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Current models predict that Boston will experience up to two feet of
sea level rise by 2050 and up to six feet by 2100. Planning and preparing for this
growing threat will save money and prevent disruption of people’s lives and
livelihoods. This report provides vulnerability analyses for Boston Harbor and
time-phased preparedness plans for Boston's Long and Central Wharves and
UMass Boston campus to increase their resilience to coastal flooding over time.

Contact The Boston Harbor Association at 617-482-
1722, ,
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Glossary of Terms

More accurately, a flood that has a 1% likelihood of
occurring or being exceeded in a given year

More accurately, a flood that has a 0.2% likelihood of
occurring or being exceeded in a given year

Successful adjustment to new environmental conditions

Ability of a system or population to adapt to a changing
environment

Human-caused or produced
Solutions that also further other goals

The lowest level at which a property potentially
experiences flood damage

Mean Higher High Water. The average level of the higher
high water of each tidal day over the course of a 19-year
reference period (the National Tidal Datum Epoch)

The effort to reduce the severity, in this case, of climate-
change causing emissions such as carbon dioxide or
methane

North American Vertical Datum of 1988. A fixed vertical
reference elevation. In 2012, Boston's Mean Higher High
Water elevation is 4.8 feet relative to NAVD (4.8 ft. NAVD).

Solutions that provide benefits even without climate
change

The ability to recover quickly and relatively inexpensively
from flooding or another stress

The ability to prevent flooding

Higher-than-average sea level resulting from storm-related
low air pressure and high winds

The water level rise during a storm due to the combination

of storm surge and the  astronomical tide
(http://www.nhc.noaa.gov/prepare/hazards.php)

The gradual sinking of the earth’s surface

"The degree to which a system is susceptible to, and unable
to cope with, adverse effects of climate change, including
climate variability and extremes.” (Intergovernmental Panel
on Climate Change)
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A Tale of Two Cities

On October 29, 2012, one of the Iargest Aflantic basin storms in recorded history
hit the East Coast. Although Superstorm Sandy centered around New Jersey
and New York when it made landfall, the massive storm system spanned 1,000
miles north to south, over three times the size of a typical hurricane.

This extreme storm event came
one vyear after Tropical Storm
Irene, which itself caused an
estimated $15.8 billion in damage
to Northeastern communities.! The
confluence of Sandy’s size, ifs
concurrence with a full moon tide
and a high pressure system to the
east keeping the storm close to
the coast resulted in substantial
disruptions for over 60 million
people.2

Luckily for Boston, Sandy’s storm surge hit the city near low tide, causing
relatively minor coastal flooding (see Figure 1). New York City fared far worse,
where ocean levels nine feet above high fide flooded the streets of lower

‘ Manhattan and other boroughs
(see Figure 2).3

The previously calculated
likelihood of this level of
flooding occurring in a given
year was less than 0.1 percent
(i.,e., greater than a “1000-year
storm”; see glossary).4

Over a million people were left
without electricity, the largest
power outage in the city’s
history. New York City's tunnels, subways, waterfront and financial district were
flooded with corrosive seawater. Early estimates of Sandy’s costs approached

! Rugaber, C, 2012

2 Dutton, Liam, 2012

3 For comparison, Boston's maximum storm surge from Hurricane Sandy was 4.6 ft, not 9.2 ft as it
was in New York City, and the storm surge hit Boston near low fide, not atf high fide.

4 Kirshen et al., 2008
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$50 billion, with $20 billion in insured property damages and $10 to $30 billion in
lost productivity.5

Events such as Superstorm Sandy highlight the growing relevance of climate
change to our everyday lives. They also draw atftention to the importance of
taking steps today to be prepared for the likely events of tomorrow. This report
is designed to help Boston take these steps.
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Figure 3. High tide October 29, 2012, downtown Boston. Photo by Jeremy Fox.

Infroduction

Preparing for the Rising Tide provides policy makers, planners and property
owners with site-specific examples of how to assess vulnerability and increase
resilience to coastal flooding over fime. Coastal flooding occurs due to extreme
weather events, high tides, sea level rise, or a combination of all three. Coastal
flooding is expected to increase in frequency and severity as climate change

5 Associated Press, 2012.
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increases both the average sea level and possibly the intensity of storm events
over the coming decades.

Some neighborhoods in Boston are more susceptible to flooding than others. For
example, portions of the downtown historic wharves and the neighborhood
around Fort Point Channel already flood several
times per year during extra-high full- and new-moon
high fides. Other areas, notably areas of the city

not filed in over the last three centuries, are on Our analysis found that up to
higher ground. 6 percent of Boston could
have been flooded had
Climate change mitigation involves the cumulative Superstorm Sandy hit Boston
impact of individual decisions on a global scale. at high tide on October 29,
But while carbon emissions from one source can be 2012, rather than at low tide,
effectively offset by carbon mitigation elsewhere, 5" hours later (see Figure 8).

climate change preparedness must be done at a

local scale based on site-specific vulnerabilities. ¢ A QSR 2.9 1 8 20

level to that and our analysis
predicts that it is possible that

One approach to conducting vulnerability Ol S peiceiy of Bosion
assessments was outlined by ICF International ;}"U’dbef’OOded(seeF’gure

(2009), briefly summarized below:

ldentify the
system's current vulnerabilities o existing environmental, social and economic
stressors (in this case coastal flooding and other considerations such as
vulnerable populations). Use historical data and experience to identify which
climate variables (e.qg., sea level, precipitation) are most critical. We developed
a limited collection of vulnerability indicators based on publically-available
data.

Select target timeframes, model future
climate change impacts and quantify how these impacts will affect current
system stressors within a range of given uncertainties. This report uses scenarios
of sea levels in 2050 and 2100 in our case studies.

. A
highly sensitive system means that a small change in an input (e.g., sea level)
results in a large system response (e.g., failure of the power grid). System
resiliency means that a system is prepared to accommodate some degree of

¢ Please note that the phrase “climate change adaptation” is being phased out in favor of
“climate change preparedness” in the scientific and public policy literature. This report uses
both terms interchangeably.
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disruption. We looked at site specific systems vulnerable to flooding at these
higher sea levels.

Vulnerability assessments focus action on highly sensitive populations, locations
and infrastructure. Section 3 of this report provides a city-wide initial vulnerability
assessment for Boston; Section 4 provides vulnerability assessments for specific
properties for which we developed sample
preparedness plans. ————
Managing Risk in the Face of

. . . ) Uncertainty
Preparing for future increases in coastal flooding

involves actions taken at multiple scales—from
national down to individual buildings. Previous
reports have described a range of large-scale
adaptation strategies.” This report takes those
recommendations and applies them to specific

Managing risk for something
so unpredictable, expensive
and potentially destfructive as
coastal flooding requires
effective preparedness plans

properties in Boston.

Building-specific  preparedness actions might
include initial resilient building design,
sandbagging entrances, or flood proofing the
basement and first floor. Neighborhoods might
also or instead improve surrounding infrastructure,
such as flood walls and well-drained open space.

that balance robustness (the
ability to meet any future
condition) and flexibility (the
ability to change over time to
meet needs as they arise).

To maximize private and
public benefits, plans should
include “no-regret” and “co-

benefit” solutions that extend
beyond flood confrol and
across individual properties.

Cities could invest in large-scale infrastructure such
as storm surge barriers, levee systems, or require
that properties within flood zones prepare to “live
with water” (see sidebar below).

In preparing these adaptation plans, we used

estimates of the ranges of sea level rise projections for 2050 and 2100. Best
available science predicts that, compared to the present water surface
elevation, we can expect increases in sea level of one to two feet by 2050, and
three to six feet by 2100.8

This means that, under the high-end scenarios, Boston will have to prepare for
the following current and future scenarios over the coming century or soon
after:

7 E.g., MA EOEEA, 2011.
8 Vermeer and Rahmstorf, 2009, Sriver, et al., 2012.
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Living with water

Historically, cities seeking to
prevent flooding have built
walls and levees to keep
water out. Repeated
flooding and levee failures
along the Mississippi River,
however, have led to
increased focus on flood
“resilience” (recovering
quickly and relatively
inexpensively from flooding)
over maximum ‘“resistance”
(keeping water out).

Seattle, WA and Charleston,
SC, for example, are
developing “floodable zones”
that preserve the city's
access to its waterfront while
minimizing damage when
periodic flooding occurs. This
concept of “living with
water,” is an option to
consider for Boston as well.

e Coastal floods presently with a 1% current
likelihood of occurring in a given year (i.e., a “100-
year storm surge,”) could have a higher than 20%
annual likelihood of occurring during coastal
storms by the year 2050 and may occur as
frequently as high fide sometime near or after
year 2100.7

e Hurricane intensity appears to be linked to
ocean temperature and as such, may also
increase over fime. It is uncertain what will
happen to the intensity of extra-tropical storms or
“Nor’easters” in the region.10

Preparedness plans involve one or more of four
distinct options, depending on acceptable risk,
timing and available resources:

1) No action,

2) Accommodate
3) Protect, and
4) Reftreat.

Each of these involves public and private actions.
Cost-effective plans will result in both *here and
now"” and “prepare and monitor” actions based
on threshold friggers such as sea level rise. The
sample preparedness plans we developed for
Boston'’s Long and Central Wharves and the
University of Massachusetts Boston (UMass Boston)
are examples of such time-phased strategies.

We found that in all cases, property owners should start or continue taking
feasible actions now and be prepared to undertake additional actions in the
future in order for these buildings to continue to serve their present purposes in

their present configurations.

Preparedness strategies presented in this report were generally proposed for 1)
between now and mid-century, 2) around mid-century, and 3) between 2050
and 2100. More precise implementation will factor in observed sea level rise
over time, building maintenance cycles and the vulnerability of desired property
uses (e.g., hospitals versus parking garages).

? Kirshen et al, 2008
10|PCC, 2012
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This report is divided into five sections.

summarizes current scientific data on how climate change is likely to
affect New England’s exposure to coastal flooding.

describes Boston'’s preparedness planning as of late 2012.
provides an initial city-wide vulnerability assessment for Boston Harbor.

presents site-specific  vulnerability assessments and sample
adaptation strategies for Boston’s Long and Central Wharves area and the
UMass Boston campus.

offers findings and recommendations based on this research.
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Historic Area (1961-1990)
Il Late-Century Area (2070-2099)

Figure 4. According to the Union of Concerned Scientists (2007), the area of the Northeast that has at least
a dusting of snow on the ground for at least 30 days per year will shrink from its historic range given by the
red line to higher elevations and latitudes by late century. See below for discussion.

Section 1. Climate Change in New England

The IPCC Fourth Assessment Report states that “most of the observed increase in
globally-averaged temperatures since the mid-20th century is very likely due to
the observed increase in anthropogenic greenhouse gas concentrations.” !
That is, the planet is warming faster than it should and the burning of fossil fuels
such as coal, oil, gasoline and natural gas is mostly to blame.

Milder winters, hotter summers

As a result, temperature and precipitation patterns and storm tracks have been
shiffing across North America and these changes are expected to continue.12
Here in New England, we have already seen increases in annual and seasonal
temperatures,’3 decreases in snow pack and snow density,’4 and shifts in both

M IPCC, 2007.

12 Hodkings et al., 2002; 2003; Collins, 2009.

13 Hayhoe et al., 2007.

14 Huntington et al., 2004; Hodgkins and Dudley, 2006.
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lake ice-out dates and the timing and magnitude of river flood flows.15 There is
also evidence of increasing groundwater elevations over the last decade, ¢

perhaps in response to observed increases in extireme precipitation events.1”

Current Conditions Predicted Range of Predicted Range of
Parameter

(1961-1990) Change by 2050 Change by 2100
Annual temperature? (°C/°F) B/46 2to3/4tog 3to5/5to10%*
Winter temperature! (°C/°F) -5/23 itog/2tog 2tog [ 4to10%*
Summer temperaturet ("C/°F) 20/68 2tog/4tog 2106 [ 4 to10™*
Over go °F (32.2 °C) temperature? (days,/yr) 5to 20 — 30 to 6o
Over 100 °F (37.7° C) temperature (days,/yr) otoz — 3to 28
Ocean pH3+ 7to 8 — -o1to-o0.3*
Annual sea surface temperature (°C/°F) 12/535 2/3 (in 2050)5 4/8
Annual precipitation® 103 cmy/41 in. 5% to 8% 7% to 14%**
Winter precipitation? 21 em/8 in. 6% to 16% 12% to 30%**
Summer precipitation: 28 em/11 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 stoy 3to 10%*
Snow days (number of days/month): 5 -2 -2 10 —4**
Length of growing season: (days,/year) 184 12 to o7 2gto 43
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

Table 1 was taken verbatim from the State of Massachusetts’ Climate Change
Adaptation Report and was used by the Commonwealth to summarize
expected future conditions.® In Massachusetts (as across New England),
average annual temperatures have already increased by 2 °F since the late
1800s with even higher increases in average winter temperatures.’® Most of this
warming has occurred within the last few decades.?0

This has led to less snowfall and total area covered by snow, earlier springs and
later winters, changes in river flows and a northward shift of both native species
(e.g., spruce and maple trees) and exotic pests (e.g., hemlock wooly adelgid,
Asian longhorn beetles; see Figure 4).

15 Hodkings et al., 2002; 2003; Collins, 2009.

16 Weider and Boutt, 2010.

17 Douglas and Fairbank, 2011; Speirre and Wake, 2010.

18 Massachusetts EOEEA, 2011.

17 National Climate Assessment and Development Advisory Committee, 2013.
20 Northeast Climate Impacts Assessment, 2007.
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We are also seeing an increased prevalence of disease carriers such as
mosquitoes and ficks that carry Lyme disease, West Nile virus, and Eastern
equine encephalifis that used to be held in check by colder winters. In short,
climate change is affecting the very character of New England.

