP)
Response. DelValle and
UMass Courses focus on
socially vulnerable
populations.
116) Boston Medical Reserve | City-wide Effective, None
Corps (BMRC) Recruitment, implemented by
Development, and BPHC — Public
Preparedness to support PHP 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 consequences
of emergencies.
117) Response to flooding at | 201-211 River Completed by None
201-211 River Street, Street, Mattapan BPHC and
Mattapan — repairs and effective — no
upgrade sump pump capacity flooding last year
118) Surveillance for new or City-wide Effective / None
emerging infectious diseases Ongoing
that pose a threat to public implementation
health: effective using by BPHC —

multiple streams of data.
Feedback provided to
partners so they can take
appropriate steps to reduce
spread of disease.

Communicable
disease
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Table 31 - Boston Existing Mitigation Measures

Type Area Effectiveness/ Improvements/
Covered Implementation Changes Needed
119) 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
120) 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
121) Vaccine distribution on a | City-wide Effective / None
limited basis in situations Ongoing
where that may be indicated. implementation
by BPHC -
Communicable
disease
122) Community Emergency City-wide Effective / None
Response Teams (CERT) Ongoing
Preparedness Fairs implementation
by OEM

Implementation Progress on the Previous Plan

During the planning process, City staff reviewed mitigation measures identified in the
2008 Metro-Boston Multi-Hazard Mitigation Plan Boston Annex and determined whether
measures had been implemented, deferred, or were still in process. All in-process
measures are carried forward into the 2014 plan update. Deferred measures were deleted
or carried forward into the 2014 plan update based on an assessment of the continued
relevance or effectiveness of the measure and the cause of the deferral. The status of

| these mitigation measures is shown in Table 32 below.
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Table 32

Status of Proposed Mitigation Measures from the 2008 Plan

Mitigation Measures | Priority| Implementation 2013
Responsibility Status
Fed., State, City,
Muddy River . Town of Brookline .
Restoration High Boston Parks and Phase | construction began 2013
Recreation
The Boston Property and Construction
Protect Fire Alarm . . Management Dept. has filed a Notice
Building High |Fire Dept. of Intent with the Conservation
Commission for site improvements
Storrow Drive and
Bowk
OW. er Overpass High |DCR and MassDOT In process: on-going maintenance
continued
maintenance
Storrow Drive and In-Process - reconstruction work has
Bowker Overpass High |DCR and MassDOT beeun
reconstruction &
Rebuild Charlestown —
Rutherford Avenue High [BTD and MassDOT In process; public review process
Underpass tunnel
Conduct earthquake Hich OEM, NESEC, HAZUS- [HAZUS study complete—conceptual
study 8" |MH and DPW design
' . . Dive Boat purchased— Oct. 2010
Purchase fire boat High [Fire Dept. 69 Fire Boat purchased Sept. 2011
Rehabilitate Long Hioh Public Works Repair work is on-goin
Island Bridge g Department P going
Acquire snow melting . Pilot testing with MASSPORT Logan
High |DPW MASSPORT
technology '8 and MASSPO Did not receive HMGP funding
Improve . .
s . Multiple Depts. Upgrades on-going
High
communications '8N lyAsI Public Safety UASI Grants for update
system
Canterbury Brook Medium|DCAM, BWSC, MWRA [DCAM to complete dredging
Dredging
Permanent access and utility easement
Long term solution to of 338 East Eagle Street
stabilize bank at East |Medium| Public Facilities- PCM [Conveyance to NSTAR on Feb 10, 2011.
Eagle Street Land 16,808 square feet; Permanent
easement 13,742 square feet
Stabilize bank or
establish new bank at [Medium| UMass and DCAM |Preliminary feasibility study in design

Columbia Point
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Beyond the mitigation measures proposed in the 2008 Hazard Mitigation Plan, the City
| has since then proceeded with a number of other measures, summarized in Table 33.

| Table 33
Status of Other Mitigation Measures Not Included in the 2008 Plan
Mitigation Measures

2013 Status

Establish larger primary emergency operations Identified new location
center

Three phase installation program

Purchase generators for fire stations without one
& complete by early 2014

Portable generators for City departments/
facilities

Maintain and update Emergency Operations Plan
(EOP), evacuation plans, other relevant plans and |OEM Updated plan
protocols.

Boston DOE LEAP Study

Move the Police Harbor Patrol site Completed

Retrofit man-hole covers with non conductive
covers

Colleges of Fenway project to restudy and map
Muddy River Watershed

Sediment removal and dam operations on
Neponset River in Dorchester

Ongoing replacement program

USACE working on Phase 1 RFP

Neponset River Greenway

Completed real-time monitoring
automated rain gauge
Moon Island: implement recommendations from |Designer selected; project schedule

Expand capacity to monitor water levels remotely

the Assessment TBD
Erie Street, Dorchester — new larger storm drain |Completed by Boston Water and
with easement on Erie St. Sewer Commission

Regional and Inter-Community Considerations

Some of Boston’s hazard mitigation issues are inter-community issues that involve
cooperation between two or more municipalities, or are regional issues involving 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 City will look for opportunities to partner with neighboring communities.
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The drainage systems that serve Boston and surrounding communities are a complex
system of storm drains, roadway drainage structures, pump stations and other facilities
owned and operated by a wide array of agencies including but not limited to the Boston
Water and Sewer Commission, the Department of Conservation and Recreation (DCR),
and Massachusetts Department of Transportation (MDOT), and in the case of combined
sewer systems, the Massachusetts Water Resources Authority (MWRA). The planning,
construction, operations, and maintenance of these structures are integral to the flood
hazard mitigation efforts of all the communities. These agencies must be considered the
City’s regional partners in hazard mitigation. In the sections that follow, the plan
identifies actions where cooperation with non-city agencies may be necessary.

Proposed Hazard Mitigation Measures

Identification of Potential Mitigation Measures

The City of Boston solicited suggestions for mitigation measures from City officials and
members of the Hazard Mitigation Executive Steering Committee because these
individuals have the most comprehensive knowledge of local conditions. Mitigation
measures from the 2008 plan that had not yet been completed were considered as well as
new and modified mitigation measures not included in the previous plan. The Hazard
Mitigation Executive Steering Committee reviewed and refined the list of proposed
mitigation measures at its September 6, 2012 meeting and in subsequent review of the
draft plan update. City officials provided the best available information on the mitigation
measures, their estimated cost, and time frame for implementation.

This section describes new mitigation measures planned for the next five years. The
proposed mitigation measures are listed in Table 34 below, along with priority, lead
implementation, time frame, estimated cost, and potential funding source.

Introduction to Table 34, Summary of Proposed Mitigation Measures

Mitigation Measure — A brief description of each mitigation measure is provided.

