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SHIFTING GROUND

SEAPORT BARRIER DURING NOR’EASTER, 2050-2100 (PRECEDING PAGE)
A storm surge barrier, similar to the one that protects Europoort in Rotterdam, is proposed between South and East Boston,
extending and increasing the current area and level of protection. On its southern end, storm surge resilient urbanism
creates a new district of Boston and connects the megastructure back to Fort Independence and the Emerald Necklace.
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ABSTRACT

Over the past decade, the field of landscape architecture has expanded
beyond its traditional realm of gardens and parks to encompass in some
dimension almost all horizontal surfaces that perform economic or
ecological functions. Nowhere is this clearer than in our built up, highly
engineered areas, such as cities and their attendant infrastructure. The
bidirectional pairing of Landscape as Infrastructure – Infrastructure as
Landscape has risen to prominence in design discourse, yet this discussion
has often diminished its potential critical grounding by attempting to
break superficially from past precedent largely on the basis of the scale
or complexity of contemporary practice. Quite simply, landscape is
grappling with the meaning of what oversize infrastructure means for the
city – in the words of Rem Koolhaas, “bigness.”
At the same time, a flood of challenges, both economic and climatic, have
altered our society’s perception of externalities and associated risks. It
is here landscape can play a crucial role in shaping the infrastructure
that will inevitably be built in the coming years to secure and adapt our
cities to sea level rise. Shifting Ground seeks to redefine the topographic,
hydrologic, ecologic, and socioeconomic relationships amongst Boston’s
Charles River, artificial basin, regulating dam, and engineered harbor.
By exploring a multi-faceted and multi-scalar approach of passive and
active strategies at the land-water interface, this design thesis advocates
a resilient landscape strategy supported by hard infrastructure to adapt
the city to a changing climate.

Boston Harbor, March 2007, MTW
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THESIS STATEMENT
PROLOGUE
While infrastructure, landscape, and architecture have
been intertwined for time immemorial, this reciprocal
relationship was reinvigorated approximately a decade ago
in Stan Allen’s seminal “Infrastructural Urbanism” in Points +
Lines: Diagrams for the City. In this article, he makes seven
propositions, the four most salient maxims to landscape
and this thesis being:
• “Infrastructure works not so much to propose
			 specific buildings on given sites, but to construct
			 the site itself.”
• “Infrastructures are flexible and anticipatory.”
• “Infrastructures accommodate local contingency
			 while maintaining overall continuity.”
• “Although static in and of themselves,
			 infrastructures organize and manage complex
			 systems of flow, movement, and exchange.”
These concepts have thoroughly permeated contemporary
theory and practice, and with the formulations of
infrastructural urbanism, landscape urbanism, and most
recently ecological urbanism, landscape has taken the
opportunity to emerge as a leading, rather than lagging
field. No longer merely taking inspiration from architecture,
the kitsch, land art, or minimal modernism, landscape
architecture has in fact mined its own past to build its future.
Looking to these historical trends in more depth and
breadth, the field finds itself at an inflection point, and

much as economics emerged from philosophy during
the Enlightenment to dominate future discourse, so
too landscape shows the potential to emerge from civil
engineering and architecture. This renaissance has been,
in part, inspired by critically revisiting the great landscape
architecture projects at the founding of the field. Rather
than addressing the City Beautiful movement’s immediately
tangible goals such as hygiene, democracy, and poverty,
landscape must grapple with the quest for the City
Sustainable, where we face dynamic, nuanced issues like
climate change, empowerment, and equity.
As such, landscape has recently begun to reevaluate the
regionalist perspectives of the 1920s and 1930s. Conceived
in similar economic times to the past decade and our own
currently, these large scale ecologic and socioeconomic
plans were well suited to a climate of greater governmental
intervention and private market risk. This financial and
political instability has forced us to reexamine long-held
assumptions, not dissimilar to how dramatic social change
instigated many aspects of postmodernism. We are currently
in a period of reconsidering the achievements (and indeed
problems) of megastructures created by engineers and
megaforms theorized by architects, and we should realize
that our present infrastructural and climate crises find their
roots in the energy shocks and neoliberalization of the 1970s
and 1980s.

MUCH AS ECONOMICS EMERGED FROM PHILSOPHY
TO DOMINATE THE DISCOURSE OF SUBSEQUENT HISTORY,
SO TOO DOES LANDSCAPE SHOW POTENTIAL TO CHANGE
THE FUTURE OF CIVIL ENGINEERING AND URBAN DESIGN.

TO SUPPORT THIS NEW DISCIPLINARY AGENDA,
WE DRAW UPON THE WORK OF THE FIELD DURING
THE CITY BEAUTIFUL MOVEMENT.
RATHER THAN SERVING THE IMMEDIATELY TANGIBLE
NEEDS OF HYGEINE, DEMOCRACY, AND POVERTY,
THE CITY SUSTAINABLE MUST ADDRESS DYNAMIC,
MULTI-FACETED ISSUES SUCH AS CLIMATE CHANGE,
POLITICAL EMPOWERMENT, AND SOCIAL EQUITY.

ENLIGHTENMENT

CITY BEAUTIFUL

ROARING ‘20S/NEW DEAL

MODERNISM

EPA / OIL SHOCK

NEOLIBERALISM

SUSTAINABILITY

TODAY

THIS QUESTIONING OF SOCIOECONOMIC GOALS HAS PROMPTED
A REVISITATION OF THE REGIONALISTS, WITH THEIR SIMILAR
ECONOMIC CLIMATE OF BOOM AND COLLAPSE. THEIR WORK CAN
INFORM THE PRESENT PRIVATE MARKET INSTABILITY
AND INCREASED DEMAND FOR GOVERNMENTAL INTERVENTION.
FURTHER REEVALUATING THE ROOTS OF THE DISCIPLINE,
MUCH AS POSTMODERNISM WAS IN RESPONSE TO THE ARCHITECTURE
OF THE EARLY 20TH CENTURY, WE ARE CURRENTLY RECONSIDERING
THE ACHIEVEMENTS AND PROBLEMS OF ENGINEERED MEGASTRUCTURES.

THESIS landscape
FRAMEWORK
Contemporary
architecture and its sweeps of historical reference
CONTEMPORARY LANDSCAPE ARCHITECTURE
AND THE
Thesis Statement
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INTERVENING IN THE CONTEMPORARY CITY REQUIRES
AN UNDERSTANDING OF THE ROOTS OF THE “CURRENT”
ENVIRONMENT, ENERGY, AND INFRASTRUCTURE CRISES.

As the above begins to demonstrate, a contemporary
subject as rapidly changing as modern infrastructure, urban
areas, and the landscape are especially difficult to theorize,
and it is all too easy for an academic paper or design to fall
victim to the times in which it was written. This statement
will therefore take a historical approach to its analysis rather
than charting the path of a speculative future. Consequently,
as alluded to previously, it may be unsurprising that this
thesis is in turn influenced by the perceived collapse of the
internet, housing, and credit bubbles in recent years, which
has had the effect of casting doubt and uncertainty on prior
assumptions and claims of new paradigms.
The past two years of a US president who has repeatedly
promised change have created both a time for reflection and
a renewed can-do attitude for the future. As change is an
inevitable and constant phenomenon which has accelerated
ever since the Enlightenment, the reader is encouraged
to move back and forth across time and scale, seeking
what the simplest, clearest ideas might be – distilling, but
neither reducing nor reinventing the past century’s thought
on and built work in the industrialized city. In this light,
Shifting Ground seeks not to establish an unprecedented
new paradigm (the default design formulation), but rather
redefine with nuance the strategic adaptation of our cities
and infrastructure to a changing climate and century.

FRONT STAGE / BACK STAGE
This thesis begins by endeavoring to understand the
linkages between the city and its attendant infrastructure.
Over a decade ago, Susan Nigra Snyder and Alex Wall’s
1998 Architectural Design article “Emerging Landscapes of
Movement and Logistics” generated theoretical frameworks
that “examine the relationship between infrastructure
and settlement” and hypothesized that “distribution [with
other elements of modern development] is a basis for new
settlements and is precipitating new urban ensembles”
(Snyder 16). Focusing on the first of four landscape and
(urban) infrastructure formulations posited by Snyder and
Wall’s seminal article – front stage/back stage – we will
set the stage (quite literally) for a discussion advocating
for the reintegration of the often peripheral landscape
infrastructure to the contemporary city.
Snyder and Wall illustrate their compelling “frontstage/back-stage paradigm” with the industrial ports
of Newark/Elizabeth, New Jersey and the commercial
zones of Manhattan (Snyder 18). Much of their argument,
especially with regards to scale, is encapsulated eloquently
by a simple graphic, which fully overlays the lands of the
Port Authority of New York and New Jersey on the outline
of Manhattan. In a Boston context, these would be the
liquefied natural gas facility in Everett, the salt pile and
oil tanks in Chelsea, the car port in Charlestown, Logan
Airport in East Boston, the cruise ship terminal in South
Boston, the container port on the Reserved Channel, and
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Manhattan and Boston land use scale comparison adapted from Snyder and Wall (1998), 18.

Various postcard images of Kentucky Dam, the longest dam in the TVA system
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Above images from: http://www.moodyscollectibles.com/store/images/uploads/usviews/kentucky/13755.jpg, http://www.kentuckylake.com/history/kylake/postcards/20.jpg, http://1.bp.blogspot.com/_l4z_uk_P7MU/TPwWnTf61OI/AAAAAAAAIzM/OjHauhTh0uA/
s1600/Fishing+Below+Kentucky+Dam%252C+Mult+Vil+antique+shop%252C+Nov+10+%25284%2529.jpg. Accessed 20 Mar 2012.

the sewage treatment plant on Deer Island. The reader
can easily imagine the amount of consideration and capital
(or in Boston’s case, landfill) that went into the design and
development of these two equivalent in scale, yet dissimilar
in use, land areas.

INFRASTRUCTURE AS LANDSCAPE
In this graphical translation of infrastructure to landscape,
however, there is a risk that a contemporary critical
evaluation that centers on the mega-scale of recent projects
and innovations has the danger of obfuscating the larger,
subtler relationships that are present. Clare Lyster, in her
essay “Landscapes of Exchange: Re-Articulating the Site”,
describes this challenge that design theory, which is so often
on a quest for finding and then declaring the unprecedented,
faces in by being bound by existing vocabulary and syntax.
“The processes that organize contemporary
commercial exchange are not as easily
located, interpreted, or contained as their
predecessors…. Since the new processes that
mobilize and deploy exchange operate through,
between, and over multiple sites and disciplines
– to the point that urbanism, landscape,
infrastructure, economics, and information
are now inseparable in terms of their influence
on the organization of the public realm – they
cannot be solely defined through or against
traditional design conventions, resulting in

a difficulty, therefore, in synthesizing their
operations into a new articulation of public
site(s).” (Lyster 223-224)
Yet the challenge of describing infrastructure that seems
to be a significant break from the landscape that came before
it is itself not unprecedented, and a profitable example for
comparison would be the projects of the Tennessee Valley
Authority. Like the Port Authority, the TVA operates as a
quasi-governmental body at multiple jurisdictional scales,
as it is defined based on the extents of features of physical
geography (Wolff 54). Just as the back stage moments
around the mouth of the Hudson River lend substance to
the global economic might of metro New York so evident
in both Midtown and Lower Manhattan, the Tennessee
River was “reconceived as a heroic piece of infrastructure,
a monument to new technologies” that would catalyze the
identity of the surrounding landscape (Wolff 56). The sheer
land area required by these back stage areas is emphasized
in not only Snyder and Wall’s article, but in almost all
graphical depictions of the topic, such as the sweeping
aerial panoramas common most recently to the works of
Alex Maclean, James Corner, and Alan Berger. Similarly,
with the TVA, “the dams’ monumental quality was amplified
in photographs. Subsidiary spaces and components were
documented for publication at angles that emphasized their
size, and many of the TVA’s most iconic images…include a
person dwarfed by the scale of the machinery” (Wolff 57).
Whereas the dams are a symbol of economic and industrial

Deer Island Treatment Plant, April 2006, MTW

Thesis Statement | 16

progress, container ports and the like are a symbol of global
trade and connections.
This critical commentary is not meant to minimize the
importance of scale in the discussion of landscape and
infrastructure, but merely to suggest that changes in scale
alone may not be conclusive evidence for a break from the
past of infrastructure and landscape. By looking solely to
the extremes of scale, it is possible to miss smaller moments
where people interact with their landscape. For example,
each of the TVA dams has a visitors’ center to share the
mission of the project with the general public, and in effect,
allow them to dialogue with the monument (Wolff 57).
Continuing this tradition, the Deer Island Sewage Treatment
Plant in Boston Harbor, which is clearly Boston’s back stage
(or even its back door per se), with its landmark sludge
digesters, is open to public tours by appointment. Providing
public access is crucial in considering this sort of landscape
infrastructure, and in turn, might provide for moments
where, in the words of Waldheim and Berger in their 2008
article “Logistics Landscape” in Landscape Journal, there
might be “a modest rapprochement between the selfconsciously designed centers and unconsciously engineered
peripheries of our contemporary urban environments”
(Waldheim and Berger 233).

