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ABSTRACT

Regardless of how well we implement sustainability plans, now and in the future, the weight of

scientific evidence indicates that mean sea level will continue to rise at an increasing rate over

the next century. Thus, coastal lands and development lie in a precarious position, increasingly

vulnerable to flood damage brought by storm surges and extreme weather events.

In order to avoid disastrous losses of property, life, ecological health and social wellbeing, our

cities and regions must quickly implement adaptation plans that consider plausible climate

models. Coastal risk can be managed through rigid protections, soft landscape solutions, and

land use decisions and regulations. In developing and implementing adaptation plans, it is

important to understand the options and their applicability to different site contexts.

Experts warn that today's once-in-a century flood will likely occur every two or three years by

2050!' However, Boston, like many other U.S. coastal cities, is in the early stages of devising

adaptation plans that seek to reduce coastal flood risk from sea level rise. As implementation

of adaptation plans may take several years or decades, Boston should act quickly to strategi-

cally consider its options.

This thesis examines the effectiveness of different planning approaches to hazard mitigation

in urban coastal areas and applies them to at-risk sites in East Boston under coastal flood

scenarios for the years 2050 and 2100. Two sites in East Boston, one with a soft edge and one

with a hard edge, create two distinct urban landscapes for design solutions. A menu of plan-

ning solutions that has been collected from a review of the literature and best practices is then

used to inform design solutions to these problems.

By applying contemporary predictions for sea level rise and the problem-specific expertise

of coastal management to the site-specific realm of land use planning, I hope to provide a

precedent and method for planners, particularly in the Boston area, to seriously incorporate

sea level rise predictions into community discussions, regulations, and comprehensive plan

making.

<"> Confronting Climate Change in the U.S. Northeast: M assachusetts.
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CHAPTER 1: PROBLEM STATEMENT
AND METHOD

Research Problem

11

use perspectives. Actors need to utilize and expand on
these tools more rigorously.

Confounding Challenges

In the face of scientific consensus that sea level

rise will notably increase the risk of flooding in coastal
cities over the next century, Boston, like most US

cities, is in the early stages of significantly addressing
how to plan for these conditions.

Planners attend to a plethora of issues related to
their region, city, or neighborhood. Unable to master
new trends and findings for every issue, many plan-
ners are unaware of some of the best information

available concerning sea level rise, coastal flood risks,
and coastal zone management.

While the city develops a better understanding of
the risks and vulnerabilities of its coast, stakeholders

and leaders must explore and develop smart planning

options that will address the range of risks. This thesis
presents a menu of relevant options and explores how
these interventions might best apply to urbanized
conditions like those in East Boston.

Planners and other stakeholders can learn a good

deal about the flood risks associated with sea level rise
and related best practices through local coastal hazard

experts, scientists, and examples of innovative devel-

opments around the world. Such understanding will

fuel the development of smart site-specific solutions
that fit within the physical, social, and economic con-
text of a neighborhood.

East Boston Sea Level Rise Adaptation
Planning

Sections of the East Boston waterfront are at

increasing risk for future floods. However, develop-
ment plans for these areas move forward with little
explicit consideration of flooding. Neighborhood and
waterfront plans for the area also avoid mention of

sea level rise and the impact it may have on the future

development landscape of East Boston. The Massa-

chusetts Office of Coastal Zone Management (Mass

CZM) offers a wealth of knowledge and resources

concerning traditional coastal hazard mitigation, the

changing landscape of flood hazards for the area, and

best practices in managing risk from policy and land

Time Scale of Plans
Developers and planners tend to plan ahead for

five, ten, or twenty years where as the more severe

impacts of sea level rise are predicted to occur in the

years following. However, the planning and develop-

ment decisions we make now and in the next five to

twenty years will have a tremendous impact on how

coastal lands respond to sea level rise. In essence,
there is a dangerous disconnect between short-term
development and planning and long-term consider-
ation of flood risk.

Focus on Mitigation
Planners, designers and political leaders have begun

to recognize and act on climate mitigation through cli-

mate action plans and other measures, but very few of
these plans have begun to seriously address how cities
and regions should adapt to unavoidable changes

such as sea level rise. While designers and planners
have recently worked to minimize carbon production,
their research and practice to date has been largely

remote from the climate geography of how change

will impact particular landscapes and places.

Uncertain
Uncertainty also leads to planners' hesitation in

dealing with sea level rise. At the most basic level there
has been uncertainty within the scientific community
about the rate at which sea level rise will increase. Sci-
entists are conservative by nature and, as a group, are
unwilling to offer predictions without high statistical
certainty. Thus the range of possible climate futures
is large and difficult to plan for. Fortunately, scientific

research is rapidly addressing the issue of sea level rise
and creating more precise models all the time. In addi-
tion to sea level rise, several other climate and coastal

development factors contribute to uncertainty about

the future physical state of coastal lands. These include

changes in coastal storm, sediment transport, erosion

and marine biological systems as well as coastal urban-

ization and new types of human demand for coastal

lands. Despite the acknowledged uncertainty, change

is certain, and planners can move ahead with flexible

plans considering the best scenarios available.
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Research Question Conceptual Framework and Method

How might planners, coastal landowners, and communities
address the increasing risk of coastal flood hazards due to sea

level rise at the site scale in East Boston?
This thesis considers current and exploratory

techniques for dealing with coastal flooding and land

use and identifies those practices well suited for East
Boston development. Using recent projections for

global sea level rise and resulting local coastal floods
projections as well as appropriate best practices, this

thesis offers design solutions for specific sites along
the East Boston waterfront.

Literature Review

The literature on sea level rise, coastal zone man-

agement, and land use planning is reviewed individu-
ally and as the topics relate to each other. The review

includes grey literature from local to federal levels, sci-

entific and planning reports, and academic literature.

Design Menu

Existing and exploratory flood hazard mitigation
measures from the literature and contemporary prac-
tice provide a menu of options for interventions in
East Boston.

Hazard Scenarios

Local flood risk projections consider sea level rise

in East Boston in 2005, 2050 and 2100. The future

t I
Hazard Scenario

ISite Selection and Analysis

Design Menul

IDesign Proposalsl

Figure 1. Conceptual Framework and Method



scenarios are based on the sea level rise projections
of Stephan Rahmstorf and the subsequent coastal

flood projections of the Northeastern Climate Impact
Assessment coastal team headed by Paul Kirshen.

Context Analysis
The policy context for addressing coastal flooding,

land use, and sea level rise in Boston is summarized.
Also, the social and physical landscape and context of
East Boston are explored to frame an understanding
of the sites.

Site Selection andAnalysis
Two sites are chosen in East Boston based on their

separate and important urban contexts. The Proposed

Boston East development site provides an example

for how to consider a site of modest depth on struc-
tural bulkheads along the port area. The Constitu-
tion Beach site provides an example of how a more
natural shoreline and a greater depth of undeveloped
land can respond to a variety of solutions that allow
for landscape-scale interventions. These sites are ana-

lyzed through the lens of protecting against sea level
rise while considering the current needs of surround-

ing communities.

Synthesis - Design proposals

Drawing from the design menu and responding to

the coastal flood projections for 2050 and 2100, two

design proposals are offered for each site. These pro-

posals aim to minimize risk while still effectively utiliz-
ing the parcels. The main categories of interventions

considered will are hard engineered barriers, land-

scape flood mitigation, flood-resistant building design,
and land use planning and policy solutions.

A Note on Prioritization
Sea level rise, as well as solutions to mitigate it, will

impact people and their land on many dimensions. The

direct societal cost of coastal flooding alone includes
relocation, job loss for coastal industries, disruption
of daily life, inequitable distribution of impacts, visual

scarring of the landscape, and development pressure

due to future growth. This thesis will focus on loss of

property and life due to coastal flooding. Given the

1 Kirshen et al., Confronting Climate Change in the U.S.

Northeast: Science, Impacts, and Solutions: Appendix: NECIA

Coastal Impacts Analysis. Rahmstorf, "A Semi-Empirical
Approach to Projecting Future Sea-Level Rise."
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flood scenarios, solutions will aim to ensure that build-
ings will continue to operate during flood events and
that flooding will occur only in those areas expected
to receive minimal damage.

Purpose

These design solutions will provide East Boston
planners and residents with options for addressing
sea level rise. More broadly, it should encourage com-
munities to critically address sea level rise and offer
examples for how to adapt through structural, land-
scape, land use planning and policy solutions.

Outline of Argument

Chapter 1 - Problem Statement and Method
This chapter is responsible for introducing the

problem statement, method, and outline of the thesis
paper.

Chapter 2 - Literature Review
This chapter reviews the most relevant literature

on sea level rise, coastal zone hazard management,
and land use planning. It refers to work developed
by experts such as IPCC scientists, Timothy Beat-

ley, and Jan McHarg as well as contemporary Dutch
practitioners.

Chapter 3 - Design Menu
This chapter explores common, popular and best

practices being implemented or proposed for manag-
ing coastal flooding with consideration for sea level

rise. Options are drawn from current practices in the
Boston area, cases from Maine to the Netherlands,
academic theories, and government synthesis. Hard
engineered barriers, flood-resistant building design,
landscape flood mitigation, land use planning and

related policy tools provide the building blocks for

subsequent design analysis.

Chapter 4 - East Boston Context

This chapter begins by mapping institutions, from

federal to local, that are most involved in coastal

flooding, sea level rise adaptation, and planning as it

relates to Boston. It briefly describes the physical and

social geography of the East Boston neighborhood.

Following this, it explains the sea level rise scenario

used and presents a map showing the extent of future
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flood risk with sea level rise in 2050 and 2100. Finally,
it introduces the two sites selected for further analysis.

Chapter 5 - Boston East Site Design Adjustments
This chapter begins by explaining the details of the

Boston East site design proposals as it relates to flood
hazards with future sea level rise. After identifying the
areas of vulnerability and opportunity, options from
the design menu are applied using visual designs and
explanatory text. The chapter concludes by summa-
rizing how different methods address the problem.

Chapter 6 - Constitution Beach Site Design Proposals
This chapter begins with a site analysis of the

Constitution Beach site related to flood vulnerabili-
ties and opportunities. Options from the design menu
are applied using visual designs and explanatory text.
The chapter concludes by summarizing how different
methods address the problem.

Chapter 7 - Synthesis and Conclusion
This chapter synthesizes the findings from the

design exploration and discusses how different
options might best apply to different site contexts in
Boston. It also discusses next steps, complementary
actions, and further research required.



CHAPTER 2: LITERATURE REVIEW

Human civilization is facing an unprecedented rate
of change in climate and sea level that will require

ingenuity and an unprecedented scale of solutions.

However, while the rate and scale of impact might be

unprecedented, the nature of these impacts are famil-

iar. Communities have long dealt with development

suitability through land use planning and and flood

hazards through coastal zone management. Solutions
from land use planning and coastal zone management
can and should inform the issues of coastal flooding
due to Sea Level Rise. This chapter will introduce the
issues of Sea Level Rise, Coastal Zone Management,
and Land Use Planning as they relate to the problem
of increasing flood hazards on our coasts. It will then

review literature dealing with the intersection of two

or more of these fields in the search to understand

how they can work together to address the problem
in this thesis.

Sea Level Rise

The quantity and confidence of scientific data pre-
dicting notable sea level rise over the next century is
increasing, and, while some uncertainty remains over

the rate of change, there is near consensus that sea
level rise (herein referred to as SLR) will significantly
impact our coastal communities

In 2007, the Intergovernmental Panel on Climate
Change (IPCC), a respected panel of top climate
change researchers from around the world, came out
with their fourth, and most extreme, assessment report.

While many researchers speculated that international
politics and the need for consensus led to overly con-
servative predictions, the picture is, nonetheless, star-
tling. Because the report represents consensus, it has
appealed to the general population and helped to raise
public and political awareness of climate change.2

Process and Predictions
Relative SLR is a function of eustatic or global

SLR, related to the volume of water in the
oceans, and isostatic SLR related to local

land subsidence and erosion. While

Use global isostatic SLR is expected
to approximate historical trends,

inn i ng climate change is contributingnning to a troublesome increase in

and eustatic SLR.
Two distinct processes

naly contribute to the accelerating
rate of eustatic SLR. Thermal
expansion, the more predict-

able of the two, involves an
actual expansion in the volume of

ocean water as ocean temperatures
rise due to causes such as increased

C02 in the atmosphere. Conservative,
but broadly excepted predictions of global
SLR, until the recent past, have relied solely
on estimates of thermal expansion. Based
on thermal expansion, the IPCC working

group responsible for studying impacts, adap-

tation and vulnerability, expressed "very high
confidence" that coastal zones will be subject to

increasing risk due to climate change and sea level

rise of 0.6 meters or more on the higher end by 2100

2 Intergovernmental, Climate Change 2007.Figure 2. Literature Review Diagram



and impacts are "virtually certain" to be overwhelm-
ingly negative.'

However, there is another major contributor to
eustatic SLR, the timing of which is more difficult to
predict. Rising temperatures and other changes in cli-
mate patterns are also contributing to ice melt includ-

ing small but numerous ice caps and the breakdown
of ice sheets sitting on land in Greenland and Ant-
arctica. Such a breakdown would significantly increase
long term SLR. As scientists began to measure and
predict the rate of ice melt with more confidence, it
became clear that the estimates agreed to by the IPCC
were incomplete4 , and consequently too low.