Priority — As described in the following section “Prioritization of Mitigation Activities”
and shown in Table 34 below, the prioritization of mitigation measures is based on
multiple factors that were considered in assigning an overall rank of high, medium, or
low to each mitigation measure. The ranking of each mitigation measure is shown in
column 2 of Table 34

Implementation Responsibility — The Executive Steering Committee designated
implementation responsibility by City agency staff and department managers. It is likely
that some mitigation measures will require that several departments work together and
assigning staff is the responsibility of the governing body of each community.

Time Frame — 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 funding. Funding opportunities could affect the
time frame for implementation.

Estimated Cost - The cost data, if available, represent current rough estimates only.

Potential Funding Sources — This column identifies likely sources of funding for each
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 measures may require several funding sources. lIdentification of a potential
funding source does not guarantee that a project will be eligible for or selected for
funding.

Abbreviations Used in Table 34

Federal

FEMA Mitigation Grants includes:
FMA = Flood Mitigation Assistance Program.
HMGP = Hazard Mitigation Grant Program.
PDM = Pre-Disaster 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

OEM = Mayor’s Office of Emergency Management
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Table 34 - Proposed Mitigation Measures

Mitigation Lead Time Estimated Potential Funding
Measure Priority | Implementation | Frame Cost Sources
Flood Hazard Mitigation Measures
1) Muddy River Restoration Fed., State,
—fl I
ood contro HIGH Boston Parks and 2017 $92 M Federal, statg, and
Rec., Town of local funding
Brookline
2) Storrow Drive
tructi d
recpns ru.c ion an HIGH DCR 2018 $45 - 135 M State, ngeral
drainage improvements transportation funds
3) Charlestown Underpass
—replace tunnel with urban Boston Federal Hichwa
boulevard and drainage HIGH | Transportation TBD $100 M . & . Y
. Administration
improvements Dept.
4) Dredging to address
Canterbury Brook flooding |, - DCAM 2017 >$1M State, DCAM
in Mattapan (DCAM) ate,
5) Morrissey Boulevard
rehabilitation, including
tidal flooding and drainage | HIGH DCR 2018 S25 M State — DCR/Federal
improvements
6) Longwood Medical Area
drainage improvements MED BWSC 2014 $178,425 BWSC
7) Floodproof basement
and elevate utilities for MED BED 2016 $100 - $250K City/BFD
Engine 20, Dorchester ) Y
8) Assess the vulnerability
of Central Artery and Mass.
Pike to riverine and coastal
flooding, particularly with i
: g p ' y HIGH MassDOT 2014-15 Staff time for State/MassDOT
climate change, in order to assessment
develop mitigation
measures
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Table 34 - Proposed Mitigation Measures

Mitigation
Measure

Priority

Lead
Implementation

Time
Frame

Estimated
Cost

Potential Funding
Sources

9) Assess the vulnerability
of the MBTA system to
coastal and riverine
flooding and to heat waves,
particularly with climate
change in order to develop
mitigation measures

HIGH

MBTA 2014-15

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
change in order to develop
mitigation measures

HIGH

2014-

Electric Utilities 2016

TBD

Electric Utilities

11) Assess Stormwater
Management Drainage
System in order to
recommend Improvements
to storm drains at the
Uphams Corner, McKim
and Lower Mills Branch
Libraries

MED

BWSC 2015

Staff time for
assessment

BWSC

12) Assess Boston Marine
Industrial Park Stormwater
Management System and
implement Improvements

MED

BRA 2016-17

$1.5-2M

City/BRA

13) Lawrence Street,
Roxbury — construct large
drain on easement

MED

BWSC 2014

$350,000

BWSC

Wind Hazard Mitigation Measures

14) Assessment of mast
arms for wind
vulnerability at signalized
intersections on State
Major Arterials and
Roadways

LOW

MassDOT 2017

Staff time for
assessment

State-MassDOT

15) Public education on

MED

OEM will develop | 2016

Staff Cost

City/OEM
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Table 34 - Proposed Mitigation Measures

Mitigation Lead Time Estimated Potential Funding
Measure Priority | Implementation | Frame Cost Sources
Hurricane and Tornado outreach as part
Awareness, using Red of ALERT
Cross Tornado APP for BOSTON
iPhone and Android smart
phones.
16) New street tree
planting standards on
spacing and soil volumeto | MED 27?7 2016-17 Staff cost City
increase wind resilience
Geologic Hazard Mitigation Measures
17) Purchase Android-
based mobile GPS
Tablets for ISD . MED 1SD & DolT 201516 $6,000 City/ISD DolT &
Inspectors (60 units) Federal
(preparedness)
18) Conduct Study for
Retrofit of )
Unreinforced '\O/Iff'ce of Profer,m
masonry buildings to MED a\?:ggumseréit\:/vl 2015-18 | Less than $10K City/OPM
improve earthquake Departments
resilience of
municipal buildings
e o
Earthquake Alert APP MED various City 2015-18 Staff time City/OEM
Departments
(preparedness)
20) Purchase ASA/DHS
FINDER for Fire Dept. HIGH | Boston Fire Dept. | 2017 TBD once Federal
(Preparedness) COTS
21) Increase public
education on earthquakes
using Red Cross .
Earthquake APP for ?)El'zﬂre\zlclLiesve;?f
iPhones and Android MED P Staff Cost 2015
Smart Phones and of ALERT
BOSTON

participate in annual
Northeast SHAKEOUT

Coastal Damage Mitigation Measures
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Table 34 - Proposed Mitigation Measures

Mitigation Lead Time Estimated Potential Funding
Measure Priority | Implementation | Frame Cost Sources
22) Moon Island seawall Property and
rehabilitation to mitigate MED Construction 2016 $1.5M City
coastal hazards Management
23) Stabilize bank or
establish new bank at
Columbia Point to mep | UMassBoston, o011 assthan g1 m | SEAE/UMASS/DCR
. state and private funding
mitigate coastal hazards
24) Long term solution to
stabilize bank at East Eagle | oy | USArmy Corps | o500 || o yhan 61 m | Federal USACOE
Street to mitigate coastal of Engineers
hazards
25) Assess feasibility of
strengthening seawalls
and/or ad.dmg veggtat!on MED DCR 2016 Staff time for State/DCR
for shoreline stabilization assessment
along Morrissey Blvd. to
mitigate coastal hazards
26) Stabilize coastal bank
along the eastern side of
Long Island, adjacent to Property and $7,000 to City/PCM and
the Public Health MED Construction 2017 $10,000 per State/DCR
Commission’s campus to Management linear foot
mitigate coastal hazards
27) Assess Boston Harbor Collaboration of
waterfront for additional BRA, EDIC, DCR, Staff time for City/BRA/EDIC and
sea and flood wall MED CZM, MassDOT, 2017 State/DCR/CZM/DOT
protection to mitigate USCG, Navy, NPS assessment Federal/USGS/Navy
coastal hazards TBHA, Businesses
28) Assess impact of tidal
flooding at McCormack
and Dever schools, 315
Mt. Vernon Street Property and
. ) ! MED Construction 2018 Less than $10K City/PCM
Columbia Point, Management
Dorchester to devekio
mitigate measures