For coastal communities, one of the most alarming impacts of accelerated
warming has been an increase in sea levels and coastal flooding due to melting
loand-based ice and thermal expansion of the ocean. As a global average, we
can expect approximately one to two feet of sea level rise by 2050 and three to
six feet by 2100.21

The two main global factors that contribute to sea level rise are 1) warming
water temperatures causing the oceans to expand, and 2) warming air
temperatures causing accelerated melting of glaciers and ice sheefs in
Greenland and Antarctica. A third contributing factor is related to local land
movement, which varies based on regional geologic processes. In some
locations, land is sinking (subsiding), and in other locations the land is rising.

The combination of these three factors is called relative sea level rise (RSLR).
Current rates of RSLR measured at tide gauges along the U.S. coastline range
from 0.4 to 4 inches per decade.?2 Over the last century, RSLR has been
approximately one foot in Boston with four inches of that due to land
subsidence.

An additional factor predicted to cause New England to experience higher sea
levels than the global average is related to the effect of warming waters on
ocean currents such as the Gulf Stream. An ocean modeling study by Yin et al.
(2009) suggested that a slowing of the Atlantic Ocean currents, including the
Gulf Stream, could add six to nine inches of sea level rise along our coastline by
2100. This study was recently confirmed by Sallenger et al. (2012) who reported
that the observed rate of sea level rise along the Northeast US coastline has
been three to four times faster than the global average rate of sea level rise.

Climate change will increase coastal New England’s vulnerability to flooding
because higher sea levels will allow waves and storm surges to reach further
inland than in the past. In addition, storm surge flooding may be compounded
by increased rainfall and associated runoff in extreme events such as in a 20
year storm (IPCC, 2012). There also appears to be a link between hurricane

21 Vermeer and Rahmstorf, 2009, Sriver et al., 2012
22 NOAA, 2001.
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intensity and ocean surface temperature suggesting that hurricane intensity
may be increasing as well.23

As a result, coastal residents and business owners and their property and
infrastructure are increasingly vulnerable to both intermittent (storm-related) and
chronic (fidal) flooding. Planners also worry about the potential for storm events
to cause massive disruption to transportation and other infrastructure—such as
roads, funnels, subways, water and sewer systems and the power grid—with
consequent disruption of business activity and personal lives.

Vulnerable populations such as the elderly, infirm, very young and low-income
communities24 may be disproportionately harmed by coastal flooding due to
their reduced capacities to prepare for or recover from its damage.

East Boston is an example of a community that is the focus of environmental
justice efforts. In our work with residents on the subject of climate change
impacts and adaptive capacity, we found that the willingness to be involved in
preparedness planning was there, but the financial resources for
implementation were not.2> Further discussion of these findings is provided in
Section 3.

23 The effect of climate change on hurricane frequency and intensity, however, is still the subject
of debate.

24 populations at disproportionately high risk from pollution and climate change, often low-
income and/or people of color.

25 Douglas et al., 2012.

Preparing for the Rising Tide



Figure 5. Sandbagged New York City MTA station during Superstorm Sandy. Photo by Andrew Burton, Getty
Images.

Section 2. Climate Change Preparedness in Boston

Boston, like many coastal cities, has a long history of adapting its environment,
from the filling in of Mill Pond and Back Bay to the reshaping of East Boston and
Spectacle Island. Responding specifically to sea level rise has been more
recent. This section describes Boston's sea level rise preparedness activities just
prior to Superstorm Sandy.2¢

1990s

The first step in contemporary responses to climate change occurred in the
1990s, when the Deer Island Sewage Treatment Plant was constructed two feet
higher than originally designed.z” This will allow treated water to continue to
flow through the outfall pipe into Massachusetts Bay at higher sea levels. Around

26 Such activities have accelerated in the wake of the storm.
27 Accounts differ on whether this was done to prevent sea water from affecting the tfreatment
process or to account for higher sea levels. Regardless, the positive co-benefit is the same.
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the same time, Massport conducted an analysis of the potential for sea level rise
to affect Logan Airport operations. 28

The City of Boston's first climate actions were directed at reducing greenhouse
gas emissions. In 2000, Mayor Thomas Menino enrolled Boston in the Cities for
Climate Protection Campaign. In 2005, the mayor and others in the U.S.
Conference of Mayors adopted the U.S. Mayors Climate Protection Agreement,
committing Boston fo "strive to meet or exceed Kyoto Protocol targets." As the
City of Boston gained experience with energy efficiency and other climate
mitigation actions, it also gave more attention to adaptation.

In 2004, the EPA-funded Climate's Long-term Impacts on Metfro Boston (CLIMB)
was published by researchers at Tufts and Boston University.2? The Union of
Concerned Scientists’ published reports in 2006 and 2007 on the effects of
climate change in the Northeast.30

Drawing on the latest data, including the work of the IPCC, these studies
brought global projections of climate change down to a regional scale. They
showed how increases in sea level, average temperatures, frequency of heat
waves and intensity of storms could affect public health and safety, natural
systems, major infrastructure, businesses, and property values in New England.

In 2007, Mayor Menino issued an executive order “Relative to Climate Action in
Boston,” directing municipal agencies to “prepare an integrated plan that
outlines actions to reduce the risks from the likely effects of climate change and
coordinates those actions with the City's plans for emergency response,
homeland security, natural hazard mitigation, neighborhood planning and
economic development,”3!

This was followed in 2009 by the appointment of the Climate Action Leadership
Committee to prepare comprehensive recommendations on ways for the
Boston community to move forward on climate change mitigation and
adaptation. The Leadership Committee's 2010 adaptation recommendations
can be summarized as:

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.

28 Massport,1992.

29 Kirshen et al., 2004.

30 Union of Concerned Scientists, 2007.
31 Menino, 2007.
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e Climate adaptation must be thoroughly integrated into all planning and
project review conducted by the City.32

The Leadership Committee also emphasized that climate adaptation is a
responsibility of all members of the community and that special attention must
be given to its most vulnerable members. In the City's 2011 climate plan update,
Mayor Menino accepted the Leadership Committee's recommendations.33

These broad policy statements set in motion multiple planning processes and
other concrete actions across City agencies, including the following:

e The Boston Water and Sewer Commission is incorporating the effects of
sea-level rise and more intense precipitation into its new 25-year capital
plan for the storm and waste water system. The new plan is expected in
2014.

e The Boston Redevelopment Authority (BRA), which had been raising sea-
level rise concerns on an ad hoc basis for waterfront development,
approved in summer 2012 a broader preparedness questionnaire that all
large projects under review will be required to complete beginning in
2013.

e The Office of Emergency Management included climate change
concerns (coastal flooding, heat waves, more intense storms) in the City's
natural hazards mitigation plan. This plan must be updated every five
years; the next revision is due in spring 2013.

e The Boston Conservation Commission asks applicants to consider the
effects of sea-level rise in their projects.

e The Parks and Recreation Department has expanded the Grow Boston
Greener tree-planting program, which reduces the urban heat-island
effect and stormwater run-off. Parks and Recreation will also analyze the
effects of climate change on Boston's urban ecosystems in its updated
Open Space Plan due in 2015.

e The Boston Transportation Department's Complete Streets Guidelines
includes green infrastructure and other measures that anticipate
increases in heat and precipitation.

e The Boston Public Health Commission has made climate change impacts
a component of their Health-in-All approach to project and policy review.

32 City of Boston, 2010.
33 City of Boston, 2011.
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In addition, other municipal offices with policy or programmatic responsibilities
not directly related to climate change are starting to examine the ways that
increased flooding could affect their faciliies and operations.34 Important
components of Boston's infrastructure such as energy and transportation lie
outside the jurisdiction of Boston's municipal government, however, and must be
managed in partnership with others.

Regional and state agencies are also giving increased attention to climate
change issues. The Massachusetts Office of Coastal Zone Management
developed the Stormsmart Coasts Program3s to help “coastal communities
address the challenges arising from storms, floods, sea level rise, and climate
change, and provide a menu of tools for successful coastal floodplain
management.’3¢

City of Boston staff is engaged in multiple regional and national partnerships—
such as the Urban Sustainability Directors Network and its regional aoffiliate, the
New England Municipal Sustainability Network—to share lessons learned on
climate change adaptation.

The City of Boston was represented on the Commonwealth's Climate Change
Adaptation Advisory Committee, whose 2011 report delivered an analysis of
potential climate adaptation strategies. The City is also currently engaged in
the advisory committee for the Metropolitan Area Planning Council's
development of a regional adaptation strategy and works closely with many
local universities and non-profits that have already produced useful research
and proposals regarding adaptation.

While City government has understandably taken the lead in Boston's climate
preparedness efforts, Boston's private and non-profit sectors have also taken
important steps. The Boston community has, on the whole, strongly supported
the green building movement, formalized in the Boston zoning code's reference
to the U.S. Green Building Council’'s LEED (Leadership in Energy and
Environmental Design) standards, which incorporate a variety of preparedness
measures.

The Mayor's Climate Action Leadership Committee, which included a major
focus on adaptation, was comprised of representatives of all sectors of the
Boston community. These representatives are now engaged in the Green

34 Personal communication with City of Boston staff, November 2012.
35
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Ribbon Commission, set up to help support the implementation of Boston’s
Climate Action Plan.

Business leaders have additionally engaged in a variety of public events to
examine adaptation issues, including those sponsored by The Boston Harbor
Association (TBHA), the Urban Land Institute, and Ceres. Individual projects such
as the new Spaulding Rehabillitation Hospital in Charlestown have set examples
of how to incorporate adaptation “from the ground up.”

Finally, Boston residents have shown an increasing desire to address climate
change. Public workshops led by the City, non-profits and researchers have had
stfrong attendance. Superstorm Sandy has substantially raised awareness and
political discourse about the risks of flooding to Northeastern coastal cities.

Although Boston is recognized as one of the country’'s more climate-aware
cities, there is more work to be done to prepare this historic city for current and
future risks of coastal flooding. For example, many of the existing and proposed
policies address new projects and construction of large public systems. These
policies need to be integrated with each other and expanded to include
existing buildings and infrastructure.3”

City planners, property owners and local residents generally know which
neighborhoods in Boston are prone to flooding. This general knowledge needs
to be taken a step further to prioritize specific actions over time based on:

e |dentifying the elevations at which flood-prone buildings and infrastructure
are at risk,

e |dentifying property-specific vulnerabilities to flooding,

e Developing cost-effective measures to increase vulnerable properties’
resilience, and

e Pursuing an integrated strategy to maximize the resilience of Boston's most
sensitive populations, neighborhoods and infrastructure.

Increasing Boston'’s resilience to coastal flooding will take a strong public-private
partnership that optimizes the resources and expertise of all sectors.

37 Personal communication with City of Boston staff, November 2012.
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Figure 6. High sea levels in Boston’s North End during Superstorm Sandy. Photo by Matt Conti.

Section 3. Assessing Boston’s Vulnerability to Coastal Flooding

We examined Boston's vulnerability to coastal flooding at two sea levels: five
feet above current average high tide (MHHW+5, equivalent to 9.8 ft NAVD) and
7.5 feet above current average high fide (MHHW+7.5, equivalent to 12.3 ft
NAVD).38 We identified and mapped Boston’s total footprint (in millions of
square ft) and ten largest properties that would experience flooding at these
two flood levels, and analyzed these results by land use, neighborhood,
historical district and presence of known hazardous waste sites.3?

Methods

Appendix 3 includes a fuller discussion of methods used in our analysis. Flood
impacts were limited to an analysis of “flooded” or “not flooded” for each
parcel, based on the 2009 digital elevation model (DEM) developed by the BRA.
Properties were considered to be “flooded” only if the geographic center of the
building(s) on the parcel was flooded.

We used the City of Boston Assessing Department database of city-wide
property parcel data to identify, map and analyze the total footprint (in millions
of square ft) of properties within Boston city limits vulnerable to coastal flooding
for the following three scenarios:40

38 See Appendix A for additional discussion of the reference elevations used in this report.

32 The impact of coastal flooding on the City of Boston could additionally be quantified in a
variety of ways such as property damage, displaced residents, lost productivity, and/or impact
on public health. This analysis is by no means comprehensive.

40 Unfortunately, it would have taken not-insignificant additional resources to modify these data
to directly calculate total economic value of affected properties. This is primarily due to the
methods with which the assessor maintains information related to condominiums; using the
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Mean Higher High Water + 2.5 ft
(MHHW+2.5 or 7.3 ft NAVD). See Figure 7. A
vulnerability analysis was not performed for this
scenario as it is currently limited to minor flooding of
streets, buildings and infrastructure near the
waterfront. This scenario approximates the flooding
that occurred at the mid-day high fide on October 29,
2012 (i.e., 5% hours before Superstorm Sandy’s
maximum storm surge hit).

: Mean Higher High Water + 5 ft (MHHW+5
or 9.8 ft NAVD). See Figure 8. This approximates the
current 100-year coastal storm surge at high tide, or
the flooding that could have happened had
Superstorm Sandy’s maximum storm surge hit at the
mid-day high tide on October 29, 2012, instead of
near low tide. It also approximates the projected high
tide mark sometime around 2100 if sea level were to
rise by 5 feet by that time.

Mean Higher High Water + 7.5 ft
(MHHW+7.5 or 123 ft NAVD). See Figure 9. This
approximates the 100-year coastal storm surge at high
tide when sea levels are 2.5 ft higher. According to
current projections, this sea level could happen as
soon as just after 2050. As can be seen on Figure 9,
there is considerably more and deeper flooding due

These mayps probably
underestimate the extent of
flooding from higher sea
levels because they do not
include wave heights and
other effects.

Also not included in the
analysis is the likelihood of
subsurface structures (e.g.,
subway tunnels and utility
conduits) flooding. Finally,
with most storm drain outlets
at or only slightly above the
level of current high tides,
rising sea levels and storm
surges could block flows from
these outlets, causing storm
water to back up into streets
and buildings and further
exacerbate expected
flooding.

to the overtopping the Charles River Daom and associated flooding around it.4!

For each of these three coastal flooding scenarios, we calculated the square
footage of land affected by flooding, considering only parcel size. We then
categorized the amount of flooded area by land use—commercial, industrial,
residential, 42 mixed use 4 and tax exempt44--and by historic district and

existing dataset for these purposes would potentially have led to substantial multiple-counting of

appraised values.