At the March 2009 International Scientific Confer-
ence on Climate Change in Copenhagen, researchers
revealed that sea level has been rising much faster than
had been predicted by the UN only two years before.s

Experts tended to agree, "the upper range of sea level
rise by 2100 could be in the range of one meter, or
possibly more. In the lower end of the snectrum. it
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looks increasingly unlikely that sea level rise will by
much less than 50 cm by 2100."6 As this scientific con-
ference is a precursor to the big political conference
in Copenhagen in December 2009, the agreed upon
findings are extremely relevant for decision-making.

Estimates made by Stephan Rahmstorf in 2007
were met with initial skepticism but as new data has
proved his predictive methods robust, many scientists
and decision makers are referring to his work for best
current estimates of eustatic SLR. Using a "semi-
empirical" method, he found that "When applied to
future warming scenarios of the Intergovernmental
Panel on Climate Change, this relationship results in
a projected sea-level rise in 2100 of .5 to 1.4 meters
above the 1990 level.7 This paper will rely on pre-
dictions for local coastal flooding that incorporate
Rahmstorf's projections.

Given the time scales of these processes, the
warming of the oceans over the next century is largely
related to C02 that has already been released into the

-i /1

I I

20502000
Year

2100

Figure 3. Prediction of Sea Level Rise to 2100. Source: Stephan Rahmstof. '4 Semi-Impoerical Approach to Projecting
Future Sea Level Rise" in Science

3 Ibid.
4 Meier et al., "Glaciers Dominate Eustatic Sea-Level
Rise in the 21st Century."
5 "A sinking feeling: Climate change."

6 Charlotte Brix Andersen, "Rising sea levels."
7 Rahmstorf, "A Semi-Empirical Approach to Projecting
Future Sea-Level Rise," 368.

"
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Figure 4. Causes of Sea Level Change Source: David Griggs in Climate Change 2001, 3ynthesis report, Contributions of

working groups i,ii and iii to the Third Assessment Report of the Intergovernmental Panel on Climate Change

atmosphere. Thus, even heroic C02 mitigation mea-

sures in the present and future will not allow us to

avoid notable SLR by 2100. In fact, there is very little

variation among 2050 SLR predictions based on dif-

ferent emissions scenarios between now and then.s

Eustatic SLR, related to the volume of water in the

oceans, is only one component of relative SLR. The

other component, isostatic SLR, reflects the change

in sea level due to land subsidence and erosion. Natu-

ral processes have always contributed to subsidence

and uplift. Land masses shift, soft soils compact, and

shorelines change. Development pressures also con-

tribute to subsidence and erosion whether through

extracting water from soft soils along the coast,
building on unstable coastal edges, or erecting flood

defenses that increase impacts on neighboring lands.

Climate change may also affect local erosion through

amplification of storm activity in some places and

changes in wave patterns. Recent research has found

that, due to global temperature's impact on ocean cur-

rents, sea level rise in the northeastern United States

is likely to exceed mean global sea level rise by about

8 Frumhoff et al., Confronting Climate Change in the US
NAortheast.

8 inches."91 While Eustatic SLR is the biggest global

concern, any consideration of local impacts needs to

carefully look at isostatic changes as well.

Impacts

Particularly low lying areas of the world are at risk

of having large swaths of currently developed land

permanently inundated by higher sea levels over the

next 90 years. Many coastal areas will have to deal with

eroding shorelines, increased salinity of estuaries and

aquifers, impaired water quality, altered tidal ranges in
rivers and bays, increased wave height, decreased light

for corals and other marine life living closer to the

floor, and threatened wetland ecosystems. However,
coastal storm activity added to higher sea levels will

account for the most common and pervasive flood

risks. " Such storms and flooding can inflict loss of

life, damage to property, loss of habitat, damage to

9 Yin, Schlesinger, and Stouffer, "Model projections of
rapid sea-level rise on the northeast coast of the United
States."
10 Bornstein, "Northeast US could suffer most from sea
rise: Add 8 inches for the region, new study says."
11 Gornitz et. al, 2002 in Intergovernmental, Climate
Change 2007.



infrastructure such as coastal protection works, loss
of subsistence resources, loss of tourism, recreation,
and transportation functions, business interruption,
family interruption.

In order to minimize the impacts, it is crucial that
we prepare for adaptation to future climate realities.
The vulnerability of a community to SLR is a factor
of exposure (how hard it will be hit), sensitivity (how
resilient the land use is to flooding) and adaptive
capacity (the degree to which a community can evolve
or change to cope with a situation).' 2 Drawing largely
from coastal zone management and land use practices,
this paper will address how to minimize exposure and
land use sensitivity to minimize impacts.

Coastal Zone Management

Coastal storms can significantly damage develop-
ment and landscapes through storm surges, height-
ened wave action, torrential rains, and high winds. The
effects are particularly pronounced when combined
with SLR.

In order to enjoy the economic, cultural, and natu-
ral advantages of coasts, societies have had to learn
to defend themselves against these forces by resist-
ing the flood waters or building in resilience to them.
Technological advances over the past several centuries
have leaned towards relying on hard engineered bar-
riers to keep the water out, but recent developments
and increased risk have led communities to reevaluate
the tools used to keep themselves safe from the ocean.

The Coastal Zone Management Act of 1972 estab-
lished the Coastal Zone Management Program to pro-
tect, develop, and, where possible, restore the nations
coastal communities. Further legislation in 1990
incorporated the Coastal Hazards Enhancement Pro-
gram which more explicitly addresses coastal hazards.
13 This federal-state partnership offers federal funding
to the states, which develop policies and solutions that
fit their particular needs. Many of the physical and
policy solutions applied to coasts today derive from
these state coastal zone management programs. The
following sections will explore the methods used.

Hard Engineered Barriers
Hard Engineered barriers are developed to keep

water out of built areas, even during storm conditions.

12 Ibid.
13 National Coastal Zone Mtanagement Program.

These may include revetments, seawalls, groins, jet-
ties, offshore breakwaters and other shore-armoring
devices. However, engineered structures that harden
the coast may negatively impact the environment
significantly. They can exacerbate erosion in adjacent
areas alter sand circulation patterns, block landward
migration of barrier islands and create eventual loss
of beach.' 4 Additionally, unplanned overtopping
or breaching during the most extreme events leaves
areas with structural interventions at even higher risk.
When building hard structures, it is important to plan
in flexibility. As environmental planner Ian McHarg
notes about the world's leaders in water management,

"In their long dialogue with the sea, the Dutch have
learned that it cannot be stopped but merely directed
or tempered, and so they have always selected flexible
construction."15

Landscape Flood Mitigation
Landscape flood mitigation defenses such as

wetland retention areas or the berms and dunes of
beaches tend to accommodate the environment and
natural processes better than hard barriers. Dunes,
unlike rigid engineered structures, can accept the
waves while reducing their velocity, absorbing their
force, and holding back waters. They also tend not
to mar the vista of a coast as seawalls often do. How-
ever, even natural defenses can negatively impact
coastal systems. For example, foredune construction
and beach nourishment, where sand is dredged and
pumped onto beaches, can alter natural systems and
their restorative properties.' 6 At the same time, they
can be relatively short-lived compared to hard struc-
tures and maintenance costs can be comparable. Still,
many prefer landscape mitigation techniques to hard
structures where both are feasible solutions. Unfor-
tunately, such landscapes require more space, which
comes at a premium in dense urban settings.

Flood-Resilient Building Design
A generally smaller-scale alternative to resist-

ing flooding is to accommodate the waters or build
resilience into flood-prone areas. This can involve
raising buildings on pilings (referred to in federal
flood programs as freeboard) or using floodproofing

14 Beatley, An Introduction to Coastal Zone Management.
15 McHarg, Design with Nature, 7.
16 Nordstrom, 2000, Hamm and Stive, 2002 in Intergov-
ernmental, Climate Change 2007.



materials and sealants around the base of a building.

While retrofitting structures can prove costly, raising

or rethinking the materials on new buildings, particu-

larly smaller ones, requires relatively little investment.

However, when raising a structure, it is important to

critically consider the stability of piling foundations

in repeated storm conditions and the treatment of

a streetscape where the ground may lie several feet

below building entrances. Owners of existing build-

ings subject to unexpected floods in the short term,
can quickly retrofit their structures by reprogramming

the interiors to move important and basic functions

above the first floor while relegating the ground floor

to non-valuable storage use and opening it up to flood

flows

Land Use Planning

Land use planning, a major field of theory and

practice in all regions, proves particularly important

when applied to sensitive areas such as coastal zones.

A development's risk of exposure and sensitivity to

flooding derives from the fact that the development

exists in a flood-prone area, as is the case for much

coastal development. One way for a community to

minimize its exposure and sensitivity to coastal flood-

ing is through thoughtful land use planning that fully

analyzes the suitability of uses for a given area.

In his book Design with Nature, Ian McHarg

points out that certain areas in the landscape, such

as floodplains, are generally inhospitable to develop-

ment. "Let us accept the proposition that nature is

process, that it is interacting, that it responds to laws,
representing values and opportunities for human use

with certain limitations and even prohibitions to cer-
tain of these."17 Relative to coastal areas, he notes

"In principle, only land uses that are inseparable from

waterfront locations should occupy them"'8 This may

include ports, harbors, marinas, and water-related

industry. He also grants the option of waterfront

development for non-diminishing, water-resilient uses

such as recreational open space.

When communities ignore these suggestions, they

take on a great risk. Speaking about hazards from

coastal storm events like hurricanes, Timothy Beatley,
a prominent coastal zone expert, asks, "But why do

these disasters occur? Because people have put them-

17 McHarg, Design with Nature, 7.

18 Ibid., 58.

selves in the way of a natural force that cannot be
diverted or stopped. The coastal zone is hazardous

because humans have made it so"'" Beaches are not

only the land most vulnerable to coastal flood events,
they are also the first line of defense against winds,
waves, currents, and coastal storms. By building on

them, communities are notably increasing the hazards.

Following Beatley's logic, and McHarg's principles

of suitability analysis for ecologically-informed plan-

ning would help to avoid the impacts of floods with-

out substantial investments to keep the water out or

build extra resilience into buildings. However, what

may work for the theoretical planning of a clear land-
scape can not be so simply applied to land already

developed and occupied by a coastal community.

Coastal geographer Rutherford Platt also recognizes

the risk of developing permanent structures on ever

changing and exposed beaches, while acknowledging

that coastal communities have and, in some capacity,
will continue to develop these areas. "Cities on the

beach are a fait accompli." He says, "We must find

ways to optimize the pleasures of visiting or residing

in them while minimizing the social and environmen-

tal costs of overbuilding them." 2
0

Nonetheless, hazard zone avoidance and even

retreat are legitimate alternatives to investing in resis-

tance or resilience. These options do not require a

complete lack of development in coastal areas vulner-

able to current or future flooding. They may involve

replacement of existing land uses that are subject to

high loss from flooding with land uses such as rec-

reation and agriculture that can better accommodate
flooding.

Hazard zones can be fully or partially avoided

through the use of coastal setbacks, limited land use

in an area, or density restrictions. For previously devel-

oped areas, authorities may choose to place restric-

tions on rebuilding after notable storm damage. Alter-

natively, programs and policies can promote landward

relocation by compensating coastal landowners. Addi-

tionally, to allow for flexibility, authorities can prevent

building immovable structures in high erosion zones.2 1

Such measures can be applied after a storm to dam-

aged or new development; before a storm, but only to

new development; or before a storm to all new and

existing development.

19 Beatley, An Introduction to Coastal Zone Management, 7.
20 Platt, Cities on the Beach, 13.
21 Beatley, An Introduction to Coastal Zone Management.



Intersection of Land Use Planning and
Coastal Zone Management

Effective consideration and application of any of
these options requires strategic spatial planning that
is responsive to SLR for coastal zone management.
Speaking of one of planners' greatest tools, Burby
notes, "Land use plans enable local governments to
gather and analyze information about the suitabil-
ity of land for development, so that the limitations
of hazard prone developments are understood by
policy makers, investors and community residents."2 2

He describes the importance of planning for hazard
mitigation to ensure that damages to existing at-risk
properties is minimized, hazard potential from devel-
opment is minimized, and the rights of both the
community and individual landowners are taken into
consideration.