Extreme Heat Mitigation Measures
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Table 34 - Proposed Mitigation Measures

Mitigation Lead Time Estimated Potential Funding
Measure Priority | Implementation | Frame Cost Sources
29) Tree Planting program
to mitigate extreme heat
and stormwater impacts | HIGH | BOStonParks og, 4 TBD City/BPR
. and Recreation
to mitigate extreme heat
30) Cool Roofs Program —
Green Roofs and White Boston
Roofs to mitigate extreme MED Environment | 2014-18 TBD City/Envt. Dept.
heat Dept.
Fire Hazard Mitigation Measures
31) Assess feasibility of
NFPA FireWise Program
for urban environmental BFD, Fire
education of homeowners | MED Prevention 2015 Staff time City/BFD
on reducing brush and Division
mulch fires
32) Boston Fire BFD Fire
Prevention Programs MED Prevention 2014-18 Staff time City/BFD
(preparedness) Division
33) Boston Fire Life Safety Boston Fire
Plan Program HIGH Dept., Office of | 2014-18 Staff time City/BFD
(preparedness) Field Services
34) Boston Fire LEPC Boston Fire _ ‘
Tier Il Manager HiGH | Dept. Officeof | o0, 1o License and City/BFD
(preparedness) Field Services Staff time State
LEPC
Solar Storm Mitigation Measures
35) Inventory equipment
vulnerable to Solar Storm MED OEM Logistics | 2014-15 Staff time City/OEM
EMPs
36) Build Faraday Cages Cage without
to store and protect redundant
redundant radio and . equipment
communication mep | OEMandCity 500 15 | $40-$50,000 City/OEM
. Departments .
equipment, lap tops, Cages with
and batteries. equipment
$500,000

Other Hazard Mitigation Measures
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Table 34 - Proposed Mitigation Measures

Mitigation Lead Time Estimated Potential Funding

Measure Priority | Implementation | Frame Cost Sources
37) Prevent outbreaks of $35,954 for
West Nile Virus and materials per
Eastern Equine BPHC and treatment, plus| BPHC and Suffolk
Encephalitis by treating MED Suffolk County | 2014-18 | staff time (ISD, County Mosquito
catch basins with Mosquito Control BHA, BPHC, Control
mosquito larvacides DCR & Zoo NE)

for application
38) Assess the risk of
water-reactive chemicals
stored in flood-prone BFD HAZMAT Staff time for .
buildings to mitigate flood Low and BFD LEPC 2015 assessment City/BFD
hazards
39) Monitor Outbreak of
Invasive Species and
Eradicate Asian
Longhorned Beetle MED USDA 2014-16 | P2>000PET | o horal —USDA APHIS
. . year
treating host trees with
imidacloprid
Multi-Hazard Mitigation Measures
40) Participate in the Boston
Community Rating System | MED Environment 2015 Staff time City/Envt. Dept.
Dept.

41) Update Storm Ready
Certification with NWS MED Boston OEM 2016 Staff time City/OEM
42) Conti -
8 City.
4342) Adopt a tree
retention ordinance to
preserve existing trees or
equally compensate for |, -, TBD 2014-15 | Staff time City
the loss of the tree’s
caliper (mitigation for
both flooding and
extreme heat)
43) Community HIGH OEM 2014-18 | Staff time City/OEM

Preparedness Workshops
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Table 34 - Proposed Mitigation Measures

Mitigation
Measure

Priority

Lead
Implementation

Time
Frame

Estimated
Cost

Potential Funding
Sources

and Outreach

(preparedness)

44) Establish a multi-
cultural and multi-
language public
awareness program on
natural hazards and

mitigatoin

HIGH

OEM 2016-18

Staff time

City/OEM

45) Conduct a survey of
emergency generators at
critical infrastructure
facilities, municipal
buildings, shelters and
youth hostels

HIGH

OEM 2016-18

Staff time

City/OEM

46) Evaluate feasibility of
mobilizing passenger
ferries for evacuation

(preparedness)

MED

OEM 2017

Staff time

City/OEM

Climate Change Adaptation Mitigation Measures

47) Convene a Cabinet
level Climate Preparedness
Task Force to review
current activities and
policies and provide
guidance for further
development

(preparedness)

HIGH

Climate
Preparedness
Task Force

2014-15

Staff time for
review and
guidance

City

48) Identify ways for
institutions and businesses
to reduce their
vulnerability to climate
change and for the City of
Boston to support those
efforts

HIGH

Green Ribbon

. 2014-15
Commission

Staff time for
Commission
support

City

49) Survey the
preparedness of existing
buildings and other assets
(e.g. MBTA stations) for
climate change

(preparedness)

HIGH

Boston
Redevelopment
Authority

2014-15

Staff time for
survey

City/BRA

133




CITY OF BOSTON HAZARD MITIGATION PLAN
REVISED DRAFT 2014 UPDATE

Table 34 - Proposed Mitigation Measures

Mitigation Lead Time Estimated Potential Funding
Measure Priority | Implementation | Frame Cost Sources
50) Include climate change Staff time for
preparedness in Article 80 Boston drafting
Development Review to HIGH | Redevelopment | 2014-15 Article 80 City/BRA
enhance flood mitigation Authority guidelines and
checklist
51) Adopt a Wetlands
Ordinance that includes .
. Staff time for
sea-level rise and develop .
new floodplain maps that Boston drafting
. P . b MED Conservation |2014-15 ordinance and City/BCC
incorporate projected . .
. e Commission preparing
climate changeto mitigate mabs
flood hazards P
52) Develop guidelines and Inspectional
prioritization for better Services .
enforcement of flood Department Staff time for
) MED P 2014-15 drafting City/ISD/BPHC
proofing standards to and Boston uidelines
mitigate flood hazards Public Health g
Commission
2_3)erRaet\iI;enW Iear:Eirf e?;\r/ Office of Staff time for
P panning HIGH | Emergency | 2014-15 City/OEM
storms and flooding assessment
Management
(preparedness)

Prioritization of Mitigation Activities

The last step in developing the mitigation strategy is to assign a level of priority to each
mitigation measure. Prioritization is based on current estimates of the existing and
potential hazard impacts and of the costs of action and inaction.