LANDSCAPE AS INFRASTRUCTURE
In an attempt to define what this “rapprochement” might be,
perhaps we should invert the pairing under consideration
and understand the landscape as a certain form of
infrastructure. Designers and planners such as Benton
MacKaye, steeped in a prior period of rapid economic and
technological growth in the 1920s analogous to the one
driven by the productivity of computers and increased
communicativity of the internet that recently ended, came
into their own under a similar era of reevaluation and
rebuilding. This past time, like the present era, called for
innovative thinking, such as MacKaye’s approach of “liquid
planning” where geometry was subordinated to the flexible
needs of economy and efficiency (Easterling 54).
Long before the recent changes in landscape and
infrastructure scale that responded to globalization,
“in 1927, MacKaye…proposed a new type of atlas…
that [supported] not only the rearrangement of global
infrastructure and transportation routes but also the
formulation of new protocols for the economies of
distribution among countries” (Easterling 32). A few years
later, a fellow Regional Planning Association of America
thinker and possible coiner of the term “New Deal”, Stuart
Chase wrote that “the American economy, with its wasteful
land boom practices and severe depression” might require
master planning “to bring purchasing power into alignment

Deer Island Treatment Plant and the Habor Islands, March 2007, MTW
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with the growth of the technical arts…. It means tinkering
with the credit system, tinkering with wages, tinkering with
hours of labor” (Easterling 47-48).
Six, going on seven, decades later we find ourselves
at a similar juncture with the promise of landscape and
infrastructure, and we should therefore be mindful of
the lessons of the past. Chris Reed highlights the power
of landscape to define unique spaces and the synthetic
potential of it with the modern day promise of infrastructure.
“While conceived as rational, absolute, and
utilitarian, infrastructure has the capacity to be
appropriated and transformed toward social,
cultural, ecological, and artistic ends. […A]
rchitecture and landscape can appropriate
the utility and serviceability of infrastructure.
One could imagine landscape/architectural/
urbanistic projects conceived as functional
infrastructures, ecological machines that
process and perform, public spaces that
literally “work” […] whose form is valued
for its performative rather than sculptural
characteristics.” (Reed 282)

“BIGNESS”
This idea of evaluating landscape by criteria outside of its
historic province that are perhaps more objective is not
unprecedented, and perhaps the discipline, much as it

did for the Parc de la Villette competition, can once again
turn to Rem Koolhaas for theoretical guidance. Quite
simply, landscape is grappling with the meaning of what
oversize infrastructure means for the city, an issue that
Koolhaas ingeniously expressed as “bigness.” By being
facetiously inarticulate in his vocabulary, he sallies forth in
his eponymous polemical essay contained in S,M,L,XL to
declare in his third statement “It seems incredible that the
size of a building alone embodies an ideological program,
independent of the will of its architects.” If we are to change
the word “building” to landscape, etc., perhaps the same
could be true of these infrastructural landscapes. Our
discipline has extensive experience addressing these largescale systems, understanding patterns from the air, and
projecting temporal change, yet for landscape, “bigness”
still poses challenges as when shrunken to human scale
aesthetics.
Landscape derives part of its strength by permitting
nature and materials to be palpable, or allowing a corporeal
relationship with topography, but as these landscapes
become increasing bigger, do the design tools associated
with the human scale still apply? By moving to the elevatorenabled skyscraper from the walk-up mid-rise (which we are
currently moving back from in interest of sustainability and
efficiency), architecture both gained and lost something.
Perhaps supersized landscapes, such as West 8’s storm
barrier, which are not necessarily meant to be inhabited (by
at least people), readily demonstrate that a higher, larger

Deer Island Treatment Plant, September 2008, MTW
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logic beyond the human is at work. Just as the elevator
changed how we experience the height of buildings,
perhaps technology such as the personal vehicle, trains,
or airplanes can change how we experience the horizontal
dimension (thereby linking infrastructure and movement).
While this is perhaps not directly translatable to movement
across the vast Boston Harbor, as much of it is shallow, there
are defined shipping lanes and frequently traversed public
water taxi paths. During the summer, the frequent passage
of these vessels makes it possible to easily hop between the
islands, perhaps suggesting an itinerary of differentiated
experiences visitable on a single day.
Much as the “bigness” can not be comprehended without
the aid of technology, Koolhaas’s first theorem that “such a
mass can no longer be controlled by a single architectural
gesture, or even by an combination of architectural gestures”
is readily apparent in recent projects such as Downsview
Airport or Fresh Kills Landfill, with the design of parametric
strategies and ecological networks often providing the
necessary program and differentially activated space.
These work beautifully at the scale of data-driven graphics,
but how does this systems approach change as the scale is
reduced to the tree at your side or paving underfoot? In the
case of the High Line, are percentage-calibrated mixes, serial
modularity, and linear discrete (yet generic “woodland” and
“grassland”) experiences our only options? What will one
of these landscapes actually feel like at maturity, and how
do we evaluate the design if it is necessarily dynamic? With

these large landscapes increasingly conceptually designed
in competitions where representation is tightly controlled,
is the “bigness” of these spaces only comprehensible from
these certain vantage points?
While it is important to note that “bigness” has long
been tackled by a discipline that has produced Versailles or
New York’s Central Park, perhaps some of the richness of
this tradition was lost with modernism (eg. Kiley’s Jefferson
National Expansion Memorial grounds) and the reappraisal
of “bigness” is a necessary step for the advancement of
landscape. Koolhaas writes: “only through bigness can
architecture dissociate itself from the exhausted artistic/
ideological movements of modernism and formalism to
regain its instrumentality as a vehicle of modernization.” As
mentioned in the above prologue, landscape architecture
has similarly moved on from modernist interventions,
and returning to the words of Chris Reed “landscape/
architectural/urbanistic projects conceived as functional
infrastructures, ecological machines that process and
perform, public spaces that literally ‘work’” (Reed 282).
Projects such as the Lower Don Lands reject generic ‘green’
public open space in favor of a transcendental combination
of landscape, architectural, and urban fabrics, thereby
establishing a new purpose and vocabulary in the process.
As Koolhaas begins to conclude, “Bigness no longer needs
the city: it competes with the city; it represents the city; it
preempts the city; or better still, it is the city.” In a similar
way, the Lower Don Lands could be characterized as a

“Diverting the Charles River, unifying the Campus” (OMA)

Filled Land Comparison (OMA)

“Harvard now exceeds downtown Boston in size” (OMA)

Above images from: http://oma.eu/contentimages/projects/2001-HARVARD/Harvard-harvard_big.jpg,
http://oma.eu/contentimages/projects/2001-HARVARD/Harvard-moses-precedent-mit_big.jpg, http://oma.
eu/contentimages/projects/2001-HARVARD/Harvard-harvard-boston-lo-res_big.jpg. Accessed 4 Mar 2012.
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district distinct of the city, which while still demonstrating
the craft of a design team, engages something, for lack of
a better word, bigger. While the Lower Don Lands project is
most certainly tackling the larger physical scale, it is perhaps
even more importantly reaching far into the future with
not only defining sustainable practices but also creatively
dealing with an imposed requirement of withstanding a
1000-year regulatory flood event. Thinking bigger, in and
of itself, therefore has the agency of design, much like the
Office for Metropolitan Architecture’s subrosa master plan
for rechanneling the Charles River to solve the connectivity
issues of Harvard University to its campus expansion in
Allston.

THE CHANGING CLIMATE
AND CENTURY
Fundamentally, the framework of Shifting Ground seeks
to explore the shifting nature of landscape architecture in
this era of infrastructure and “bigness”, especially as the
discipline cultivates new understandings of economics and
the environment in its professional practice. Landscape
has recently been grappling with climate change, industrial
reuse, reclamation, etc. – in other words urban scale
projects that often have an environmental bent. These
recent trends, however, might not represent so much a
supply of new ideas within the profession as an increased
demand by cities for projects that help catalyze economic

development. Unfortunately, with an economic climate now
more risk averse and less capable of financing bold visions,
it remains to be seen if large landscape designs such as the
Toronto Waterfront dry up and are supplanted by smaller
scale, less visionary, and lower budget parks.
Nevertheless, it is hard to understate how in the 21¬st
century the world will face unprecedented challenges
regarding economic development and environmental
change. As industrialization and modern lifestyles spread
to the farthest corners of the globe, the habitable world
will become increasingly crowded and its resources
increasingly stressed. The solutions to this issues will affect
how and where we will live, work, and travel, thus requiring
the collaboration of environmental, economic, political,
social, and scientific interests. Shifting Ground will begin
to synthesize these topics so as to provide a redefined
framework for understanding urban infrastructure and the
larger landscape. The relationship of infrastructure and
landscape can have a powerful effect on the cities of the
future – for example, the visibility of infrastructure, such
as the Thames Barrier, can reinforce the idea of protection,
even to the point of becoming an icon of the city, or it can
operate reassuringly yet invisibly far outside the realm of
daily life, like Venice’s MOSE project.
More generally, a storm surge barrier or highway is no
longer merely just a piece of engineered infrastructure – it is
a landscape, a socioeconomic metaphor. Our post-industrial

A process of landscape analysis, evaluation, representation, and
presentation focusing on the panorama and section. (SOAK Mumbai)
Above images from: http://infrascapedesign.wordpress.com/2011/11/07/soak-mumbia-in-an-estuary/,
http://www.abap.org.br/congresso/links/palestrantes/anuradha_images/6_a_Mahim%20Crossing%20
Project_perspective_pequeno.jpg, http://places.designobserver.com/feature/preparing-ground-aninterview-with-anuradha-mathur-and-dilip-da-cunha/13858/. Accessed 4 Mar 2012.
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cities, such as Boston, have a legacy of infrastructure, oft
maligned as decaying and barrier creating. This recent
trend, however, must be perceived in broader historical and
physical terms, not only in regards to this past century’s
modern progress, but also in the subtler reduction of
richness of experience that were in the previous century’s
marriage of urban form to infrastructure. Streets imply built
frontages, subsurface conduits, and a mix of circulation
whereas roads serve only the purpose of moving people and
goods in vehicles efficiently along the surface. Similarly,
boulevards of the 19th century had civic and recreational
value that was stripped away by the rise of the limited
access highway.
This inherent complexity found in older forms of
infrastructure perhaps made certain aspects of their function
harder to quantify and characterize to modernist planners
and designers, yet we now live in an era where the sentiment
of attempting to redefine infrastructure with greater nuance
is on the rise. At the same time, ironically, the complexity
of contemporary life demands greater performance out
of the landscapes created during the City Beautiful – the
Esplanade and banks of the Charles, for example, need to
be more than just beautiful and adopt flexible, adaptive,
and resilient regimes. This wider movement has found a
champion in Anuradha Mathur and Dilip Da Cunha, where
in their book SOAK: Mumbai in an Estuary they write, “An
estuary demands gradients not walls, fluid occupancies not
defined land uses, negotiated moments not hard edges. In

short, it demands the accommodation of the sea not a war
against it which continues to be fought by engineers and
administrators as they carry sea walls inland in a bid to both,
channel monsoon runoff and keep the sea out” (Mathur
and Da Cunha 5). Perhaps this begins to hint at a nascent
concept of monumental softness – that the natural systems
designed to meet the needs of climate change are too large
for a single piece of hard infrastructure to implement or
control.
This attitude of generating design through embracing
the known unknowns and unknown unknowns has been
perhaps best placed in theoretical, or even philosophical,
context by Ulrich Beck. In “Environment, Knowledge,
and Indeterminacy: Beyond Modernist Ecology?” in Risk,
Environment & Modernity, he writes:
“If modernization is understood as a process
of innovation which has become autonomous,
then it must also be accepted that modernity
itself ages. The other aspect of this ageing
of industrial modernity is the emergence of
risk society. This concept describes a phase
of development of modern society in which
the social, political, ecological and individual
risks created by the momentum of innovation
increasingly elude the control and protective
institutions of industrial society.” (Beck 31)

Boston skyline at sunset, September 2008, MTW
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As an illustration, according to a 2009 report by the
World Wildlife Fund and Allianz insurance, a sea level rise of
0.65m by 2050 along the Northeast coast could jeopardize
$463 billion worth of assets in Boston, representing the fourth
highest amount in the US (after Miami, New York-Newark,
and New Orleans). While sea level rise and Boston’s future
will be discussed at greater length in the site description
portion of this thesis, this much is clear: “in contrast to
early industrial risks,….ecological…risks (a) can be limited
in terms of neither time nor place, (b) are not accountable
according to the established rules of causality, blame and
liability, and (c) cannot be compensated or insured against.”
(Beck 31)
On 19 May 2010 the National Academy of Science/
National Research Council released a report Adapting to
the Impacts of Climate Change that the New York Times
the same day wrote suggested “that the United States and
other nations begin planning now for effects like rising sea
levels and more severe storms and droughts. Increasing
preparedness can be viewed as ‘an insurance policy against
an uncertain future,’ the report said, while inaction could
impose large costs on future generations.” This indeed
seems prudent given the length of time horizons required
to call for, debate, plan, construct, and implement sizable
infrastructure. Perhaps our best, if not only, defense is to
begin now by redefining Boston’s landscape infrastructure in
a changing climate by Shifting Ground.

Design Process - from Carl Steinitz’s introductory lecture

Boston’s history and geography has been extensively
documented because of its exceptional conditions in
North American coastal settlement, well preserved built
environment and source material, and a large scholarly
community in the region. Therefore, this thesis is heavily
indebted to canonical works such as Gaining Ground: A
History of Landmaking in Boston by Nancy Seasholes,
Inventing the Charles River by Karl Haglund and Alfred
Chandler, and Mapping Boston by Alex Krieger, et al.
Design Methodology | 28

QUESTIONING VOCABULARY
Research is fundamentally about discovering and theorizing
how we interact with our world, and this generative set
of questions, hypotheses, analyses, and conclusions
are inevitably couched in the vocabulary of the time.
Therefore, it is important to have operational definitions of
key terms, that gets at not only an understanding of what
they might mean but also what sort of connotations might
be embedded. Current practice, technology, and theory
have yielded a plethora of not only buzzwords (palimpsest,
softness, agency, resiliency, liminal, etc.) but also graphical
devices (transparency, complexity, parametric lines, motionbased rendering, etc.) that while undoubtedly conceived in
specific contexts, have perhaps lost both their innovative
luster and original meaning. Projects are a product of
these trends, and by questioning vocabulary, whether
written or graphical, the means of design expression can
be simultaneously more nuanced and powerful. Practically
speaking, by understanding the means of expression, one
can not only comprehend but also direct the discourse.
UNDERSTANDING NETWORKS AND SYSTEMS
With this first step in mind, this thesis will seek to explore
the interaction of ecology and infrastructure – the ultimate
network and system – the intersections of which happens to
be currently in vogue (for eminent economic, environmental,
and political considerations). Much work, however,
remains to be done in understanding how something like

DESIGN METHODOLOGY
a dam operates in its watershed, or how metropolitan
governance might be impacted by global climate change.
While networks and systems are about flows, bifurcation,
and iteration, etc. understanding is not the same as simply
researching and then depicting complexity complexly (i.e.
impenetrable Data Flow-style infographics) – it involves
a certain condensation and essentialization that does not
necessarily result in minimalization and simplification (i.e.
Louis Kahn’s diagram of Philadelphia traffic).
MAPPING SPATIAL, TEMPORAL, AND SOCIAL TRENDS
Mapping is the primary tool for exploring the fluid boundary
between plan and diagram, attempting to achieve the
depiction of a certain set relationships, whether physical,
theoretical, or implied. As climate change is both a dynamic
phenomena and area of research, it is uniquely suited to
this flexible tool. Likewise, the complex interrelationships
of institutions, land owners, governance structures, and
stakeholders that would inform, benefit from, and ultimately
curate any sort of design intervention can be better
understood by mapping. These are human constructions,
and as such, have politics and socioeconomic considerations
that must be ensconced in a rich (“thick”) data context.
EMBRACING RISK AND UNCERTAINTY
In our changing economic and environmental climate, risk
and uncertainty are increasingly in (if not dominating) the

public conscience. Recent design thinking has adopted the
notion of adaptability and resiliency, but the theoretical
considerations behind the decision whether to use hard
or soft interventions still requires calibration. Much as
economics arose out of philosophy by borrowing the tools
of mathematics and hence gained greater prominence in
the public imagination (the great ideas of the Enlightenment
being supplanted by the great theories of the market,
communism, and the in-between), perhaps landscape
architecture as a specific discipline within design is poised
to adopt the tools of environmental science and public
policy to transform art and engineering in the 21st Century.
OPERATING AT MULTIPLE SCALES AND FOR MULTIPLE PURPOSES
As such, landscape’s unique ability to impact multiple
scales has lead to its recent ascendancy in urban and
infrastructural issues. As an interdisciplinary profession,
landscape can take on multiple roles in its intervention
across a defined territory of impact. It is important that the
scale and boundary conditions of this territory be defined in
order to understand the performance of the strategy. Plan,
section, and their hybrid in axon and beyond are powerful
tools to understand how a specific intervention can alter
larger (or smaller) networks and systems in proximity or at
a distance.