41 Depending on the cause (e.g., chronic sea level versus temporary storm event) and duration
of the flooding. Pumps currently installed at the Charles River Dam may be able to lessen its

upstream impacts.

42 For the purposes of this study, we considered only the parcel size of the condominium as a
whole, and assigned land use to each master condominium parcel based on the uses of its
constituent units. Master condominiums parcels for which there was a combination of land uses

forits constituent units were assigned to the Mixed Use category
43 Residential and commercial
44 |.e., tfax exempt—non-profit and public facilities
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neighborhood. We also used this analysis to identify the ten largest properties

affected by coastal flooding in each scenario.

Tables 2 through 4 rank the total area flooded at MHHW+5 and MHHW+7.5 (i.e.,
9.8 ft NAVD and 12.3 ft NAVD) by land use, neighborhood and historic district.

Land Use
Category

Exempt45
Residential
Commercial
Vacant Land4¢
Mixed Use
Industrial
Totals
Flooded
Not flooded
Citywide

All Boston

Total
Area
(in
million
sq. ft.)
646.4

385.6
101.4
64.1
28.6
18.9

1,244.9
1.244.9

% Total
Ared

By
Category
51.9%
31.0%
8.1%

5.1%

2.3%

1.5%

0%
100%
100%

Flooded at MHHW+5 ft

Flooded
Area (in
million
sq. ft.)
62.4

217

8.57

6.25

0.84

2.49

82.8
1,162.2
1,244.9

% of
City
Area

5.0%
0.02%
0.7%
0.5%
0.07%
0.2%

6.6%
93.4%
100%

% of
Category
Areq

9.7%
0.6%
8.5%
9.7%
3.0%
13.2%

Flooded at MHHW+7.5 ft

Flooded
Ared (in
million
sq. ft.)
273.2
26.1

41.0

16.4

10.0

7.6

374.4
870.6
1,244.9

% of
City
Area

21.9%
2.1%
3.3%
1.3%
0.8%
0.6%

30.1%
69.9%
100%

% of
Category
Area

42.3%
6.8%

40.4%
25.6%
35.0%
40.4%

45 Eighty percent of tax exempt lands in Boston are owned by the state and city, four percent
are owned by hospitals and universities, and 16 percent are owned by other tax-exempt

landowners (Boston Redevelopment Authority, 2011).
46 Includes not only agricultural and park areas but also any other properties without buildings
(e.g., highway overpasses).
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Overall, 6.6 percent of Boston could be flooded at a sea level of MHHW+5 (9.8 ft
NAVD). At a sea level of MHHW+7.5 (12.3 ft NAVD), the Charles River Dam and
other land surfaces would be overtopped, causing floodwaters to enter the
surrounding area and flood large portions of Boston and Cambridge upstream
of the dam. Our analysis predicts that just over 30 percent of Boston could be
flooded at MHHW+7.5 (12.3 ft NAVD).4/

Some land use categories are affected more than others. In both cases, the
majority of the parcels most vulnerable to coastal flooding are exempt parcels,
or parcels owned by public agencies and non-profits, though some properties
include many commercial and residential tfenants. The next most affected land
use type at MHHW+5 (9.8 ft NAVD) is commercial, followed by “vacant land”
(i.e., properties lacking buildings). At MHHW+7.5 (12.3 ft NAVD), 35 to 42 percent
of all exempt, industrial, commercial, and mixed use parcels and 26 percent of
vacant land would be flooded.

Commercial and industrial facilities comprise less than 10 percent of Boston's
total land area. They warrant special attention, however, because flooding
may lead to hazardous contamination of surrounding areas as well as affect
residents’ livelihoods and commercial activities.

All of Boston's coastal neighborhoods plus the Harbor Islands (shown below in
bold and underline) are flooded to various extents at MHHW+5 (9.8 ft NAVD).
Flooding spreads to 14 additional neighborhoods (shown below in bold) at
MHHW+7.5 (12.3 ft NAVD).

The neighborhood most affected by flooding at MHHW+7.5 (12.3 ft NAVD) is East
Boston, with over 140 million square feet of land submerged. Twelve
neighborhoods would be more than 50 percent flooded at MHHW+7.5 (12.3 ft
NAVD). Only five neighborhoods would not be flooded at either flooding
scenario: Hyde Park, Jamaica Plain, Mattapan, Roslindale, and West Roxbury.

47 This analysis relies on data accurate only to +/- 1 foot. Property owners should use site-specific
information to more precisely assess their actual vulnerability to flooding.
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Neighborhood

Dorchester
East Boston
West Roxbury
Hyde Park
Jamaica Plain
Roxbury
Brighton
South Boston
Roslindale
Mattapan
Allston

Harbor Islands
Charlestown

South Boston
Waterfront
Downtown

Fenway
South End
Back Bay
Mission Hill
Beacon Hill

Longwood
Medical Area
North End

West End
Chinatown
Bay Village
Leather District
Totals
Flooded
Not flooded
Citywide

All Boston

Total
Area
(million
sq. ft.)
180.8
171.8
124.6
14.0
90.0
75.4
65.2
60.9
59.6
48.7
38.6
34.9
34.4
33.1

22.1
19.9
15.8
13.8
12.3
7.3

7.1

5.4
4.0
3.8
0.8
0.5

0
1,244.9
1.244.9

Flooded at MHHW+5 ft

% Totall Flooded
Area by Area
Neighbor- (million
hood sqg. ft.)
14.5% 22.6
13.8% 24.3
10.0%

9.2%

7.2%

6.1%

5.2%

4.9% 10.4
4.8%

3.9%

3.1%

2.8% 6.9
2.8% 5.3
2.7% 10.2

1.8% 2.2
1.6%
1.3%
1.1%
1.0%
0.6%
0.6%

0.4% 0.8
0.3%

0.3%

0.1%

0.04%

0% 82.8
100% 1,162.2
100% 1,244.9

% of
City
Area

1.8%
2.0%

0.8%

0.6%
0.4%
0.8%

0.2%

0.1%

6.6%
93.4%
100%

% of
Neighbor-
hood Area

12.5%
14.1%

17.1%

19.8%
15.4%
30.7%

9.9%

15.6%

Flooded at MHHW+7.5 ft

Flooded
Area
(million
sqg. ft.)
39.9

141.8

7.8
3.5
37.9

15.2
6.9

19.9
30.5

11.6
17.5
14.8
12.0
0.6
3.1
2.7

3.1
1.7
2.6
0.6
0.5

374.4
870.6
1,244.9

% of
City
Area

3.2%
11.4%

0.6%
0.3%
3.0%

1.2%
0.6%
1.6%
2.5%

0.9%
1.4%
1.2%
1.0%
0.1%
0.2%
0.2%

0.3%
0.1%
0.2%
0.0%
0.0%

30.1%
69.9%
100%

% of
Neighbor-
hood Area

22.1%
82.6%

10.3%
5.4%
62.3%

39.5%
19.8%
57.9%
92.2%

52.8%
88.3%
93.8%
87.2%
5.1%

41.7%
37.6%

58.1%
42.1%
67.2%
73.2%
93.2%
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Historic District All Boston Flooded at Flooded at MHHW+7.5 ft

MHHW+5 ft
Total Area % Total Area Flooded % of % of Flooded % of City % of
(million By Area City District Area Area District
sq. ft.) District (million Area  Area (million Area
sqg. ft.) sqg. ft.)
South End 16.6 15.7 1.3% 94.9%
Back Bay 5.6 1.3% 5.2 0.4% 92.4%
Beacon Hill 3.1 0.4% 0.8 0.1% 26.2%
Fort Point 1.6 0.2% 1.2 0.09% 708% 1.5 0.1% 92.1%
Bay State Road -
Back Bay West 1.5 0.1% 0.9 0.1% 63.8%
Saint Bofolph 0.9 0.1% 08 01%  82.5%
Street Area
Bay Village 0.4 0.03% 0.3 0.02% 78.4%
Blackstone Block | 0.01% 0.06 0005% 655% 0.1 001%  90.1%
(undesignated)
Historlc districts 54 0.4% 339 27% 9.8 0.8%
not flooded
Rest of Boston
Flooded O 0% 81.5 6.6% 349.1 28.0%
Not flooded 1,209.8 97.2% 1,128.2 90.6% 860.7 69.1%
Totals
Flooded O 0% 8.28 6.6% 374.4 30.1%
Not flooded 1,244.9 100% 1.162.2 93.4% 870.6 69.9%
Citywide 12449 100% 1,244.9 100% 1,244.9 100%

We examined historic districts both because they represent areas of
ireplaceable cultural value to the city and because we hypothesized that the
age of their buildings may make them more difficult to floodproof.

More than 65 percent of the Fort Point historic district and the proposed
Blackstone Block district would be flooded at MHHW+5 (9.8 ft NAVD). Historic
districts that experience more than 75% flooding at MHHW+7.5 (12.3 ft NAVD)
include the South End, Back Bay, Fort Point, St. Botolph Street Area, Bay Village,
and the Blackstone Block. Also flooded at MHHW+7.5 (12.3 ft NAVD) are the Bay
State Road — Back Bay West district (64%) and a limited amount of Beacon Hill
(26%).
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Tables 5 and 6 list the ten largest developed properties at risk of flooding at
MHHW+5 (9.8 ft NAVD) and MHHW+7.5 (12.3 ft NAVD).4¢ Please note that some
parcels located near the water's edge include large areas of open water
because of Massachusetts’ law governing “Commonwealth tidelands.” We
omitted parcels that appeared on aerial photographs to be entirely open

water, roadways, beaches, parks and greenways.

Land Use Total Area Site Name Owner Address
Category (in million
sq. ft.)
Industrial 1.0 Boston Exelon New Boston 776-834
Generating LLC Summer
Station Street
Exempt 1.0 Charlestown US Government 93 Chelsea
Navy Yard Street
Exempt 0.8 Bayside Expo UMass Boston 160-234 Mt
Center Vernon
Street
Industrial 0.7 World Shaving P&G/Cillette 20 Gillette
Headquarters Park
Exempt 0.7 Charlestown Boston Eighth Street
Navy Yard Redevelopment
Authority
Land 0.6 Boston Marine Boston Marine 218-260
Works Works Marginal
Street
Commercial 0.6 commercial Bulgroup Colorado 144 Addison
building LLC Street
Exempt 0.6 Boston Fish Pier  Massport 212 Northern
Avenue
Commercial 0.5 South Bay E&A Northeast LP 1-8 Allstate
Shopping Area Road
Commercial 0.5 Savin Hill Yacht  Savin Hill Yacht 400
Club Club Inc. Morrissey
Boulevard

Known hazardous waste facilities and remediation sites that would be flooded
at each of these sea levels have the potential to release hazardous materials
that could impact other adjacent and distant properties, based on the type of

48 These parcels were idenfified using USGS topographic maps, 2012 USDA aerial photographs,
Google Maps and Google Street View.
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material and flood intensity. Our analysis found that twenty-two sites would
flood at MHHW+5 (9.8 ft NAVD) and 87 sites would flood at MHHW+7.5 (12.3 ft

NAVD).

scope of this study.

Land Use
Category

Exempt

Exempt

Exempt

Exempt

Residential
Exempt

Exempt

Exempt

Exempt

Exempt

Total
Area (in
million
sq. ft.)
101.6

7.2

4.5

2.7

1.6

I3

1.8

1.2

1.1

Site Name

Logan Airport

Marine Industrial
Park

Conley Terminal

Harvard Stadium

Harbor Point
Apartments
Black Falcon
Cruise Terminal
Curley
Community
Center

Boston Autoport

MBTA
Maintenance
Facility — Orient
Point

Boston
Convention and
Exhibition Center

Owner

Massport
Economic
Development and
Industrial
Corporation
Massport

Harvard University
Harbor Point Apfts.
Co Lessee

Massport

City of Boston

Massport

MBTA

Mass. Convention
Center Authority

Detailed analysis of the impacts from these facilities is beyond the

Address

Maverick
Street

600 Summer
Street

20 Farragut
Road

69-79 N.
Harvard
Street
400-260 Mt
Vernon Street
666R Summer
Street

Williom J Day
Boulevard

Terminal
Street
1023-108TA
Bennington
Street

Summer
Street

Qualitative assessments such as surveys, focus groups and other forms of
community outreach augment more quantitative assessments with cultural
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knowledge and local priorities to help secure support for and engagement in
effective preparedness strategies.4

Since 2008, the National Oceanic and Atmospheric Administration (NOAA) has
funded the research team of Douglas, Kirshen and Watson and others to work
with East Boston residents on climate change vulnerability and preparedness
capacity related to future sea level rise.

East Boston is essentially a peninsula bordered by fidal portions of Chelsea
Creek, the Mystic River and Boston Harbor. Large portions of the neighborhood
were created by filling in the area among several islands during the 19t century.
Logan International Airport comprises the entire southeastern half of East Boston.

Originally a center of shipbuilding, East Boston is now predominantly a residential
area with some industrial and commercial activities, particularly along the
coastal fringe. Buildings are a mixture of old and new. Since 1840, East Boston
has been a gateway for working class immigrants, “by turns, largely Irish, Jewish,
and Italian... [and now] a growing Latino population.’30

Our research team has been working with lower-income, Spanish-speaking
Latino residents, city officials and community organizations to gain a better
understanding of current vulnerabilities within the residential areas of the
community. We held three community workshops to identify their adaptation
incentives and obstacles and are currently involved in a follow up study to
capitalize on incentives and address obstacles to preparedness planning. 3!

Existing housing concerns include frequent electrical fires, a shortage of
subsidized housing and aging infrastructure. Residents also described flooding
caused by outdated and poorly maintained drainage systems.>2 Residents
believed they had little power over the management of their community. They
were generally renters with very limited economic, political or social resources.

All flood preparedness options included disincentives for residents such as high
financial costs and loss of access to the harbor. Participants preferred options
that enhance their present environment and that do not require temporary or
permanent evacuation. Their least-favored option was to permanently leave

49 Kirshen et al., 2012; Douglas ef al., 2012.

50 BRA, 2008.

51 Participants were solicited by the Neighborhood of Affordable Housing , a non-profit multi-
service community development corporation headquartered in East Boston. These workshops
complemented a community workshop our team led in 2010 as part of TBHA's Barr-funded
Boston Harbor Sea-Level Rise Forum.