Planners can draw from a number of tools, related
to community land use plans to direct or redirect
suitable growth. Land uses can be regulated through
overlay zoning, subdivision regulation, building codes
(including floodproof retrofitting requirements),
design standards, floodplain regulations related to
location, building elevation, and materials, and envi-
ronmental impact assessments. Local governments
can also direct spending for infrastructure to guide
growth and encourage low impact / low risk land uses
in coastal flood areas through preferential assessment
of these uses in the tax system. Land acquisition can
be a powerful tool if used strategically. In addition
to direct purchase, a local government can purchase
development rights, transfer development rights,
accept dedication of conservation easements, relocate
buildings, acquire damaged buildings or even use its
power of eminent domain. By acquiring these proper-
ties in one fashion or another, local governments can
either use this property in defense against floods, or
ensure that the type of use is resilient. Finally, dissemi-
nating information will help the market to function
more accurately. This may include educating profes-
sionals as to the risks and options, requiring hazard
disclosures for real estate transactions, or simply dis-
tributing information to the greater public. 23

22 Burby, Burby, Cooperating with Nature, 1-2.
23 Goldshalk et al. in Burby, Cooperating with Nature.

Municipalities may hesitate to assume some of
these powers for fear of legal action and takings
suits. However, the courts have found that govern-
ment has not only a right, but also a responsibility
to manage coastal and inland floodplains to protect
people and property. Experts suggest that, to avoid
a takings claim, local officials should show both that
regulations serve an important public interest and that
the actions show a rational relationship to the interest
they purport to serve. Furthermore, they should avoid
actions that render land valueless. 24 The coastal zone
management community offers broad suggestions as
well for how communities can avoid legal challenges
while addressing their responsibility to manage coastal
floodplains. The "No Adverse Impact" principles sug-
gest avoiding the taking of property rights, prevent-
ing one person from harming another's property, and
basing standards on performance rather than "arbi-
trary or inflexible" construction restrictions.25

Land Use Powers for Hazard Mitigation

* Zoning
* Building Codes
* Capital Investment
* Land Acquisition

Integrated Flood Management

The best responses to projected coastal flooding
derive from the integration of principles and tools
used in coastal zone management with those used
in land-use planning. The European Commission on
Integrated Coastal Zone Management has summa-
rized several good principles for coastal zones includ-
ing taking wide-ranging perspectives, understanding
the specific conditions of the particular area of inter-
est, working with natural processes, ensuring that mul-
tiple options remain open for the future, planning in
a participatory way that will help to develop consen-
sus, involving and garnering support from all relevant
administrative bodies, and drawing from a combina-
tion of instruments.26 In the spirit of working with
natural processes, the Dutch have been exploring
ways to accommodate water and profoundly integrate

24 Olshanky and Cartez, Ibid.
25 Shaw, "StormSmart Coasts: No Adverse Impact and
the Legal Framework of Coastal Management."
26 Vermaat et al., Managing European Coasts.



consideration of water planning with land use plan-

ning. "The essence of this principle (of integrated

coastal policy) is: flexible integration of land in sea
and of water in land, making use of materials and

forces present in nature. ' ' 7 This thesis explores meth-

ods for practicing the theory in an urban context.

Synthesis: Using Coastal Zone Management
and Land Use Planning to Address Sea
Level Rise

The threat of SLR will heighten the imperative to

protect coastal areas through a combination of tradi-

tional costal zone management methods of resistance

and resilience, as well as land use planning regulations.

However, the situation presents tougher challenges

than coastal communities may have dealt with in the

past. Particularly in urban coastal areas, land that has

been developed to appropriate historical flood stan-

dards will have to adapt to increased projections. Fur-

thermore, current developers and planners will have

to reframe their approach to hazards identification,
replacing predictions based on historical trends with

those considering differnt climate change scenarios.

Old and new tools should address both magnified
future flood conditions and a greater range of uncer-

tainty. These tools and methods need to be shared

widely between coastal communities, while the final

decisions for how to apply them will need to take

place at local levels.

27 Waterman, "Impact of Sea Level Rise on Cities and
Regions," 64.
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CHAPTER 3: DESIGN MENU

Most of the options and best practices from
traditional coastal zone management and land use
planning and from cutting edge practices for adapt-
ing to SLR fit into one or more of four categories:
Hard Engineered Barriers, Landscape Flood Mitiga-

tion, Flood-Resistant Building Design, and Land Use
Planning and Policy. Each category encompasses an
array of physical change options with policy tools for
implementation. This chapter will lay out the various
options appropriate for coastal cities with a focus on
the types of interventions most relevant and promis-

ing for East Boston.

Hard Engineered Barriers

Coastal zone managers recognize a variety of engi-

neered physical barriers that can be used to protect
coastal shorelines. These include sea walls, sea dikes,
revetments, bulkheads, groins, jetties, breakwaters,
storm surge barriers, pile structures or piers, flood-

gates and water retention basins, among others. While

there is some overlap in the naming of these barriers,
they do have somewhat distinct forms and purposes.

The primary purpose of a sea wall is to protect

landward structures from flooding during storm surge.
This hard surface structure of concrete, steel or stone,
when functioning properly, has the most definitive
ability to keep water off of land, and thus can provide
a great sense of security. However, beyond construc-
tion costs, there are challenges to this approach. Sea-

walls tend to take the full brunt of wave during storms
and redirect some of that energy to the base increas-

ing the likelihood of erosion of the seabed in front of

the wall. The resulting toe scour can then weaken the

stability of the wall. Also while sea walls can be quite

effective if stable, they rarely include backup mea-

sures. Failure, often characterized by a breach or over-
topping, can actually increase the damage that would

have otherwise occurred. Another drawback of sea

walls is that natural systems and cycles are disturbed.

This not only negatively impacts the ecosystems of

the water's edge, but may also contribute greatly to

diminishing beaches on the seaward side of the struc-

ture.28 Despite these drawbacks, however, sea walls are

often considered one of the more desirable options

to be used in high-density and high-value urbanized

28 Basco, Coastal Engineering Manual- Part V.

23

coastal areas where a great deal of investment has
already been made over a short span of coast. The
benefits of strategically placing a wall in a city such as
Manhattan may outweigh the costs.

Figure 5. A Sea Wall in Winthrop, MA

The term revetment, though sometimes used

interchangeably with sea wall, generally indicates a
different form. Where as seawalls are usually vertical,
revetments are placed on an existing slope or embank-

ment. They also protect the land from strong waves

and currents, but tend to deal as much with minimiz-

ing erosion of the land as with keeping the water out.
The typical revetment impacts natural processes less

than large vertical seawalls do; for example, they tend
to absorb energy along a rough surface rather than
deflect it, potentially to other vulnerable areas. They

are generally less massive and used on a smaller scale
than seawalls. 29

Figure 6. A Revetment in East Boston

29 "CHL - Types of Coastal Structures."



Structures more commonly used on the bayside

land of East Boston are bulkheads, and piers. Bulk-
heads are vertical walls, generally anchored to the
land, that hold back soils. The primary function of

a bulkhead is to reduce erosion of land into the sea,
while mitigating wave action and flooding are only
secondary objectives.30 Piers are concrete or wood pile
supported structures with decks that jut out into the
waters. They serve well as areas for mooring vessels
or recreational land, though they are sometimes used
to support heavier structures. Given their extension
from the shore, they are exposed to loads from waves
and currents.31 Many of the functions programmed
for piers are resistant to coastal flooding. Other piers
can be built high enough to avoid coastal flooding,
though buildings would still be subject to wind and
spray from storms.

Figure 7. Piers Park on a Reconstructed Pier in East Boston

Hard structures, creating hard edges are used along
a good portion of urbanized coastal areas. While
replete with disadvantages, they can also effectively
allow coastal areas, otherwise too wet or vulnerable
to coastal storms, to function smoothly and manage
large scale changes in the environment. For example,
the Dutch, exemplary leaders in the field of water
management, have built and benefitted greatly from
hard engineered barriers. In the early 1930's they com-
pleted the Afsluitdijk, an approximately 20-mile mas-
sive dike that closed off a sizable inlet to the North

Sea that became a freshwater body (the Ijsselmeer)
from which parts were dredged and pumped to create
polders, or new bodies of land.

30 Basco, Coastal Engineering Manual - Part V.
31 Ibid.

Landscape Flood Mitigation

While the Dutch will continue to maintain much
of their $2.5 trillion dollars worth of existing infra-
structure, they have begun to change their approach,
relying less on engineering marvels and more on natu-
ral barriers such as wetlands and salt marshes or the
sand dunes and berms of beaches to ease the force of
storms and retain floodwaters. 32 Many of the flood
mitigating landscapes exist naturally and need little
more than to be maintained to stabilize shorelines.
Other measures call for enhancement of the natural
landscape.

Beach nourishment is a common landscape inter-
vention that helps to counteract erosion (caused by
natural events, climate change, or development pres-
sures) and to protect against flooding.33 Methods
include directly depositing sand on the beach, beach
scraping, building artificial dunes as storm buffers
or reservoirs, laying pipes that suck in the water and
trap sand, and building groin fields to trap the sand.
Of particular importance for coastal flood mitigation
is use of sediment to expand, restore, or construct
berms and dunes. Dunes provide a barrier parallel to
the coast that protects inland structures while allow-
ing for natural beach formation and direct access to
the water on the shore side. Made up of sand and
other fine particulate, dunes in formation are subject
to wind scatter. Thus it is imperative, in creation or
maintenance of dunes, to establish a vegetated cover.
Effective dunescapes are generally made of two or
more layers. The foredune, the one closest to the
water's edge, supports sea grasses with deep roots
that can flourish despite salt spray while stabilizing
the dune. However, trampling by humans and other

N a .bueat shape, Cto cotdaons
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Figure 8. Section of a typical beach dune.
Source: www. teara.govt., n

32 Nickerson, "Holland goes beyond holding back the
tide."
33 Basco, Coastal Engineering Manual - Part V.



forces needs to be minimized. The backdune, while

supporting larger and slightly less sensitive vegetation,
should be protected from trampling as well.34

Urban municipalities can also choose to add not

sand, but rather land fill, and raise the entire eleva-

tion of coastal properties to make them less subject

to coastal flooding. Boston, Massachusetts has, as

noted, used fill to extend most of its urban core and

the land we know as East Boston. This simply shifts

the process toward building higher rather than out

farther. For better or worse, despite advances in heavy

machinery, filling land should prove more complex

today than a century ago. Our attention to environ-

mental remediation for the health of our ecosystems

and ourselves limits the ease with which we might find

plentiful waste material or nearby ocean dredgings to

use as fill. Furthermore, such fill would either have to

extend the shoreline, disrupting the current maritime

uses, or disrupt current building along the shoreline.

In places where the shoreline is in transition, however,
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during a coastal storm as drains to the sea may be

blocked by rising storm surges.

Policies for Smart Development of Barriers

Developers may bear the burden of the cost

of structural solutions at the site scale while local

authorities will need to draw on taxes to support the

costs of larger infrastructure projects. If local govern-

ments invest in large-scale flood barriers, they should

explicitly communicate the remaining risk to ensure

that property owners do not assume complete pro-

tection. If property owners feel that the government

has fully addressed the problem, they lack incentive

to otherwise mitigate risk on their own property. If

encouraging private investment in flood protection,
local governments should offer technical assistance

and recommendations while implementing restric-

tions that limit the visual and flooding impact of such

barriers on neighboring properties, and ecologically

sensitive areas.

Figure 9. Public space along the water's edge in Hafencity, Hamburg, a city raised above flood levels. Source: Hafencity.com

Flood-Resilient Building Design
this might prove a viable solution.

Natural landscapes can also mitigate coastal flood

impacts due to their absorptive qualities. Flat land-

scapes, as well as berms and dunes, can both absorb

floodwaters and slow the speeds at which water flows

across the land, unlike paved surfaces which can

increase the velocity of floodwaters onto neighboring

properties. Impermeable surfaces not only mitigate

the impact of coastal floodwaters rising from the sea;

they also minimize the quantity of storm-generated

inland flood waters. This is particularly important

34 McHarg, Design with Nature.

A rather different approach to holding back the

waters is learning to let them in. The Dutch, with

most of their inhabitants living on water reclaimed

from the sea, are nonetheless leading the charge to

accommodate floodwaters and accept them in the

built landscape. They have begun to suggest that, "the

range of dunes be opened here and there so that water

from the sea can penetrate and form creeks between

the dunes. The realization is setting in that larger

pumping-stations and higher dikes might not turn the

tide for a bit, but that ultimately this rigorous tech-
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nique will prove to have nothing but a negative effect
on the resilience of the coastal zone."35

To coexist with floodwaters, buildings must be
resilient to the impacts. Lifting buildings on piles or

"freeboard", a method widely used from the Neth-
erlands to the Gulf Coast, should raise the occu-
pied spaces in vulnerable buildings above harm's
way. Builders can either raise the lowest horizontal
structural member just above the projected 100-year
flood level for the lifespan of the building, or they
can raise the structure high enough to create less
vulnerable programmable space beneath the building
such as parking and gardens. The later option has the
added benefit of improved access for maintenance,
but poses urban design challenges in connecting the
floor level of elevated buildings with the streetscape.
Lifting buildings is relatively simple for small, new
construction, while retrofitting and building of much
larger structures adds cost. On the Silodam Causeway
in the Netherlands, a 157 unit apartment building is
actually raised on piles above standing water. Rather
than use the ground floor for car parking, residents
use it as a marina for mooring their boats. Projects
such as this one indicate that the scale of building on
piles and the ability to effectively accept water into the
built environment are increasing.

Figure 10. Silodam apartment building in the Netherlands.
Source: Flickr contributor CruiseAir

Owners of existing moderate- to large-scale urban
structures might choose to waterproof and seal
their buildings on lower floors to the extent possible.
Floodproofing materials, while more easily incorpo-
rated into new buildings, can be appended to existing
structures with some success and with less investment
than required to raise the building or build structural

35 Graaf, Europe, coast wise, 138.

barriers. In addition to minimizing the water that
enters buildings, owners can move particularly sensi-
tive possessions and equipment (such as furnaces) to
higher ground. Thus, while the building is more likely
to experience some flooding, the impact is minimized.