1894 Charles River Basin Plan from Watertown to Boston Harbor, Charles Eliot (Inventing the Charles River)
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DESIGN PROJECT PRECEDENTS

ROOM FOR THE RIVER
KIT OF PARTS PLANNING
RESILIENT INFRASTRUCTURE
RISK ASSESSMENT
EASTERN STORM SURGE BARRIER
LONG-TERM ENGINEERED INFRASTRUCTURE
PUBLIC SPACES OVERLAPPED WITH ENERGY
LARGE SCALE ECOLOGICAL DESIGN
THAMES BARRIER AND MOSE PROJECT
CLIMATE CHANGE EXPECTATIONS
VISIBILITY OF INFRASTRUCTURE

DESIGNING THE LAND-WATER INTERFACE
LIGHT
BOUNDARIES
TEMPORALITY
INTERACTION
PROPOSALS AND PRACTICE
REGULATORY EVENT PLANNING
RETURNING THE RIVER TO ITS COURSE
SOFTNESS AND ITS HARD INFRASTRUCTURE
CLIMATE CHANGE DESIGN COMPETITIONS
SPECULATIVE FUTURES
ALTERNATIVE VISIONS
PROVOCATIVE SUGGESTIONS

ijsselmeer

deepening of summer bed
beneden-ijssel

ketelmeer

zwolle

markermeer

dike relocation
westenholte

lowering of the scheller
en oldeneler floodplain

high-water channel,
veessen-wapenveld

almere

lowering of floodplain,
keizers- and stobbenwaarden
and olsterwaarden

amsterdam

lowering of the floodplain
bolwerksplas, worp
and ossenwaard

lowering of the floodplain
honswijkerwaarden, hagesteinse
floodplain and heerenwaard

lowering of
the floodplain
de tollewaard
removal of obstacle
machinistenschool elst

dike strengthening lek /
alblasserwaard and
vijfheerenlanden
utrecht

lowerning of the floodplain
avelingen industrial estate
den haag

nie

uw

lek

nede

rotterdam

sch
holland
diep

kram

mer/v

olker

ak

zuiderklip

al
e
wed

wa

eu

berg

amer

water storage,
volkerak zoommeer

maas

aa

dike
relocation,
lent

lowering groyne

depoldering
overdiepse polder
strengthening dikes
amer / donge

extra lowering of floodplain,
millingerwaard

s

lowering of brakelse
floodplain and dike relocation,
buitenpolder het munnikenland

strengthening
dikes steurgat /
land van altena

dike strengthening
bergsche maas /
land van altena

sche

lowering groyne
midden-waal

’s-hertogenbosch beneden-waal

groningen

leeuwarden

bovenrijn

nijmegen

m

we

mer

steurgat

merwede
aas

dordtsche
kil

em

ni

oud

depoldering
noordwaard

l

i

t

naa

d

lie

ka

or

spu
gv

h

no

rin

sc

lowering groyne,
river waal fort st. andries

nieuwe maas

ha

hondsbroeksche pleij
lowering of the floodplain
huissensche waarden

den

g

dike strengthening
oude maas / voorne putten

rrijn
er

we

dike strengthening, neder-rijn /
arnhemse- and velpsebroek

arnhem

dike strengthening
oude maas /
hoeksche waard
er

nn

at

dike relocation
cortenoever

lowering of
the floodplain
l
meinerswijk
se
ijs

pa

ew

lowering of
the floodplain
middelwaard

dike strengthening lek /
betuwe / tieler- and
culemborgerwaard

dike strengthening,
lek / lopiker- and
krimpenerwaard

dike relocation
voorster klei

lowering of
the floodplain
doorwerthsche
waarden

removal of obstacle,
suikerdam and polderkade
to the zandberg

lowering groyne
waal bends
dike strengthening,
neder-rijn / betuwe / tielerand culemborgerwaard

eindhoven

How will the river be given more room?
ijsselmeer

zwolle

dike relocation
westenholte

high-water channel,
veessen-wapenveld

almere

lowering of floodplain,
keizers- and stobbenwaarden
and olsterwaarden
lowering of the floodplain
bolwerksplas, worp
and ossenwaard

lowering of
the floodplain
de tollewaard
removal of obstacle
machinistenschool elst

utrecht

lowerning of the floodplain
avelingen industrial estate
den haag

nie

uw

g

sch
holland
diep

kram

mer/v

olker

ak

zuiderklip

water storage,
volkerak zoommeer

al
e
wed

wa

eu

be

amer

he
rgsc

lowering groyne
midden-waal

aa

extra lowering of floodplain,
millingerwaard

s

dike
relocation,
lent

lowering groyne

’s-hertogenbosch beneden-waal

lowering of brakelse
floodplain and dike relocation,
buitenpolder het munnikenland

strengthening
dikes steurgat /
land van altena

dike strengthening
bergsche maas /
land van altena

maas

depoldering
overdiepse polder
strengthening dikes
amer / donge

Depoldering

bovenrijn

nijmegen

m

we

mer

steurgat

merwede
aas

dordtsche
kil

em

ni

oud

depoldering
noordwaard

removal of obstacle,
suikerdam and polderkade
to the zandberg

lowering groyne
waal bends

dike strengthening,
neder-rijn / betuwe / tielerand culemborgerwaard

eindhoven

Above images from: “Room for the River: a safer and more attractive rivers region.”
http://www.ruimtevoorderivier.nl/media/19174/factsheet_uk.pdf.
How
will the river be given more room?Accessed 4 Mar 2012.
Water storage

Lowering of floodplains

Deepening summer bed

Lowering (excavating) an area of the floodplain increases the room for the river at high
water levels.

The river bed is deepened by excavating the
surface layer of the river bed. The deepened
river bed provides more room for the river.

Dike relocation

Lowering groynes

The Volkerak-Zoommeer lake provides for
temporary water storage when exceptional
conditions result in the combination of a
closed storm surge barrier and high river
discharges to the sea.

maastricht

High-water channel
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Relocating a dike land inwards increases the
width of the floodplains and provides more
room for the river.
Depoldering

Groynes stabilise the location of the river
and ensure that the river remains at the
correct depth.
However, at high water levels groynes can
form an obstruction to the flow of water in
the river. Lowering groynes increases the
flow rate of the water in the river.
Removing obstacles

The dike on the river side of a polder

Relocating a dike land inwards increases the
width of the floodplains and provides more
room for the river.
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amsterdam

dike strengthening lek /
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Water storage

Lowering of floodplains

A high-water channel is a diked area that
branches off from the main river to discharge
some of the water via a separate route.
Strengthening dikes

Groynes stabilise the location of the river
and ensure that the river remains at the
correct depth.
However, at high water levels groynes can
form an obstruction to the flow of water in
the river. Lowering groynes increases the
flow rate of the water in the river.

A high-water channel is a diked area that
branches off from the main river to discharge
some of the water via a separate route.
Strengthening dikes

Removing obstacles
The dike on the river side of a polder
is relocated land inwards. The polder is
depoldered and water can flood the area
at high water levels.

Dikes are strengthened in areas in which
creating more room for the river is not
an option.
Removing or modifying obstacles in the
river bed where possible, or modifying
them, increases the flow rate of
the water in the river.

www.roomfortheriver.nl

ROOM FOR THE RIVER
RHINE RIVER DELTA, NETHERLANDS
GOVERNMENT OF THE NETHERLANDS
As a classic example of revisionist thinking about hard
infrastructure in flood-prone areas, Room for the River
uses a kit-of-parts strategy to alter the regional hydrology.
Rather than channelling or fortifying against the river, the
reconsidered approach creates wider flood planes, slows
the rate of water rise, and creates alternate areas for water
retention. By softening the edge along the length of the
Rhine, Meuse, Waal, and Ijssel, the project both undermines
and enhances existing engineered works.
Although it primarily adopts a planning approach and
representation is largely diagrammatic, the understanding
of climate change developed by the Government and the
risk management protocols are readily extensible to similar
projects with long time horizons and significant uncertainty.

From: http://www.west8.nl/projects/landscape/eastern_scheldt_storm_surge_barrier/. Accessed 5 Sept 2010.

From: http://commondatastorage.googleapis.com/static.panoramio.com/photos/original/5806950.jpg. Accessed 5 Sept 2010.
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EASTERN STORM SURGE BARRIER
RHINE RIVER DELTA, NETHERLANDS
GOVERNMENT OF THE NETHERLANDS / WEST 8
One of the more recent monumental Dutch defences against
the North Sea, the storm surge barrier protects against
flooding events like those of 1953. Incorporated into the
project are several islands, marinas, and beaches that
allow for public access to the water. The infrastructure also
incorporates a causeway road bridge, pedestrian pathways,
and wind turbines.
To the community of landscape architecture, perhaps the
most commonly referenced aspect of the project is West 8’s
ecologically inspired black/white patterning of oyster shells
on the dyke. At the scale of the passing motorist and indeed
the infrastructure itself, the landform uses the material of
the sea to generate an avian camouflage commentary.

From Google Earth. Acquired 25 Jan 2011.

Scale comparison of Boston Harbor and Maeslantkering in Rotterdam. Note that the distance between
the Conley Container Terminal/Castle Island and Logan Airport is the same as the Nieuwe Waterweg.
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From Google Earth. Acquired 25 Jan 2011.

Above, clockwise from top left: http://de.academic.ru/pictures/dewiki/116/thames_barrier_03.jpg (Accessed 6 Mar 2011), http://commondatastorage.googleapis.com/static.panoramio.com/
photos/original/33118659.jpg (Accessed 5 Sept 2010), http://commondatastorage.googleapis.com/static.panoramio.com/photos/original/38336854.jpg (Accessed 5 Sept 2010), MTW july
2006, MTW July 2006, http://upload.wikimedia.org/wikipedia/commons/b/b8/MOSE_Project_Venice_from_the_air.jpg (Accessed 4 Sept 2010).
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THAMES BARRIER
LONDON, ENGLAND
GREATER LONDON COUNCIL / CHARLES DRAPER /
RENDEL, PALMER AND TRITTON

MOSE PROJECT
VENICE, ITALY
CONSORZIO VENEZIA NUOVA

Designed to protect London from North Sea flooding until
2030, the Thames Barrier was conceived in response to the
North Sea storm of 1953. Despite the clear need for a barrier,
construction did not begin until 1974 and was completed in
1982. The design, however, predated the recent increase in
knowledge of climate change and corresponding increase
in sea level. Closures, therefore, have been increasing
exponentially each decade. It is interesting to note that
approximately a third of the closures are due to fluvial rather
than estuarine flooding, and if the barrier is closed at low
tide, a retention basin can be created to mitigate the impact
of upstream flooding.

A long-standing controversial project to protect Venice
from increasing risk of aqua alta, the MOSE project consists
of not only three “invisible” floatable barriers (retracting
oscillating buoyancy flap gates), but also 45km of beach,
20km of seawall, 11km of jetties, and 8km of dunes. The
concept was tested by a massive hydrologic model in Padua.

The innovative rotating mechanism and stainless steel
shells have created an architectural landmark. The barrier
abutments on the river banks feature some redeveloped
residential and parks.

While the project will undoubtably have ecological and
hydrological impacts to the lagoon, the relatively low visual
impact of the barrier is an interesting solution to the historic
surroundings.

Above, clockwise from top left: http://www.paisajesemergentes.com/ (Accessed 27 Sept 2010); Philip Jodidio, “Alvaro Siza”, Koln, Taschen, 2003; Jose Paulo dos Santos,
“Alvaro Siza: Obras y Proyectos), Barcelona, Editorial Gustavo Gili, 1993); Ibid.; http://www.paisajesemergentes.com/ (Accessed 27 Sept 2010); Ibid.
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PISCINAS PROJECT AND VENICE PROPOSAL
MEDELLIN, COLUMBIA AND VENICE, ITALY
PAISAJES EMERGENTES

PISCINA DAS MARÉS
LEÇA DA PALMEIRA, PORTUGAL
ALVARO SIZA VIEIRA

These evocative, post-apocalyptic renderings effectively
convey the liminal and luminal qualities of the land-water
interface. Although the renderings completely ignore the
adjacencies of site, the interplay of hard edges and softer
textures is a fascinating contrast.

A classic of the inside/outside modern landscape canon,
Siza’s pools simultaneously embrace and enhance their
natural surroundings. Situated into the side of busy highway,
the change rooms effectively buffer the public space of the
tidal pools, creating a seamless, yet carefully delineated
composition.
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MVVA Tattler Newsletter, 29 Jun 2009

MTW, 20 Jun 2010

MTW, 26 Jun 2009

MTW, 13 Aug 2010

MVVA Tattler Newsletter, 29 Jun 2009

MTW, 13 Aug 2010

LOWER DON LANDS – MVVA PROPOSAL
TORONTO, CANADA
WATERFRONTORONTO

BROOKLYN BRIDGE PARK
BROOKLYN, NEW YORK
MVVA

In 2007, WaterfronToronto held a competition for the
redevelopment of the Lower Don Lands, a derelict industrial
area at the mouth of the Don River. While the urbanism
is notable in terms of its sustainability, requirement that
proposal teams address a 1,000 year regulatory flood
event required creative problem solving. By allowing the
river flow closer to its pre-industrial alignment, the MVVA
team generated a novel solution. This concept of resilient
landscapes in the face of extraordinary meteorological/
climatic events led to the project being named as one of
the 16 global founding projects of the Climate Positive
Development Program, a Clinton Climate Initiative.

Much as Former Governor Mario Cuomo said “You
campaign in poetry, but you govern in prose”, so often
goes the translation of conceptual landscape vision to built
landscape reality. It need not necessarily be that way,
however, if the landscape architect has a firm foundation
in the materials and technology with which to craft the
land. Brooklyn Bridge Park reintroduces an ecological
element to a formerly industrial waterfront that relies upon
underground stormwater retention tanks, micro-grading,
and overland flow control devices. The soft appearance
of this edge is actually enabled by hard infrastructure, a
point that is frequently overlooked in critical discussions
of ‘softness.’ This attendant infrastructure has the ability
to inform the design process and be incorporated into the
overall strategy.

The South Boston Waterfront is a somewhat similar condition
of filled land, and both rivers have a tangled mass (mess?)
of infrastructure at their respective mouths. Furthermore,
both Toronto and Boston’s Harbor Islands have a history of
being undesired urban activities, airports, and escapes from
the city – perhaps WaterfronToronto’s visionary landscape
planning approach could inform Boston’s own efforts.