52 Participants from the City of Boston expressed a commitment to improving drainage
infrastructure where possible, while also wanting to better understand East Boston's chronic and
acute vulnerabilities to climate change-related flooding.
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the area. Residents were committed to their communities, both out of choice
and a lack of other options, while recognizing that waterfront living presented
special risks.

The many reports on climate change have not reached this community. 353
Participants believe they need more information on climate change, how it will
impact them, and what resources are available to assist them. After these
community members became educated and engaged in the issue, they
wanted to become a part of the decision making process. While residents were
eager to be involved in adaptation planning, financial resources to plan and
implement adaptation measures have not yet been identified.

53 For example, IPCC 2007; USCCSP 2009; NRC 2010.
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Figure 12. Location of case studies: Downtown historic wharves and UMass Boston

Section 4. Case Studies

This section provides the results of wvulnerability analyses and sample
preparedness plans for two sites in Boston: Long and Central Wharves, located in
downtown Boston, and UMass Boston, located on Columbia Point in
Dorchester.54

The preparedness plans we developed are designed to be implemented over
time as sea level increases. Such phased plans are linked to sea level elevation
thresholds and future ranges of time to manage future uncertainty. This makes
on-going monitoring of sea level elevation essential. Also critical to successful
implementation of such plans are periodic emergency preparedness drills to
ensure that equipment and personnel are ready at short nofice to deal with
flooding from extreme storm events.

54 We are in the process of completing a third case study involving East Boston residences
described in Section 3.
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Figure 10. Flood preparedness design features included in the new Spaulding Rehab Hospital.

Preparedness actions were generally proposed for 1) up to 2050, 2) around 2050,
and 3) up to 2100. Plan implementation will be based on observed sea level rise
over time and building maintenance cycles and uses. Economies of scale
would support some sets of actions being taken as a neighborhood. Once
buildings start becoming more regularly flooded by high tides, more significant
actions will need to be employed.

The newly-constructed Spaulding Rehabilitation Hospital (see Figure 10) in
Charlestown is a local example of flood-preparedness design which
incorporates a number of these strategies. Appendix 2 provides additional
examples of a range of possible preparedness tools relevant to other cities (New
York City and San Francisco).

Long and Central Wharves, Downtown Boston

This case study focused on four buildings on Long and Central Wharves
expected to flood at MHHW+5 (9.8 ft NAVD; see Figure 11).55 This area is slightly
larger than the current FEMA 100-year floodplain (see Figure 12) due to
differences in how the areas were calculated.

55 Kirshen et al., 2008. Again, this is similar to the current “100-year” flood zone, or the area with a
current one percent likelihood of flooding in a given year.
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Figure 12. Estimated current 100-year flood zone (Federal Emergency Management Agency)
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Figure 14. Predicted 100-year flood around or after 2100(Kirshen et al.; MHHW+7.5/12.3 ft NAVD)
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Our team met with owners and managers of buildings located on Long and
Central Wharves to better understand their vulnerability to and current
preparations for coastal flooding. Our preparedness plans were based on
present and future threats to the buildings from both tidal and storm surge
flooding at various future sea levels. We calculated these threats based on both
visual surveys and modeled elevations.

It was notable that all of the owners and managers were eager to talk to us
about climate change. None doubted the future threat, though some were
surprised by the extent of potential flooding even today.

Vulnerability assessments and preparedness plans for four properties on Long
and Central Wharves are provided below. The preparedness plan for the
Marriott Long Wharf Hotel is discussed in the text and in Table 7; the others are
provided in Tables 8 through 11.

Vulnerability Assessment. The hotel was built in 1982 and takes up the entire
building structure except for the ground-floor where a restaurant and coffee
stand are located. The lobby is located on the second story. There is a parking
garage with sump pumps in the basement. The critical elevation is the entrance
to the below-ground garage located at 7.5 ft NAVD (MHHW+2.7). All ufilities are
on the penthouse level.

The hotel is prepared for flooding with a Bobcat tractor and sandbags on site;
neither have been used in recent memory. Exhaust ducts can be blocked off if
necessary and the hotel is equipped with a backup generator and emergency
food and water onsite for guests.

The Marriott Hotel has its lobby on the second floor. Although this was done to
decrease pedestrian fraffic through the lobby, it has the added advantage (a
co-benefit solution) of increasing the facility’s resilience to flooding.

The entrance to the Aquarium MBTA subway station is above ground, though all
but the small entrance foyer is both underground and below sea level. The
critical elevation is 7.5 ft NAVD (MHHW+2.7), leaving the station vulnerable to
flooding during a 100-year storm surge. Were significant seawater to enter the
station and flood the subway line, the Blue Line from East Boston through Revere
would be cut off from the rest of the MBTA subway system.

The MBTA has pumps at all its stations designed to keep water off of the tracks
under non-extreme storm conditions. The Aquarium station has a backup
generator. The emergency exit located seaward (east) of the Marriott Hotel is
for passenger escape from Aquarium station. The critical elevation for this
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escape structure is 11 ft NAVD (MHHW+6.2). Although there is not yet a flood
management plan for this station, MBTA personnel indicated to our team that
they were well aware of the need to prepare for potential flooding.

Sample preparedness plan. The Marriott will need to undertake additional
actions to protect against the current 100-year flood (MHHW+5/9.8 ft NAVD)
when the Long and Cenfral wharves area floods up to two feet (see Figure 11).%
By mid-century or beyond, a similar-strength storm would cause flooding of 2 to
4 ft because of predicted sea level rise.

e Short-term, the Marriott could
undertake a purely site-specific
response action to protect the
building, even as the area around
it temporarily floods.

e To protect against the 100-year \
flood sometime after mid-century
when sea level will be at least 2 ft
higher, we recommend
considering a multi-property
approach such as construction of fovre 1. Bxample of parapet wall
an adjustable parapet wall (see Figure 15) around Long and Cenfiral
Wharves.

e With a possible six or more feet of sea level rise by the end of the century,
there could be tidal flooding approximately covering the area of the
present 100-year flood (see Figure 11). Although a parapet wall would
provide protection against tidal flooding, it would also create new rainfall
drainage problems. These could be handled by drainage pumping
facilities.

If the building owners on Long and Central Wharves desire regional protection
against the present 100-year surge flood of 9.8 ft NAVD (MHHW+5), then
adjustable parapet walls should be installed soon. As noted above, this only
provides protection to 12.3 ft NAVD (MHHW+7.5) as a flood above that level
would enter the area from locations beyond the wharves.

Additional Vulnerability Assessments

56 Perhaps more importantly, fo provide protection against a 100-year flood to at least mid-
century when it could be up to MHHW+7.5 (12.3 ft NAVD).
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How to read the sample
preparedness plans:

These plans recommend
actions to take over time to
deal with flooding from
1)twice-daily high tides, 2)
average annual storms and
3) a “100-year” flood event.

For example, Table 7 notes
that the entrance to the
Aquarium MBTA station floods
at 7.5 ft NAVD. At today’s sea
level, the station would be
high and dry at high tide,
barely flooded by the annual
storm surge and 2.5 feet
under water during a “100-
year” flood.

In 2050, the station enfrance
is likely to still be dry at high
fide, but flooded during
annual and 100-year storm
surges. By 2100, the station
enfrance could be flooded at
high tide.

Thus, while the MBTA today
does not have to do anything
in the near term to prepare
for tidal flooding, it does need
plan today to manage both
foday's severe storms and
increased flooding over time.

255 State Street. This building was constructed
in 1916. It has a ten-foot high basement in
which there are switch gear, telephone
equipment, and storage. They have two sump
pumps which they have only occasionally
used. Elevator machinery and emergency
generator are on the roof. The building is
entirely comprised of office and retail space
with no parking.

The critical elevation is 9.5 ft NAVD
(MHHW+4.7) at the street level enfrances.
Building managers are prepared for flooding
with sandbags; they had not been used in
recent memory. Managers believed that
many of the office occupants could work
offsite for some time if necessary. The owners
expect to redevelop the building before 2050.
At this time, they would incorporate climate
change preparedness considerations.

Harbor Garage. The Harbor Garage was built
in 1969 as part of Harbor Towers. It has two
basement levels—one for parking and one for
mechanical and oil tanks. The basement also
contains the boilers for adjacent residential
condominiums that have their cooling towers
on the roof of the Harbor Garage. The first floor
of the Harbor Garage contains multiple retail
tenants; the upper floors are parking. There is
some groundwater seepage in the basement
that is handled by pumps.

The critical elevation is the entrance to the

L below-ground garage located at 9.5 ft NAVD
(MHHW+4.7). They have never had flooding
from either precipitation or storm surges in the
basement. The site will be part of the new Municipal Harbor Plan, and the
building owner anticipates that a new building will replace the existing structure.

Climate adaptation will be incorporated into the new building.

New England Aquarium. Buildings include the Aquarium exhibit building, and
the IMAX Theatre. The Agquarium also rents office space on the first floor of the
Harbor Garage. The critical elevation for the Aquarium is the first floor elevation
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at 15 NAVD (MHHW+10.2). The switching statfion for incoming electricity is on the
second floor. Backup power is supplied by two diesel generators (one for safety,
one for the fish tanks), both located at 11.5 NAVD (MHHW+6.7). The Aquarium
basement is damp at present high tides, managed by two sump pumps.

The IMAX Theater has no basement or backup power. Its main door is at 11
NAVD (MHHW+6.2). During exifreme precipitation events, the Aquarium
experiences backups in their sanitary drain system due to excess flows in the
Boston sewer system. During storm surges, some low lying areas around the
Aquarium and the IMAX Theater are flooded. During these flood events, the
Aquarium employs various measures to reduce water penetration at exposed
building openings, such as vents.

The Aquarium has already increased the height of the HarborWalk on the south
side of the building by two ft. Implementation of the Aquarium’s exterior master
plan in 3-5 years will incorporate climate change into its design.
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Table 7. Sample adaptation plan for Long Wharf Marriott/Aquarium MBTA

Long and Central Wharves - Coastal Climate
Change Adaptation Planning

Marriott Hotel and MBTA Aquarium Station

General Description

The Boston Marriott parcel, residing at the landward end of Long Wharf,
becomes flooded when the stillwater elevations exceed approximately 9.5 ft
NAVD. Stillwaterelevations less than 9.5 ft NAVD do create access issues, as

areas around the Marriott parcel become flooded. The MBTA station entrance,
west of the Marriot, floods at 7.5 Ft NAVD.

Estimated
Adaptation Cost*

Recommended Engineering
Adaptations

Upland Flooding Potential

H
z
HS )
- =]
2 wv
© £ []
H 5 2
5 & @
° [ ] .
£ :— & Approximate
R = g Maximum Water
§ g 3 TEJ g‘ g Surface Elevation
SE | &£ | SE (ft, NAVDSS)
4.0
2010
5.0

2050 6.0

7.0

8.0

9.0

on 2010 dollarvalue.

* =|nitial Capital Costs and Operational and Maintenance costs provided are estimates based on costs from similar types of
projects. More detailed and accurate costs would be required for actual engineering and construction. Estimated costs are based

No Action Required N/A

Flooding of surrounding area and Develop alternate access
7.5 ft NAVD entrances to below- route plans. Minor flood Minimal
ground garage and MBTA station. proofing.

Flooding of Marriott
infrastructure and entire
Long Wharf region.

See Regional

See Regional Adaptations
g P Adaptations

In addition to adaptations
above, additional flood
proofing and elevation of
critical infrastructure.

*Capital Cost:
$20 persquare foot
of building for wet

flood proofin
Evacuate during storm event P g

and return.
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Table 8. Sample adaptation plan for 255 State Street

Long and Central Wharves - Coastal Climate
Change Adaptation Planning

Two Fifty Five State Street

General Description

The Two-Fifty Five State Street parcel resides landward of Long Wharf. The
parcel initially becomes vulnerable at 8.5 ft NAVD, when water floods State and
Central Streets around the parcel. This water floods the street from overtopping

atthe seaward end of Long Wharf. During these initial flooding stages, site-
specificsolutions (such as local flood proofing) can be effective. However, as
the stillwater elevation continues to rise, and exceeds approximately 10.0-10.5
feet, regional solutions become more important to reduce flooding potential at

this location.
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4.0
2010

on 2010 dollarvalue.

Recommended Engineering Estimated
Upland Flooding Potential Adaptations Adaptation Cost*

No Action Required N/A
Dry flood fi * : 2
Flooding of State Streetand (memb::neo)oonplzav(:el:‘lgevely Cost: $5 /ft” for
Central Wharf Street ) ! waterproof
or Long Wharf adaptations membrane

Flooding of Parcel and
surrounding areas

See Regional

See Regional Adaptations X
Adaptations

In addition to adaptations
above, additional flood

proofing and elevation of
critical infrastructure.

*Capital Cost:
$20 persquare foot
of building for wet

flood proofin
Evacuate during storm event P 8

and return.

* = |nitial Capital Costs and Operational and Maintenance costs provided are estimates based on costs from similar types of
projects. More detailed and accurate costs would be required for actual engineering and construction. Estimated costs are based
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Table 9. Sample adaptation plan for Harbor Garage

Long and Central Wharves - Coastal Climate
Change Adaptation Planning

Harbor Garage

General Description

This parcel resides landward of Central Wharf (New England Aquarium).
Flooding of the surrounding streets occurs approximatelyat 9.5 feet NAVD, and
the parcel does not fully flood until approximately 11.0 feet NAVD, when waters
arrive from flooding over both Central and Long Wharf pathways. Site-specific
adaptations focus on elevating critical utilities and flood proofing of lower
levels under these initial flood stages. However, as the stillwater elevation

on 2010 dollarvalue.

continues to rise, and exceeds approximately 11.0 feet, regional solutions
become more important to reduce flooding potential at this location.

e

basement. Dry flood proofingon
Row
lower levels.