Floating buildings more directly approach the
concept of integrating land developments with water.
The earliest examples of this included ships that
were houses followed by houseboat-type structures
that float on hollow concrete boxes. Later came the
modern water villa with full-fledged stable floating
foundations , the kind of foundations that have been
scaled up to support the density of urban villas and
terrace houses. 36 Today's construction involves spe-
cial EPS elements to provide stiffness and buoyancy
with open spaces filled by a concrete mesh/shell for
the base of the foundation. 3 Floating utility units
with protected integrated piping can help to main-
tain services to floating structures irrespective of the
water level. Cost aside, large floating foundations can
be provided at pretty much any scale which suggests
that water sheet might be considered as a building plot.
Well-designed floating buildings, unlike buildings on
piles, offer the advantage of not only accommodat-
ing water, but accommodating steady fluctuations in
water. However, in a high energy coastal environment,
these buildings remain vulnerable to the force of
winds and waves that can penetrate above the floating
foundation. Their use is much more appropriate in a
low-energy environment.

Amphibious structures offer some of the advan-
tages of land-bound buildings with the water level
flexibility of floating structures. These buildings, set
on hull-like floating concrete bodies with coupling
construction, rest on concrete foundations during
normal water conditions. During floods, they rise
with the water level while staying anchored to flexible
mooring posts that "cushion" the swell of water.3 1

In communities supported by Federal Emergency
Management Flood Plain Insurance, landowners
within the "official" 100 year floodplain are offered
rate incentives to raise there buildings up to 3 feet
above ground level. While the extent of the official
floodplains and the recommended heights do not
consider SLR, the concept of using minimum eleva-

36 Olthuis, "Building Floating Constructions."
37 "DeltaSync: Floating Foundation."
38 Kengen, "Bouyant Bases."



Figure 11. Amphibiuos houses sit atground level during

normal conditions. Source: Presentation by A.L Kengen

tion standards to ensure appropriate heights above
flood levels is robust.

Land Use Planning and Policy Tools

A city's resilience to coastal flooding is largely

dependent on the suitability of sensitive land uses

along coastal areas subject to current or future flood-
ing. Any suitability consideration should start with a
broad assessment of which lands and land uses are
subject to hazards. Incorporating this into a master
plan or a land use overlay plan of SLR and future
flood risk will improve the overall affect of individual
actions.

Such plans may find areas where development
should be entirely restricted now or in the future, but
many coastal areas will call for an intermediate solu-

tion. Cities and landowners can continue to capital-

ize on coastal edges that lie above even future mean

high water levels but are, or will be, subject to rare

coastal floods by limiting these areas to resilient or

low-loss uses and/or those uses that are water depen-

dent. These include public beaches, ball fields, tracks,
urban gardening, public parks, open plazas, temporary

performance or event spaces, industrial ports, water

m ql

transportation landings, and marinas. Following a

suitability analysis, planners can limit or direct land
uses in a variety of ways to minimize a community's
vulnerability.

Acquisitions allow local governments to directly

determine whether and what kind of development
occurs on exposed coastal areas. Methods include:
direct purchase, eminent domain, purchase of devel-
opment rights, transfer of development rights, dedica-
tions of conservation easements, and funded reloca-
tion of buildings. Once the planning body can exert
more control over these sensitive areas, it can plan
flexibly for land uses. Economic or, in the case of
eminent domain, political costs present the greatest
challenges to this course of action.

Flood-hazard-specific zoning, preferably following
from a master planning process, may include: flood-
plain regulations, density restrictions, coastal setback
rules, rolling easements, hazard overlay districts, and
presumed mobility rules. These regulations can be

applied to all development or to new or rebuilt devel-
opment. The state of Maine has pioneered presumed
mobility and rolling easements, newer zoning regula-
tions that respond directly to foreseen changes in the
landscape due to SLR. Relative to presumed mobil-
ity, they have limited the size of structures in some
coastal areas to 35ft and 2,500 sf (a movable size) if
the applicant cannot demonstrate that the site will
remain stable over the next 100 years. 39 Relative to
moving easements, and related to presumed mobility,
Maine has required that if shoreline change due to
SLR erosion and other coastal processes results in the
foundation of an already permitted structure being
located in the intertidal zone for six months, then the
structure must be removed from the site. This particu-
lar regulation is appended to the property deed.40

Considering a phased retreat in response to SLR,
Maine has required that "A project may not be permit-
ted if, within 100 years, the property may reasonably
be expected to be eroded as a result of changes in the
shoreline such that the project is likely to be severely
damaged after allowing for a two-foot rise in sea level

over 100 years. Beach nourishment and dune resto-

ration projects are excluded from this requirement.""4

39 Rubinoff, Vinhateiro, and Piecuch, Summary of Coastal
Program Initiatives That Address Sea Level Rise as a Result of
Global Climate Change.
40 Ibid.
41 Ibid., 7.



28
These policies place some onus on the developer and
landowner to seriously consider future conditions in
making decisions about land development today. The
regulations explicitly respond to future conditions and
projections of SLR ensuring that the market has the
information it needs to respond accordingly. It will be
interesting to see how Maine lawmakers factor future
refinements of sea level projections into the existing
regulations.

No-rebuild rules offer a more conservative
approach to retreat that responds to changing flood
and sea level conditions. Cities with already built up
areas that are likely to be exposed to future storms,
may chose to phase building out of these areas as con-
ditions change by requiring that properties sustaining
significant damage (to be determined by percent value
calculations) can not be rebuilt. Such a rule ensures
that coastal cities are not responsible for repeated
damage to increasingly exposed areas. Furthermore, it
avoids the problem of uncertain projections of storm
risk or the cost of abolishing development while the
land remains viable for building assets. Such a policy,
however, does not avoid the cost, economic and oth-
erwise, of the impacts of that first substantial storm.
Furthermore, any use of this policy needs to incor-
porate strong public outreach efforts concerning the
projected risk of the area and the implications of the
policies, including an altered role for flood insurance.

may be compromised by the first. Instead of being
composed entirely of fine-grain sediment a dune can
encompass an underlying rock sea wall or revetment.
This solution provides some of the aesthetic, mainte-
nance, and ecological advantages of a landscape solu-
tion while offering a secondary protection. In the case
of two large storms in rapid succession in which the
first might deplete the sand dune, the wall remains to
protect development from the succeeding one. 42

Taking Action

In places such as Maine and Maryland, states have
taken the lead in forming policies that will encour-
age adaptation to SLR and flood conditions. Land use
planning, however, needs to be studied and largely
implemented at the local level. At this level, more
detailed disaster assessments can be made, building
permissions can be structured to require minimum
elevations or prohibition of basements, land use des-
ignations can be restricted or protected, zoning ordi-
nances can be reconsidered, and local residents can be
consulted. 43

The next chapter focuses on the context of East
Boston in Massachusetts to describe the frame within
which these physical, land use planning, and policy
options would be applied.

Combined Strategies

Several innovative techniques for responding to
future coastal flood situations rely on combining
strategies. Oftentimes strategies are layered to offer
backups and minimize the magnitude of robustness
needed for each. For example, a seawall that could
block nearly all possible storms without overtop-
ping, given future SLR flood scenarios, could prove
prohibitively costly as well as unsightly. If floodwa-
ters overtopped such a structure, with no protection
behind it, the effect could be devastating. However, if
the rare case of overtopping were accommodated, say
by an absorbent landscape buffer behind the wall, the
impacts would be greatly minimized. Consequently,
the wall could be built less tall and less costly and
obtrusively since the impacts of "failure" could be
tolerated.

A combination of approaches also responds to the
risk posed by successive large storms in which a dune

42 Faludi, European Spatial Research and Planning.
43 OAR US EPA et al., "US Climate Change Science
Program Synthesis and Assessment Product 4.1: Coastal
Sensitivity to Sea-level Rise: A Focus on the Mid-Atlantic
Region."



CHAPTER 4: BOSTON AND EAST
BOSTON CONTEXT

Institutions, Organizations, and Initiatives

Government institutions and other organizations
have the responsibility of actually applying best man-

agement practices for protecting coastal communities

from SLR and coastal flooding. To understand how

change and action might occur in the Boston context,
we need to understand the role and progress of play-
ers from the federal to local arenas.

Federal Institutions and Initiatives

The Federal agencies currently most involved in
coastal flood hazard mitigation and/or adaptation for

the impacts of SLR are the US Army Corps of Engi-

neers (USACE), the Federal Emergency Management
Agency (FEMA), the National Oceanographic and

Atmospheric Administration (NOAA), the Environ-
mental Protection Agency (EPA), the United States

Geologic Survey (USGS) and the US Climate Change

Science Program (CCSP). At times, theses agencies
work together, and the numerous initiatives, studies,
reports, and projects implemented complement each

other. 4 At other times, the organizations would do

better to coordinate efforts, and more readily incorpo-

rate the findings of other agencies into their analyses.

In either case, each of these federal agencies plays an

important role in shaping our policies, programs, and

understanding of the issues
The USACE, through their mandate to protect

the nation's navigable waterways, runs a laboratory to
understand and a program to reduce flood and coastal
storm damage. In addition to providing coastal zone
mapping and imaging, they offer expertise in coastal
structures, coastlines, erosion control and flood con-
trol. Much of this information is culled and provided
in the Coastal Engineering Manual freely available to
the public.45 Given the technical detail of the docu-

ment, coastal zone managers may benefit more from

this manual than would the average landowner. While
the amount of information is laudable, the Corps

does not seem to have yet incorporated SLR projec-

tions of any amount into its publications.

44 Basco, Coastal Engineering Manual - Part V.
45 "Climate Program Office (CPO)." http://www.climate.
noaa.gov/index.jsp?pg=./cp_pp/description.html.
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FEMNs role in coastal zone management is to
reduce loss of life and property from floods through
disaster preparation, response and recovery. The
agency creates Flood Insurance Rate Maps (FIRMS)
that provide a foundation for insurance and hazard
zone mapping in many areas. It also runs the National

Flood Insurance Program (NFIP), which offers flood
insurance to homeowners in coastal areas where pri-
vate insurers have dropped out of the market but
localities have adopted a minimum of flood and
safety standards. It provides a coastal construction
manual as well. FEMA has been criticized for failing
to incorporate SLR projections into its much-needed
map updates and for providing incentives, through
its flood insurance program, for people to continue
building in flood hazard zones.

NOAA makes its major contributions to issues
of coasts and climate change through the Office of
Ocean and Coastal Resources Management and the
Climate Program Office. The former is responsible
for seeing through the Coastal Zone Management
Program, a partnership in which the federal govern-
ment supports states in developing programs to sup-
port wise use of land and water resources with con-
sideration for ecological, cultural, historic, aesthetic,
and economic values. The Coastal Zone Management
Act, which established the program, actually requires

that coastal states anticipate and plan for SLR due

to global warming. The climate service development
program, run by the Climate Program Office, aims

"to assess impacts of climate variability and change,
support regional adaptation strategies, and develop
climate information products and tools appropriate
for evolving user needs" 46. NOAA is developing a
National Climate Service analogous to the National
Weather Service, for consolidating government cli-
mate records, climate forecasts, and related informa-
tion. Practitioners should welcome a more centralized
location for useful information.

The EPA hosts the "Coastal Zones and Sea Level"

website which, in addition to clearly explaining the

major issues relevant to SLR, also provides links to

a wealth of scientific reports on the subject. Many,
though not all, of the reports are supported by the

EPA.
The USGS provides expertise in collecting geo-

graphic data used to map SLR and its effects on

46 Thieler, Williams, and Hammar-Klose, "National
Assessment of Coastal Vulnerability To Sea-Level Rise."
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coastal populations. They are currently working with
Woods Hole Science Center on a "National Assess-
ment of Coastal Vulnerability to Sea-Level Rise." 47

The US Climate Change Science Program, com-
posed of NOAA, EPA, USGS, and ten other federal
agencies, works to develop a comprehensive view of
climate change and its potential significance. Through
the Coastal Elevation and Sea Level Rise Advisory
Committee, they recently released an important report
entitled "Coastal Sensitivity to Sea-level Rise: A focus
on the Mid-Atlantic Region." 48

State Institutions and Initiatives

While the federal government provides research,
some general policies and regulations, and fund-
ing to address coastal flooding from SLR, the states
have more responsibility for developing strategies to
mitigate adverse impacts on their lands and territorial
waters.

Massachusetts's lawmakers are in the early stages
of addressing issues related to SLR or other impacts
of climate change. The Global Warming Solutions
Act of 2008 focused almost entirely on greenhouse
gas reductions, but also initiated concern for adapta-
tion. Section nine states "the Secretary shall convene
an advisory committee to analyze strategies for adapt-
ing to the predicted impacts of climate change in
the Commonwealth"."49 The committee should file a
report of findings and recommendations on strategies
for adapting to climate change by the end of 2009.

Meanwhile, the state has much experience in deal-
ing with coastal waters. The Department of Environ-
mental Protection, through its responsibility to create
and enforce regulations such as the Massachusetts
Public Waterfront Act (Chapter 91), has significant
influence over the state's coastal waterways. It protects
public right of ways and areas of environmental con-
cern while reviewing projects in the municipal harbor
plan districts (largely flowed tidelands)."