MTW, 7 Aug 2010

MTW, 7 Aug 2010

MTW, 7 Aug 2010

http://www.metropolismag.com/cda/popup_image.php?image_
id=19164&slideshow_speed=, Accessed 10 Sept 2010.

http://www.aila.org.au/sea-change/, Accessed 28 Sept 2010.
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BAYARC: A Tidal Responsive Barrier,
http://www.risingtidescompetition.com/risingtides/Winners_files/063.3717503_20090629BayArc_lr.pdf, Accessed 28 May 2010.

RISING CURRENTS
NEW YORK, NEW YORK
MoMA / GUY NORDENSON / ARO / SCAPE / ETC

SEA CHANGE 2030+ (Bottom Left)
SYDNEY, AUSTRALIA
AILA / NSW GOVERNMENT / ETC (OPSYS)

As a part of a special exhibition, five design firms and teams
were invited to propose interventions that would help New
York’s harbor adapt to climate change. Ranging from the
practical to the speculative and the urban to remote, the
proposals cultivated an interesting set of strategies and
explored sectional methods of representation.

An open competition for ideas similarly resulted in a multitude of speculative ideas for protecting or adapting the Sydney Harbor to climate change beyond 2030.

RISING TIDES (Bottom Right)
SAN FRANCISCO, CALIFORNIA
SFBCDC / NOAA / AIASF/ ETC (SOM)
An open competition for ideas resulted in a multitude
of speculative ideas for protecting or adapting the San
Francisco Bay to one meter of sea level rise.

Marshes and Mudflats

1630

Process of Landfilling in Boston, adapted from Mapping Boston.
Historic marshes and mudflats were filled in to provide developable
land for residential and industrial uses, primarily from the 1850s
onward. This made land was set to different elevations, which
becomes significant in climate change projected storm surge
scenarios.
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SITE DESCRIPTION
SHIFTING GROUND
Boston sits at a remarkable intersection of history and
geography. As one of the first sites of European settlement
in North America, the city is an accretion of the past that has
a distinguished tradition of engaging in the active formation
of its own geography. By increasing and regularizing its land
area, the city not only gained a foundation to support new
neighborhoods, but also developed the connections that
would catalyze additional growth. As an active port city, it
faces outward, a land-water relationship accentuated by
this continent’s only drumlin chain that bisects a coastline.
This thesis seeks to reconceptualize the traditional notion of
landforms and landforming to create a new framework for
ground that addresses the changing climate.
In generating an urban vision of what will be this shifted
notion of “ground” for Boston’s future, we must first define
such a broad term, for while it might seem to be a rather
basic concept, nothing is simple or conceptually abstract
with the highly engineered infrastructural landscape of
successive Boston waterfronts. Turning to the Oxford
English Dictionary, ground might be (emphasis added):
• the earth regarded as the surface upon which man
and his surroundings naturally rest or move
• the soil of the earth
• the foundation or substratum on which other parts
are overlaid, or on which they rest for support or
display

•

the solid base or foundation on which an edifice or
other structure is raised
• the bottom; the lowest part or downward limit of
anything
If we consider ground to be an amalgam of these ideas,
we are well on the way to redefining what underpins (or is
the infrastructure of) landscape. Whereas Boston’s past
landmaking was driven by profit and came at the expense
of the natural environment, the 21st Century and changing
climate demand an ecologically informed urbanism.

THE WATERFRONT
Another tack to defining ground in Boston might be
investigating what is not ground – its present and historic
inundated areas. Looking at a region that encompasses
the present-day Basin, Shawmut Peninsula, South Boston,
and the edges of Chelsea and East Boston, we find that
the 1630 pre-colonial area was 15% marsh and 35% mud
flats, essentially all of which have since been converted to
impervious ground. As this land was enclosed and then
filled to a historic vertical datum, nearly all of it will be
simultaneously subjected to risk of flooding from projected
sea level rise.

FUTURE DAM

Adapted from “A panoramic view from Bunker Hill,” Mallory 1848, composited
from Haglund, Seasholes, and various online resources.

1978 DAM

C. 1850 and 2009 panoramas from Bunker Hill Monument, with the State House circled for comparison.
The above exaggerates the size of the Charles to demonstrate ample room for the railroads, whereas in
the bottom, note the eventual amount of landfill and the Charlestown infrastructural “wedge.”
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While the storied ‘creation’ of Back Bay is largely familiar,
perhaps the manufacture of the South Boston Waterfront has
more lessons for the future. As a peninsula of originally only
580 acres, South Boston has been continually expanded by
a multi-century process of landfilling, eventually amounting
to an area 37 percent greater than that of Back Bay. These
1,013 acres of new land have long supported the vision of
industrial development, but with fundamental changes
in the Boston economy over the past several decades,
the future of these ‘underutilized’ lands and properties is
being reconsidered, with perhaps the 2006 opening of the
Institute of Contemporary Art heralding a new relationship
of the city with its waterfront.
South Boston has been an area of speculative
development since the beginning of the 1800s, yet has
never grown as fast as predicted by its boosters. Originally
seen as an area for residences, the plans for the edges of the
peninsula changed with the arrival of the railroad and the
possibility of industry. Due to the topography both above
and below the high-tide line, the first area of land expansion
was along the Fort Point Channel, which provided additional
docks and warehousing. By the 1850s, trade-driven plans
for the filling of the sea grass and mud flats to the north of
the South Boston peninsula were materializing. The Board
of Harbor Commissioners was created to oversee the land
creation process, and in 1866 a plan emerged that defined
the boundary of today’s landfill based on the tidal scour and
underwater ledge. This plan, importantly, also included

a ‘Reserved Channel’ of 500 feet that “was included to
provide access to deep water for the owners of the flats on
the South Boston shore, who had declined to participate in
the landmaking projects” (Seasholes, Gaining Ground).
It is important to appreciate the eventual prescience of
this decision, as this is now the site of the deepest dockside
water in Boston Harbor at the Conley Terminal. Furthermore,
it should be noted that the eventual expansion took over
100 years to complete after the initial act of demarcation.
Therefore, when considering the shifting of ground in this
thesis, it seems only reasonable to take an equally long,
centenary time horizon. To this end, when completed in
1901, Commonwealth Pier was the largest of its kind on the
East Coast at the time and the present-day Boston Design
Center was the largest building in the world prior to the
construction of the Pentagon. A second observation might
be that Boston, despite having a relatively conservative
built demeanor, has been the site of many generations of
paradigmatic projects – ideas that are perhaps before their
time, yet eventually become a critical part of the urban
realm. A vision of Shifted Ground must, therefore, take the
long view, encourage ambitious exemplary projects, and
embrace infrastructure for ecological and civic purposes.

1965

1910

1978

1900
???

?????

From Google Earth. Acquired 17 Dec 2010.

Locations of dams along the Charles and Mystic Rivers,
with potential future harbor dam sites.
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THE CITY
To this end, Boston has a long, if mixed, history of groundbreaking built environment interventions. Most recently,
the city has attempted to close a chapter on its highway
building from the urban renewal era with the Central Artery/
Tunnel Project, or Big Dig. The 1948 master highway plan
called for construction of the original Central Artery, which
was inadequate and problematic from almost its first day
forward. By the 1970s, calls for its sinking in a trench or
burial all-together had reached a critical mass, and although
its story has been told extensively elsewhere, there are two
salient city-shaping aspects that impact Shifting Ground.
First, and perhaps most immediately important to
this thesis, various tunnel entrances and pieces of critical
infrastructure associated with the Big Dig would need to
be protected by any sort of long-term intervention. These
tunnels and bridges also act as constraints on design, setting
site boundaries in both the horizontal and vertical planes.
The Ted Williams Tunnel (on the Massachusetts Turnpike,
leading from South Boston to Logan Airport in East Boston),
in order to save costs, was set at the relatively shallow draft
depth of 40 feet. This in the future will limit the size of oil
and Liquified Natural Gas tankers berthing in Chelsea and
Everett.
The second lesson from the Big Dig is the inseparability
of design concerns from what may seem to be predominantly

political and engineering projects. The clearest example
of this was the bridge link from the main city tunnel to the
soaring ramp infrastructure in Charlestown. Acrimonious
public debate over Scheme Z, an ambitious strategy of
untangling north/south and east/west circulation that
threatened to swamp the river and its shores (let alone the
Big Dig’s budget) was solved by the Zakim Bridge, which
opened in 1999. When Swiss bridge designer Christian Menn
came to the GSD to give a lecture, he was invited to propose
a solution, and he came up with an elegant cable-stayed
structure that, despite being the widest of its kind in the
world, still gives deference to the Bunker Hill monument and
won public support. Nevertheless, not all design projects
in this “Lost Half-Mile” between the old and new dams
have been successful. The construction mitigation process
resurrected in 1990 plans for episodic and generic parks
along the banks, which are still cut up by highways, ramps,
rails, and bridges. Shifting Ground’s call for a redefined
landscape infrastructure seeks a holistic, connective vision
akin to that posited by Olmsted and Eliot with the Emerald
Necklace and original Basin.

THE BASIN
There is perhaps no project that more clearly defines
Boston in the public conscience as the Charles River Basin.
Although the filling of Back Bay flats began in 1859, it was
not until 1876 that the area entered into a larger landscape
vision, with a Boston Park Commission report suggesting an

From Haglund, 158.

From Haglund, 92.

(Top Left) Back Bay
seawall in 1904.
(Top Right) Clam
diggers prior in 1900
along Cambridge
seawall near present
day MIT.
(Bottom Left) 1962 Dam
proposal. Note recent
West End development
and Government Center
construction.
(Bottom Right)
Cofferdam and footings
for New Dam’s pumping
station in 1976.
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From Haglund, 287.

From Haglund, 290.

idea that would later become the Emerald Necklace. This
framework was later amended in 1894 to include the Charles
River Basin report and plan, which ultimately recommended
the construction of a basin that would eliminate unsightly
and malodorous mud flats between the Back Bay and
Cambridge sea walls. In addition to the civic and public
health improvements, Boston not only embraced the larger
City Beautiful trend but also place itself in the same rank as
an Old World capital by emulating Hamburg’s Alster Basin.
By 1910 these embankments were completed construction
by the Charles River Basin Commission and turned over to
the Metropolitan Park Commission. Soon this space was
arguably marred, however, by the insertion of infrastructure,
with the 1935 and 1951 building of Storrow Embankment
and Drive, respectively (and interestingly against Storrow’s
express wishes). These later interventions, however, were
and continue to be problematic, with frequent flooding.
Mayor Menino, seizing upon the need to rebuild some of
the interchanges and tunnels, has advocated for greater
connection between Public Garden and Esplanade.

THE 1910 DAM
None of these infrastructural and aesthetic improvements
would have been possible without a tidal barrage across
the Charles. The earliest call for a power dam across the
Charles’ mouth was in 1814, but due to lack of technology
to do so, only the Great Dam (now Beacon Street) and Cross
Dam (top of Bulfinch Triangle) were built. By 1901, however,

James Storrow had formed a committee to study a dam at
the mouth of basin. Entering operation nine years later (but
after two decades of debate), the dam top sat as an exposed
grassy park until 1948, when it was leased to Museum of
Science.
The 1910 dam was constructed on the basis of relatively
imprecise scientific information (though perhaps the best
available at the time). As of 1903, the greatest flood in the
previous 75 years had been in February 1886. The engineers
sized the capacity of the sluices to be 10% greater than the
levels that had been measured for that storm in Waltham
(nearest measuring station, well upstream from the future
basin). The basin height was set below that of high tide at
about 0.8m above Mean Sea Level (MSL) and the dam was
engineered to maintain a basin elevation below 1.6m above
MSL in the event of a design flood.
In 1954 and 1955, however, hurricanes caused extensive
flooding in Cambridge and Back Bay, revealing the
inadequacy of the dam. Because of the associated storm
surge coming in from the harbor, the dam had to remain
closed for longer than usual. When this was compounded
with the significant precipitation coming from upstream, the
accumulating runoff had no outlet but to raise the level of
the basin. The 1955 Hurricane Diane dumped 12 inches of
rain in two days, and the water in the basin rose more than
1.2m above normal, resulting in damages of $5 million ($45
million in 2010 dollars). An additional 0.6m rise in the flood

Hurricane Diane (1955) raised the basin’s elevation 1.2m
above normal and caused extensive damage to Back Bay,
necessitating the 1978 dam’s construction. The present
dam serves four important functions - basin elevation
control through pumps and sluices, storm surge protection,
lock navigation, and anadromous fish passage.

ONE 91 x 12 x 5.2M
LOCK

OVERHEAD
CONTROL AREA

LOW TIDE
LINE

TWO 61 x 6.7 x 2.4M
LOCKS

Acquired from Bing 12 Apr 2011.

3.5M DYKE & PASSAGE
TO NORTH END
PUMP STATION WITH SIX
2700HP PUMPS, MOVING
40M3/s

CHARLESTOWN
BRIDGE

SLUICES
(BELOW)

HARBOR
PATROL

MAX STORM FLOW
351/439/487-600 M3/s

FISH
LADDER
PAUL REVERE
PARK
ZAKIM
BRIDGE
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stage level would have resulted in an additional damages
of $80 million in 1973 dollars ($335 million today). These
storms instigated the investigation of a different elevation
control solution that included a pumping station either
appended to the existing dam site or further downstream.

an important co-benefit of the project. As such, the new
dam included a fish ladder for andromadous fish – shad,
alewife, herring, and smelt – that had previously flourished
in the Charles, but struggled to survive the steep salinity
gradient.

THE 1978 DAM

Costing $61.3 million ($200 million in 2010 dollars), the
new site allowed for the recalibration and recalculation of
ecological, function, and flow parameters. For example,
the elevation at which damage occurred was revised down
by 0.2m to 1.4m above MSL. Careful measurements from
previous storms provided a better data set from which to
assess risk, but it is important to note that the dam was
constructed just before climate change concerns began to
enter the infrastructure planning community. The peak flow
during the 1955 hurricane was 351m^3/s and the 1978 dam’s
design capacity was set at 439 m^3/s (so as to maintain a
basin elevation at 1.2m above MSL even under 25% greater
flow volumes). The basin still must be carefully managed so
as to act as a reservoir, as the six 2700hp diesel powered
pumps can only move 40m^3/s of water each over a 2.7m
head. Perhaps of further concern, a 1980 MIT student study
suggested that a similar 9.1-11.2 inches/day rainfall event to
Diane would actually result in a flow rate of 487-600m^3/s,
which exceeds the present dam’s design capacity. This
discrepancy, particularly when compounded with the
uncertainties of climate change, bears further investigation.