3
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§ g 2 g g‘ E Surface Elevation Recommended Engineering Estimated
S E g E S E (ft, NAVD88) Upland Flooding Potential Adaptations Adaptation Cost*
4.0
2010
5.0
2050 6.0
¢ No Action Required N/A
2010 7.0
8.0
9.0
Flooding of Milk Street, Elevalte orAreIIocatt'e utilitiés and | $5 /ft’ for waterproof
100 Atlantic Ave., and East India electrical equipmentin membrane plus

elevation of critical
utility costs

Flooding of Parcel and

. See Regional Adaptations
surrounding areas

See Regional
Adaptations

In addition to adaptations
above, additional flood

proofing and elevation of
critical infrastructure.

Evacuate during storm event
and return.

*Capital Cost:
$20 per square foot
of building for wet

flood proofing

* =|nitial Capital Costs and Operational and Maintenance costs provided are estimates based on costs from similar types of
projects. More detailed and accurate costs would be required for actual engineering and construction. Estimated costs are based
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Table 10. Sample adaptation plan for New England Aquarium

Long and Central Wharves - Coastal Climate Site-Specific Solutions

Change Adaptation Planning New England Aquarium

Compared to the rest of the region, the New England Aquarium parcel and buildings are less vulnerable to
potential flooding due to sea level rise and/or storm surge. For example, Long Wharf begins experiencing
significant flooding when the stillwater elevation reaches approximately 8.0 ft NAVD, while Central Wharf does
not significantly flood until approximately 10 ft NAVD and is primarily flooded due to regional flooding pathways.
The higher elevation of the NEAQ main building first floor at 15 feet NAVD and its relatively flood resistant design
reduces its vulnerability. The entrance to the IMAX Theater, on the other hand, is at 11 feet NAVD and thus more
vulnerable than the main building. The Exhibit Hall's emergency generators are vulnerable to flooding at 12 feet

General Description

NAVD.
s
sy
I
)
s &
o
g a
©
()
= g a0
5 |2 |3
T ’g £
P o
T o o
< > & )
2 o 2 o s o Approximate
Sls £ o £ [ max Water
S o3 | > y
© £|E g | o g | SurfaceElevation
c
S El< & S = (ft, NAVDS8S) Upland Flooding Potential Recommended Engineering Adaptations Estimated Adaptation Cost*
4.0
2010
5.0
T No Action Required N/A
2050 6.0
2010 7.0
T 8.0 Minor flooding on north and south side of Minor flood proofing, covering of open vents on Minimal
2050 aquarium walkwayand approaches northern side, etc.
2100 ¢ 90
2010 10.0 Flooding of NEAQ parcel from region. Water
overtopping all sides of wharfand surrounding
? the exhibit hall, which is isolated at 15 feet See Regional Adaptations See Regional Adaptations
110 NAVD. IMAX Theater main dooris flooded at 11
2050
2100 feet NAVD.
¢ 12.0
13.0 . . .
In addition to adaptations above, additional
flood proofing and elevation of critical To be estimated separately
14.0 infrastructure. given the uniqueness of the
2100 Aquarium buildings.
Evacuate during storm eventand return.
15.0
16.0

* =|nitial Capital Costs and Operational and Maintenance costs provided are estimates based on costs from similar types of projects. More detailed and accurate costs would be
required foractual engineering and construction. Estimated costs are based on 2010 dollarvalue.
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Table 11. Sample adaptation plan for Long and Central Wharves, Boston

Long and Central Wharves - Coastal Climate
Change Adaptation Planning

Regional Adaptations

Overtopping of Long Wharf, and to a lesser extent Central Wharf, create flooding
pathways forupland areas landward of the wharf region. Significant flooding
starts to occur when the stillwater elevation is approximately 8.0 ft NAVD.
When the stillwater elevation reaches 9.0 ft NAVD, water has completely
flooded Long Wharf and advanced landward via State Street and Central Street.
At a stillwater elevation of approximately 10.0 ft NAVD, Central Wharfis also
overtopped and contributes additional water to lower lying upland areas. Due
to the relatively wide scale flooding potential from Long Wharf, there are
limited regional solutions that can function without protecting the entire wharf

General Description

on 2010 dollarvalue.

#- Depends on height of parapetinstalled.
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s £ g e S E (ft, NAVDSS) Upland Flooding Potential Adaptations Adaptation Cost*
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2010
5.0
2050 6.0 No Action Required N/A
2010 7.0
4 8.0
2050 Design and construction of a
* 90 adjustable parapet wall ”Capital Cost:
2100 Flooding of Long Wharf installed around the edge of [ $2.5-3.5 Million
. Long and Central Wharfs.
creating pathways of water A )
2010 10.0 ailoodliplan dhiandward Elevation could be adjusted Annual
areas ’ as a function of time as Maintenance
? 110 ’ necessary. Amodular Costs:
seawall could also be $20,000
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) i *Capital Cost:
proofing and elevation of
e $20 per square foot|
14.0 critical infrastructure. o
2100 of building for wet
flood fi
Evacuate during storm event ood proofing
15.0
and return.
16.0

* =Initial Capital Costs and Operational and Maintenance costs provided are estimates based on costs from similar types of
projects. More detailed and accurate costs would be required for actual engineering and construction. Estimated costs are based
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UMass Boston, Dorchester

This case study focused on the University of Massachusetts (UMass) Boston, a
nationally recognized model of excellence for urban public universities and the
second-largest campus in the UMass system. The student body has grown
recently to nearly 16,000 undergraduate and graduate students. The university’s
eight colleges offer more than 100 undergraduate programs and 50 graduate
programs.

Current challenges

Surrounded by Boston Harbor and Dorchester Bay, UMass Boston has little to
obscure its external visibility or protect the campus from the sun, wind, waves,
corrosive salt air and noise from airplanes accessing nearby Logan Airport.
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Figure 16. UMass Boston 25-year campus master plan framework with primary campus enirances.

The UMass Boston campus was originally constructed in the 1970s. The campus
buildings were designed to sit on top of, and be interconnected by, a plaza that
covered a two-level substructure. The original campus plan envisioned the
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substructure garage as the central "mother ship to which college building
modules dock along its edges and above it.”% The substructure extended to
each corner of the campus, including under each academic building and was
designed and primarily used for parking. Years of exposure to road salt and the
elements have caused widespread corrosion damage to the two substructure
levels, including mechanical, electrical, plumbing and architectural features.

In 2005, concerns about the structural integrity of key campus buildings led
UMass Boston to close the parking garage and to commission the “Study for
Structural Repair of Plaza and Upper and Lower Levels at UMass Boston Harbor
Campus.” %8 This study proposed comprehensive long-term repairs with an
estimated total project cost of $160 million.

In 2010, UMass Boston purchased the adjacent 20-acre Bayside Expo Center. In
the short term, this property will be used for parking and staging areas for
construction of new campus buildings. Longer term, the university will engage in
a multi-stakeholder planning process to determine future uses of this site.5?

A 25-year master plan, completed in 2010, envisions the demolition of the
substructure and the construction of a number of new buildings to address
academic and housing needs of students. Buildings will become free-standing
and independent structures, with improved circulation, befter access to the
HarborWalk, and numerous infrastructure improvements.¢0

Figure 16 shows the campus layout envisioned by the 25-year campus master
plan. Currently, the main access to campus is via the entrance at the
intersection of Bianculli and Morrissey Boulevards. As part of the master plan,
the secondary enfrance from Mt. Vernon Street will become a second primary
enfrance to the campus (both entrances are circled in blue).

In the Master Plan document there is little mention of potential vulnerabilities to
climate change impacts or future strategies for dealing with climate change.
As with our other case studies, we evaluated the vulnerability of UMass Boston
property at MHHW+5 (9.8 ft NAVD) and MHHW+7.5 (12.3 ft NAVD). Figures 17
and 19, respectively illustrate potential flooding from these scenarios.

In order to assess the source of surface flooding, we performed a GIS analysis in
which digital representation of flood heights increased incrementally by 0.5 ft,
starting at 0 ft NAVD. This allowed us to identify locations where flood water first

57 UMass Boston, 2009.

58 Massachusetts State Project No. UMB0502

52 hitp://www.umb.edu/the_university/bayside/
60 |bid.
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begins to affect UMass Boston property and to visualize flow paths as the water
extends from these locations.

This exercise was useful in designing flood prevention and preparedness
strategies for the UMass Boston property. For example, Figure 19 shows that
flooding of Morrissey Boulevard (Blvd) begins at 8.0 ft NAVD (MHHW+3.2).

Vulnerability Assessment. For the most part, the campus itself is not particularly
vulnerable to surface flooding, even during the higher flooding scenario shown
in Figure 18 (MHHW+7.5 or 12.3 NAVD).

The base elevation for new buildings on campus has already been established
at 5 ft above the current 100-year flood elevation (approximately 15 ft NAVD
(MHHW+10.2). Our preliminary analysis indicates that the new campus buildings
will not be immediately vulnerable to surface flooding from a coastal storm.

The major vulnerabilities for the UMass Boston campus include flooding of
campus enfrances (both Morrissey Blvd and Mt. Vernon Street (St) and flooding
of the Bayside Expo property (see Figures 17 and 18).

Flooding along both Morrissey Blvd and Mt. Vernon St currently impedes travel
through both entrances during extreme coastal storm events and would likely
completely block access to or egress from the campus during a similar storm
event under higher sea levels. In addition, flood waters could impact the
Bayside Expo property, located within the current 100-year floodplain.

The fact that Morrissey Blvd is occasionally flooded during high tide suggests that
our incremental GIS analysis (see Figure 19) may underestimate actual flood
risks, possibly due to the error in the DEM which is accurate only to £1 ft.
Flooding of the Bayside Expo property and Columbia Point begins at locations
along the northern shoreline at 9.6 ft NAVD (MHHW+4.8; Figure 20).

Parts of the Bayside Expo property regularly flood after relatively minor
rainstorms.  Shortly after the Bayside Expo property was purchased, the catch
basins and storm drains were cleaned out, allowing stormwater to drain more
readily from the property and decreasing stormwater flooding impacts.

One concern we were not able to address during this initial assessment is the
effectiveness of the campus and Bayside property storm drain system during a
combined rainstorm and storm surge event. Most drain outlets are at or slightly
above the high tide level. However, because of tide gates and large in-system
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storage capacity, the storm drainage system is not expected to back up during
high tides in the near future.é

2 INGTE Tl ma2 | FOR O UAMOn AND M0 ARCS FURPOME 3
CRa Yy MM NOT APPROPIRATE TO WS TR MAS FOR DETAA LD AMALTW
BE AT Tl COMMBARTY ON PARCEL LEWELL PLEAM CONTACT THma rOR

ASOETIONRAL W OIS NN O% W THOOCE O3 Y ARD MR TIONT

Figure 17. Projected surface flooding from a 5-ft storm surge (MHHW+5/9.8 ft NAVD). Vulnerable areas at
UMass Boston are circled in yellow and include the Bayside Expo property (1) and Morrissey Blvd (2).

¢! The Boston Water and Sewage Commission notes that there is a lot of additional storage
capacity within the stormwater system to prevent stormwater from flooding streets and property.
In addition, storm drain outlets have gates that prevent seawater from entering the system.
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IMPO : THIS MAP IS FOR DISCUSSION AND RESEARCH PURPOSES
ONLY. IT IS NOT APPROPRIATE TO USE THIS MAP FOR DETAILED ANALYIS

(LE., AT THE COMMUNITY OR PARCEL-LEVEL). PLEASE CONTACT TBHA FOR
ADDITIONAL INFORMATION ON METHODOLOGY AND LIMITATIONS.

Flood Depths
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Sample Preparedness Plans. Model preparedness plans in Tables 12 and 13
below address three types of impacts: flooding at high tide; a mild to moderate
annual storm surge; and a 100-year storm surge. Timeframes for action and cost
estimates associated with each impact are also provided.

: No action is required through mid-century to manage
for tidal flooding. However, for coastal storm events, tidal control structures and
soft engineering solutions will likely need to be employed to prevent flooding of
the campus enfrance, as early as mid-century for common (e.g., one or more
times each year) storm surges and even sooner for 100-year storm surges. Along
Savin Hill Cove, for example, due to the lower wave energy environment, soft
engineering solutions could include beach nourishment, enhanced grading and
elevation increases with supportive planting, or coir logs or other biodegradable
protection measures to keep the roadway from being overtopped.é?

62 Bosma, 2012.
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Capital costs would range from $500,000 to $750,000 with $10,000 for annual
maintenance. By late century, widespread flooding of Morrissey Blvd as well as
portions of the campus is likely under both typical and extreme storm scenarios
and more aggressive interventions will be required. The cost to wet floodproof
existing buildings is currently about $20/sq. ft. This tfechnique involves using flood-
resistant construction and finishing materials so that flooded areas are minimally
damaged by sea water infrusion.

Flooding of this property is already occurring during
heavy rain events; mitigation will require a solution such as a pump-based
drainage system, a $2 million capital investment. Alternafively, future design of
this site could include a “living with water” component that provides healthy
open space during dry periods and engineered flood management areas
during storm events.
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Table 12. Sample preparedness strategies for Morrissey Blvd and Bayside Expo.

UMASS BOSTON - Coastal Climate
Change Adaptation Planning

Vulnerable Flood Risk Areas

Morrissey Blvd. Entrance

Bayside Expo Center

General Description

The Morrissey Blvd. Entrance is currently the primary entrance to the
UMASS-Boston campus. A significant portion of this street, especially
south of the campus entrance, is low-lying and is prone to flooding even

under present day conditions (storm surge or heavy rainfall events).
Once the water surface elevation overtops higher elevations along the
coastline, most of Morrissey Blvd. will become flooded. Atthe campus
entrance specifically, as shown in the aerial view, storm surge flooding
initially may occur from the Patten's Cove side and subsequently the
Savin Hill Cove side when water surface elevations reach between
approximately 9.5-10.0 feet NAVD88.