47 OAR US EPA et al., "US Climate Change Science
Program Synthesis and Assessment Product 4.1: Coastal
Sensitivity to Sea-level Rise: A Focus on the Mid-Atlantic
Region."
48 An Act Establishing the Global Warming Solutions Act.
49 Mass. Gen. Laws ch. 91. The Massachusetts Public Waterfront
Act.
50 Coastal Hazards Comission, Preparing for the Storm:
Recommendations for Management of Risk from Coastal Hazards
in Massachusetts, 3.

However, the Massachusetts office of Coastal
Zone Management (Mass CZM), under the Massa-
chusetts Executive Office of Energy and Environ-
mental Affairs (EOEEA) has played the key role to
date in protecting Massachusetts shores from storm
hazards and considering the influence of SLR on
coastal flooding. Mass CZM provides policy assis-
tance, technical assistance and guidance to coastal
communities for dealing with storms, floods, and SLR.
Recently, they led the Coastal Hazards Commission to
develop a report "Preparing for the Storm: Recom-
mendations for Management of Risk from Coastal
Hazards in Massachusetts". This report, released in
2007, offers 29 recommendations for improving flood
hazards. While few of these recommendations specif-
ically address sea level rise scenarios, the report does
acknowledge that SLR "will result in greater erosion
and flood impacts over time".5s

Recommendations relate to one of four categories
with a priority recommendation for each category.
With respect to hazards information, the report rec-
ommends that Massachusetts DCR assist FEMA to
update federal insurance rate maps (FIRMs). Unfor-
tunately, while FEMA, with the input of local agen-
cies, has recently updated the Boston area flood maps
(FIRMS), the new digitized version still uses a good
deal of forty year old data, and does not consider SLR.
With respect to policy, the report recommends that
the EOEA establish a storm-resilient communities
program with case studies for "effective coastal smart
growth planning and implementation".52 With respect
to planning and regulations, the report recommends
that state environmental agencies and regional plan-
ning agencies develop, update, and mitigate hazard
mitigation plans. With respect to protection, the
report recommends implementation of a program of
regional sand management promoting beach nourish-
ment as a coastal hazard protection. Of additional
significance are recommendations to map and model
climate change and SLR data related to coastal haz-
ards in Massachusetts, incentivize retrofitting homes
for floods in coastal areas, acquire storm-prone prop-
erties through payment or conservation restrictions
in order to conserve coastal land and minimize loss,
consider creating a best management practices docu-

51 Coastal Hazards Comission, Preparing for the Storm:
Recommendations for Management of Risk from Coastal Hazards
in Massachusetts.
52 Climate: Change: The City of Boston s Climate Action Plan.



ment for land subject to coastal storm flowage, and

develop a standardized benefit-cost analysis model for

shoreline protection projects (or related alternatives)

that considers capital, societal, and natural resource

benefits and costs.
StormSmart Coasts, an award winning new initia-

tive of Mass CZM, offers information to help com-

munities better prepare for and protect themselves

from coastal storms. The StormSmart Coasts website

distills an enormous amount of information such as

that being produced by the federal agencies mentioned

above, into a simplified and easily accessible frame-

work. While summarizing the most relevant points of

outside information, it also offers links to the source

documents and relevant organizations. The program

also produces fact sheets, successful case studies, and

regional workshops. The site still skirts around the

issues of what to expect from and how specifically

to address the added hazards attributable to SLR, but

the program is beginning to institute pilot projects in

a handful of coastal communities, including Boston,
some of which address SLR as a significant consider-

ation in coastal hazards management.

City Institutions and Initiatives

In 2007, Mayor Menino of the City of Boston

issued an executive order on Climate change. The

order, which focused on mitigation, mentioned the

need to adapt, but offered no specific recommenda-

tions or actions at the time. Similarly the city's Climate

Action Plan focuses almost entirely on green house

gas emissions while mentioning the need to consider

adaptation. "The City shall 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, neigh-

borhood planning and economic development." 53

The Boston Harbor Association, a non-profit

public interest organization, supports use of the

harbor for public access, liveliness, a commercial port,
a clean asset, to the city. While the association has no

regulatory powers, the policy positions that its mem-

bers develop carry weight in the city. Furthermore

those developing large waterfront projects will gener-

ally consult the well-regarded experts at the Boston

53 The Boston Zoning Code: Article 80 Development Review
and Approval; "Boston Redevelopment Authority." www.
bostonredevelopmentauthority.gov
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Harbor Association during the planning and develop-

ment process.
The BRA plays an extremely important role in

guiding land use and development decisions that

minimize the impact of coastal flooding from SLR.

As the planning and development agency for Boston,
it creates and maintains citywide land use plans, and

community master plans, while drafting zoning plans

and bylaws for the zoning commission. It maintains

a vision of the city as a whole while maintaining an

on-the-ground presence understanding the local

social, cultural, and landscape issues. The agency is

also responsible for developing, though not approv-

ing, municipal harbor plans, such as the East Boston

Municipal Harbor Plan and Amendment. All large

projects and other significant projects are subject to

Article 80 review, a more rigorous review that intro-

duces greater oversight into development.5 4

The BRA addresses coastal flood issues through

Article 25, a statute that regulates development with

respect to flood hazards. 55 Regulations require that

any new residential structure in the 100 year flood-

plain has its lowest floor, including basement, elevated

above base flood heights. Similarly, new non-residen-

tial structures must submit to the same guidelines

or sufficient floodproofing below the base elevation.

The Boston Redevelopment Authority has many tools

at its disposal to regulate and direct the form of devel-

opment in coastal areas and its resiliency to increased

coastal flooding due to SLR. The organization appears

to be engaged in figuring out the best course of action,
but is not yet poised to roll out fully vetted regulations

and guidelines.

Neighborhood Organizations and Efforts
While few if any neighborhood organizations

in Boston have formed around adapting to climate
change, there is an awareness budding at the com-

munity level, particularly in environmental justice

(EJ) communities that have historically endured a dis-

proportionate share of environmental hazards. The

Neighborhood of Affordable Housing (NOAH), a

non-profit multi-service community organization in

East Boston, has partnered with a team of environ-

mental researchers to evaluate strategies for EJ com-

54 The Boston Zoning Code: Article 25 Flood Hazard Districts.
55 Douglas et al., "Coastal Flooding and Environmental
Justice: Developing Strategies for Adapting to Climate
Change ." (Proposal/Overview)
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munities to increased coastal flooding due to SLR.
The research project "Coastal Flooding and Envi-
ronmental Justice: Developing Strategies for Adapt-
ing to Climate Change", funded by NOAA's sectoral
Analysis Research Program, should directly serve this
East Boston Neighborhood while providing insights
for related communities, and, perhaps, even wealthier
communities with greater adaptive capacities."5

Multijurisdictional Organizations and Initiatives
Many organizations and knowledge communities

that deal with coastal zone management and climate
change cross jurisdictional boundaries. The Coastal
States Organization, of which Massachusetts is a
member, has looked at the role of coastal zone man-
agement programs in adaptation to climate change.
The Association of State Floodplain Managers, an
association of professionals involved in floodplain
hazard management, aims to limit the losses and suf-
fering of flooding by using principles of "no adverse
impact" (NAI) The premise of this widely cited con-
cept is that the actions of one property owner can not
negatively affect the rights of another. Where actions
follow this philosophy, legal and political challenges
are minimal.

The Union of Concerned Scientists and Metropol-
itan Area Planning Council (MAPC) have organized
efforts to respond to climate change and SLR at a
regional level. MAPC has partnered with a core group
of researchers to develop a series of CLIMB (Cli-
mate's Long-term Impacts on Metro Boston) reports.
The Union of Concerned Scientists has partnered
with several climate change experts in developing the
North East Climate Impact Assessment (NECIA)
reports, "Confronting Climate Change in the U.S.
Northeast: Science, Impacts, and Solutions". Paul
Kirshen, environmental engineer at Tufts University,
participated in both studies

Coordination of findings at all levels and players
at the local level is imperative for quickly, thoughtfully,
and comprehensively addressing the problem. In par-
ticular, understanding the context and tools at hand
up front, will make such a discussion more productive.
This paper aims to provide a starting point for that
aspect of the discussion, and a sense for how the tools
might apply

56 Kirshen, Knee, and Ruth, "Climate change and coastal
flooding in Metro Boston," 453.

The Economic Case for Adaptation to Sea
Level Rise in Boston

As mentioned above, two major projects have
addressed SLR in Boston from a scientific and policy
point of view The CLIMB study offers a quantitative
analysis of the net cost to the Boston metro region of
generalized adaptation scenarios. The significance of
this study derives from the finding that, "Risk-based
analysis shows that the cumulative 100 year economic
impacts on developed areas from increased storm
surge flooding depend heavily upon the adaptation
response, location, and estimated sea level rise."' 5

The study considers two SLR scenarios (.45 meters
eustatic SLR for a total of .6 meters SLR and .85
meters eustatic SLR for a total of 1 meter SLR), and
tests four adaptation scenarios against them. It also
varies the number of successive flood events that
would occur.

The RIO (Ride it Out) scenario, something of
a business as usual scenario, assumes that all struc-
tures would be repaired to current conditions after
each flood and that floodproofing would take place
only for new development in the current 100 year
floodplain. The GREEN scenario assumes that all
buildings would be flood proofed upon building or
sale of structure. It does not suggest any sort of
natural solution; the name suggests only that it likely
has fewer negative environmental impacts than the
BYWO scenario. The BYWO (Build Your Way Out)
scenario assumes that after two 100 year flood events,
protective structures would be built to meet or exceed
the 500 year flood level. For the purpose of this sce-
nario, these protective structures are assumed to be
traditional hard engineered barriers. The RETREAT
scenario assumes that no new development would
occur in the floodplain and that after a large storm
and flood event caused damage to a property, it could
not be rebuilt. The scenario does not assume a partial
retreat, or replacement of highly sensitive develop-
ment uses with more resilient development uses such
as ball fields or parks. None of these scenarios assume
changes in the officially designated flood plain area or
nuanced intermediate interventions.

The caveats used in describing the scenarios are
not meant to undermine the importance of this work,

57 Kirshen et al., "Integrated Impacts of Climate Change-
Induced Sea Level Rise in Metro Boston and Adaptation
Strategies," 6.
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general.

Using simplified estimates for implementation

costs of the 4 adaptation measures, and modeling the

damage costs of repetitive flood events under each

scenario, the study compares the net cost of taking

different courses of action.

Boston: impacts and adaptation strategies

As seen in the figure above, the RIO scenario, in

which damaged buildings are rebuilt as before in the

same area, proves the most expensive. The BYWO

scenario proves least expensive despite high upfront

costs required to build the storm barriers. This and

other findings, leave the investigators to conclude that,
"While uncertainty in the expected rate of sea level rise

and damages makes planning difficult, the results also

show that no matter what the climate change scenario

or the location, not taking action is the worst response

as in our Ride It Out scenario." In their 2003 report,

investigators reach a little further to comment on the

role of land use. "Present and future land use greatly

affects the magnitude of the impacts" s , they find,

and land use regulations can both decrease property

58 Kirshen et al., "Integrated Impacts of Climate Change-

Induced Sea Level Rise in Metro Boston and Adaptation

Strategies."
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,272 12,760 2,726 6,798 25,556

,651 9,632 2,598 558 18,439

,el Rise Scenarios.
5 in "Climate Change and Coastal Flooding in Metro Boston

damage by flooding and improve hydrological condi-

tions to decrease the severity of flooding.59

Projecting Flood Frequency and Extent in

East Boston due to Sea Level Rise

The NECIA research, as it relates to SLR in

Boston, focuses on the scientific findings of SLR and

how they translate to local SLR impacts. Its findings,
and the way they are framed, are astonishing! The

research team projected that, "by 2005, the 100-year
storm surge will exceed the elevation of the 2005

1,000 year storm surge" ° Furthermore, "What is

now considered a once-in-a-century coastal flood in

Boston is expected to occur, on average, as frequently

as every two to three years by mid-century and once

every other year by late century under either (high or
low) emissions scenarios"' '6 To clarify, the higher and

lower SLR scenarios that they analyze are, by there

own admittance, rather conservative. "A more recent

59 Kirshen et al., "Coastal flooding in the Northeastern

United States due to climate change," 446.

60 Confronting Climate Change in the U.S. Northeast: Massachu-

setts, 3.

61 Kirshen et al., Confronting Climate Change in the U.S.

Northeast: Science, I~?pacts, and Solutions: Appendix: NECIA

Coastal Impacts Analysis.
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analysis, however, has projected much greater end-of-
century sea-level rise (compared to the assumptions
used in this, the NECIA, report): on the order of 2 to
4.5 feet above 2005 levels under the higher-emissions
scenario. Even these projections may be conservative
in that they do not account for the rapid rate of ice
breakup and melting currently being observed in the
polar ice sheets, nor do they assess the potential for
further acceleration of this melting."

The researchers provided a technical background
paper that explained the methodology and assump-
tions used in the report. In this background piece, tlhey
included analysis of one more recent, and increasingly
accepted, projection, that of Stephan Rahmstorf.62

Given more recent literature and conference find-
ings, this appears a more accurate projection to use in
considering SLR than the more conservative and out-
dated numbers offered in the last IPCC report. Thus,
the predictions for the extent of flooding used for the
latter part of this paper derive from the Rahmstorf
projections for SLR and the NECIA Coastal Team's
further projections of local coastal flood events using
the midrange of Rahmstorf's projections. All SLR
projections beyond this point will be based on these
assumptions unless otherwise noted.