Prioritization of mitigation measures was conducted by members of the Boston Hazard
Mitigation Steering Committee, as shown in Table 35. The priority of each mitigation
measure represents the judgment of the Steering Committee based on multiple factors,
including the hazard risk that the measure addresses, the geographic extent or criticality
of the location affected by the measure, the potential benefit, and the estimated relative
cost or complexity of the measure.

The estimated benefit created by a mitigation measure was based on a qualitative
estimate based on local knowledge of hazard areas, the number of homes, businesses, or
people served by the mitigation action and an estimate of the costs or damages avoided
via implementation of the mitigation measure. Estimated costs were ranked in terms of
High (greater than $10,000,000), Medium ($2,000,000 to $10,000,000), 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.

Table 35 - Prioritization of Proposed Mitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

Flood Hazard Mitigat

ion Measures

1) Muddy River
Restoration-flood
control

Fenway

High

High

High

2014-18

2) Storrow Drive
reconstruction and
drainage
improvements

Back Bay

High

High

High

2017

3)Charlestown
Underpass — replace
tunnel with urban
boulevard and
drainage
improvements

Charlestown

High

Medium

High

2018

4) Dreding to address
Canterbury Brook

flooding— (DCAM)

Mattapan

Medium

Medium

High

2015

5) Morrissey Blvd.
rehabilitation,
including tidal
flooding and drainage
improvements

Dorchester

High

Med/High

High

2018

6) Longwood Medical
Area drainage
improvements —
HagerREC
Cepstructeon-Contract
leapreveraents
seheduledfar
copstrustien 2012

Fenway/LMA

Medium

Low

Medium

2014

7) Floodproof
basement and elevate

Dorchester

Low

Medium

Low

2016
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Table 35 - Prioritization of Proposed Mitigation Measures

Mitigation Actions | Geographic | Estimated | Estimated Overall Time
by Hazard Risk Extent Benefit Cost Priority Frame

utilities for Flood
prevention for Engine
20, Dorchester

8) Assess the
vulnerability of
Central Artery and
Mass. Pike to riverine
and coastal flooding,
particularly with City-wide Medium Low High 2014-15
climate change,, in
order to develop
mitigation measures

9) Assess the
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 2014-15

10) Assess the
vulnerability of the
electrical grid,
particular major
distribution lines and
substations to natural
hazards likely to be
increased by climate
change in order to
develop mitigation
measures

City-wide High Medium High 2014-16

11) Assess
Stormwater
Management Dorchester Medium Low Medium 2015
Drainage System in
order to recommend
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Table 35 - Prioritization of Proposed Mitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

improvements to
storm drains at the
Uphams Corner,
McKim and Lower
Mills Branch Libraries

12) Assess Boston
Marine Industrial Park
Stormwater
Management System
Assessment and

implement
Improvements

South Boston

Medium

Medium

Medium

2016-2017

13) Lawrence Street,
Roxbury — construct
large drain on
easement

Roxbury

Medium

Medium

Medium

2016

Wind Hazard Mitigation Measures

14) Assessment of
mast arms for wind
vulnerability at
signalized
intersections on
Major Arterials on
State Roadways

City-wide

Medium

Low

Low

2016

15) Public Education
on Hurricanes and
Tornadoes, 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 to increase
wind resilience

City-wide

Medium

Low

Medium

2015-16

Geologic Hazard Mitigation Measures
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Table 35 - Prioritization of Proposed Mitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

17) Purchase
Android-based
mobile GPS Tablets
for ISD Inspectors

(preparedness)

City-wide

Medium

Medium

Medium

2015-16

P1) 18) Conduct
study for retrofit of
unreinforced
masonry to improve
earthquake resilience
of municipal buildings

City-wide

Medium

Medium

Medium

2014-18

19) Participate in the
Quake Smart
Program

City-wide

Medium

Medium

Medium

2015-18

20) Purchase ASA/
DHS FINDER for Fire

Dept.(preparedness)

City-wide

High

TBD once
COoTS

High

2017

21) Increase public
education on
earthquakes using
Red Cross
Earthquake APP for
iPhones and Android
Smart Phones and
participate in annual
Northeast SHAKEOUT

City-wide

Medium

Medium

Medium

2016

Coastal Damage Mitigation Measur

es

22) Moon Island
seawall rehabilitation

Moon Island

Medium

Medium

Medium

2017

23) Stabilize bank or
establish new bank at
Columbia Point to

mitigate coastal
hazards

Columbia
Point

Medium

Low

Medium

2016

24) Long term
solution to stabilize
bank at East Eagle

Street to mitigate
coastal hazards

East Boston

Medium

Low

Medium

2016

25) Assess feasibility

Dorchester

Medium

Low

Medium

2016
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Table 35 - Prioritization of Proposed Mitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

of strengthening
seawalls and/or
adding vegetation for
shoreline stabilization
along Morrissey Blvd.
to mitigate coastal
hazards

26) Stabilize coastal
bank along the
eastern side of Long
Island, adjacent to the
Public Health
Commission’s campus
to mitigate coastal
hazards

Long Island

Medium

Medium

Medium

2017

27) Assess Boston
Harbor waterfront for
additional sea and
flood wall protection
to mitigate coastal
hazards

Boston
Harbor
coastline

Medium

Medium

Medium

2017

28) Assess impact of
tidal flooding at
McCormack and
Dever public schools,
315 Mt. Vernon St,
Dorchester to
devlelop mitigation
actions

Columbia Pt,
Dorchester

Medium

Low

Medium

2017

Extreme Heat Mitigation Measures

29) Tree Planting
program to mitigate
extreme heat and
stormwater impacts

City-wide

High

High

High

2014-18

30) Cool Roofs
Program — Green
Roofs and White

Roofs to mitigate
extreme heat

City-wide

Medium

Low

Medium

2014-18

Fire Hazard Mitigation Measures
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Table 35 - Prioritization of Proposed Mitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

31) Assess feasibility
of NFPA FireWise
Program for urban
environmental
education

of homeowners on
reducing brush and
mulch fires

City-wide

Medium

Low

Medium

2016

32) Boston Fire
Prevention Programs

(preparedness)

City-Wide

Medium

Low

Medium

2015

33) Life Safety Plan
Program

(preparedness)

City-Wide

High

Low

High

2014-18

34) Boston Fire LEPC
Tier Il Manager

(preparedness)

City-Wide

High

Low

High

2014-18

Solar Storm Mitigation Measures

35) Inventory
equipment vulnerable
to Solar Storm EMPs

City-wide

High

Low

Medium

2014-15

36) Build Faraday
Cages to protect
redundant radio and
communication
equipment, lap tops,
and batteries.