Bayside Expo center region, recently purchased by UMASS-Boston, is
slated to undergo redevelopment. Currently, the area is prone to
potential flooding, especially the low-lying parking lot regions (one of the
lowest elevations in the region). There is potential for poor drainage and
flooding of this area (approximately 30 acres) even during contemporary
rainfall storm events. As sea level increases, there are also lower areas
along the Dorchester Bay shoreline that will become susceptible to the
higher water surface elevations during storm events, resulting in
significant overtopping and widespread flooding of the area.
Specifically, areas along the Harbor walk area shown in aerial view.

construction. Estimated costs are based on 2010 dollar value.

# - Depends on length of seawall installed.

* = Initial Capital Costs and Operational and Maintenance costs provided are estimates based on costs from
similar types of projects. More detailed and accurate costs would be required for actual engineering and

+=Based on a 30 acre area with a peak intensity rainfall of 5 in/hr (average of 0.3 inches/hr over a 24 hour period)
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T Bayside Expo Parking structures Capital Cost:
2050 6.0 areas during heavy $ 2.0 Million
¥ No Action Required N/A lailEEns Installation of a pump Annual
i i house and pumped
2010 10 foding 1)[f4Nb|_'|r |sseyu? Nfd No Flooding of areas based-drainage s;)stem Maintenance Costs:
approx 174 mile south o from Dorchester Bay ) . $10,000
t 8.0 campus entrance. - for parking area
2050 No flooding of campus -
2100 9.0 entrance or facilities
Flooding of campus Tidal control structure at Capi . N : Modular seawall Capital Cost":
apital Cost: Flooding of Bayside
2010 10.0 entrance. Initially from  [entrance to Patten's Cove. D J ¥ installation at critical $1.0-1.5 million
| X . $500-750,000 Expo areas from N
Patten's Cove (tidal pond Soft solution (beach locations along Harbor (1,000 foot length)
- Annual Dorchester Bay. ’
v f 11.0 to the west of entrance), nourishment and Maint Costs:| wat i harb walk. Annual
2050 and subsequently from | vegetation enhancement) ainenance L0sts: ater overtops arbor | ge oy 4 extension along | Maintenance Costs:
2100 20 Savin Hill Cove. along Savin Hill Cove. $10,000 walk in places. Harbor walk as needed.
12. $15,000
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’ adaptations above, ; . adaptations above, ) §
- ; Capital Cost: - Capital Cost:
additional flood proofing additional flood proofing
14.0 ) i $20 per square foot! . - $20 per square foot;
2100 and elevation of critical o and elevation of critical o
infrastructure of building for wet infrastructure of building for wet
150 Evacuate during storm flood proofing. Evacuate during storm flood proofing.
| 16.0 event and return. event and return.

In addition, the current 100-year storm surge is expected to overtop the
HarborWalk and protective berm. Sometime after 2050, annual coastal storms
will likely overtop the HarborWalk as well. Improving the seawall would require
an additional $1-1.5 million investment to install a modular sea wall at critical

locations along
maintenance cost.

the HarborWalk, with an additional

$15,000 annual
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Table 13. Sample preparedness plans for Mt. Vernon St and Ocean View Drive.

UMASS BOSTON - Coastal Climate Change
Adaptation Planning

Vulnerable Flood Risk Areas

Mt. Vernon Street

Ocean View Drive

General Description

The southeastern end of Mt. Vernon Street is under consideration as a
potential location for a secondary entrance to the UMASS-BOSTON campus.
This areas currently experiences storm water drainage delays and issues.
The current storm water drain lines from this area discharge into Dorchester
Bay with an invert elevation at approximately Mean Higher High Water. As
sea level rises, this will further impede storm water drainage ability from
this region. There is also some susceptible low lying areas to the east of the
Mt. Vernon Street terminus, as shown in the aerial below. Potential upland
flooding may occur along some lower elevation access points in this region.

Approximate
Maximum
Water Surface
Elevation (ft,
NAVDSS)

Mean Higher High Water (MHHW)

Timeline
Annual (1-year) Storm Surge

Timeline
100-year Storm Surge

Timeline

The Ocean View Drive region has potential for flooding during storm surge
events, especially as sea level continues to rise. Once water overtops the
harbor walk area, water quickly floods many of the Ocean View Drive and
many of the connecting streets, specifically near the region shown in the

4.0

5.0

N
- |2
o

2050 6.0

2010

¥ 8.0

2050

7.0

9.0

2100

2010 10.0

+ 11.0
2050

2100
12.0

13.0

14.0
2100

15.0

16.0

Upland Flooding

g

ded

Potential

Area has experienced poor
storm water drainage.
Storm water outfall at
2010 MHHW elevation

may not adequately drain
in future.

Engineering Adaptations

Estimated
Adaptation Cost*

No Action Required N/A

|
. mprovle stc;r(r; m‘/ater Capital Cost:
emoval and drainage $ 250,000

lines. Modify storm water
outfall or add pump house.

Flooding from Dorchester
Bay via low-lying
pathways to the east of

Mt. Vernon Ave.

Provide clean fill in low
lying areas or increase
storm protection with soft
coastal engineering

Annual Maintenance
Costs: $ 2,000

Capital:
$300-500,000
Annual Maintenance:

proofing and elevation of
critical infrastructure.
Evacuate during storm
event and return,

solutions. $5,000
In addition to adaptations
above, additional flood Capital Cost:

$20 per square foot
of building for wet
flood proofing.

aerial below.
bl
e —
#
- \
- H
s ’
Upland Flooding ded Estimated
Potential Engineering Adaptations | Adaptation Cost*

Flooding of streets around
Ocean View Drive,
expanding to buildings
around the region.

No Action Required

N/A

Flood proofing of
structures. Increasing
crest height of revetment
along Harbor walk or
installation of a modular
seawall.

Capital Cost™
$2.0-2.5 million
(2,300 foot length)
Annual Maintenance
Costs: $20,000

In addition to adaptations
above, additional flood
proofing and elevation of
critical infrastructure.
Evacuate during storm
event and return.

Capital Cost:
$20 per square foot
of building for wet

flood proofing.

* = Initial Capital Costs and Operational and Maintenance costs provided are estimates based on costs from similar
types of projects. More detailed and accurate costs would be required for actual engineering and construction.
Estimated costs are based on 2010 dollar value.

# - Depends on length of seawall installed.

+ = Based on a 30 acre area with a peak intensity rainfall of 5 in/hr (average of 0.3 inches/hr over a 24 hour period)

Mount Vernon Street enfrance: This area is unlikely to currently be affected by

flooding at full- and new-moon high tides.
outlet, however, is at or just slightly above MHHW,

to maintain proper drainage capacity, even without higher sea levels.
investment of $250,000 with a $2,000 annual

would require a capital
maintenance cost.

The stormwater drainage system

and would require upgrading
This
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Low-lying areas in the vicinity of this intersection should be filed or soft
engineering structures installed to reduce flooding from Dorchester Bay under
current and future extreme (100-year) storm events. This would require a
$300,000 to $500,000 capital investment and $5,000 in annual maintenance
costs. Improving the drainage and reducing the risk of flooding of this
intersection is important because it will be designated as a second primary
entrance to the UMass Boston campus.

: This area within the Harbor Point complex provides housing
for UMass Boston students and other local residents. Flooding of buildings in this
area from the current 100-year storm surge as well as the annual storm surge by
late-century will require flood proofing of existing buildings. This would require
$2-2.5 million in capital costs and $20,000 in annual maintenance costs.
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Section 5. Findings and Recommendations

. Climate change will increase coastal New England’s vulnerability to flooding
in at least two ways. Higher sea levels will cause waves and storm surges to
reach further inland and deeper than in the past. Hurricane intensity may
also increase. In addition, changes in the magnitude and intensity of extreme
precipitation will affect stormwater management and exacerbate flooding.

. Best available science predicts that, compared to the present water surface
elevation, global average sea levels will increase one to two feet by 2050,
and three to six feet by 2100. New England’s local sea level is expected to
rise even faster.

. This means that, under the high-end scenarios, Boston will have to prepare for
the current “100-year storm surge” (with a 1% likelihood of occurring in a
given year) increasing to at least a 20% likelihood of occurring in a given year
around 2050 and possibly as frequently as high tide around 2100.
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. Boston’s climate change preparedness activities accelerated after 2009,
when Mayor Thomas M. Menino appointed the Climate Action Leadership
Committee. Their recommendations can be summarized as:

o Climate adaptation is as important as climate mitigation.

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

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

. These broad policy statements set in motion multiple planning processes and
other concrete actions across City agencies and in partnership with other
governmental, private sector and non-profit entities.

. Vulnerability assessments involve three steps: identifying a system’s current
vulnerabilities, estimating future conditions, and analyzing system sensitivity
and resilience to identified future impacts.

. Our analysis found that 6.6 percent of Boston could be flooded at a sea level
five feet higher than MHHW (MHHW+5 or 9.8 ft NAVD). This approximates the
current 100-year coastal storm surge at high tide. This potentially flooded
area includes all of Boston’s coastal neighborhoods and the Harbor Islands,
along with over 65% of the Fort Point historic district and the proposed
Blackstone Block district.

. At a sea level 7.5 feet higher than MHHW (MHHW+7.5 or 12.3 ft NAVD), just
over 30 percent of Boston could be flooded. This approximates the 100-year
coastal storm surge at high tide when sea levels are 2.5 ft higher, sometime
after mid-century. This represents 35 to 40 percent of all exempt, industrial,
commercial and mixed use parcels in Boston. More than 50 percent of 12
Boston neighborhoods is included in this vulnerable area; East Boston would
have the largest flooded area (>140 million sq. ft.)

. Climate change preparedness plans involve multiple activities from building-
specific through regional scales and can be phased in over fime as sea level
rises. They need to be robust enough to handle any future condition, and/or
flexible enough change over time to meet needs as they arise. Best is fo
identify “no-regret” and co-benefit” solutions that extend beyond flood
control goals.
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10.Some cities such as Seatftle, WA and Charleston, SC are developing
“floodable zones” that preserve the city's access to its waterfront while
minimizing damage when periodic flooding occurs. This concept of “living
with water” is an option to consider in Boston as well, as suggested for the
Bayside Expo property.

11.Property owners, residents and agency staff in our case studies were keen to
talk to us about climate change. None doubted the increased future threat
from climate change, though some were surprised by the degree and speed
of future sea level rise. City agencies were very open to working with each
other and with the private and non-profit sectors.

12.The buildings considered on Long and Centfral Wharves already have
individual plans in place to manage current flooding threats, but will have to
take action on a wharf-wide basis to protect against future flood levels.

13.The entrances to UMass Boston are not yet adequately protected from
current 100-year floods. Effective short term adaptation plans can be
developed for these areas; adaptation activities for 2100 will require
significant new planning and investment.

14.We found that in all cases, property owners should start or continue taking
feasible actions now and be prepared to undertake additional actions in the
future in order for these properties to continue to serve their present purposes.

15.Low-income, Spanish-speaking Latino renters in East Boston preferred
preparedness actions that enhance their present environment and that do
not require temporary or permanent evacuation. They wanted more
information on climate change, how it will impact them, and what resources
are available to assist them. Once engaged in the issue, community
members wanted to become a part of the decision making process.

Recommendations

Preparing for the climate of the future will require coordinated efforts among all
sectors of the Boston community, because no one entity has the resources,
knowledge, and authority to complete the task. The City of Boston’s existing
Climate Action Plan establishes a framework for climate change preparedness.
Now, using this framework, the Boston community needs to accelerate the
development of concrete actions such as creating a robust public-private
partnership to prepare Boston's waterfront and neighborhoods for the expected
rise in sea level.
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. All property owners in Boston on or near the coastal floodplain should take
cost-effective action to reduce their vulnerability to higher and more
frequent flooding. In particular, they should:

Ensure that existing and proposed properties and the people who use them
are adequately prepared for the current 100-year flood.

Determine how levels of future flooding will affect their properties, by, for
example, comparing existing site plans to maps of projected flooding depths.
ldentify crifical elevations, such as door or vent openings, that indicate levels
at which flooding could cause significant damage.

Evaluate ways to make properties more flood-resistant or resilient.

Based on potential damages, cost of action, and financial needs, take or
plan actions that correspond to change in the actual sea level over time.

. Because adjacent properties are likely to face similar risks from sea-level rise,
property owners should look for opportunities to collaborate with their
neighbors on preparedness projects. This may help to reduce costs or reduce
vulnerabilities that could not be addressed individually.

. Property owners should identify the obstacles to and limits of private action
such as restricted resources, lack of technical knowledge, market
disincentives, or overwhelming scale. They should also evaluate how the
flooding of maijor infrastructure (transportation, energy) could affect their
properties, and communicate both sets of information to public officials.

. Property owners should participate in city, regional, state, and other planning
processes addressing climate preparedness to ensure that their concerns are
included.

. As outlined above, the City of Boston should also take cost-effective actions
to reduce the vulnerability to higher and more frequent flooding of
municipally owned facilities on or near the coastal floodplain.

. The City should establish a range of planning levels for different future time
periods for all public and private property owners to use when evaluating the
risks of sea-level rise for existing and proposed buildings and other projects.
Once the ranges are inifially set, they should be periodically re-evaluated to
incorporate new scientific understanding.

. Because sea-level rise will increase the vulnerability of most neighborhoods of
Boston, the City should strengthen its efforts to involve all segments of the
Boston community in the climate planning process.
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The City should host a robust discussion of the concept of “living with water”
and its potential applicability to Boston.

The City, other levels of government, and the private sector should work
together to identify and remove obstacles and disincentives to preparedness
action by private property owners. They should further work together to
identify and implement reasonable steps to encourage, incentivize, and, if
necessary, mandate such action. Measures could involve, for example,
building, public health, and zoning codes and insurance requirements.

Because the City lacks jurisdiction over important elements of Boston's
infrastructure (e.g., public transit, the electrical grid, and highway tunnels),
the City should work closely with state, regional, and federal agencies to
protect these critical components.

Notwithstanding this report’s focus on sea-level rise and coastal flooding, the
City of Boston should ensure that other important effects of climate change,
particularly increasing frequency and intensity of heat waves and storms, are
included in climate preparedness plans.