After extensive analysis, it was decided that a new dam
should be built a half-mile towards Charlestown, and in 1962
the historic Warren Bridge was demolished to make way for
the New Charles River Dam and pumping station, with its
122m wide structure winning contemporary architectural
accolades for its outward embodiment of internal function,
relative transparency for critical infrastructure, and
incorporated publicly accessible walkway. Two of the three
locks are 61m long, 6.7m wide, and 2.4m deep, whereas
the third lock is 91m long, 12.2m wide, and 5.2m deep.
About 136.7m^3 of harbor water enters the basin during
each lock cycle (far less than the 1910 dam), limiting saltwater intrusion by up to 80 percent. Two sluice gates are
used to drain the upriver side of the dam when the basin
is higher than the tidal harbor, one of which is 6m below
water surface and is used to drain the bottom salt wedge
at low tide. In 1975, the Metropolitan District Commission
calculated that harbor water covered about 80 percent of
the river bottom, causing fish kills and odors. Therefore,
while the dam primarily offered flood protection and
navigation improvements, ecological amelioration was also

3.5 = DAM LEVEL OF PROTECTION
3.2 = 1851 HISTORIC HIGH TIDE
3.1 = BLIZZARD OF 1978
2.8 = CAT2 HURRICANE
2.2 = NOR’EASTER

1955 DIANE = 2.1

1.5 = MHHW

FLOOD STAGE = 1.4
BASIN = 0.7

MSL = 105.6FT MDC DATUM

-1.5 = MLLW

0.4M RISE W/CLIMATE
NEW CHARLES RIVER DAM

(Above) Key elevations for the basin and
harbor (with max. storm surges)
(Right) New Charles River Dam at High and
Low Tides, 11 September 2010, MTW
(Far Right) During a rain event, such as the damaging storm of March 2010, the
dam’s pump station stabilizes the basin while the sluices and locks are closed.
In contrast, for a storm surge event, such as the December 2010 blizzard that
rivaled that of 1978, the dam must be closed for a longer period of time.
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MARCH 2010 NOR’EASTER
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3.5M PROTECTION
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SCITUATE FLOODING
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Data Sourced from USGS

sea-level rise is one of four critical areas addressed in the report, with a focus on exposed assets in port
megacities and specifically those on the northeast coast of the United States.
The High Tide of Opportunity « ArchitectureBoston

sea-level rise is one of four critical areas addressed in the report, with a focus on exposed assets in port
megacities and specifically those on the northeast coast of the United States.

Proposal for Boston Harbor Barrier, 1988. Antonio Di Mambro + Associates.

The financial stakes for Boston are not trivial. Assuming low and high projections of a 20-to-26-inch rise in
sea level by 2050 (by the time today’s infant is in mid-career), the report projects an “exposed risk” to
property damage and consequential loss ranging from $409 billion to more than $460 billion (think of 20
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this plan for highway/transit improvements, a pair of locks, greater harbor
connectivity, and new port infrastructure.
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Being a tidal barrage, the dam is threatened by nature
on both sides, and it received an early test from the harbor
before it was yet fully operational. Designed to protect
against a storm surge 3.5m above mean sea level, the
Blizzard of 1978 flood from February 5-7 had a storm tide
rise to within 0.4m of overtopping the dam, equaling the
historic record of April 1851. Boston seems to have avoided
major flooding since, but there was significant damage to
the Green Line at Kenmore Square from the Muddy River
overflowing in 1996. More recently, the March-April 2010
floods that heavily affected Rhode Island would have been
catastrophic if it were not for the pumps in dam running
nonstop for several days.

THE HARBOR
The above narrative suggests that the Charles River’s dam
has as much to do with Boston’s harbor as it does with
the basin it creates. As a way of introducing the larger
systems that will inform Shifting Ground’s eventual design
strategy, it is informative to look at possibly the most
stunning landscape turnaround of the past three decades
–the cleanup of Boston Harbor. Although the significant
engineering and design interventions were ultimately
responsible for its success, the process would not have been
possible without a long history of metropolitan governance
and activism. Despite the harbor’s long history of the city’s
undesirable land uses from abattoirs to dumps, low-grade
farmland to Native American forced relocation camps,

and asylums to military emplacements, its relatively rapid
rebound and transformation lends hope to a design project
of this magnitude.
While the legal history of pollution in the harbor dates
back to 1656 with America’s first environmental law banning
the dumping of carcasses, the modern story begins after
an 1863 cholera outbreak in Boston and the city’s search
for a sewage treatment solution. From 1878 to 1883, Moon
and Deer Island sewage facilities were built and entered
operation, essentially holding human and industrial waste
until it could be released with the outgoing tide. By 1933, all
shellfish in the harbor was contaminated beyond the point
of being able to be eaten. After World War II, the situation
continued to worsen, even after primary treatment was
installed at Deer Island in 1968. Mounting environmental
concerns about the harbor eventually brought Quincy to
sue the City of Boston ten years after the 1972 Clean Water
Act, resulting in a court-ordered cleanup. In response, in
1985 the Massachusetts Water Resources Authority (MWRA)
was created to oversee the construction of massive new
infrastructure – the $1.4 billion Deer Island wastewater
treatment plant (as well as the closure of dozens of combined
sewer overflows, etc). In 1995 Deer Island began operation
and in 2000 it was running at full functionality.
Reflecting this achievement, the multi-agency Boston
Harbor Islands National Recreation Area was established in
1996. Protecting all of and enabling access to some of 34
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Preliminary Decision chart evaluating various issues, considerations,
and challenges associated with potential dam sites.
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New Footing Between
Boston and Charlesotwn
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Innovation District Protected?
Logan Protected?
Ecological Impacts?
National Park Activation?
Shipping Channel/LNG/Oil?
Container Port?
Logan Relocation?

of the islands, the partnership consists of 10 federal, state,
city, and non-profit agencies including the National Park
Service, Massachusetts Department of Conservation and
Recreation, Massachusetts Port Authority, MWRA, City of
Boston, Boston Redevelopment Authority, and the Trustees
of Reservations.

TOWARD A REDEFINITION OF
LANDSCAPE INFRASTRUCTURE
This panoply of agencies only begins to hint at the
stakeholders that would be involved in any decisions about
the dam’s modification, raising, or relocation. Additional
non-profits with local interest would include the Charles
River Conservancy, Charles River Watershed Association,
Esplanade Association, and the Boston Harbor Association.
Parties to any sort of intervention would extend from the
level of the citizenry and town governments to the state and
federal government (such as the US Army Corps of Engineers,
EPA, etc.). Turning once again to history, however, the
affairs of the Charles River have lent legal, educational, and
metropolitan governance precedent to the rest of the nation
on several key occasions.
For example, the first bridge across the Charles to
Charlestown in 1786 was so profitable because of an
exclusive charter granted by the Commonwealth that the
state granted another contract in 1828 to Warren Bridge

(the site of the present 1978 Dam). Due to the terms of this
latter contract, which would render it free to public use after
six years, the former bridge’s stockholders challenged the
Commonwealth for loss of their bridge’s value. In this early
important Supreme Court contract case, Chief Justice Taney
held for the majority that states had the right to breach
contracts in the face of technological improvements. This
ruling was crucial to the young, industrializing country’s
growth, as granting monopoly right to infrastructure such
as railroads and canals would stifle competition and the
country would “be thrown back to the improvements of the
last century, and obliged to stand still.”
Enterprising lawyers from then Harvard College argued
the case, and perhaps Boston has a storied history as a
proving ground for new sewage, park, transportation,
and legal ideas because of the strong educational
institution presence in the cities surrounding the Charles
River Basin. The clearest symbol of this might be MIT’s
relocation from Back Bay to a new campus in Cambridge
that anchored the embankment in 1916. Universities have
long been intertwined with the shaping of the basin and
dam, with Harvard President Charles Eliot serving as a
Governor-appointed board member on the Charles River
Improvements Commission in the 1890s and advocating a
basin-creating dam so as to create a basin. Similarly, in 1965
Harvard President Nathan Pusey headed the committee that
oversaw the planning by the US Army Corps of Engineers for
the new dam. This larger academic engagement with the

Pleasure Bay Seawall in South Boston as the Tide Goes Out, 30 April 2011, MTW
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basin, city, and harbor, has borne fruit in the past and may
be an interesting renewed avenue of discourse.
In this way, Boston and its metropolitan region have long
experimented with governance, particularly with park and
water systems. The Metropolitan Park Commission, which
managed green space around Boston, or its successor,
the Metropolitan District Commission, which regulated
water quality, was able to view their respective networks
as a system beyond any single town’s budget. The US Army
Corps of Engineers arguably carried this tradition forward
when it set aside upstream land in the 1970s for the Charles
River Natural Valley Storage as an early example of resilient
water flow management, and the MWRA today has similarly
broad regional powers.
While this thesis cannot possibly respond to the
concerns of all these agencies, it does begin to hint at the
larger significance of the project at hand. Although only the
wealthiest, most at-risk cities of the first world countries
might even begin to contemplate the massive expenditure
(and complicated public financing) associated with any
potential intervention, the process explored in this thesis is
at least theoretically applicable to any densely populated
coastal port city with an hourglass-shaped harbor (or a
concave harbor that could be spanned using multiple
segments). Just as bridges connect the population centers
on opposite shores, these dams might connect the high
points of topography. At a large magnitude, this would

describe the Dutch Delta and Zuiderzee Works. At the
medium scale, parallels might be drawn with the Thames
Barrier or the proposals for New York and San Francisco
harbors. Finally, at a smaller size, the New England shoreline
is studded with similar dams such as the Fox Point Hurricane
Barrier in Providence, the New Bedford Harbor Hurricane
Barrier in Connecticut, the Stamford Hurricane Barrier, or
even the Amelia Earhart Dam on Mystic River right here in
the Boston area.
Despite the sprawling scope of this thesis, which is
necessary in order to fully comprehend the place and
meaning of a design intervention, the uncertain and
complex predicted changes climate reduce to three simple
threats to the existing dam. The first is the increased risk of
the dam being overtopped, with sea level rise over the next
century projected to reduce, if not completely eliminate, its
safety margin. Secondly, rising sea levels will increase the
length of time the tidal barriers are raised, which means in
a storm event, without raising basin height, the dam would
need to add greater pumping capacity. Finally, climate
change is predicted to increase the variability and intensity
of precipitation events. As the dam is the drainage point
of 800 sq km, much of which is urban, increased peaking
of run off in storm events perhaps require more careful
management of the basin height, retention capabilities,
and upstream flow control. It is for these three reasons that
Boston’s elegant 19th century landscape infrastructure must
be redefined in the face of Shifting Ground.
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THESIS PRESENTATION
INTRODUCTION
As landscape architecture has expanded beyond its traditional
realm of gardens and parks to encompass in some dimension
almost all horizontal surfaces that perform economic or
ecological functions, the field has increasingly grappled with what
oversize infrastructure means for the city. At the same time, a
flood of challenges, both economic and climatic, have altered
our society’s perception of externalities and associated risks. In
the face of these unprecedented changes, which operate at scale
that can be described in the words of Rem Koolhaas as “bigness,”
landscape can play a crucial role in shaping the infrastructure that
will inevitably be built in the coming years to secure and adapt our
cities to sea level rise.
Shifting Ground redefines the topographic, hydrologic,
ecologic, and socioeconomic relationships between Boston’s
Charles River, artificial basin, regulating dam, and engineered
harbor. By exploring multi-scalar passive and active strategies at
the land-water interface, this thesis advocates a suite of resilient
landscapes that leverage hard infrastructure to extend and increase
the existing areas of protection from storm surge. A proposed
barrier between South and East Boston, elevated attending
seawalls, improved outlying coastal defenses, and expedited
wetland accretion enable augmented recreation opportunities,
reenvisioned urban districts, and restored ecological functions.
Ultimately, the design intersects with the Olmsted and Eliot plans
for the Basin, Emerald Necklace, and Metropolitan Park System as
it adapts Boston to the 21st Century’s projected rise in sea levels.
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I-93 DIKE AND
TOD AT JFK/UMASS

SEAPORT BARRIER
AND RESILIENT
URBAN DISTRICT
LONG
ISLAND

PREAMBLE
According to a 2009 report by the World Wildlife Fund and Allianz
insurance, a sea level rise of 0.65m by 2050 along the Northeast
coast could jeopardize $463 billion worth of assets in Boston,
representing the fourth highest amount in the US (after Miami,
New York-Newark, and New Orleans). First, this thesis does
not take a specific stance on what sea level rise will happen by
when. Second, it considers the order of intervention, but rather
than focusing on when, it looks at how we might adapt. Third,
while Boston is the site of investigation for this thesis, the research
could be conceivably extrapolated to other heavily populated,
hour-glass shaped harbors in the developed world.

STRATEGIC FRAMEWORK INTERVENTIONS
AREA OF RISK AT 5.5M ABOVE MEAN SEA LEVEL (MSL)
EXISTING PROTECTION AT 3.5M ABOVE MSL
PROPOSED HYDROLOGIC DISTRICTS
EMERALD NECKLACE (CITY OF BOSTON)
RESERVATIONS (MASS DCR)
HARBOR BATHYMETRY
LAND TOPOGRAPHY

Shifting Ground explores five sites for adaptation –
modifications to the New Charles River Dam, a key harbor
barrier, two potential long-term mitigation structures, and an
ecologically informed restoration. Aside from the Harbor Barrier,
the four sites could be implemented in other areas of Boston.
These are infrastructure, not only because they leverage existing
infrastructure such as failed highways, underused interstices,
and eventually obsolete logistical spaces, but because have
characteristics of Stan Allen’s “Infrastructural Urbanism” in Points
+ Lines: Diagrams for the City.
• “Infrastructure works not so much to propose specific
buildings on given sites, but to construct the site itself.”
•  “Infrastructures are flexible and anticipatory.”
• “Infrastructures accommodate local contingency while
maintaining overall continuity.”
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SHIFTING GROUND – A REGIONAL STRATEGIC FRAMEWORK
While many of metro Boston’s town boundaries follow topographic
and hydrologic features, the storm surge threat from climate
change induced sea level rise requires the establishment of 10
flood control districts. Strategies developed in Shifting Ground
(dark orange) can deployed to other, future sites (light orange).
REGIONAL LANDSCAPE-BASED PLANNING
Over the past century, the metro Boston region has built
successively more infrastructure to regulate the tides and provide
storm protection. As much of Boston’s ground was enclosed,
filled to a historic vertical datum, and reclaimed from wetlands
and the sea – its 1630 pre-colonial area was 15% marsh and 35%
mud flats, nearly all of it will be simultaneously subjected to risk
of flooding from projected sea level rise.
These filled landscapes provide the basis of logistics
infrastructure the world over, and represent some of the largest
land areas in cities. Necessarily flat, and often at the coastal
edge, they are the first to be at risk in the facing of rising sea level.
Although these threats my seem far off, it is important to
consider the history of the New Charles River Dam. Hurricane
Diane in 1955 caused massive flooding in the Charles Basin, with
its level rising 1.2m above normal when the 1910 science museum
dam was overwhelmed by 12 inches. The new dam, just a half-mile
down river and a relatively simple tidal barrage and pump station,
took 23 years to build.