Given this slightly higher projection, the recur-
rence interval of the 2005 100-year storm surge eleva-
tions will occur more frequently than every 2 years by

2090 21(

Coastal Imp

37.6 2050! It is important to note, as well,
that the elevations (and thus extent)
of the 100-year flood plain as cal-
culated by the expert local research-
ers is slightly higher than FEMA's
flood elevation. Of equal or more
importance than understanding the

16.1 recurrence interval of flooding in
the current 100-year (or 1%) flood-

9.6 plain is understanding the elevation

5.5 and extent of a likely future flood.
The following chart shows the pre-
dicted elevations for the Boston

00 area while the following map shows
the flood extent of a 100-year recur-

acts rence coastal flood event (essentially
a 100-year / or 1% storm) in 2005,
2050 and 2100.

Year Storm Surge / Coastal Event
elevations at MHHW (feet NAVD)
in Boston (mid range of Rahmstorf

Prediction)
2005 9.7
2050 11.2
2100 14.2

62 Ibid.
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Figure 14. Areas in turquise and green subject to current flood

hazards will experience more severe coastal flooding in the future
while areas in yellow and orange will be subject to new flood hazards.
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East Boston Neighborhood and Land
Context

East Boston is a Boston neighborhood known
for its history as a bustling industrial port area, its
vast expansion through made land, its hosting New
England's largest airport, its welcoming of immigrant
groups, its consequently diverse group of residents,
and its sense of community 6' East Boston Masterplan
of 2000 describes the possibilities of the East Boston
waterfront enthusiastically as it transitions to a time
less dependent on marine industry in which water-
front lots that have been underused may see new life.

The Masterplan calls for a balance of open space
and cultural activity with waterfront residential use
and regional port-related activities."4

The neighborhood's stretches of low lying areas
derive from its physical history. As seen in figure xx,
the majority of the land, particularly that currently
occupied by the ocean and along the piers, has been
made in the last 200 years. What began as Noddles
and Breeds Island out in the bay, became the next
horizon for growth in Boston by the mid 19,h century
under the East Boston Company.6"

The Eastern Railroad (later the Boston & Albany
Railroad) and Saratoga Street followed bridges across
the inlet separating the two islands and companies
continued to wharf out along the Marginal and

Figure 15. Map of East Boston being built out in 1911. Source: Seasholes Gaining Ground

64 Seasholes, Gaining Ground.
65 Ibid.63 East Boston Master Plan.



Boarder Street waterfronts. With stone seawalls, wood

bulkheads, rip-rap dikes, and any dredgings or fill they

could obtain, they envisioned a larger future.
More dikes and fill closed off the inlet once sepa-

rating Noddles and Breeds Island, making a continu-

ous stretch of land for East Boston. Then, atop one

long seawall, the Boston Revere Beach and Lynn Rail-

road was built. The dike allowed for easier fill of the

basin that remained between this railroad and the land.

The railway remains behind Constitution Beach as an

egress for the mass transit Blue Line train. -While the

ports, with their connection to two railroads, took off

early on, the grand plans for residential use of filled

lands never materialized. This made way for the state

of Massachusetts to take the rights to these tidelands

The planned port, however, was replaced by the ini-
tially small and later much expanded Logan Airport,
occupying 1,413 acres of filled land along the flats off
the East Boston Shore. "66

It is upon this mass of filled lands stabilized

between early hills and century old seawalls and dikes

that the neighborhoods, airport, and industries of

East Boston now base their foundations.
East Boston serves as a useful case study area for

understanding the effects of coastal flooding due to

SLR in Boston for several reasons. As seen in the map
(figure reference) its low edges are somewhat exposed
to today's coastal floods and notably more so to the
floods expected in 2050 and 2100. While East Boston

is a thoroughly urban neighborhood, its coastal edges

through eminent domain to further develop the port. display a variety of urban conditions. Furthermore, a

Figure 16. Planning, development, and some renovation projects from 2000. Source: East Boston AMaster Plan

66 Fort Point Associates, Inc., Boston East Project Notifica-
tion Form.



large number of currently underused or unused old
marine-industrial coastal properties that would be
highly exposed to future flood risks, appear, to some,
ripe for new development

The two sites explored in this thesis complement
each other in their somewhat different, but related
urban conditions.

Case Study Site Introductions

Boston East is a 4.8 acre vacant parcel along the
piers off of Border Street (indicate with map). Half
of this parcel reaches the coast at a hard edge, in a
sea of dilapidated piers while the other half reaches
the coast along a slope of earth, though it appears
this land may have previously been stabilized by a
revetment or other hard coastal structure. A plan for a
multi-use development has been proposed and nearly
approved on this city owned parcel of land, though it
will probably be several months before site prepara-
tion begins.

The Constitution Beach Site includes half of Con-
stitution Beach itself, as well as the MBTA train tracks
and the commercial development behind it. The Mas-
sachusetts Department of Conservation and Recre-
ation, has recently renovated the beach and its ame-
nities, which are well used by the public, particularly
during summer weekends. Thus, there are no plans
to replace the current use. The wide, soft edge invites
somewhat different flood mitigation approaches from
those used where dense development draws near a
hard-edged waterfront.

Chapters five and six analyze these sites before
offering design alternatives that respond to future
flood scenarios while allowing the site to serve the
community and landholders.



CHAPTER 5: BOSTON EAST SITE

ANALYSIS AND DESIGN

Boston East Introduction

Boston East, the first site considered for design

analysis, is defined by the City-owned parcel from

102-104 Border Street, indicated by the yellow dotted

on the site context page. This parcel offers insight into

a common and timely challenge for the East Boston

Inner Harbor: large new residential development pro-

posals on low-use or abandoned marine waterfront

subject to current and future coastal flooding. As
the future risks of SLR and the costs of protecting

or losing existing infrastructure becomes ever more

apparent, it is imperative that we minimize risk and

costs associated with NEW building in flood hazard

areas. That said, coastal, residential, infill development

may offer a good deal of revenue and regeneration to

the area. Thus, solutions for accommodating flooding

along with new structures or for allowing this land to

be developed on the condition of its protection are

integral to Boston's future.
As shown in the Boston East site analysis, the south-

western portion of the Boston East site is particularly

derelict with dilapidated marine railways, entrance

posts, outfall pipes, old bulkheads, and approximately
25,000 SF of dilapidated timber pilings.67 However,
the northeastern part of the site has more stable flat

ground and both enjoy panoramic views of Charles-

town, the Tobin and Zakim bridges, and some of the

Boston skyline.
Trinity East Boston Development Limited Part-

nership has proposed two buildings for the site. In
addition to their intention to build a marine industrial
facility on the newly condensed designated port area
portion of the site, they have proposed, in some detail,
the development of a largely residential 196 unit

building with underground parking and a public gal-

lery as part of the facilities of accommodation for the

neighborhood. They have also proposed to provide a

portion of the East Boston Harborwalk with about

twelve feet of access along the waterfront portion of

the site. Their proposal is indicated on the following

67 Fort Point Associates, Inc., Boston East Project Notfica-
tion Form; The Cecil Group, Amendment to the East Boston
Water Front District Municipal Harbor Plan.

pages as part of the base map in both Boston East
design schemes. 68

Given the unique position of the site, upon filled

(previously flowed) tidelands, in the East Boston
Municipal Harbor Plan area, and partly within the
designated port area, the project requires many per-
mits, approvals, or variances at the federal state and
local level. These include a conditional use permit for
residential programming on the first floor, a recon-
figuration of the designated port area, chapter 91
and article 53 approvals for protecting public rights
for active water dependent uses in flowed tidelands,
and storm water management approvals indicating
erosion and sediment controls for the site. There are

some requirements related to the FEMA 100-year
flood plain, but, unlike other estimates of the 100-year
coastal storm, the conservative FEMA map shows
this area only skirting the site. Furthermore there are
no requirements, or even official recommendations,
that the developers consider future coastal flood pre-
dictions due to SLR. 69

The designs for this site, detailed in the Scheme A:
Elevated Building and Scheme B: Sea Wall drawings,
alter the existing proposal to accommodate a simi-

lar program and form on the site while accounting
more critically for the risks of coastal flood exposure.
Both approaches aimed at protecting the site through
hard engineered barriers and safely accommodating

floodwaters are explored. Both include components
of landscape flood mitigation and creative land uses.

Outline of Design Drawings

Boston East site analysis and design drawings on
the following 7 pages include:

1. Boston East - Site Context

2. Boston East - Site Analysis (2 pages)
3. Boston East - Scheme A: Elevated Building

- Plan
4. Boston East - Scheme A: Elevated Building

- Section
5. Boston East - Scheme B: Sea Wall - Plan

6. Boston East - Scheme B: Sea Wall - Section

68 Fort Point Associates, Inc., Boston East Project Noifica-
tion Form.
69 "Conversation with Julia O'Brien, DCR."
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In addition to annotated drawings, the design pages

include text boxes that detail the major considerations
in the designs broken into four categories:

1. Hard Engineered Barriers
2. Landscape Flood Mitigation
3. Flood-Resistant Building Design
4. Land Use Planning and Policy Tools

Findings are summarized in the Benefits and
Drawbacks sections at the end of the text boxes, and
the chapter concludes with a prose summary of these
findings.
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BOSTON EAST - SITE ANALYSIS

View of Charlestown waterfront from site.

Abandoned-looking Atlantic Shore Warehouse as closest neighbor.

View from Border St. across the site to the working
pier Boston Towing.

Dilapidated piers, concrete foundations, and marine railways,
largely on the DPA portion of the site.

Sewer overflows on site. Dilapidated piers, along the sites watersheet with building
cranes in the distance.



BOSTON EAST - SITE ANALYSIS

Industrial building renovated as artist lofts, a gallery and a day care.

A decayed pile of timbers from historical wharves make up part of the
ground plaIn of the DPA portion of the site.

New Office Building with Headquarters for NOAH; First
furnished floor is raised above the lowest row of windows.

Several unused-looking buildings along this block.
Signs of flooded areas on a sunny day.



BOSTON EAST - SCHEME A: ELEVATED BUILDING - PLAN BOSTON EAST- SCHEME A:
ELEVATED BUILDING

Hard Engineered Barriers
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BOSTON EAST - SCHEME A: ELEVATED BUILDING - SECTION BOSTON EAST - SCHEME A:
ELEVATED BUILDING

Existing Design Proposal
Approximate Jfom inftrmation pro-
vided by Icon Architecture

(1"=200' with 3x vertical exaggeration)

2100 1% coastal flood
2050 1% coastal flood

Current 1% coastal flood
MSL

2100 1% coastal flood
2050 1% coastal flood

Current 1% coastal flood
MSL

Stone Revetment

Proposed largely
residential building

3I

Building through the ground plane
with a basement below grade and
the first floor a step above grade

Stone Revetment Building raised 8-10 ft. on piotes
with pervious parking and garden
underneath

Existing Building
on Border Street

ood waters can move around the
building flooding Border Street, though
at a lower height.

lood waters from storm surge continue to

diminish modestly as they traverse per-
meable rather than smooth impermeable
ground surface

I I

Hard Engineered Barriers
* Line the coast with rock revetments to stop modest

flood waters and absorb wave energy

Landscape Flood Mitigation
* Make a large percentage of the ground permeable,

including permeable pavement for parking.

Flood-Resistant Building Design
* Rise building on stilts 8-10 feet above ground level.

* While higher than necessary to avoid floodwa-
ters, this will ensure an active, programmable
ground plain that is easier to maintain.

* Parking and gardens at ground level
* Because only a small portion of the raised

buildings footprint is impermeable, the overall
floor size may be increased. This could com-
pensate for any lost residential area without
requiring further height.

Land Use Planning and Policy Tools
* Condition building permits on raising the building

high enough to avoid a coastal flood in 2050 or 2100.
* Require that the Harbor Walk is maintained through

time via an option for rolling easements. or raising
the path up on a berm.

* Incorporate flood coastal flood hazards into environ-
mental impact assessments.

* Offer tax incentives for increased permeability
* Safety for surrounding properties may require flood-

proofing, change in land use, or relocation landward.

Benefits
* Maintains access to the coastline
* Minimizes impermeable area while maintaining ben-

efits from full use of the ground plain
* Avoids the cost of a basement foundation in soft,

potentially polluted soils

Drawbacks
* Provides fewer parking spots than original proposal
* Ground plain has to be detailed creatively to ensure

that the raised building does not detract from life at
that level.

! 
| 

+ 

i
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BOSTON EAST- SCHEME B: SEA WALL - PLAN BOSTON EAST -SCHEME B: SEA
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BOSTON EAST - SCHEME B: SEA WALL - SECTION

2100 1% coastal flood
2050 1% coastal flood

Current 1% coastal flood
MSL

Option B1

(1"=200' with 3x vertical exaggeration)

u

Sea wall tall and sturdy enough
to protect the building from the
2100 1% flood

Building as proposed Flood waters can move around the
seawall flooding Border Street, though
at a lower height.

Option B2

(1"=200' with 3x vertical exaggeration)

2100 1% coastal flood
2050 1% coastal flood

Current 1% coastal flood
MSL

Sea wall built out from the existing
shore tall and sturdy enough to protect
the building from the 2050 1% flood

u landscape supports Building as originally proposed
the sea wall and absorb
any flood waters that
overtop it

lood waters can move around the
seawall flooding Border Street, though
at a lower height.