Although there is much knowledge and many tools available to use in
evaluating and preparing for the risks of climate change and sea-level rise,
more is needed. Boston's academic community, as well as government
agencies and private companies, are playing important roles in filling this need.
We have identified the following areas as needing attention:

1.

Flood preparedness strategies. Property owners and government agencies
need a readily available—and expanding—toolkit of cost-effective ways to
identify and reduce the vulnerability of buildings, neighborhoods, and
infrastructure to sea-level rise and other consequences of climate change.

Complexity. Boston needs climate vulnerability assessments that examine the
dense interconnectedness of the urban environment, and include
consideration of the full economic, environmental, cultural, and public
health impacts, and their interaction. Such assessments should compare the
costs of doing nothing versus preparing for future flood events.

Flood models. Boston needs better, dynamic flood projections that combine
the effects of relative sea-level rise with the effects of storm surges, waves,
river discharges, precipitation, and the details of local fopography.
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Conclusion

We hope that readers of this report will take away the following lessons learned.
First, that climate change-related coastal flooding is already a reality we need
to manage for, and that such flooding is predicted to increase over time,
possibly reaching é feet by 2100 and continuing past that for centuries.

Second, that preparing for increased coastal flooding involves implementing
phased plans over time. Assessing a property’'s vulnerability to flooding is
relatively straightforward and inexpensive, and preparedness actions may be
integrated info maintenance plans to lower overall costs.

Finally, neither the public sector nor the private sector alone has the resources
and influence necessary to prepare Boston for increased coastal flooding over
time. We need a robust public-private partnership with clear benchmarks and
engagement from all sectors to prepare this extraordinary historic city for the
rising tide.
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Appendix 1. Reference Sea Level Elevations as of February 2013

This report uses reference elevations for sea level: the North American Vertical
Datum of 1988 (NAVD) and Mean Higher High Water (MHHW). NAVD is the
more precise, generally accepted vertfical reference elevation (datum). We
also used MHHW in describing more general future predictions in order to
provide a more intuitive measure. Below is a chart providing reference
elevations for several key sites in Boston.

Reference
Elevation Elevations Relative to Datum in Boston
MHHW!.2
Plus MDC3 BCB4 | MLLW!.5 NGVD!'6 MSL7 NAVD!8
ft? ft? meters? Comments
0 111.2 11.2 10.3 5.6 5.1 4.8 1.45 Contemporary MHHW12
22 1134 | 134 | 124 | 77 7.2 6.9 21 1998 King Tide
' ) ' ) ) ) ) ) (Predicted)! 10
2.5 1137 | 137 | 128 8.1 7.6 7.3 2.22 MHHW+2.5 ft
41 1153 | 154 | 144 | 97 9.2 8.9 971 | Baker Dam (Neponset
River)!
4.6 1158 | 159 | 149 10.2 9.7 9.4 2.87 FEMA 100-Year Flood!?
48 1160 | 160 | 150 | 104 9.9 9.6 292 | Highest Observed Water
Level!13
5 1162 | 162 | 153 10.6 10.1 9.8 2.98 MHHW-+5 ft
5.4 1166 | 166 | 157 11.0 10.5 10.2 3.10 Historical Flood April 185114
14,15 16
6.8 1180 | 180 | 171 12.4 1.9 1.6 3.53 Charles®1> & Earhart
Dams
75 1187 | 187 | 178 13.1 12.6 123 3.74 MHHW+7.5 ft
10 1212 | 212 | 203 15.6 15.1 14.8 4.50 MHHW+10 ft
125 1237 | 237 | 228 18.1 17.6 173 5.26 MHHW+12.5 ft

Notes: 1) Reference: NOAA Tides and Currents website (www.fidesandcurrents.noaa.gov)
Elevations are relative to the 1983 - 2001 Boston Tidal Epoch

2) Mean Higher High Water

3) Metropolitan District Commission Vertical Datum

4) Boston City Base

5) Mean Lower Low Water

6) National Geodetic Vertical Datum of 1929

7) Mean Sea Level

8) North American Vertical Datum of 1988

9) Elevation shown may not equal total of components due to rounding

10) HAT: Highest Astronomical Tide (5-Nov-1998); predicted; observed elevation ~3 inches lower
11) Reference: Personal Correspondence, need to confirm

12) Reference: FEMA Boston Preliminary Flood Information Study (FIS), October 2008

13) HOWL: Highest Observed Water Level (7-Feb-1978)

14) Reference: "Charles River Dam, Design Memorandum No. 2", The Department of the Army
New England Division Corps of Engineers, 1972

15) FEMA Boston FIS states Charles River Dam is 12.5 ft above MSL (=MHHW+7 .4 ft)

16) Reference: Personal Correspondence, Mike Misslin (DCR Engineering)
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Appendix 2. Sample Climate Change Adaptation Strategies.
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= Increased inflow of scawater to sowars and WPCPs

¥ Roduced abity to discharge CSOs and WPCP sffluent by granity

= Rz In groundwater loveds could cause bassment floodng and sewsr Inftation
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s¢ cumare chance procram | POTENTIAL ADAPTATIONS

WATER SUPPLY

POTENTIAL IMPACT 70 DED

———

= Further civersity the waler supply system:
= Bank surface water In oquiters
= Cosalnate Hudson or Harbor waters
= Expand groundwator sysiom
= Interconnoct systoms with other municipalitios
=B Impioment consarvation and water use rastricticns
¥ Increase system redundancy (0.9., oddiTona funndds and new pumps for transteming
wator batwoan systama)
E in acdtion to enhancing flood works 3t select DEP reservolrs and othwe
mmmmmmmhmdmdnm
require cparators of other (nen-NYC) impoundmants 1o migate rssrvolr pils
= Roquire jurisdicticns potentialy Impactod by flooding to restrict developmant 1 flcod
plains

® Increase and Improva watar supply quality protoction measuras such os the Stroam
Maragsment Frogram In the Catsiill Watershed and the Waterfowt Mana

Program
B Acquire addiiona land and enhancs land-use management
B Increase oparational Sexibikty (o.9., raly moee heaviy on the fitered Croton sysiem
durng turticity svents and croughty
B Apply aum and scdium hydrondds when necessary to reduce peak laveis of turbiaty
¥ Apply structural and non-structural controds o reduce turbicity as
= Balxce water spply noods with mairtenance —

® Reduce demand through conservotion programs:
= Adcross logal opsaing of fire fydrants

= Cavalop programs for City and non-City seascnal use reductions
= Incroaze In-City conservaticn programs
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= Impkement stormwater controés at the scurce

= Retan stormwater Lsing roofiop or of-Ang sforage and rousa it for
Gcciogically productive purposes

= Pump stormwater

= I[ncroaso WFCP weol woather capacity

= Bulld larger sowers

Ravise drainage design cmera .

Enhance natural landscape and dralnoge foaturas for runaf! confrol

Manage flooding uncorentionally (@.g-, plan for controlied flocding In designated

asas during storma)

Ralze ekvations of key Infrostructure componsnts

Construct watertight contalnment for critical equipmeat and contral rooms

Uso submersibla pumps

Have adctional backup emergency managemsat eguipmant In rosanie

Iratail local proteciiva barriers

Construst large harbor-wide storm surgo barmiars

Develop plant allowing for coastal undation In defined areas

Gracuaily retreat from the most at-risk areas or Uso thesa areas differantly, such as
tor paridand that could tood with minimal damage

Discuss with reguiators the possibility of water qualty varances for severe weathar
condftions

Increase blowse capacitios or use redundant equipment for high tomperature avents
Increase backup powss capacity 1

Clean Intsrcapiors and catch basins 10 reduce grit and sediment icads during wet
waather

IMprove main sawage pUmps and scroaning for wet weathar

Relocate vuinerable equipment and construct watertight contalnment for critical
equipmant

RAalse frecdoard tor floodng

Acvise dosign criteria for food protection

Pump offiuant

Acrate critical water bodes

Upgrade WFCP procasses to Improve efiusat guadty

Enlargs or supplement CSO contral tockes
Mnmﬂnommmmm»nwm
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Adapting to cEmate change in the Bay Area

Strategies for managing sea level rise

Watarfront communities arcund the world use both ancient
and experimental flood-protection stratagies. In the Bay
Area, we rely on innumerable levess, and some wetlands, foe
fiood protection.

Barrier or tidal
barrage

A lpr dam, gane o lodk—aor 2
seres of them —tha menapes tidal
fiows m aod out of San Francisco

Protects 3 hops ama of latd from Booding with one project
Protects everyone: no socidl equity issues

Expensia
Unknowns
Might not work whem significant two-way flow exsts

Wed known, widely esed ol

Can be despned 12 accommodsrie new devsnpment of protest
thieatened habest

Disadvantapes

Short-eem

Expensive, with costly 2nnudl mairesance

Can b o extresme sveres

Increses sxmon

Niows stuctures 1o be balt 2 visherable e with low nigk of fooding
Uzeld s oftical inbesructive. uch = 2epocs

Disadvartapes

Short-zsm

Expensie

Unknowns
Might nct z.ppert hesh densty devilogmen and 2 Tansit crerraten

Sace: SRR, 2003, Mp-Swaw. T sguticaony ey naporssseinmagngessvenss  TIH100
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Floating
development

Suchess fot foxt on the mrface
of the watss, o1 may be foaed
ccczmonally during 3 food, making
Hhem higely Pvdnemtie ©

Marapes the unosrtainty of hgh Sdes
Seicnealy safre

Dizadvartages

Woarks onfy i prowoesd anes o wind of wases!

Unknowns
Mgt oot suppert fagh density depelopment and 3 hiarsit onentation

- - -
Codd sioee and metan flood wates 28 e sie o
. 0 -
Couid readt in hazydons mndons

Unknowns
Uriesind
Scalabity

Advantages
Hecuces poluson. provdes ope pace and oitical habitat for
dver speces. siores carhon

Reguire moe land than, fress grotection =rsisgies
Expansive 10 constiuctfesioe
Requurs marapement, manitotng and Sme %o become ectatiished

Unknowes

May rot ransally adapt 1 mes leved nse
Alcne, may oot te mifficent flood protecion

Mmimizes Famen afierng fiom sevee exatz

Less mpentzive ther: mmonng stategies m vary low-dersty o
uninhabied reas

Can afow for ecdlogeal nstoration

More soperzawe: han smonng sateges m high-dersity ey
Lozs of communtbes and peivaty property values

Pofcal e v gl i gy e

27
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Adapting to chmate changs n the Bay Area

SPUR's recommendations for
sea level rise planning

1. Undertake a shoreline risk assessment and prepare
Planning depanments, in consutaton with BCOC, the Coxstal
Comemizsion 2nd the Fedes! Emespency Management Agency, should
prepare maps hased on the estimated 100-year food elevations that
ke inte account $he best avaiiable scentific estimaies of future seo
Jevel rme lourrently about 55 inches) and cutrent or planned ficod
prolecson. The maps and risk xszessment should mchude = range

of 53 Jeved rize projections for the middle and end of the century,
Inundation maps should be prepared under the dissction of a cossial
enginess and updsted every five yzars.

2. Rewise the Safety Element within General Plans to
include policies relating to climate change hazards,
including sea level nise.

Safety Slements of city and county General Plans describe setmic,
flooding, fire and other harards, 2nd plarmed apperoaches to sasducing
thes potenitiel damape. Local governments are seqaired to monitoe
thex Safety Elements to assute that they remaim persnent %o locadl
conditions; ssa level nze = clearly 2 change %o exisang flooding
hazards that has rarely been addeessed. Local povernments should
updaie ther Saiety Haments to indude a new section on clnate
change impacts, wming information revesled in shoraline nsk
asaesments, coastal inundabion mops and other sources.

3. Do not permit new development in areas identified

by local risk assessment and inundation maps as

vulnerable to projected end-of-century sea level rise,

unless certain criteria are met.

Thiz stralegy should be included it revzed Safety Elements to

mitigaie future e level rise and coastal flooding fezads. BCOC,

plnning departments, sedevelopment apencies and other locx

sgences within their areas o jurisdicion should orfy permit new

deveicpment that &:

2. A zmall or tempocary project, especially # & can be removed or
eelocated;

b A park oo natural-sesource sestorstion projed;

< An il project on underufibred 2nd within an existing urbanized
arze served by tramsit and other supporting infrastructure, or within
an existing o potential ABAG Priocity Deyelopenent Area;

d. Critcs! mfeastructuee, necessary for the visbilzy of exssng
devedopment,

. A progecs that can demonstrate it will protect putiic saiety sven
under projected end-ol-century sex levels, $wough its desgn or
Enancisl srategins.

28 SR Acpat > Ny 202

4. Develop sea level rise flood-protection plans,
Planning departments, redeveicpment agencies and other local
apences should ubliee locsl 1k ssessment and inundation maps
1o plan flocd protecton fom sea level nse, and where applcabie,
include theze Sirsingies in thair Safety Berment roviions. Exicting
deviopment generaly should be protecisd from Sooding 25 long =5
the costs of publicly financed protection de not sgpificantly sxesd
the costs of mareged ratreust to mvulnerable amas, theough such
tools 33 voluntary buyouts, purchasing developmant rights o rofing
sasements. Eminent doman should not be u=ed acept whese puble
salety & imminently and permanently threatened. Wherever feasibile,
noa-structueal messuees such 25 wetlands zhould be used for Sood
protecton

5. Formulate a cross-agency regional sea level rise
adaptation strategy to prioritize flood 3
resources and include it in the Senate Bill 375
Sustainable Communities Strategy.

The MIC and ABAG, in coflsboration with the Jont Policy
Commitize, BCDC, clher segjonal, state and fedesal agencies,

and local povesnments, should dentify fineocial 2nd engineenng
strstepies 1o protect regonally sgnificant infrastnacture, Priority
Development Areas and ofhes infill locaions, and to protect the
health, acosystem and adaptive capacity of the Bay, The MTC and
parners should prepase this replonal strategy 2z 2n sement of the
Senate Bl 375 Sestsnable Communities Strategy, and these two
strafegies shoukd be consistent,

6. Require that public access to the Bay be viable for
the long term.

BCOC shoufd requies that poblc Bay access that is a condition of
new development be constructed to temain visdie under fature sex
loved se, such as through elevated patimenys. BCDC should szo
consider requining thiat new pubiic access be provided o the Hay &
exiing acoeas aneas zre permanendly inundaied, or allow in-fiey fees
10 create access or miipee loss of accessble aes fom zes leve! fize.