PROPOSED NEW WALLS
RECOMMENDED IMPROVEMENTS
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PROPOSED RETENTION AREAS
POTENTIAL RETENTION AREAS
POTENTIAL URBAN DETENTION

CONSTRUCTED VS RESILIENT STRATEGIES
As a urban area, a mix of permanent seawalls, temporary
barriers, built detention facilities, and ecological retention
areas are required to improve coastal defenses. Strategies
developed in Shifting Ground (dark orange) can deployed to
other, future sites (light orange). Both “soft” and traditional
infrastructures were considered where appropriate – sensitivity
to risk, cost, potential funding, and cost are not only part of
today’s professional discourse, but some of the core strengths of
landscape architecture. As such, rather than addressing the City
Beautiful movement’s immediately tangible goals such as hygiene,
democracy, and poverty, landscape must grapple with the quest
for the City Sustainable, where we face dynamic, nuanced issues
climate change, empowerment, and equity.

PROPOSED CLIMATE PARKS
EMERALD NECKLACE (CITY)
RESERVATIONS (STATE)
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PARKWAYS
PROPOSED PARKWAYS
PROPOSED BIKEWAYS
BIKE CONNECTIONS
POTENTIAL PARKWAYS
HIGHWAYS

LEVERAGING AND ENHANCING EXISTING NETWORKS
To put in perspective the potential need for these strategies,
the flooding rains of March 2010 was a 100-year storm and the
Blizzard of Christmas 2010 was a 20-year storm. This thesis,
therefore, is considering these storms to occur on an exponential
more frequent basis (for example, roughly a 10-year and 5-year
storm, respectively) while still protecting against a much larger
1-5% chance events 50-100 years from now.
Sites were, therefore, carefully chosen so as to fall on publicly
owned land and either terminate or re-link existing park (Emerald
Necklace/Reservations) and transportation (parkway and bicycle)
networks, thereby leveraging infrastructure and providing greater
amenity value.
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BOSTON, WITH UP TO 2m OF SEA LEVEL RISE
DURING A 100-YEAR STORM
During the Blizzard of 1978, the not-yet-completed New Charles
River Dam came within 40cm of being overtopped. This is likely
to occur by the end of the century with current sea level rise
projections, and due to the topography of Boston and its built
form, extending and increasing the level of protection would
require the construction of a harbor barrier.
NOTES ON FLOODING SIMULATIONS
Shifting Ground evaluates the “pressure on the system” and the
“work” performed by existing control structures to determine
potential inundation areas and impacts to land use. In using a
5m horizontal resolution Digital Elevation Model, the simulation
admittedly does not account for some sea walls and therefore
overrepresents flooded area, as determined by historical storm
records. These maps and diagrams, therefore, should be used to
facilitate regional strategies and discussion, rather than proving a
specific local course of action. Field verification and accounting
for subterranean infrastructure would be required to determine
actual potential flooding risk.
DATA SOURCES INCLUDE:
MassGIS (DEM, Parks, Watersheds, Coastlines)
NavTeq (Roads)
FEMA HAZUS 2.1 Database (Residential and Commercial Land Use)
2000 US Census (Population and Total Area)
Google Earth (Orthophotography)
MA State Plane Projection using NAVD88 Datum.
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POTENTIAL INUNDATION AREAS AND IMPACTS TO LAND USE AT
1.5M ABOVE MSL (HIGH TIDE)
Shifting Ground evaluates the “pressure on the system” and the
“work” performed by existing control structures to determine
potential inundation areas and impacts to land use. Each dot
accounts for 100,000 square feet of either residential (yellow),
commercial (red), or industrial (purple) built structure, according
to the FEMA HAZUS database and 2000 US Census. In using a
5m horizontal resolution Digital Elevation Model, the simulation
admittedly does not account for some sea walls and therefore
overrepresents flooded area, as determined by historical storm
records.

3.5 = DAM LEVEL OF PROTECTION
3.2 = 1851 HISTORIC HIGH TIDE
3.1 = BLIZZARD OF 1978
2.8 = CAT2 HURRICANE
2.2 = NOR’EASTER

1955 DIANE = 2.1

1.5 = MHHW

FLOOD STAGE = 1.4
BASIN = 0.7

MSL = 105.6FT MDC DATUM

-1.5 = MLLW

100,000 sqft Residential
100,000 sqft Commercial
100,000 sqft Industrial
Source: FEMA HAZUS and 2000 US Census

0.4M RISE W/CLIMATE
NEW CHARLES RIVER DAM
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POTENTIAL INUNDATION AREAS AND IMPACTS TO LAND USE AT
2.0M ABOVE MSL
Shifting Ground evaluates the “pressure on the system” and the
“work” performed by existing control structures to determine
potential inundation areas and impacts to land use. Each dot
accounts for 100,000 square feet of either residential (yellow),
commercial (red), or industrial (purple) built structure, according
to the FEMA HAZUS database and 2000 US Census. In using a
5m horizontal resolution Digital Elevation Model, the simulation
admittedly does not account for some sea walls and therefore
overrepresents flooded area, as determined by historical storm
records.

3.5 = DAM LEVEL OF PROTECTION
3.2 = 1851 HISTORIC HIGH TIDE
3.1 = BLIZZARD OF 1978
2.8 = CAT2 HURRICANE
2.2 = NOR’EASTER

1955 DIANE = 2.1

1.5 = MHHW

FLOOD STAGE = 1.4
BASIN = 0.7

MSL = 105.6FT MDC DATUM

-1.5 = MLLW

100,000 sqft Residential
100,000 sqft Commercial
100,000 sqft Industrial
Source: FEMA HAZUS and 2000 US Census

0.4M RISE W/CLIMATE
NEW CHARLES RIVER DAM
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POTENTIAL INUNDATION AREAS AND IMPACTS TO LAND USE AT
2.5M ABOVE MSL
Shifting Ground evaluates the “pressure on the system” and the
“work” performed by existing control structures to determine
potential inundation areas and impacts to land use. Each dot
accounts for 100,000 square feet of either residential (yellow),
commercial (red), or industrial (purple) built structure, according
to the FEMA HAZUS database and 2000 US Census. In using a
5m horizontal resolution Digital Elevation Model, the simulation
admittedly does not account for some sea walls and therefore
overrepresents flooded area, as determined by historical storm
records.

3.5 = DAM LEVEL OF PROTECTION
3.2 = 1851 HISTORIC HIGH TIDE
3.1 = BLIZZARD OF 1978
2.8 = CAT2 HURRICANE
2.2 = NOR’EASTER

1955 DIANE = 2.1

1.5 = MHHW

FLOOD STAGE = 1.4
BASIN = 0.7

MSL = 105.6FT MDC DATUM

-1.5 = MLLW

100,000 sqft Residential
100,000 sqft Commercial
100,000 sqft Industrial
Source: FEMA HAZUS and 2000 US Census

0.4M RISE W/CLIMATE
NEW CHARLES RIVER DAM
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POTENTIAL INUNDATION AREAS AND IMPACTS TO LAND USE AT
3.0M ABOVE MSL
Shifting Ground evaluates the “pressure on the system” and the
“work” performed by existing control structures to determine
potential inundation areas and impacts to land use. Each dot
accounts for 100,000 square feet of either residential (yellow),
commercial (red), or industrial (purple) built structure, according
to the FEMA HAZUS database and 2000 US Census. In using a
5m horizontal resolution Digital Elevation Model, the simulation
admittedly does not account for some sea walls and therefore
overrepresents flooded area, as determined by historical storm
records.

3.5 = DAM LEVEL OF PROTECTION
3.2 = 1851 HISTORIC HIGH TIDE
3.1 = BLIZZARD OF 1978
2.8 = CAT2 HURRICANE
2.2 = NOR’EASTER

1955 DIANE = 2.1

1.5 = MHHW

FLOOD STAGE = 1.4
BASIN = 0.7

MSL = 105.6FT MDC DATUM

-1.5 = MLLW

100,000 sqft Residential
100,000 sqft Commercial
100,000 sqft Industrial
Source: FEMA HAZUS and 2000 US Census

0.4M RISE W/CLIMATE
NEW CHARLES RIVER DAM
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POTENTIAL INUNDATION AREAS AND IMPACTS TO LAND USE AT
3.5M ABOVE MSL
(CHARLES AND MYSTIC LEVEL OF PROTECTION)
Shifting Ground evaluates the “pressure on the system” and the
“work” performed by existing control structures to determine
potential inundation areas and impacts to land use. Each dot
accounts for 100,000 square feet of either residential (yellow),
commercial (red), or industrial (purple) built structure, according to the FEMA HAZUS database and 2000 US Census. In using
a 5m horizontal resolution Digital Elevation Model, the simulation
admittedly does not account for some sea walls and therefore
overrepresents flooded area, as determined by historical storm
records.

3.5 = DAM LEVEL OF PROTECTION
3.2 = 1851 HISTORIC HIGH TIDE
3.1 = BLIZZARD OF 1978
2.8 = CAT2 HURRICANE
2.2 = NOR’EASTER

1955 DIANE = 2.1

1.5 = MHHW

FLOOD STAGE = 1.4
BASIN = 0.7

MSL = 105.6FT MDC DATUM

-1.5 = MLLW

100,000 sqft Residential
100,000 sqft Commercial
100,000 sqft Industrial
Source: FEMA HAZUS and 2000 US Census

0.4M RISE W/CLIMATE
NEW CHARLES RIVER DAM
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POTENTIAL INUNDATION AREAS AND IMPACTS TO LAND USE AT
4.0M ABOVE MSL
Shifting Ground evaluates the “pressure on the system” and the
“work” performed by existing control structures to determine
potential inundation areas and impacts to land use. Each dot
accounts for 100,000 square feet of either residential (yellow),
commercial (red), or industrial (purple) built structure, according to the FEMA HAZUS database and 2000 US Census. In using
a 5m horizontal resolution Digital Elevation Model, the simulation
admittedly does not account for some sea walls and therefore
overrepresents flooded area, as determined by historical storm
records.

3.5 = DAM LEVEL OF PROTECTION
3.2 = 1851 HISTORIC HIGH TIDE
3.1 = BLIZZARD OF 1978
2.8 = CAT2 HURRICANE
2.2 = NOR’EASTER

1955 DIANE = 2.1

1.5 = MHHW

FLOOD STAGE = 1.4
BASIN = 0.7

MSL = 105.6FT MDC DATUM

-1.5 = MLLW

100,000 sqft Residential
100,000 sqft Commercial
100,000 sqft Industrial
Source: FEMA HAZUS and 2000 US Census

0.4M RISE W/CLIMATE
NEW CHARLES RIVER DAM
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POTENTIAL INUNDATION AREAS AND IMPACTS TO LAND USE AT
4.5M ABOVE MSL
Shifting Ground evaluates the “pressure on the system” and the
“work” performed by existing control structures to determine
potential inundation areas and impacts to land use. Each dot
accounts for 100,000 square feet of either residential (yellow),
commercial (red), or industrial (purple) built structure, according to the FEMA HAZUS database and 2000 US Census. In using
a 5m horizontal resolution Digital Elevation Model, the simulation
admittedly does not account for some sea walls and therefore
overrepresents flooded area, as determined by historical storm
records.

3.5 = DAM LEVEL OF PROTECTION
3.2 = 1851 HISTORIC HIGH TIDE
3.1 = BLIZZARD OF 1978
2.8 = CAT2 HURRICANE
2.2 = NOR’EASTER

1955 DIANE = 2.1

1.5 = MHHW

FLOOD STAGE = 1.4
BASIN = 0.7

MSL = 105.6FT MDC DATUM

-1.5 = MLLW

100,000 sqft Residential
100,000 sqft Commercial
100,000 sqft Industrial
Source: FEMA HAZUS and 2000 US Census

0.4M RISE W/CLIMATE
NEW CHARLES RIVER DAM
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POTENTIAL INUNDATION AREAS AND IMPACTS TO LAND USE AT
5.0M ABOVE MSL
Shifting Ground evaluates the “pressure on the system” and the
“work” performed by existing control structures to determine
potential inundation areas and impacts to land use. Each dot
accounts for 100,000 square feet of either residential (yellow),
commercial (red), or industrial (purple) built structure, according to the FEMA HAZUS database and 2000 US Census. In using
a 5m horizontal resolution Digital Elevation Model, the simulation
admittedly does not account for some sea walls and therefore
overrepresents flooded area, as determined by historical storm
records.

3.5 = DAM LEVEL OF PROTECTION
3.2 = 1851 HISTORIC HIGH TIDE
3.1 = BLIZZARD OF 1978
2.8 = CAT2 HURRICANE
2.2 = NOR’EASTER

1955 DIANE = 2.1

1.5 = MHHW

FLOOD STAGE = 1.4
BASIN = 0.7

MSL = 105.6FT MDC DATUM

-1.5 = MLLW

100,000 sqft Residential
100,000 sqft Commercial
100,000 sqft Industrial
Source: FEMA HAZUS and 2000 US Census

0.4M RISE W/CLIMATE
NEW CHARLES RIVER DAM
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POTENTIAL INUNDATION AREAS AND IMPACTS TO LAND USE AT
5.5M ABOVE MSL
Shifting Ground evaluates the “pressure on the system” and the
“work” performed by existing control structures to determine
potential inundation areas and impacts to land use. Each dot
accounts for 100,000 square feet of either residential (yellow),
commercial (red), or industrial (purple) built structure, according to the FEMA HAZUS database and 2000 US Census. In using
a 5m horizontal resolution Digital Elevation Model, the simulation
admittedly does not account for some sea walls and therefore
overrepresents flooded area, as determined by historical storm
records.

3.5 = DAM LEVEL OF PROTECTION
3.2 = 1851 HISTORIC HIGH TIDE
3.1 = BLIZZARD OF 1978
2.8 = CAT2 HURRICANE
2.2 = NOR’EASTER

1955 DIANE = 2.1

1.5 = MHHW

FLOOD STAGE = 1.4
BASIN = 0.7

MSL = 105.6FT MDC DATUM

-1.5 = MLLW

100,000 sqft Residential
100,000 sqft Commercial
100,000 sqft Industrial
Source: FEMA HAZUS and 2000 US Census

0.4M RISE W/CLIMATE
NEW CHARLES RIVER DAM

$5 M
From 2009 Massachusetts Coastal Infrastructure Inventory and Assessment
Project, Department of Conservation and Recreation.
http://www.boston.com/news/local/massachusetts/graphics/030411_seawalls/
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CRITICAL OR POOR CONDITION
FAIR CONDITION
GOOD OR EXCELLENT CONDITION

EST. TOTAL REPAIR COST
OF 245 STRUCTURES
IS $150 M (2006 DOLLARS).