BOSTON EAST - SCHEME B: SEA WALL

Hard Engineered Barriers (opt. B1 and B2)
Build a protective sea wall to fully keep coastal sea
waters from flowing into the residential portion of
the Boston East site.

* (Bl) This wall could follow the shoreline and
wrap around the building (full height).

* or (B2) extend partial height wall out into the
sea with earthen fill on the backside for support.

Landscape Flood Mitigation (opt. B2)
* In B2, land will serve as a backup protection, absorb-

ing floodwaters that overtop the wall. This allows for
the decrease in wall height.

Flood-Resistant Building Design
* Slightly raise entrances and use flood resistant materi-

als at ground level.

Land Use Planning and Policy Tools
* Condition a building permit for the wall on proof

that it will not increase flooding of neighboring
properties.

* Require developer to show that their project accom-
modates or protects for future coastal flood consider-
ing sea level rise.

* B2 Allow barriers to be built out beyond the existing
shoreline.

* B2 Ensure that landowners manage the new open
space so that it serves and is accessible to the broader
community.

Benefits
* Provides high actual security and a visual sense of

security from coastal floods.
* Incorporates the wall with the Harbor Walk making

programmatic use of the structure.
* B2 provides an extra public amenity.

Drawbacks
* Screens views from residential portion of site and

neighbors.
* Makes access to water from the ground plain difficult

(particularly B1).
* B2, presents the problem of obtaining good fill.
* Has the potential to be prohibitively costly (particu-

larly B2).
* Presents a risk to coastal environments and habitats.

I





Boston East Findings

Despite being constrained by its modest size,
storm exposure, and flatness, this site can accom-

modate a variety of different solutions. The raised

building option, offers a straightforward response to

the problem. The ground floor remains useable with

parking and public gardens; excavation along a shal-

low, filled shore is minimized; and the added detail of

increased permeability mitigates flood effects on site

and for neighbors. At the same time, direct, ground

level access is maintained to the shore, a cultural and

natural amenity
The Scheme B - Sea Wall options allow the build-

ing to be developed as designed while offering new

challenges with the building of hard engineered

seawalls to bear the brunt of the ocean. A more tra-

ditional relationship between the first floor of the

building and street level is maintained. Meanwhile, a

more creative, if potentially less intimate, relationship

between the sea and residence is established with the

continuation of the East Boston Harborwalk atop the

wall.
The Scheme B2 option to extend a sea wall out

into the inner harbor directly challenges the concept

of retreat, actually claiming more land to protect the

existing. It similarly challenges the concept of hard

structures providing support, as the filled land behind

the while actually acts to stabilize it. While the fiscal,
visual, and connective costs of these options are sus-

pect, such creative solutions should be considered.
One legitimate land use option for this area

involves restricting it to low-built recreational and
marine access uses. However, to respond to a dynamic
city interested in sustainable density and growth, the
designs included in this thesis show the possibility to

respond responsibly to growing coastal threats within
an increasingly urbanizing context.

Depending on the solution chosen, government
will need to institute some combination of strong rec-

ommendations and policies, including building codes,
coastal flood zone setbacks, coastal protection guide-

lines, and related environmental due diligence. The

earlier these measures appear, the less the government

and residents will need to spend on damages or adap-
tation down the line.
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CHAPTER 6: CONSTITUTION BEACH
SITE ANALYSIS AND DESIGN

Constitution Beach Introduction

This site, indicated by the dotted yellow line on the

following map, includes about half of the Constitu-

tion Beach park area, the active blue line train tracks

directly behind the park, and the strip of low-density
commercial and parking flanked by the tracks and

Bennington Street. The commercial establishments

extend from the Orient Heights commercial center

and MBTA transit stop. The blue line tracks run from
downtown Boston, through East Boston, and out to
Revere.

The beach and park, while technically part of

the state system, serves mostly locals, who maintain

a sense of ownership over it. Renovations, planned

and largely implemented throughout the 1990's, have
introduced a softer edge to what was once a more util-

itarian hardscaped design, and residents, who offered

their input during several community meetings, seem

to appreciate the changes. The rolling hills, highest in

the center of the beach, may offer minimal protec-

tion against coastal flooding and the force of waves,
though their purpose is to offer an elegant landscape

solution to provide accessible access from the pedes-
trian overpass to grade."

The extent of existing soft landscape in an urban

context makes this site a particularly intriguing test

case for understanding different adaptation solutions

(explored in Scheme B - Dunescape) The railroad
track stretching the length of the site and separating
the recreational unbuilt area from the built area also

offers an interesting situation. (explored in Scheme A
- Track and Building Elevation) As detailed on the fol-
lowing pages, both schemes take advantage of multi-
ple and complementary mitigation options for robust
solutions to facing increasing coastal flood situations.

Outline of Design Drawings

Constitution Beach site analysis and design draw-

ings on the following 7 pages include:

70 Stern and Great Britain Treasury., Stern review on the
economics of climate change., viii.

1. Constitution Beach - Site Context
2. Constitution Beach - Site Analysis (2 pages)
3. Constitution Beach - Scheme A: Track and

Building Elevation - Plan
4. Constitution Beach - Scheme A: Track and

Building Elevation - Section
5. Constitution Beach - Scheme B: Dunescape

- Plan

6. Constitution Beach - Scheme B: Dunescape
- Section

In addition to annotated drawings, the design pages
include text boxes that detail the major considerations
in the designs broken into four categories:

1. Hard Engineered Barriers
2. Landscape Flood Mitigation
3. Flood-Resistant Building Design
4. Land Use Planning and Policy Tools

Findings are summarized in the Benefits and
Drawbacks sections at the end of the text boxes, and
the chapter concludes with a prose summary of these
findings.
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CONSTITUTION BEACH - SITE CONTEXT CONSTITUTION BEACH - SITE CONTEXT

Beach Area
1. Public beach with sand replenished seasonally

* A neighborhood asset highly utilized during the summer
Constitution Beach is managed by Mass DCR.

2. Landscaped small hills with grass and small trees
* Visually dune-like, but made of dirt and grass, and does

not extend the length of the beach at any height.
3. Last Boston Harborwalk

* An extension of the Boston Harborwalk with an effort
to reconnect citizens to the waterfront

4. Playground
* Newly built, programmed, and flood resistant use

5. Covered pavilion
* Open with concrete base and picnic tables

6. Constitution Beach athletic field and courts
* Recreational amenities of the beach.

Outbound Access with Beach
7. Road lined with parking

* Impermeable asphalt. Highly used by beach visitors on
sunny summer weekends; otherwise sparsely used

8. Pedestrian overpass of train tracks and parking
* The primary pedestrian connection from the neighbor-

hood to the site
9. MBTA Blue Line tracks at grade

* Regular train service.
* Tracks separated from surrounding by chain link fence

on both sides
10. Funeral home

* A grade above other buildings on this commercial strip
11. Small scale commercial strip

* Mostly one to two story free standing buildings with lots
of parking

Back Slope and Adjacent Areas
12. Triple-decker housing

* Low-lying homes in the surrounding area that appear
not to be flood-proofed

13. Box retail
14. Orient Heights center and MBTA station

* Closest rapid transit link and commercial area
15. Belle Island Reservation

* Natural marsh conservation area
16. Logan Airport

* International Airport with riprap revetment, but no

seawall protection

II



CONSTITUTION BEACH - SITE ANALYSIS

A view of the tracks from the Constitution Beach
side could be improved.

A Landscaped dune-like hill in the center of the beach
is primarily aesthetic but would provide some sea level
protection.

One building on the commercial strip acknowledges the
tracks and beach behind with windows and signage.

A section of the East Boston Harbor Walk moves through Constitu-
tion Beach connecting it to other parts of the waterfront.

The covered pavilion is wet from rain washing in,
but resilient to damage.

::i



Birds eye view of the site looking southeast
Source: Microsoft Live Local

Sandy Beach and often swimmable bay with
Airport in the distance.

Local Funeral Home.

\ Gigantic swaths of unbuilt but impermeable surface along Ben-
nington St.

A multi-unit brick building with newer facade treatment may, due to
better construction, last longer than other buildings on the street.

A restaurant may be protected from coastal floods by the con-
crete wall built around the back and sides of its property.

A pedestrian bridge recently built between Bennington St. and
the beach. Excessive paving at a small gas station.

CONSTITUTION BEACH - SITE ANALYSIS

I



CONSTITUTION BEACH - SCHEME A: TRACK AND BUILDING ELEVATION - PLAN CONSTITUTION BEACH-SCHEMI
AND BUILDING ELEVATION

Hard Engineered Barriers
* Al Raise the ballast beneath the track

of the 50 )year projected coastal flood
* Or A2 build a flood wall along the sea

tracks that exceeds the 50 year coastal

* Both as barriers protecting the d
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CONSTITUTION BEACH - SCHEME A: TRACK AND BUILDING ELEVATION - SECTION

1"= 100' with 5x vertical exaggeration)

Less severe coastal flooding to Building raised enough to ac- Rail on ballast raised 5 ft Existing Existing Landscaped Hill (eleva- Existir
the north of the site comodate flooding from the above current level Parking tion diminishes with distance Beach

backside. or 5 ft high sea wall from this section cut)

Sand

Shore Plaza East: an example of raised housing
along the East Boston waterfront.

CONSTITUTION BEACH - SCHEME A: TRACK
AND BUILDING ELEVATION

Hard Engineered Barriers
* Al Raise the ballast beneath the track above the height

of the 50 year projected coastal flood event.
* Or A2 build a flood wall along the seaward side of the

tracks that exceeds the 50 year coastal flood event
* Both as barriers protecting the development to

the north from the coastal flood waters of the
south.

* A2 has elements of a landscape flood mediation
or land use planning solution

Landscape Flood Mitigation
* Maintain the beach as is

* Hills and absorbent surfaces provide some protec-
tion to the barrier itself

Flood-Resistant Building Design
* Provide basic flood proofing to commercial buildings

in the short run
* Minimizes damage from floods not directly re-

lated to coastal events
* Raise buildings approximately 3 feet above ground

level upon rebuilding
* Provides protection from future flood waters

approaching from the north, but because there
is good protection from the south, the height
required is minimized.

Land Use Planning and Policy Tools
* Maintain the public park and beach through ownership;

Require that any ancillary structures built are resistant
to costly flood damage.

* Make sure that new development behind the rail ballast
follows raised building guidelines through the building
permit process or tax incentives.

* Offer public funds to work with the MBTA to raise
and upgrade the tracks in this area.

Benefits
* Protects the tracks themselves
* Protects development north of the tracks
* Maintains the well-received, recently-renovated beach

amenities, including parking
Drawbacks
* Potentially very large infrastructure costs for a relatively

low-density population
* Interventions must extend beyond the site.
* Minimized potential for improving the view from areas

north of the tracks
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CONSTITUTION BEACH - SCHEME B: DUNESCAPE - PLAN CONSTITUTION BEACH - SCHE
DUNESCAPE

Hard Engineered Barriers

* No significant engineering barriers
Landscape Flood Mitigation
* Create a dunescape on the ocean sid

where asphalt roadway and parking
* Create a large enough dune to

the worst coastal flood.

* This will require that the beach
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CONSTITUTION BEACH - SCHEME B: DUNESCAPE - SECTION

1"=100' with 5x vertical exaggeration)

2100 1% coastal flood

An Amphibious building usually 1 tigh vegetated (dunes protect txistihg landscaped hill Existir
sits on the earth but can float entirely against future coastal will eventually give way Beach
up if the water level rises floods from the south, to a dunegrass covered

foredune

CONSTITUTION BEACH - SCHEME B:
DUNESCAPE

Hard Engineering Barriers
* No significant engineering barricrs

Landscape Flood Mitigation
* rcrate a duncscape on the occan side of the tracks

where the asphalt roadwa\ and parking currcntl- cx-

ist.
* C(reate a large cnough dune to withstand all but

the worst coastal tlood.
* This will require that the beach bccome a pedes-

trian one.
* Plant with dunegrasscs and other sea hardy

plants that root well to stabilize the dunes as
wcll as prickly plants that will keep people from
trampling the dunes and affecting their stability

Flood-Resistant Building Design
* Build amphibious structures, or buildings that gener-

ally sit on land, but that can rise up on flotation mate-
rials with water levcl while staving co nncctcd through
a mooring systcm

Land Use Planning and Policy Tools
* Through zoning incentives, cncourage pedestrian /

public transprtation fricndll\ amenities and allow
minimal parking in the park and surrounding areas.

* D)cvclop the dunescape and replenish it as nccded
SAllo\vw )nl- flood-lo)ss-resistant structures to reside in

the coastal secti on (f the duncscapc
Benefits
* Protects the tracks as well as the buildings
* The natural duncscape is more aesthetic and less

divisive than a wall.
* Aqua buildings alhw develoicpment to rise and stay

dry in the face of rising \waters while still embracing
the gr und plain and pedcstrian movcmcnt during
low w\aters.

Drawbacks
* Dunes will have to be replenished requiring a safe

S(Lource and maintenance co)sts.

* A\lua architecture might pr)vce priccy given the
rclativcly modest value ()f the land in the commcrcial
area.