7. Update local coastal plans every five years.

The Coastal Act, the law that regulsies development along the
coazt of Cafdomia, does not peguire local govemmeents o cpdale
thew coxstal plans, most of which are decades old. The Caliornis
legisiatoe should change this bw 1o reguire updates every 5 years,
and local goesmments should specfically denote climate change
hazards of sea loved rise, seosion and wildfire, 2nd nclude locy
sdapation pixns and strategies for esisting ooastal secources. Locad
copstal management officiais should consult nsk azseszments and
mundation maps prapared 2y local phnning depaciments i their
plans.
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8. Include projectad sea level rise scenarios in
National Flood Insurance Program rate maps to help
participating communities understand future risks of
developing in low-elevation coastal areas.

The Natoral Flood Insurance Program, within FEMA, maps flood
hazard weas and offers flood msurance %o propesty cwoiers within
communities that adopt fiood-grotective building codes and cother
measures. While attempting Io reduce nsk, S practice can ako
incease it by encouraging butlding n arsas that will only beco
more vulneabie in the fiure. Cureent NFIP mapping standands do
not account for potential e level ree, o the rek $iat nsing seas
poz= %0 focd ferard defenses such s levees. The NFIF shoold alsz

maks federz| flood insurance avalabiity and pricing moes rizk and
actuarially Dased o reflact repelitive loszes in the most hazardous
areas as wedl as the future =k pozed by se2 loved rise. FEMA should
aka include projected sra level rse scemanos n &5 flood hazand
maps

CONCLUSION

Chmate chanpe = one of the greatest chalienges the wodd has ever
faced Al once, we need 10 Degin reducing greenhouse-ges emessions
to stve off its worst effects. Bt we abso mead a plan fo respos

mrdless, 25 the resutt of

becaume some dimate change will ocour rey
hiziooc and cogoing emissiona

Clhmate change adyzation will need o be dealt with 2 o1 evels

of powernment. Yat @ is 3t the local and megional levels where
vulnerabiey can best be understocd and addreszed. In the Bay Area,
we are ucky o have institutions $hat xe mcreasingly sware of thess
vulnerablifes and 3= beginning to plan shead. But there i= much
mcre we nesd 1o do within spedific areas of pbnning and povemance
to consides lang-term mpacts and, =s much a5 possble, prevent
foreceesble damape, loxs and meery. Local povernment apencies

in particulsr need & stfing place. Tha SPUR repoet Jooks across
planning aseas tn recomenend ways 1o do just thal. »
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Appendix 3. Property size analysis—methodology and data issues
Based on initial analysis of the City of Boston Assessing Department’s publicly-
available city-wide property parcel data (both aftribute database and GIS
parcel polygons), and on feedback provided by BRA staff, we determined that
this database would need to be modified to accurately calculate the value of
properties potentially affected by coastal flooding.

We were constrained by the fact that the assessor's database is not a
normalized relational database. For example, significant additional analysis
would be required to avoid double-counting of various values (e.g., assessed
value) related to condominiums. Based on substantial discussions with BRA staff,
we determined that adjusting the assessor’'s database to eliminate double-
counting of assessed values was a non-trivial task and, therefore, beyond the
scope of this study.

To compensate for some of the known constraints associated with the assessor’s
database, BRA staff maintains its own GIS dataset based on this database. We
used this dataset, called the Parcel Identification Number (PID) dataset.

The PID dataset is a “point feature class” that was developed by the BRA to
facilitate a logical join with the assessor’s parcel polygon feature class (parcel
polygons) based on a unique 10-digit parcel identification number (PID).

The PID dataset point features each represent a single geo-located record from
the assessor's database, and incorporates, as attributes, the data available in
that database. The configuration of this dataset significantly facilitated our
spatial analysis of estimated flooding impacts.

Building-level flood impacts can be estimated using generic depth-damage
algorithms developed by the United States Army Corps of Engineers. Input
parameters for these algorithms include assessed value, construction, type of
use, building contents and flood depth.

For this study, we initially planned to perform a screening-level analysis by
aggregating and estimating several of these parameters, and by approximating
both the depth and location of flooding. As discussed above, assessed value
was not available for this analysis. However, the location of flooding, with
respect to a particular parcel, was still critical to evaluating the parcels.

The location of flooding was to be based on a point that approximated the
vulnerable portion of the building as determined through GIS analysis of the
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parcel polygons. However, due to the ready availability of the PID point feature
class, the PID dataset points were used to approximate the location of each
parcel.

Flood impacts were limited to a binary analysis—flooded/not flooded—for each
PID point feature, based on the flood datasets developed for the 2010 TBHA Sea
Level Rise forum (TBHA, 2010). Flood dataset for two scenarios, MHHW+5 (9.8 ft
NAVD) and MHHW+7.5 (12.3 ft NAVD), developed using the BRA's 2009 DEM
were evaluated.

Additionally, based on the methodology developed by Kirshen et al (2008),
areas upstream of the Charles River Dam that were identified as flooded at
MHHW+5 (9.8 ft NAVD) were eliminated as a coastal flood of this magnitude
would not overtop the dam.

Categorization by neighborhood and historical district was performed using
related datasets provided by the BRA.

Categorization by land use was performed by aggregating the land-use (LU)
attribute values into the following categories:

Commercial

Industrial

Mixed Use

Residential

Exempt

Vacant Land (including Agricultural/Horticultural)

Parcel size for most of the LU categories was readily available. However,
determining parcel size and associated LU for condos required additional
analysis due both to the repetitive counting issues described above, and
because many condos have both commercial and residential uses. The
process, by which the parcel size was determined for the condos, as well as
additional issues encountered, is described below.

The following definition of condo attributes was developed based on both
conversations with BRA staff and our analysis of the database:

1. For each condo, there is at least one record, known as the condo main (CM)
record and zero, one or more associated condo records for each of the
individual condo unifts.

a. Each CM record has a unique identifier, the CM_ID.
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2. Each condo record has a unique PID, and a non-unique CM_ID.

a. For the CM record, the CM_ID is equal to the PID and, except as
described below, the last three digits of both the CM_ID and the PID
are zeros.

i. Some CMs are located on land that was sub-divided from earlier
larger parcels; for these types of CMs, the last three digits may
not be all zeros

b. For the associated condo records, the first seven digits of the CM_ID
match the first seven digits of the PID.

c. Foreach CMrecord, LU = “CM".

3. All other condo records should have one of the following four LU values:

CC: Commercial Condominium

CD: Residential Condominium

RC: Mixed Use (residential and commercial)
E: Tax Exempt

CP: Condominium Parking

4. Total area in square ft (total sq. ft.) for the entire condo parcel is provided in
the CM record.

We resolved database issue based on conversations with BRA staff and our own
analysis as follows:

1. Total sq. ft for each condo was categorized by the LU values listed above
based on the following:

Condo parking records were ignored as not relevant to the LU
categorization process.

For CM records where the LU values for all associated condo records were
identical, total sq. ft was categorized by that LU value.

For CM records where the LU values for the associated condos were not
identical, total sqg. ft was categorized as Mixed Use.

2. Two database records were found that did not meet the criterion that the
CM_ID is equal to the PID for the condo main record (and thus only for the
condo main record).

a. For 100 Cambridge Street, CM_ID was missing for one record. The last
three digits of the PID for that record were zeros, suggesting that this
was likely a CM record. The LU value was Exempt. All associated
records having a street address of 100 Cambridge Street had CM_IDs
equal to the PID for the record presumed to be the CM record. The LU
values for all associated records were Commercial Condominium. The
record presumed to be the CM record was assigned a CM_ID equal to
its PID. The LU value was changed to “CM”

b. For 35 Cannel Center Street, the CM_ID for one record did not match
the PID. The last three digits of the CM_ID were not three zeros,
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suggesting that this might not be a CM record. A CM record was found
for 35 Cannel Center Street. All other associated records having a
street address of 35 Cannel Center Street had CM_IDs equal to the
CM_ID for the CM record. The CM_ID for this one record (Unit 102) was
edited to match the CM_ID for the CM record for 35 Cannel Center
Street.

. Six records were found where CM_ID = PID, but LU = “R3". For each of these
six records, there was no associated condo owner record. These six parcels
were presumed to actually be R3. Therefore, the CM_ID was removed (set to
null) for the following six parcels:

5 Marion Street East Boston

7 Condor Street East Boston

39 Maywood Street Roxbury

12 Wheatland Avenue South Dorchester

28 Stellman Road Roslindale

41 Seymor Street Roslindale

. One record, PID = 1301323000 Contained an Unknown LU = “XX". Owner =

Pilgrim Church. LU was changed to Exempt.

. Fifty-five CM records were found for which there were no associated condo
records. These 55 condos are presumed to contain no buildings and were,
therefore, categorized as Land. A list of these 55 condos is provided below
for reference

. Four CM records were found for which all associated condo records were

Parking. The following four CM records are presumed to contain no buildings

and , therefore, all associated condo records were re-categorized as Land

o 5 Jefferson Avenue Charlestown

e 76 110R Gainsborough Street Fenway

e 70 Brimmer Street Beacon Hill

e 168R Camden Street Roxbury

. Values of zero for LAND_SF were found in 340 parcel records, amongst all

categories. These parcels, therefore, were not included in, and so may have

biased, the analysis.

e A fotal of 8,188 condos were identified: 7,606 Residential, 433 Mixed

Use, 79 Commercial, 10 Exempt, 60 Land (including Parking Only
Parcels)

. Final counts for condominiums were:

e 162,148 Records (PIDs)

e 61,423 Individual Condo Records

e 558 Condo Parking Records w/out CM_ID

. The final count of records analyzed was 100,167 Records for all CMs and all
others records not associated with condos
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10. Additional analysis was not performed; therefore other undiscovered issues
present in the atfribute database may also affect the accuracy of this

analysis.
CM records with no associated condo records (55 total
PID ‘ CM_ID LU ST_NUM ST_NAME ST_NAME_SU PD
0102627000 0102627000 CM 472 TRENTON ST East Boston
0103947000 0103947000 CM 54 FRANKFORT ST East Boston
0200813000 0200813000 CM AUBURN TE Charlestown
0200814000 0200814000 CM AUBURN TE Charlestown
0200815000 0200815000 CM AUBURN TE Charlestown
0203145000 0203145000 CM 30 CEDAR ST Charlestown
0302952010 0302952010 CM 520 540 ATLANTIC AV Central
0302952016 0302952016 CM 280-294 CONGRESS ST
0302953010 0302953010 CM 500 ATLANTIC AV Central
0303041000 0303041000 CM 2-5 BATTERY WHARF ST Central
0303740000 0303740000 CM CHATHAM ST Central
0304832010 0304832010 CM 1-3 AVERY ST Central
0304870010 0304870010 CM 2-16 AVERY ST Central
0304965010 0304965010 CM 660 WASHINGTON ST Central
0305112010 0305112010 CM TYLER ST Central
0305424020 0305424020 CM 1 NASSAU ST Central
0306377000 0306377000 CM FAY ST South End
0400837100 0400837100 CM 230 -232 W NEWTON ST Back Bay/Beacon Hill
0402245000 0402245000 CM 316 HUNTINGTON AV Fenway/Kenmore
0500075020 0500075020 CM 100 STUART ST Central
0500200000 0500200000 CM 9597 BROADWAY ST Central
0501158000 0501158000 CM 412 406 BOYLSTON ST Back Bay/Beacon Hill
0501382000 0501382000 CM 647 BOYLSTON ST Back Bay/Beacon Hill
0600332000 0600332000 CM BAXTER ST South Boston
0601281000 0601281000 CM W SECOND ST South Boston
0601302000 0601302000 CM 70 BOLTON ST South Boston
0602039000 0602032000 CM E FOURTH ST South Boston
0602680250 0602680250 CM 1 PARK LA South Boston
0602684000 0602684000 CM 355 359 CONGRESS ST South Boston
0702416010 0702416010 CM 400R- 404R K ST South Boston
0702505000 0702505000 CM 207 M ST South Boston
0702719000 0702719000 CM 750 DORCHESTER AV North Dorchester
0702902000 0702902000 CM 889 897 DORCHESTER AV North Dorchester
0801391020 0801391020 CM 45 E NEWTON ST South End
0801840010 0801840010 CM 1 E LENOX ST South End
0901323500 0901323500 CM 650 COLUMBUS AV South End
1002038010 1002038010 CM 353 365 CENTRE ST Jamaica Plain
1102105000 1102105000 CM 70 BROOKSIDE AV Roxbury
1103243000 1103243000 CM SOUTH ST Jamaica Plain
1600077000 1600077000 CM 2 ASHLAND ST South Dorchester
1602694003 1602694003 CM FRANKLIN ST South Dorchester
1604854010 1604854010 CM 1906 -1918 DORCHESTER AV South Dorchester
1701495000 1701495000 CM 22 24 FERNDALE ST South Dorchester
1704781100 1704781100 CM 380 -390 TALBOT AV South Dorchester
1809290000 1809290000 CM 1391 1395 HYDE PARK AV Hyde Park
1809298000 1809298000 CM 1392 HYDE PARK AV Hyde Park
1812152010 1812152010 CM 1 WESTINGHOUSE Pz Hyde Park
1900313000 1900313000 CM OAKVIEW TE Jamaica Plain
1903160001 1903160001 CM 4144 WASHINGTON ST Roslindale
2100638000 2100638000 CM 139 143 BRIGHTON AV Allston/Brighton
2203685000 2203685000 CM 700 WASHINGTON ST Allston/Brighton
2203718000 2203718000 CM 7 PLAYSTEAD RD Allston/Brighton
2203940000 2203940000 CM BIGELOW Cl Allston/Brighton
2205268075 2205268075 CM 127 LAKE ST Allston/Brighton
2205652000 2205652000 CM 50 UNDINE RD Allston/Brighton
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