<1.5M / WETLANDS
2.2M / NOR’EASTER
2.8M / CAT2 HURRICANE

3.1 / BLIZZARD OF 1978
>3.5M / CHARLES AND
MYSTIC PROTECTION

100%

90%

Total of all Boston Frontage Length

80%

All Others
Oprock Boston
State Fuel
RT Properties
USPS
Boston Marine Works
Belcher New England
East Boston Terminal
Gillette
Fan Pier
John Flately
Boston Harbor Industrial
Gillette
Federal Government
Economic Development
MBTA
BRA
City of Boston
Commonwealth
Massport

70%

60%

50%

40%

30%

20%

10%

EXISTING HEIGHT, OWNERSHIP, AND CONDITIONS
OF COASTAL PROTECTION
Although much of Boston’s coastline has been hardened against storm
action, there are vastly different levels of protection even in short
stretches of urbanized coastline. Within Boston alone, from the Inner
Harbor mouth back to the river dams, there are over 400 different land
owners, with only 53% of the total frontage owned by public agencies.
PRESENT CONDITION, NEED, AND EXPENSE
OF POTENTIAL SEAWALL REPAIR
A 2009 study evaluated the Commonwealth’s existing defenses,
but did not account for vulnerability to climate change, either from
sea level rise or increased frequency/intensity/duration of storms.
There are some high priority repairs along the metro coastline, but
these repairs are expensive and occur across jurisdictions.

0%

100%
All Others
90%

UGP-Boston Harbor
San Marco-Lincoln WH
New England Aquarium

Total of all Boston Parcel Values (FY 2008)

80%

Boston Design Center
Union Wharf

70%

City of Boston
Federal Reserve of Boston

60%

BRA
Federal Government

50%

Harbor Towers II
Paris Landing

40%

Flagship Wharf
Harbor Towers I

30%

BDC Partnership
Economic Development

20%

Fan Pier
Commonwealth

10%

PUBLICLY OWNED PARCELS

Rowes Wharf
RANKED
OWNERSHIP
Massport

0%

HEIGHT OF PROTECTION 100M FROM COAST
The extensive amount of orange, yellow, and green demonstrate
that much of Boston’s coastline has been hardened against storm
action. It is also readily apparent, however, that there are vastly
different levels of protection even in short stretches of urbanized
coastline.
OWNERSHIP AND VALUATION OF BOSTON PARCELS BETWEEN
EXISTING DAMS AND PROPOSED HARBOR BARRIER
There are over 800 individual parcels held by 400 different land
owners. 53% of the absolute frontage is owned by public agencies,
however, they only account for 36% of the assessed land value.
This indicates some of the political challenges faced by upgrading
urban seawalls and the need for community buy-in.
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Data Sources:

MassGIS (DEM, Parks, Watersheds, Coastlines); NavTeq (Roads); FEMA HAZUS Database (Residential and Commercial);
2000 US CENSUS (Population and Total Area), Google Earth (Orthophoto). MA State Plane Projection. NAVD 88 Datum.
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10km
AREA OF RISK AT 5.5M ABOVE MSL

ROADS

3

PROPOSED HARBOR BARRIER
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EXISTING PROTECTION AT 3.5M ABOVE MSL
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NEW CHARLES RIVER DAM
AMELIA EARHART DAM (MYSTIC)
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MASS DCR (RESERVATIONS)

IMPROVED BOSTON SEAWALLS

4
5

IMPROVED TOWN SEAWALLS

6
7

QUINCY
REVERE AND WINTHROP

SOUTH BOSTON/SOUTH END
EAST BOSTON/LOGAN AIRPORT

2.0

EXPEDITED WETLAND ACCRETION

8
9

CHELSEA CREEK
RUMNEY MARSH
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3.0

3.5

Proposed Harbor Barrier

4.0

Improved Boston Seawalls

4.5

5.0

Improved Town Seawalls

5.5m above Mean Sea Level

Expedited Wetland Accretion

SEA LEVEL RISE RISK AND STRATEGY IMPACT ANALYSIS
Shifting Ground analyzed the metropolitan area for susceptibility
to climate change –with up to 2m of sea level rise (a 5.5m above
MSL storm surge scenario), the “wedges” would protect 77% of
the land area. Aggregated across the hydrologic districts, only
10% of the population, 11% of the residential area, and 3% of the
commercial area remain at risk.
METROPOLITAN STRATEGY IMPACT FORMULATION
The metropolitan area was analyzed for susceptibility to climate
change induced sea level rise and broken down into hydrologic
districts. To reduce these risks, a variety of phased strategies are
proposed. With up to 2m of sea level rise (a 5.5m above MSL storm
surge scenario), the “wedges” would protect 77% of the land
area. Aggregated across the hydrologic districts, only 10% of the
population, 11% of the residential area, and 3% of the commercial
area remain at risk.
WHAT ARE THE POTENTIAL RISKS TO THE CHARLES RIVER,
MYSTIC RIVER, AND BOSTON’S INNER HARBOR?
AT 3.5M ABOVE MSL...
152,800 people
76.0 million sqft residential
64.4 million sqft commercial
2825 hectares of land and development
AT 5.5M ABOVE MSL...
239,600 people
117.4 million sqft residential
80.9 million sqft commercial
4563 hectares of land and development

CHARLES

MYSTIC

Boston, Cambridge, and Somerville

Somerville, Everett, Medford, Malden,
Cambridge, Arlington, and Winchester

*AT 3.5M ABOVE MSL...
79,400 people
40.3 million sqft residential
32.2 million sqft commercial
890 hectares of land and development

*AT 3.5M ABOVE MSL...
55,100 people
27.5 million sqft residential
11.8 million sqft commercial
1222 hectares of land and development

*AT 5.5M ABOVE MSL...
123,000 people
60.3 million sqft residential
38 million sqft commercial
1602 hectares of land and development

*AT 5.5M ABOVE MSL...
88,900 people
44.9 million sqft residential
12.1 million sqft commercial
1955 hectares of land and development

*New Charles River Dam provides protection

*Amelia Earhart Dam provides protection

*Harbor barrier would provide protection
LEGEND

Each radar chart band represents 40 units, with the outmost band being 200 units.
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*Harbor barrier would provide protection
Population (in thousands)

Residential Area (in million sq ft)

Commercial Area (in million sq ft)

Total Land Area (in tens of hectares)

INNER HARBOR (ONLY)

Boston, Chelsea, Everett, Somerville,
and (Massport)

*AT 3.5M ABOVE MSL...
18,300 people
8.2 million sqft residential
20.4 million sqft commercial
713 hectares of land and development

*Existing seawalls provide mostly complete protection

*AT 5.5M ABOVE MSL...
27,700 people
12.2 million sqft residential
30.8 million sqft commercial
1006 hectares of land and development

*Harbor barrier and augmented East Boston seawalls would provide protection

SEA LEVEL RISE RISK AND STRATEGY IMPACT ANALYSIS
These hydrologic areas have multiple municipalities and different
levels of impact. The radar charts indicate risks at 3.5m in light grey
and 5.5m in dark grey, but absolute numbers should be qualified
by the vulnerability of population, criticality of infrastructure, and
regional economic impact.

EAST BOSTON

SOUTH BOSTON

Boston and (Massport)

Boston and Brookline

*AT 3.5M ABOVE MSL...
21,000 people
8.1 million sqft residential
4.9 million sqft commercial
312 hectares of land and development

*AT 3.5M ABOVE MSL...
90,300 people
38.0 million sqft residential
24.6 million sqft commercial
742 hectares of land and development

*Existing seawalls provide protection

*Existing seawalls, drainage infrastructure, and topography provide protection

*AT 5.5M ABOVE MSL...
25,500 people
8.9 million sqft residential
5.9 million sqft commercial
888 hectares of land and development

*AT 5.5M ABOVE MSL...
112,100 people
49.0 million sqft residential
29.7 million sqft commercial
1263 hectares of land and development

*Augmented seawalls would provide protection
LEGEND

Each radar chart band represents 40 units, with the outmost band being 200 units.
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*Augmented inland seawalls would provide protection (and manage resiliency)
Population (in thousands)

Residential Area (in million sq ft)

Commercial Area (in million sq ft)

Total Land Area (in tens of hectares)

REVERE
*AT 3.5M ABOVE MSL...
9,100 people
4.8 million sqft residential
1.2 million sqft commercial
239 hectares of land and development
*Existing seawalls provide protection

*AT 5.5M ABOVE MSL...
11,900 people
6.1 million sqft residential
1.4 million sqft commercial
308 hectares

*Augmented seawalls would provide partial protection

SEA LEVEL RISE RISK AND STRATEGY IMPACT ANALYSIS
These hydrologic areas have multiple municipalities and different
levels of impact. The radar charts indicate risks at 3.5m in light grey
and 5.5m in dark grey, but absolute numbers should be qualified
by the vulnerability of population, criticality of infrastructure, and
regional economic impact.

QUINCY

WINTHROP

Winthrop, Boston, and (MWRA)

*AT 3.5M ABOVE MSL...
6,600 people
3.5 million sqft residential
0.5 million sqft commercial
90 hectares of land and development

*AT 3.5M ABOVE MSL...
13,100 people
6.4 million sqft residential
0.7 million sqft commercial
184 hectares of land and development

AT 5.5M ABOVE MSL...
7,300 people
3.9 million sqft residential
0.6 million sqft commercial
143 hectares of land and development

*AT 5.5M ABOVE MSL...
22,100 people
11 million sqft residential
1.4 million sqft commercial
371 hectares of land and development

*Existing seawalls and wetlands provide protection

*Existing seawalls provide protection

*Augmented seawalls would provide partial protection

*Augmented seawalls would provide partial protection
LEGEND

Each radar chart band represents 40 units, with the outmost band being 200 units.
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Population (in thousands)

Residential Area (in million sq ft)

Commercial Area (in million sq ft)

Total Land Area (in tens of hectares)

RUMNEY MARSH/PINE RIVER
Revere, Malden, Everett, and Saugus

*AT 3.5M ABOVE MSL...
7,000 people
3.4 million sqft residential
0.7 million sqft commercial
122 hectares of land and development
*Existing wetlands

*AT 5.5M ABOVE MSL...
16,600 people
7.9 million sqft residential
1.5 million sqft commercial
346 hectares of land and development
*Augmented wetlands would provide protection

SEA LEVEL RISE RISK AND STRATEGY IMPACT ANALYSIS
These hydrologic areas have multiple municipalities and different
levels of impact. The radar charts indicate risks at 3.5m in light grey
and 5.5m in dark grey, but absolute numbers should be qualified
by the vulnerability of population, criticality of infrastructure, and
regional economic impact.

IMPROVED NEW CHARLES RIVER DAM
NORTH END AND CHARLESTOWN
EFFECTIVE @ 3.5-4.0m
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HARBOR BARRIER
SOUTH BOSTON
EFFECTIVE @ 4.0-5.5m

INTER-DISTRICT CONTROL
RUTHERFORD AVENUE
EFFECTIVE @ 3.5-4.0m

INTRA-DISTRICT CONTROL
JFK/UMASS
EFFECTIVE @ 4.5-5.5m

ECOLOGICAL CONTROL
RUMNEY MARSH/PINE RIVER
EFFECTIVE @ 4.5-5.5m

FIVE STRATEGIC INTERVENTIONS
In taking a regional approach of resilient adaptation,
Shifting Ground explores five interventions at the
edges of the hydrologic districts. The improved
New Charles River Dam would augment its storm
function performance and create an educational,
ecologically informed park. The Harbor Barrier
site investigates both resilient urban fabric and the
adjacent condition of monumental infrastructure.
Inter- and intra-district controls begin to speculate
about additional landscape infrastucture that
would be required for the regional system to
function. Finally, ecological controls through
expedited wetland accretion are explored for
areas that would be innundate at the higher range
of storm surge and sea level rise scenarios. While
these interventions would most likely be built
in sequence over the coming century, politics,
financing, and the specifics of constructability fell
beyond the immediate scope of the thesis, they
were considered in and informed its presentation.

-1.5M | MLLW

OM | MSL

0.5M | BASIN

1.5M | MHHW

2.5M | STORM

>3.5M | CLIMATE

2.5M | STORM

1.5M | MHHW

0.5M | BASIN
3.5 = DAM LEVEL OF PROTECTION
3.2 = 1851 HISTORIC HIGH TIDE
3.1 = BLIZZARD OF 1978
2.8 = CAT2 HURRICANE
2.2 = NOR’EASTER

1955 DIANE = 2.1

1.5 = MHHW

FLOOD STAGE = 1.4
BASIN = 0.7

MSL = 105.6FT MDC DATUM

-1.5 = MLLW

OM | MSL

-1.5M | MLLW

0.4M RISE W/CLIMATE
NEW CHARLES RIVER DAM
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1. IMPROVED NEW CHARLES RIVER DAM

MARSH
MUDFLAT
PEDESTRIAN
BRIDGES

FLOOD
WALL

RETAINED
EXISTING
PLAYGROUND

RE-NEW CHARLES RIVER DAM GROUND
The existing 1978 dam protects against a storm surge to 3.5m
above MSL – this thesis recommends some minor modifications
at the site of the dam (and in the surrounding area, see Rutherford
Avenue) to raise its protective level by another 0.5m in the shortterm. Urban topography limits its rise to this 0.5m before there is
significant run-around and overland flow, but this might allow for
the development of a longer-term solution with a harbor barrier
by or after mid-century.
BASIN ELEVATIONS, HARBOR WATER HEIGHTS,
AND INUNDATION SEQUENCE
The new wetlands are inundated twice a day, showing the full tidal
bore and extruding habitat. By having paths adjacent, the changes
in water level are made fully apparent. The exposed mudflats and
marshes harken back to the days of the tidal Charles, with people
picking oysters in 1900 alongside the seawall where MIT will one
day be.

UNDERGROUND
CONNECTION

RINK
LAWN

ZAKIM BRIDGE
I-93

CAFE
FISH
PASSAGE

BOSTON VIEWS

BASIN
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PUMP STATION

LOCK (VARIABLE)

RE-NEW CHARLES RIVER DAM GROUND
A reconceived Paul Revere Park adds ecological performance by
introducing a tidal mudflat and marsh that extends the fresh/salt
water interface, acting as an improved fish ladder. By visualizing
the inundation sequence, new opportunities for circulation and
program are interspersed, with a waterfront terraced berm offers
views of Boston and dam operations.

CHARLESTOWN
BRIDGE

HISTORIC STORM
LOW/HIGH TIDE

SECTIONAL PERSPECTIVE OF RENEWED LAST HALF MILE
OF THE CHARLES
A waterfront terraced berm offers views of Boston and the grassy
open space is punctuated with treed groves providing shade,
habitat edges, and areas for small gathering. Fluctuating water
levels through the dam are shown in section.
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2. HARBOR BARRIER
SITE PLAN
After the North Sea Flood of 1953, the last link of the Oostershelde
protection system was the Maeslantkering, a $4 billion engineering
feat to protect the port of Rotterdam and seal the Rhine River
Delta. Its expense and difficulty was justified by being able to
avoid constructing levees and flood walls in urban areas – a
similar condition to what might be necessary in Boston by midcentury because of its lowlying topography.
An intervention of this scale would require extensive studies
on potential impacts to harbor ecology, shipping, and historic
sites. This thesis acknowledges these future concerns with
its design and location on public authority land with present
industrial and transportation uses. As a means of potentially
financing its construction, and as a part of a container port phase
out compatible with the US DOT Maritime Highway initiative,
Massport could redevelop 40-46 blocks worth of South Boston
after the South Boston Waterfront is completed in mid-century.
In this design along the old container port boundary, the
street grid flexes so as to create public space opening to the
Reserve Channel and align the boulevard with Castle Island. The
street grid, a hybrid of South Boston and Back Bay, is controlled
by these public space connections and important view corridors
out of the site. Development massing gets higher and thinner as
it goes eastward, allowing more space for rear-lot storm water
management. The grove of trees radiating out from the barrier’s
arm addresses the historic Fort Independence and controls views
of the harbor.