Sand

Floating Concrctc Box
( Oundation

Guidance Pole

Amphibious house diagram during low and high water levels
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Constitution Beach Findings

The width of existing soft landscape makes this
site especially conducive to large-scale landscape

flood mitigation (as explored in Scheme B - Dunes-

cape) , in a way that only a few urban coastal areas are.

The communities greatest concern about this design
would likely be the loss of parking, but this constraint
could actually improve the pedestrian and transit ori-

ented nature of the development and create a stronger
connection for people, not water, between Benning-
ton Street and the beach.

However, this site is in a unique position to accom-
modate a barrier to floods. Because the train tracks

already act as a barrier to movement and, to some
extent, to views, either building a hard structure sea

wall or raising the ballast of the track (as explored
in Scheme A - Track and Building Elevation) would

prove less intrusive than other such interventions.

Raising of the ballast, while intuitively a more attrac-

tive option than an inland sea wall, would pose one of

the greatest logistical challenges as train service would
have to be interrupted during construction. That

being said, the long term benefits may outweigh the
short term costs.

Both designs incorporate a backup option of

flood-resistant buildings that may follow the original

intervention by several years. This combination of

approaches minimizes that need for a single over-

engineered solution that will accommodate any future
coastal situation in favor of a more flexible and incre-
mental approach.

Both designs also rely on maintaining a permeable

landscape and recreational program on much of the
site. For these solutions to work, planners and the
state owners of this particular property must ensure
that the land continues with the same or comparable
use. Flood hazard zoning or no-build easements
would contribute to the desired outcome.



62



CHAPTER 7: SYNTHESIS AND

CONCLUSIONS

Lessons from Site Designs

The proposed waterfront development of Boston
East and the setback development of the Constitution

Beach site present seperate urban coastal problems,
which call for an array of different solutions. How-

ever, these design options and lessons can be applied

to similar site contexts throughout East Boston, the

City of Boston, and, perhaps, other coastal cities.

Hard Engineered Barriers

Despite some of the drawbacks of sea walls men-

tioned before, the option appears more reasonable

where market forces in urban areas push development
to the water's edge, as we see in the case of Boston

East. This is particularly true where the existing edge

is already artificially hardened. Existing barriers to

access, also call for consideration of hard engineered

barriers. Although not originally anticipated at Con-

stitution Beach, such barriers were found to have rel-

evance because of how their design could incorporate

the train right of way in the barrier. In any situation, a

sea wall will serve best where a relatively small expanse

of barrier can protect a large investment (monetary

and otherwise).
Hard structures such as rip-rap revetments can

effectively mitigate wave impact and erosion thereby

decreasing flood hazards with fewer negative effects

than a sea wall. In coastal situations where sea walls

are undesirable, but large landscape solutions not

possible, sloping rip-rap revetments can complement
other actions that minimize flood impact, as seen in
the elevated building scheme for Boston East.

Whether private actors or the public sector imple-
ments hard engineered barriers, policies must ensure

that these structures pose minimal environmental
damage and avoid any negative impact on neighbors,
be it from deflecting flood waters to other properties

or increasing erosion elsewhere. Furthermore, public

actors must communicate the intended effectiveness

of the barriers very clearly to the public, as proposed

in the Constitution Beach - Track and Building Eleva-

tion scheme. Paradoxically, flood control engineered

structures in high hazard areas can provide an inflated

sense of security and actually encourage development

in those areas. Consequently, a breach will result in

increased hazard losses over the pre-barrier situa-
tion. Thus, land developers behind a hard engineered
barrier, need to understand and fully consider the
designed capacity and risk of failure associated with

such a structure so that they can make informed land
use decisions.

Landscape Flood Mitigation
Landscape-scale solutions become very lucrative

where soft edges and an existing softscape setback

buffer development from the water's edge. Even in

urban environments, beaches, partially abandoned

sites, and low-density areas may accommodate land-

scape solutions with minimal cost for replacing devel-

opment. Constitution Beach offers a prime example
of how this can work effectively. Land filling behind a

seawall, as considered in the Boston East scheme B2
design, would likely require a much greater cost. That

said, where the value of buildable land is very high
and a landscape scale solution is not feasible on its

own, there is cause to consider integrating landscape
solutions with structural ones.

In both site contexts explored here, and indeed

in most other flood-prone urban contexts, a high

percentage of impermeable surfaces and low impact

development will help to absorb and slow the flow of

floodwaters. Though likely not a sufficient response
to rising coastal floodwaters on its own, permeability

is easy to incorporate with other solutions, as seen in

most of the proposals presented for the two sites.
Large-scale landscape flood mitigation measures

such as large dunescapes, will likely be implemented

through large public works projects, while some of

the smaller, or even moderate scale measures can
be implemented by developers and other landown-
ers. Tax incentives to increase permeable surface and

smart site design can lead towards wide involvement
in decreasing flood hazard for coastal landowners and

their neighbors.

Flood-Resistant Building Design

Particularly where considering new development,
the long-tested practice of raising buildings on piles

above floodplains can minimize the amount of pro-

tection needed, with only modest investment, and

thus minimize the building of large hard or soft infra-

structure projects. A full story vertical rise may be

effective for the primary solution in a site like Boston

East, whereas slightly lifted buildings can serve as a
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secondary component of mitigation as seen in the
Constitution Beach - Track and Building site design.
In either case, special planning consideration for how
these structures interact with the ground plan would
be important.

Floating and amphibious structures, which also
rise above the floodwaters, provide less explored but
appealing and potentially very effective solutions. In
the case of any risen structure in the path of a coastal
storm, but particularly floating structures out at sea,
the ability of a structure to resist wind and wave forces
as well as rising water levels is crucial. This is why
floating buildings did not make their way into any of
the proposed design solutions, and why amphibious
homes are incorporated only in the semi-protected
setback situation of Constitution Beach.

In terms of existing buildings, depending on their
projected lifespan and the immediacy of the threat of
exposure, it may make sense to either retrofit exist-
ing buildings with waterproofing materials or moving
valuable items, including mechanicals, out of the
first floor. On the other hand, landowners may be
able to wait until the end of the structure's lifetime,
or until major upgrades are required before building
new and more flood-resistant structures. These stop-
gap options offer low-cost (if sometimes low-return)
solutions.

In order to ensure that coastal buildings not oth-
erwise fully protected remain flood-resistant, officials
could draft policies that require that landowners either
elevate the first floor above future coastal flood eleva-
tions (the default) or prove that using another method
will result in minimal flood damage to the building.
In addition to restrictive regulations, insurance com-
panies might more aggressively encourage flood-
resistant building techniques through tiered policy
premiums.

Land Use Planning and Policy Tools
A land use master plan incorporating or focusing

on future flood hazards provides an integral first step
to guiding all land use and physical based responses to
increasing coastal flood hazards. Foremost, it deter-
mines which highly exposed areas require limited land
use. It will also help to determine at what point major
infrastructural investments should be made, and will
allow developers to make design decisions based on
the expected lifespan of a building relative to the SLR
projections. For example, either design scheme for

Constitution Beach, shows the beach remaining unde-
veloped. A master plan recognizing the value of this
site as undeveloped would recommend that it remain
zoned recreational and that electricity or road systems
need not extend into the area.

Programming exposed areas with low-impact and
low-sensitivity land uses offers a logical solution to
minimizing coastal flood impacts. While it may limit
direct development profits for the land in question,
it can also offer multiple community benefits beyond
flood vulnerability protection for little cost. At Con-
stitution Beach, not only have the community benefits
of the recreational space outweighed development
pressures, they are also resilient to coastal floods. The
dunescape design solution ensures that this land use
will also significantly mitigate flood impacts on sur-
roundings. As flood exposure swells with higher sea
levels, such a land use solution may become increas-
ingly desirable.

Where the value of land still seems too costly to
forgo more dense development up to the shoreline,
a buffer of low-sensitivity land uses can be created
by building the shoreline away from the development
and out into the sea. This concept, explored for in
the B2 sea wall design for Boston East, follows a long
history of Bostonians expanding their shores. In this
case, however, the newly built land could serve as a
recreational space, landscape buffer, and structural
enforcement. The potential costs of landfill and the
building of structural edges in addition to the poten-
tial ecological impacts of such a move bring the fea-
sibility into question. However, in highly sought after
coastal areas, the option could be considered.

The tools for directing land use in areas with
increasing coastal flood hazards are many. These
include: directed use of government land, coastal
flood hazard overlay zoning districts with setbacks,
rolling easements, transfer of development rights,
and reserved land through the many forms of public
acquisition. On the Constitution Beach site, where the
public already has control over development closest
to the shore, the process of implementing land-based
solutions will be much simpler. In the case of a site
like Boston East, where building permits have been
approved for a private developer, government will
need to offer incentives or restrictive regulations that
serve the public interest while minimizing negative
financial impact on the developer. A well-supported
requirement for easements may prove most feasible



here. Furthermore, targeted investment or disinvest-
ment in infrastructure and services will incentivize

responsible land use in the private market.

Summary Findings
Combined Approaches. One thing that the design

proposals in chapters five and six have in common is

there reliance on a combination of interventions to

address the challenge of SLR. Rather than superflu-

ous built-in redundancy, the systems work together,
each accounting for the limitations of the other. Many

of the most efficient, effective, and desirable solu-

tions to coastal flooding due to SLR use such a mixed

approach.
Performance-Based Standards. Even though both

sites presented different constraints, the designs

showed that a variety of options were feasible for

each. This suggests a preference for performance-

based, rather than prescriptive zoning and regulations.
As opposed to an approach that requires a specific

reaction to increased flood conditions (for instance

that all buildings lie two feet above the projected 2050

high water level), the performance-based approach

allows the market and designers to figure out how

best to respond to flood vulnerability assuming a cer-

tain standard. This will allow for more creative and

site-specific solutions, such as the use of amphibious

structures or incorporating landscape with seawalls, to

enter the field of play where appropriate. At the same

time, government can offer tax credits for land use or

design that mitigates the impact of coastal flooding

on surrounding lands.
Co-Benefits. It is important to note, that both sites,

as depicted in the context plans, are not only highly
vulnerable to future floods, they are also somewhat

vulnerable to today's 1% flood. Thus, by acting early to

mitigate flood hazards predicted for the future, com-

munities can better protect themselves from today's

hazards. However, given the uncertainty and complex-

ity associated with climate change, plans should have a

sufficiently flexible framework such that communities

can begin to take action, while also respond to future

changes in predictions with relative ease.

Further Research and Action

Primary recommendations
Detailed Cost Analysis. This thesis has presented a

menu of physical infrastructure, design, planning, and

policy options to address coastal flooding enhanced

by SLR and explored how to best apply them in exist-

ing urban contexts in Boston. However, a detailed

net cost analysis will be required to fully understand
which of the several options that appear feasible will
make the most of limited resources. This will include

calculating and predicting the initial capital, general

maintenance, and post-event costs for each option;
considering environmental impacts, socioeconomic
disruptions, flexibility and risk aversion; and calcu-

lating post-event savings compared to a no-action
alternative.

A comprehensive cost analysis will not be easy to

produce. In the Stern Review, a robust independent
economic review of climate change developed in

Britain, Sir Nicholas Stern notes, "Formal modelling

of the overall impact of climate change in monetary

terms is a formidable challenge.... However, as we have
explained, the lags from action to effect are very long

and the quantitative analysis needed to inform action

will depend on such long-range modelling exercises.""7

The tools for analyzing far-off future costs under

different SLR conditions and adaptation scenarios are

imprecise, but the estimates are necessary. This infor-

mation will inform the decisions that must be made in

the near term to shape future urban lands and policies.
Coastal Hazards Guide. In the short run, as coastal

development proposals emerge for vacant lands, plan-

ners and technical experts should release updated
local flood predictions and coastal flood-hazard
design guidelines. Updated flood maps or site-specific
exposure analysis can offer crucial information from
which landowners and developers can base their deci-

sions. Both design guidelines and some expertise and

technical assistance will ensure developers understand
how they can respond to the flood hazard scenarios.

Secondary Recommendations
Improving citywide LIDAR elevation data, planned

for summer '09, will offer a much more detailed pic-

ture of coastal flood exposure. To understand site

exposures more accurately, however, site-specific

71 Stern and Great Britain Treasury., Stern Review on the
economics of climate change., viii.
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coastal considerations, such as areas that enjoy natural
barriers to wave runup, will need to be incorporated.
Additionally, analysis of a community's resilience to
coastal storms, or adaptive capacity, will help to iden-
tify the most vulnerable areas.

To ensure that different needs, information and
perspectives feed into any process, and to encour-
age ease of implementation, stakeholders, including
residents, developers, planners, and experts need to
spend time at the table together considering the risks,
options and tradeoffs.

Though little official interaction has taken place
thus far in Boston, there is hope that these conversa-
tions will begin in the near future.

As robust and inclusive solutions may take some
time to create and implement, planners and policy
makers might enact temporary regulations or mora-
toria on new coastal developments. Such regulations
would be enacted with future flexibility in mind while
ensuring a minimized addition to the vulnerability
of our coasts. At a minimum, proposals for coastal
development could be required to incorporate consid-
eration of coastal SLR in the environmental approval
process.

The impacts of climate change and SLR will sig-
nificantly change the relative stability of landscapes
that we have come to rely on. However, by anticipat-
ing and planning smartly for the new reality of storm
events along our coasts, we can ride the wave of
change rather than succumbing to its forces.
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