City-wide

High

Medium

Medium

2014-15

Other Hazard Mitigation Measures

37) Prevent outbreaks
of West Nile Virus and
Eastern Equine
Encephalitis by
treating catch basins
with mosquito
larvacides

City-wide

Medium

Low

Medium

2014-18

38) LEPC Assess the
risk of water-reactive
chemicals stored in

City-wide

Low

Low

Low

2015
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Table 35 - Prioritization of Proposed Mitigation Measures

Mitigation Actions
by Hazard Risk

Geographic
Extent

Estimated
Benefit

Estimated
Cost

Overall
Priority

Time
Frame

flood-prone buildings
to mitigate flood
hazards

39) Monitor
Outbreak of Invasive
Species and Eradicate
Asian Longhorned
Beetle treating host
trees with
imidacloprid

City-Wide

Medium

Low

Medium

2015

Multi-Hazard Mitigat

ion Measures

40) Participate in the
Community Rating
System

City-wide

Medium

Low

Medium

2015

41) Update Storm
Ready Certification

City-wide

Medium

Low

Medium

2016

with NWS

42} Continue

. . ‘
the longlsland Bridge

Lergleland

High

4342) Adopt a tree
retention ordinance
to preserve existing
trees or equally
compensate for the
loss of the tree’s
caliper (mitigation
for both flooding and
extreme heat)

City-wide

High

Low

High

2014-15

43) Community
Preparedness
Workshops and
Outreach

(preparedness)

City-wide

High

Low

High

2014-18

44) Establish a multi-
cultural and multi-
language public
awareness program
on natural hazards

City-wide

High

Medium

High

2015-17
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Table 35 - Prioritization of Proposed Mitigation Measures

Mitigation Actions | Geographic | Estimated | Estimated Overall Time
by Hazard Risk Extent Benefit Cost Priority Frame

and mitigation

45) Conduct a survey
of emergency
generators at critical
infrastructure
facilities, municipal
buildings, shelters
and youth hostels In
ordet to upgrade as
needed

City-wide Medium Low Medium 2015-16

46) Evaluate
feasibility of
mobilizing passenger | Waterfront | Medium Low Medium 2016
ferries for evacuation

(preparedness)

Climate Change Adaptation Mitigation Measures

47) Convene a
Cabinet level Climate
Preparedness Task
Force to review
current activities and
policies and provide
guidance for further
development

(preparedness)

City-wide High High High 2014-15

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 2014-15

49) Survey the
preparedness of
existing buildings and
other assets (e.g.
MBTA stations) for
climate change

City-wide High Medium High 2014-15
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Table 35 - Prioritization of Proposed Mitigation Measures

Mitigation Actions | Geographic | Estimated | Estimated Overall Time
by Hazard Risk Extent Benefit Cost Priority Frame

(preparedness)

50) Include climate
change preparedness
in Article 80
Development Review City-wide High Low High 2014-15
to enhance flood

mitigation

51) Adopt a Wetlands
Ordinance that
includes sea-level rise
and develop new
floodplain maps that City-wide High Low High 2014-15
incorporate projected
climate change to

mitigate flood
hazards

52) Develop
guidelines and
prioritization for
better enforcement
of flood proofing
standards to mitigate
flood hazards

City-wide High Low High 2014-15

53) Review
emergency operation
planning for storms
and flooding

(preparedness)

City-wide High Low High 2014-15
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VIlI. PLAN ADOPTION AND MAINTENANCE

Plan Adoption

The Boston Hazard Mitigation Plan 2014 Update was adopted by the Boston City
Council on [ADD DATE]. See Appendix H for documentation. The plan was approved
by FEMA on [ADD DATE] for a five-year period that will expire on [ADD DATE].

Plan Maintenance

Although many of the recommended mitigation measures from the City's previous
Hazard Mitigation Plan have been implemented, since that plan was adopted in 2008
there has not been a formal local process to guide implementation of the plan or integrate
it with other City plans and programs. Such a process is needed over the next five years
for the implementation of this plan update, and will be structured as described below.

The Boston Hazard Mitigation Steering Committee oversaw the preparation of this plan
update. This group will continue to meet on an as-needed basis to function as the Local
Hazard Mitigation Implementation Group, and maintain and update the plan in
accordance with the City’s policies and procedures as described below. The City will
continue public participation during the next 5-year planning cycle. Yearly reviews of
the plan as well as the Five Year Comprehensive Update (as described below under
policy # OEM-2012-005), will be publicly noticed in accordance with City and state open
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 Management’s (OEM) Emergency Management Plans
Maintenance Policy (OEM-2011-001, effective December 9, 2011, as revised by OEM
2011-001-REV A, revision date August 6, 2011) establishes the following policy for plan
maintenance:

3. POLICY

a. Emergency management plans contain information on policies, roles, and
responsibilities, operational procedures, and several other topics involved in the
planning and response to incidents. These plans are “living documents” that
involve the coordination of multiple City departments and the information
contained in the plans will become obsolete as department roles and standard
operating procedures (SOP’s) change.

b. Roles and Responsibilities
i. Boston Emergency Management Advisory Council (BEMAC): Responsible for
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final review and approval of the City’s Emergency Operation Plan.

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 coordinated by the OEM Director who will
ensure that an annual review is conducted for each plan in accordance with the
schedule listed in this policy.

iii. City Departments: City of Boston Departments Offices, and Commissions

that have a role in any of the plans 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 policy is responsible for reviewing and updating the pan when requested.

Each plan will be reviewed annually according to the following schedule:
Hazard Mitigation — June 1

Each plan will also be reviewed following any exercise or activation of the plan
that identifies potential improvements.

4. PROCEDURE

a.

Plans will be reviewed according to a specified procedure which is outlined
below:

v. Hazard Mitigation Plan — This plan will be reviewed in accordance with
OEM’s Hazard Mitigation Program Policy (policy # OEM-2012-005)

The above referred policy, OEM’s Hazard Mitigation Program Policy (OEM-2012-005,
effective April 15, 2012) specifies a Hazard Mitigation Plan Review procedure at Section
3c, as follows:

Yearly Review: the City of Boston, through the direction of the Boston Hazard
Mitigation Steering Committee, will perform an annual review of its Hazard
Mitigation Plan. This comprehensive examination will include: a prioritization
and re-evaluation of mitigation project; a re-prioritization of projects, as
appropriate; an assessment of each project’s current status; and recommendations
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

. Five Year Comprehensive Update: Per Federal Emergency Management Agency

(FEMA) regulations, the Hazard Mitigation Plan will undergo a comprehensive
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review and update every five years. The Plan will be forwarded first to the
Massachusetts Emergency Management Agency 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 Mitigation Plan — FEMA’s approval of this
plan is valid for five years, by which time an updated plan must be approved by FEMA in
order to maintain the City’s 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 Committee will begin the process by the end of Year 3.