GRID STRATEGIES
Extending the South Boston grid is the equivalent of 40-46 blocks worth
of new development (top left). Lower Midtown (near Union Square), Back
Bay (with Commonwealth Avenue), and Borneo Sporenburg (by West 8) are
shown for comparison and considered for their urban fabric qualities.
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LAND/WATER INTERFACE

STREET GRID AND BLOCK PATTERN

CIVIC HARDSCAPE SURFACES

PUBLIC/PRIVATE SOFTSCAPE SURFACES

FIGURE GROUND EXPLORATION
Inspired by the urbanism of Back Bay and Boreno Sporenburg, this
new district has a distinctive pattern of private and public spaces.
Land use would be primarily residential, with some at-grade retail
and commercial on the cross axes. The 21st Century analog of
Commonwealth Avenue the vegetation patterns establish a new
identity for South Boston and establishes a mid-block network
of soil trenches that retain stormwater and soil atop the former
container port’s concrete pad.

BUILDING FIGURE GROUND

TREE AND VEGETATION STRUCTURE

RENDERINGS OF ADAPTED AND ADAPTIVE COASTAL EDGE
inviting exploration from the sea and drawing in from the land, the massing and
skyline is compatible with surrounding context and flight paths overhead. Port
infrastructure remains to support civic functions along shaded promenades.
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0.5-1.0M
STORM SURGE

1.5-2.0M
STORM SURGE
Brian Jarvinen – www.aoml.noaa.gov/hrd/Landsea/12Tides.pdf

Thesis Presentation | 118

STORM SURGE DIKE
PARK AND MARKET

ACCESS TO EXISTING
2.5M ABOVE MSL
SEA WALL

IMPROVED 4.5M
ABOVE MSL WALL

FLOODS AT
5.5M ABOVE MSL
PROPOSED FILL
TO EXISTING

FLOODS AT
4.5M ABOVE MSL

HISTORIC FILL FOR
CONTAINER PORT

FLOODS AT
3.5M ABOVE MSL

1635 GREAT COLONIAL HURRICANE SLOSH MODEL AND URBAN RESILIENCY
Under different emissions scenarios, Massachusetts’ climate is expected to change dramatically. With these changes, hurricanes and nor’easters may
become a larger and/or more frequent threat. The SLOSH model run (with NOAA software) based on the inferenced track of a direct hit on Boston, such
as the 1635 Great Colonial Hurricane, indicates storm surge impacts are the greatest further inland, not in the harbor, as one might expect with other
cities’ bathymetry such as New York and Providence (as investigated in the Rising Currents exhibit at MoMA). Therefore, storm surge energy may not be
attenutated out in the harbor islands, and the very urban fabric may need to be resilient. Shifting Ground explores such a district in South Boston, whose
development anticipates the gradual phase-out of the container port and considers the offset of the infrastructural improvements costs.

RESILIENT URBANISM’S COASTAL EDGE AND URBAN FABRIC
THROUGH SECTIONAL PERSPECTIVE
Halfencity in Hamburg rasies its entire district on a podium to provide
flood protection. In contrast, this thesis adapts Back Bay’s morphology to
climate change and the 21st Century with back alleys acting as retention
areas and providing access to parking. To maximize resiliency and minimize
cut/fill, the urban area gradually slopes up to the north.

2.5M
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-1.5M

3.5M

0M

1.5M

4.5M

5.5M
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3. RUTHERFORD AVENUE
INTER-DISTRICT CONTROL
ENVISIONING AN ALTERNATIVE FUTURE
In order to adapt to changing precipitation regimes, Boston has
begun to explore the potential of urban detention facilities. The
Rutherford Avenue underpass could be converted to a 3.8 acre
retention basin and provide a valuable bicycle/pedestrian link
between the Mystic and Charles River Reservations.
SULLIVAN SQUARE AND RUTHERFORD AVENUE DETENTION
ZONE AND TOD IMPROVEMENTS
This failed 1970s highway project offers the opportunity not only
to block runaround storm surge to the Charles Basin, but also to
repurpose the trench as a 3.8 acre detention basin. Compatible
with preliminary surface traffic plans by Boston and the Cecil
Group, this would restore open space and pioneer strategies that
could be replicated in the South End.

TO EVERETT

SULLIVAN
SQUARE
T STATION

BREEDS
HILL
INDUSTRIAL
PARK

HISTORIC
CHARLESTOWN

BUNKER HILL
COMMUNITY
COLLEGE

TO BOSTON

EXISTING PLAN
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PLAN OF SULLIVAN SQUARE
IMPROVEMENTS

EXISTING SECTIONS

SECTIONS OF RUTHERFORD AVENUE
IMPROVEMENTS

SULLIVAN SQUARE/RUTHERFORD AVENUE IMPROVEMENTS
The City of Boston and the Cecil Group have been exploring plans
on how to improve pedestrian connectivity and restore open
space. This proposal is compatible with their surface traffic flows
alternative that slows traffic and encourages Transit Oriented
Development. Using the highway trench as a retention basin and
planting it with water-tolerant species creates an inhabitable
space where there was once a dividing gash. A tree nursery on
a south facing overpass ramp stump would supply street trees.
RUTHERFORD AVENUE UNDERPASS AND VIEW TO BOSTON
Currently partially closed due to renovation, the failed 1970s
highway project offers a unique opportunity to link two rivers, a
community college, employment centers, and transit - all within
sight of downtown Boston.

COLUMBIA ROAD
EMERALD NECKLACE
CONNECTION

MEDIAN FLOOD WALL
TO SOUTH BOSTON

JFK/UMASS RED LINE
AND COMMUTER RAIL

BIKE/PEDESTRIAN
CONNECTION TO BEACH
BIKE
RENTAL
FLOOD
WALL

COMMUNITY
GARDEN

FARMERS
MARKET

TO COLUMBIA POINT
AND UMASS BOSTON
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4. JFK/UMASS SOUTH BOSTON
INTRA-DISTRICT CONTROL
SOUTHEAST CORRIDOR CONNECTIONS
Similarly to Rutherford Avenue, this site explores an inland storm
surge control intersected with transportation infrastructure.
Leveraging the highway infrastructure (along with some existing
sea walls on Savins Hill Cove), flood walls are added to and
inserted into the I-93 berm. A dedicated bike/pedestrian path
extends all the way from Castle Island to the Neponset River and
Quincy. A bike rental station complements transit and benefits
nearby students. These kind of strategies could easily be replicated
throughout Boston to the benefit of their adjacent communities.

CHARLES RIVER
CONTROL STRUCTURES
OPEN WATER
WETLANDS
50km
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5. ECOLOGICAL CONTROLS
THE CHARLES RIVER AND ITS BASIN – AN ENGINEERED
HYDROLOGY
Boston’s historic marshes and mudflats have largely been filled
with impervious surfaces and all of this land will be vulnerable to
storm surge flooding in the next century. Inspired by the US Army
Corps innovative 1970s Natural Valley Storage Areas along the
upland Charles, Shifting Ground envision strategies that similarly
attenuate the effects of sea level rise. In this map of the Charles
River Watershed, dams and flow control devices are in orange,
surface water in pale blue, and wetlands in pale green.
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REGIONAL RETENTION STRATEGY
Inspired by the Army Corps 1970s Natural Valley Storage Areas
along the upland Charles between Medway and South Natick, this
strategy envisions a network of coastal wetlands that similarly
attenuate the effects of extreme weather. The background
photograph is of the Watertown Dam, the former upper reaches
of the tidal Charles.

Thesis Presentation | 132

MARSHES AND MUDFLATS – PROMOTING ACCRETION
A designated “Area of Critical Environmental Concern,” the Rumney
Marshes were seen as a key component of the Reservation system.
By creatively using highway berms and modifying flow control
structures, it may be possible to accelerate the natural accretion
of material so that the wetlands are better able to adapt to sea
level rise.
VESTIGIAL HIGHWAY INFRASTRUCTURE – PROMOTING
EXPLORATION
By enabling access to the remains of once grand highway visions,
the visitors center not only provides an outdoor lab in succession,
but also the very trails by which to explore it.

MALDEN TO LYNN
RAIL-TO-TRAIL PATH

EXISTING
TIDE GATE

US ROUTE 1
SEAWALL/
BIKE PATH

SUCCESSIONAL
NATURE AREA

MUDFLATS

VISITORS
CENTER

5.5M CONTOUR

WETLAND ACCRETION
RESEARCH AREA

3.5M CONTOUR

5.5m
3.5m
MHHW
MSL
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MLLW

RUMNEY MARSH WETLAND ACCRETION AREA
Attached to another 1970s highway project, the Rumney Marsh
visitors center leverages the constructed berm of Route 1 and its
failed bypass to raise ecologically the present storm surge barrier.
Nestled into a hillside along a berm-top nature trail, regional
bicycle/pedestrian access could be provided by a disused rail line
between Malden and Lynn.
SECTIONAL PERSPECTIVE
The visitors center is nestled into a hillside along a berm-top
nature trail that intersects with a disused rail line that connects
Malden and Lynn, which could easily become a rail-to-trail.

NO ACTION – 1.5M – EXISTING HIGH TIDE
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MODELING THE SHIFTING GROUND STRATEGY
Shifting Ground evaluates the “pressure on the system” and the
“work” performed by existing control structures to determine
potential inundation areas and impacts to land use. Each dot
accounts for 100,000 square feet of either residential (yellow),
commercial (red), or industrial (purple) built structure, according
to the FEMA HAZUS database and 2000 US Census. In using a
5m horizontal resolution Digital Elevation Model, the simulation
admittedly does not account for some sea walls and therefore
overrepresents flooded area, as determined by historical storm
records.
The model explored the potential impacts of storm surge
greater than 3.0m above MSL, at 0.5m increments. Various
components of the project were considered to have been built to
certain control elevations (perhaps either in the face of risk, or
after a flooding event). For simplicity, a hybrid or partial action
scenario was not considered – the Shifting Ground strategies were
considered as a part of a larger system, but could, with some
redesign, could be implemented selectively.

100,000 sqft Residential
100,000 sqft Commercial
100,000 sqft Industrial
Source: FEMA HAZUS and 2000 US Census

NO ACTION – 3.0M – EXISTING 100-YEAR STORM
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MODELING THE SHIFTING GROUND STRATEGY
In looking at the potential impacts of Shifting Ground, the model
did not explore the recommended raising of seawalls in Metro
Boston communities such as Winthrop, Revere, and Quincy.
Futhermore, areas at risk of flooding may have seawalls that
afford protection and could be improved independent of the larger
system, such as Columbia Point or Deer Island. It is important to
note that these maps are an exploration for potential planning and
discussion and should not be used to understand possible local
storm surge conditions.

100,000 sqft Residential
100,000 sqft Commercial
100,000 sqft Industrial
Source: FEMA HAZUS and 2000 US Census

NO ACTION – 3.5M – EXISTING LEVEL OF PROTECTION
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SHIFTING GROUND

NO ACTION – 4.0M – 100-YEAR STORM WITH 1.0M SEA LEVEL RISE
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SHIFTING GROUND

NO ACTION – 4.5M (EQUIVALENT TO AN ADDITIONAL 1.0M OF PROTECTION)
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SHIFTING GROUND

NO ACTION – 5.0M – 100-YEAR STORM WITH 2.0M SEA LEVEL RISE
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SHIFTING GROUND

NO ACTION – 5.5M (EQUIVALENT TO AN ADDITIONAL 2.0M OF PROTECTION)
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SHIFTING GROUND

ESPLANADE AND COMMON
BACK BAY

PLEASURE BAY
RESILIENT DISTRICT

THE “HUB”
EMERALD NECKLACE

CITY OF BOSTON
CHARLES RIVER WATERSHED

METROPOLITAN REGION
RESERVATION PARK NETWORK
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SHIFTING GROUND AT MULTIPLE SCALES
The existing Back Bay and proposed South Boston grids are
inextricably linked with their boulevard backbones. One could
envision the Rose Kennedy Greenway as a third urban corridor.
The South Boston intervention terminates the Emerald Necklace
and connects to the wider Metropolitan District Parks. These park
plans have a long history in Boston, as does regional cooperation,
especially with regards to water supply and treatment. As a way
of illustrating the larger systems that will inform Shifting Ground’s
eventual design strategy, it is informative to look at possibly the
most stunning landscape turnaround of the past three decades –
the cleanup of Boston Harbor. Therefore, despite the scope of this
strategic framework, there are the seeds for its potential success
with the prior cooperation of federal, state, city, and non-profit
agencies.
Quite simply, landscape is grappling with the meaning of what
oversize infrastructure means for the city, an issue that Koolhaas
ingeniously expressed as “bigness.” He writes: “Bigness no longer
needs the city: it competes with the city; it represents the city; it
preempts the city; or better still, it is the city.” These challenges
have been solved once before, and Shifting Ground plugs into
the existing urban fabric, landscape linkages, parkways, Emerald
Necklace, and Metropolitan District parks, terminating at the landwater interface. Given the length of time horizons required to call
for, debate, plan, construct, and implement sizable infrastructure
perhaps our best, if not only, defense in a changing climate is to
begin now by leveraging existing infrastructure to redefine Boston’s
landscape by Shifting Ground.

Annotated Bibliography | 152

ANNOTATED BIBLIOGRAPHY
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Annotated Bibliography | 154

• Kirshen, Paul, Matthias Ruth, and William Anderson. “Interdependencies of urban climate change impacts and adaptation
strategies: a case study of Metropolitan Boston USA.” Climatic Change (2008) 86:105-122.
• Result of major Tufts University study (CLIMB group) into metro-Boston climate change impacts and adaptation
requirements, strategies, and costs.
Klemeš, Vit. “Risk Analysis: The Unbearable Cleverness of Bluffing” in Risk, Reliability, Uncertainty, and Robustness of Water
Resource Systems edited by János Bogárdi and Zbigniew Kundzewicz (Cambridge: Cambridge University Press, 2002): 2229.
• Skeptical philosophical approach to climate predictions – important for engaging with the known unknowns vs.
the unknown unknowns
• New York City Panel on Climate Change. “Climate Change Adaptation in New York City: Building a Risk Management Response.”
Annals of the New York Academy of Sciences. 18 May 2010. http://onlinelibrary.wiley.com/doi/10.1111/nyas.2010.1196.
issue-1/issuetoc
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Deer Island - Long Island - Moon Island from Spectacle Island, 06 September 2010, MTW

Boston and its Harbor from Spectacle Island, 06 September 2010, MTW
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