Integration of the Plans with Other Planning Initiatives

Upon approval of the Boston Hazard Mitigation Plan 2014 Update by FEMA, the Local
Hazard Mitigation Implementation Team will provide all interested parties and
implementing departments with a copy of the plan and will initiate a discussion regarding
how the plan can be integrated into that department’s ongoing work. At a minimum, the
Hazard Mitigation Executive Steering Committee will review and discuss the plan with
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

Boston Police Department

Boston Conservation Commission
Boston Parks and Recreation

Other groups that will be coordinated with include large institutions, Chamber of
Commerce, land conservation organizations and watershed groups. The plan will also be
posted on the City’s website after reviewing 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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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 recommendations, the 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 updates, are to complete the
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 practices, and the 2011
update of the climate action plan, A Climate of Progress, please see the City's climate action
web pages at http://www.cityofboston.gov/climate

In advance we thank you for your time and assistance in advancing best practices in Boston.

Climate Change Analysis and Information Sources:

1. Northeast Climate Impacts Assessment (www.climatechoices.org/ne/)

2. USGCRP 2009 (http://www.globalchange.gov/publications/reports/scientific-
assessments/us-impacts/)

3. Army Corps of Engineers guidance on sea level rise
(http://planning.usace.army.mil/toolbox/library/ECs/EC11652212Nov2011.pdf)

4. Proceeding of the National Academy of Science, “Global sea level rise linked to global
temperature”, Vermeer and Rahmstorf, 2009
(http://www.pnas.org/content/early/2009/12/04/0907 7651 06.full.pdf)

5. “Hotspot of accelerated sea-level rise on the Atlantic coast of North America”, Asbury
H. Sallenger Jr*, Kara S. Doran and Peter A. Howd, 2012
(http://www.bostonredevelopmentauthority.org/ planning/Hotspot of Accelerated
Sea-level Rise 2012.pdf)

6. “Building Resilience in Boston”: Best Practices for Climate Change Adaptation and
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.pdf

Checklist

Please respond to all of the checklist questions to the fullest extent possible. For
projects that respond “Yes” to any of the D.1 - Sea-Level Rise and Storms, Location
Description and Classification questions, please respond to all of the remaining
Section D guestions.

Checklist responses are due at the time of 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 Note: When initiating a new project, please visit the BRA web site for the most
current Climate Change Preparedness & Resiliency Checklist.
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Climate Change Resiliency and Preparedness Checklist

A.1 - Project Information
Project Name:

Project Address Primary:

Project Address Additional:

Project Contact (name / Title /
Company / email / phone):

A.2 - Team Description

Owner / Developer:

Architect:

Engineer (building systems):

Sustainability / LEED:

Permitting:

Construction Management:

Climate Change Expert:

A.3 - 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 Notice of Project
PNF Submission Submission Approved Change
Planned BRA Final Design Approved Under Construction just
Development Area Construction completed:
A.4 - 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: SFE Building Area: SF
Building Height: Ft. Number of Stories: Flrs.
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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A.5 - Green Building

Which LEED Rating System(s) and version has or will your project use (by area for multiple rating systems)?

Select by Primary Use:

Select LEED Qutcome:

Will the project be USGBC Registered and / or USGBC Certifi

Registered:

A.6 - Building Energy

What are the base and peak operating energy loads for the building?

Electric:

What is the planned building
Energy Use Intensity:

What are the peak energy deman

Electric:

What is nature and source of your back-up / emergency generators?

Electrical Generation:

System Type and Number of Units:

New Construction | Core & Shell Healthcare Schools
Retail Homes Midrise Homes Other
Certified Silver Gold Platinum
rtified?
Yes / No Certified: Yes / No
(kW) Heating: (MMBtu/hr)
(kbut/SF or Cooling: (Tons/hr)
kWh/SF)
ds of your critical systems in the event of a service interruption?
(kW) Heating: (MMBtu/hr)
Cooling: (Tons/hr)
(kW) Fuel Source:
Combustion Gas Turbine Combine Heat (Units)
Engine and Power

B - Extreme Weather and Heat Events

Climate change will result in more extreme 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

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:

project?
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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Analysis Conditions - What range of temperatures will be used for project planning - Low/High?

/ Deg.
What Extreme Heat Event characteristics will be used for project planning - Peak High, Duration, and Frequency?
Deg. Days Events / yr.
What Drought characteristics will be used for project planning - Duration and Frequency?
Days Events /yr.

What Extreme Rain Event characteristics will be used for project planning - Seasonal Rain Fall, Peak Rain Fall, and
Frequency of Events per year?

Inches / yr. Inches

Events / yr.

What Extreme Wind Storm Event characteristics will be used for project planning - Peak Wind Speed, Duration of
Storm Event, and Frequency of Events per year?

Peak Wind

Hours

Events / yr.

B.2 - Mitigation Strategies

What will be the overall energy performance, based on use, of the project and how will performance be determined?

Building energy use below code: %

How is performance determined:

What specific measures will the project employ to reduce building energy consumption?

Select all appropriate: | High performance | High performance | Building day EnergyStar equip.
building envelop lighting & controls | lighting / appliances

Energy recovery No active cooling No active heating

ventilation

High performance
HVAC equipment

Describe any added measures:

What are the insulation (R) values for building envelop elements?

Roof: R= Walls / Curtain R=

Wall Assembly:
Foundation: R= Basement / Slab: R=
Windows: R= /U= Doors: R= /U=

What specific measures will the project employ to reduce building energy demands on the utilities and infrastructure?

Describe any added measures:

Will the project employ Distributed Energy / Smart Grid Infrastructure and /or Systems?

Select all appropriate:

On-site clean Building-wide Thermal energy Ground source
energy / CHP power dimming storage systems heat pump
system(s)
On-site Solar PV On-site Solar Wind power None

Thermal
Connected to local | Building will be Connected to Distributed

distributed
electrical

Smart Grid ready

distributed steam,

thermal energy

hot, chilled water

ready
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Will the building remain operable without utility power for an extended period?

If Yes, is building “Islandable?

Yes / No

If yes, for how long:

If Yes, describe strategies:

Describe any non-mechanical strategies that will support building functionality and use during an extended

interruption(s) of utility services and infrastructure:

Select all appropriate:

Solar oriented -

Prevailing winds

External shading

Tuned glazing,

Describe any added measures:

longer south walls

oriented

devices

Building cool
zones

Operable windows

Natural ventilation

Building shading

Potable water for

Potable water for

Waste water

High Performance

drinking / food sinks / sanitary storage capacity Building Envelop
preparation systems

What measures will the project employ to reduce urban heat-island effect?

Select all appropriate:

High reflective

Shade trees &

Describe other strategies:

paving materials

shrubs

High reflective
roof materials

Vegetated roofs

What measures will the project employ to accommodate rain events and more rain fall?

Select all appropriate:

On-site retention

Infiltration

Describe other strategies:

systems & ponds

galleries & areas

vegetated water

Vegetated roofs

capture systems

What measures will the project employ to accommodate extreme storm events and high winds?

Select all appropriate:

Hardened building

Buried utilities &

Hazard removal &

Soft & permeable

Describe other strategies:

structure &
elements

hardened
infrastructure

protective
landscapes

surfaces (water
infiltration)

C - Sea-Level Rise and Storms

Rising Sea-Levels and more frequent Extreme Storms increase the probability of coastal and river flooding and enlarging

the extent of the 100 Year Flood Plain. This section explores if a project is or might be subject to Sea-Level Rise and Storm

impacts.

C.1 - Location Description and Classification:

Do you believe the building to susceptible to flooding now or during the full expected life of the building?

Describe site conditions?

Site Elevation - Low/High Points:

Yes / No

Boston City Base

Elev.( Ft.)
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Building Proximity to Water:

Ft.

Is the site or building located in any of the following?

Coastal Zone:

Yes / No

Flood Zone:

Yes / No

Velocity Zone:

Area Prone to Flooding:

Will the 2013 Preliminary FEMA Flo

Yes / No

Yes / No

od Insurance Rate Maps or future floodplain delineation updates due to Climate

Change result in a change of the classification of the site

or building location?

2013 FEMA
Prelim. FIRMs:

Yes / No

Future floodplain delineation updates:

What is the project or building proxi

mity to nearest Coast

Yes / No

al, Velocity or Flood Zone or Area Prone to Flooding?

Ft.

If you answered YES to any of the above Location Description and Classification questions, please complete the

following questions. Otherwise you have completed the questionnaire; thank you!

C - Sea-Level Rise and Storms

This section explores how a project responds to Sea-Level Rise and / or increase in storm frequency or severity.

C.2 - Analysis

How were impacts from higher sea levels and more frequent and extreme storm events analyzed:

Sea Level Rise:

Ft.

Frequency of storms:

C.3 - Building Flood Proofing

per year

Describe any strategies to limit storm and flood damage and to maintain functionality during an extended periods of

disruption.

What will be the Building Flood Proof Elevation and First Floor Elevation:

Flood Proof Elevation:

Boston City Base

Elev.( Ft.)

Will the project employ temporary measures to prevent b

First Floor Elevation:

Boston City Base

Elev. (Ft.)

uilding flooding (e.g. barricades, flood gates):

Yes / No

If Yes, to what elevation

Boston City Base

Elev. ( Ft.)

If Yes, describe:

What measures will be taken to ensure the integrity of critical building systems during a flood or severe storm event:

Systems located

Water tight utility

Waste water back

Storm water back

above 1st Floor.

conduits

flow prevention

flow prevention

Were the differing effects of fresh water and salt water flooding considered:

Will the project site / building(s) be

Yes / No

accessible during periods of inundation or limited access to transportation:

Yes / No

If yes, to what height above 100

Boston City Base
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Will the project employ hard and / or soft landscape elements as velocity barriers to reduce wind or wave impacts?

Yes / No

If Yes, describe:

Will the building remain occupiable

without utility power during an extended period of inundation:

Yes / No

Describe any additional strategies t

If Yes, for how long:

0 addressing sea level rise and or sever storm impacts:

C.4 - Building Resilience and Adaptability

Describe any strategies that would support rapid recovery after a weather event and accommodate future building changes

that respond to climate change:

| Will the building be able to withstand severe storm impacts and endure temporary inundation?

Select appropriate:

Yes / No

Hardened / Temporary Resilient site
Resilient Ground shutters and or design, materials
Floor Construction | barricades and construction

Can the site and building be reasonably modified to increase Building Flood Proof Elevation?

Select appropriate:

| Describe additional strategies:

| Has the building been planned and

Select appropriate:

Yes / No Surrounding site Building ground Construction been
elevation can be floor can be engineered
raised raised
designed to accommodate future resiliency enhancements?
Yes / No Solar PV Solar Thermal Clean Energy /

CHP System(s)

Potable water
storage

Wastewater
storage

Back up energy
systems & fuel

Describe any specific or

additional strategies:

Thank you for completing the Boston Climate Change Resilience and Preparedness

Checklist!

For questions or comments about this checklist or Climate Change Resiliency and

Preparedness best practices, please contact: John.Dalzell. BRA@cityofboston.gov
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APPENDIX B

Results of the Boston
Vulnerability Consequences Adaptation Scenarios

By the
Social and Environmental Research Institute
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W «‘)l'ksln‘)ps in Boston Massachusetts
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The Social and Environmental Research Institute
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ABOUT SOCIAL AND ENVIRONMENTAL RESEARCH INSTITUTE (SERI)

SERI conducts research on a broad range of social and environmental issues, while emphasming
topics related to participatory and discursive approaches to environmental policy. The Institute
conducts applied research projects that realize the practical gains provided by theory and that
provide concrete benefits to individuals, society, and the environment. SERI 1= a non-profit
501{c){3) institute founded in 1995 and located in Greenbeld Massachusetis
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Introduction

Boston 1s the economice, social, and
cultural heart of New England. The
greater metropolitan area is home to over
3.2 million people and 99 municipalities.
Like most coastal communities, Boston,
Massachusetts has experienced extreme
weather events, including severe coastal
storms and heat waves. Although the City
1s protected from strong seas by the Boston
Harbor Islands, it sits at the confluence of
three rivers, which makes it more
vulnerable to floodwaters from inland
storms. Because much of Boston 1s built
on landfill, flooding and saturated soils can
cause serious problems and collateral
damage.

Photo: Satellite view of Boston.
Credit: Public domain.

Flooding 1s already a major problem and it
1s likely to get worse. Snowfall and ice
accumulations from winter storms are
significant, threatening the structural
mtegrity of buildings, disrupting traffic
and normal economic operations. In the
summertime, heat waves present a
problem for the metropolitan area. They
compromise air quality, magnify fire risks,
threaten people’s health, and drive people

to seek comfort at parks, pools, and
beaches.

Expectations are that the City will face
increased exposure to sea level rise and
extreme weather, such as coastal storms,
winter storms, and heat waves, in years to
come from changes i the chmate. These
weather hazards pose profound risks to the
economy, public health, coastal resources,
natural features, water systems, and
infrastructure.

To better understand and mitigate the
impacts of extreme weather events city
officials in Boston began updating the
City’s hazard mitigation plan (HMP) in
2010. Hazard mitigation plans are typically
revised every 5 years. Normally the HMP 1s
based on past events and trends to forecast
future impacts. But the City decided it was
important to consider projected increases
in the severity of storms, sea level rise, and
heat due to global climate change.

From January through May 2012, the
Social and Environmental Research
Institute (SERI), with funding from MIT
Sea Grant, facilitated five meetings to
discuss the implications of chmate change
for weather-related hazards in Boston. The
Massachusetts Emergency Management
Agency (MEMA) encourages a regional
planning methodology and awarded the
Metropolitan Area Planning Council

This report was prepared by the Social
and Environmental Research Institute.

The statements, findings and
conclusions mn this report do not
necessarily reflect those of the City of
Boston, the MAPC, MIT Sea Grant, or
NOAA.
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(MAPC) a planning grant to update the
City’s HMP, which 1s part of a seven inner
core city effort. The Office of Emergency
Management coordinated the inter-
governmental stakeholder collaboration
and organized the meetings. Multiple
stakeholders, including eity and state
officials, representatives from non-profits,
major institutions, non-governmental
orgamzations and others participated in
these meetings. The meetings combined
reviews of climate models and data for the
region with discussion of local expertise on
flooding, winter storm and extreme heat
1mmpacts to commerce, vulnerable
populations, coastal infrastructure and the
City in general.

Using a mediated modeling process called

the Vulnerablhtv and Consequences
Adaptation Planmng Scenarios (VCAPS)

A

’5 I Higher-Emission Scenario

L\ — Lower-Emission Scenario

L

process SERI staff documented the
vulnerability of Boston to extreme weather
events, exacerbated by future climate
change, and identified actions that the City
1s undertaking to increase its resilience.
Stakeholders at the meetings were asked to
deseribe the fundamental cause-effect
relationships linking weather events, such
as severe coastal storms and heat waves.
SERI staft diagrammed the stakeholders’
understandings of how these weather-
related hazards created damaging
consequences. City and state stakeholders
provided input about specific management
actions that could mtigate the impacts
associated with these weather events. SERI
developed the VCAPS process with
funding from the National Oceanic and
Atmospheric Admmstration (NOAA) and
MIT Sea Grant. The results of the
workshops are presented here in both
diagram and narrative-formats.

Climate Change Impacts
Expected for Boston

The chimate in Boston 1s changing and will
continue to over the coming decades,
barring significant global effort to reduce
carbon emissions. Temperatures will
increase, sea level will rise, and more
frequent and severe storms will impact the
City (Massachusetts Executive Office of
Energy and Environmental Affairs 2011,
Frumhoff et al. 2006). By the year 2050, the
Intergovernmental Panel for Climate
Change (IPCC) reports that under a high
emissions scenario the ambient global
temperature will increase by 5 to 10°F
(IPCC 2007, 2012). The way such impacts
might be experienced in Massachusetts
under three different scenarios 1s shown n

the Tables, which are reprinted from the
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Parameter Current Conditions Predicted Range of Predicted Range of
(1961-1990) Change by 2050 Change by 2100

Annual temperature' (°C/°F) 8/46 2to3/4t05 3to 5/5to 10%*
Winter temperature! (°C/°F) -5/23 1to3/2to5 2t05/4to10
Summer temperature! (°C/°F) 20/68 2t03/4t05 2106 /4t010
Over 90 “F (32.2°C) temperature? (days/vr) 5to 20 - 30 to 60
Over 100 °F (37.7° C) temperature* (days/yr) otoz2 - 3to 28
Ocean pH34 7to8 - -0.1t0-0.3"
Annual sea surface temperature (°C/°F) 12/53% 2/3 (in 2050) 4/8
Annual precipitation’ 103/41 cm/in. 5% to 8% 7% to 14%**
Winter precipitation® 21/8 em/in., 6% to 16% 12% to 30%"*
Summer precipitation’ 28/11 cm/in. -1% to -3% -1% to 0%**
Streamflow—timing of spring peak flow! 85 -5t0 -8 -11 to -13**
(number of calendar days following January 1)
Droughts lasting 1—3 months' (#/30 yrs) 13 5t07 3 to 10**
Snow days (number of days/month)" 5 -2 -2 to —4**
Length of growing season' (days,/vear) 184 12 to 27 201043

Table 1: Changes in Massachusetts’ Climate

Sources: 1-Hayhoe et al., 2006; 2-Frumhoff et al., 2007; 3-IPCC, 2007; 4-MWRA, unpublished; 5-Nixon et al., 2004

Note: All numbers have been rounded to the nearest whole number. Unless otherwise indicated, the predictions for the year
listed as 2050 are for the period between 2035-2064. * Global data; **Predictions for period between 2070-2099

Projections by 2050 Projections by 2100
Source Low High Low Mid High
Emi Emissions Emissi Emissions Emissi

Pfeffer et al 2008 - - 78/31 83/33 201/79
Rahmstorf 2007 20/8 40/16 50/20 80/32 140/55
IPCC 2007 - — 18/7 48/19 59/23
Current sea-level trend (A1F1 scenario) 16/6 29/11
Table 2: Projected Sea Level Rise (centimeters/inches)
Note: All numbers have been rounded to the nearest whole number,

Massachusetts climate change adaptation
report, by the Climate Change Adaptation
Advisory Committee (Massachusetts
Executive Office of EKnergy and
Environmental Affairs 2011, pgs 13 and
16).

be experiencing the present day weather of

Philadelphia.

Annual precipitation could increase 5-8%,
with most of 1t falling in winter. What are
presently 100-year flood events will occur
every 2-3 years by 2050 due to this increase
Boston could see the annual number of in precipitation. Winter precipitation
days over 90°F rise from the historical 5-20

to an estimated 30-60. By 2050 Boston may

could rise as much as 16%.
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Forecasts for sea level rise (SLLR) are
contingent on what happens with
Greenland’s 1ce cap and future emissions,
but conservative estimates are that Boston

will see 8-16” of SLR by 2050.

Background on the Hazard
Mitigation Planning (HMP
Process

The Federal Disaster Mitigation Act of
2000 established a framework for
mumnicipalities to create plans for managing
hazards. Plans must be updated every five
vears to ensure eligibility for Federal
Emergencw Management Agency (FEMA)
funded hazard mitigation grant projects.
The Disaster Mitigation Act came in
response to impacts of severe storms,
coastal erosion, and flooding events during
the last decades and amended the Robert
T. Stafford Disaster and Emergency
Assistance Aect, in accordance with 44 CFR
Part 201. The new Act requires that state,
local and tribal entities c