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An Urgent Task Ahead
EDITORIAL

Maurizio Sabini

No matter how it has been politically interpreted and used, climate change
(and, namely, global warming) is a fact. There is no reasonable (that is
“through the tools of reason”) denying it and a great deal of data are out
there to describe the phenomenon, with its corollary consequence of sea
level rising, unfolding under our very eyes. As recently summed up by
Ned Cramer from the pages of Architect, if the global average temperature
increases more than 3.6 F [2 C] over pre-industrial levels (preventing this,
incidentally, is the goal of the 2015 Paris Climate Accord), “there is no
stopping the West Antarctic and Greenland ice sheets from melting, which,
within this century, could raise the ocean 10 ft. [3 m] and 23 ft. [7 m],
respectively.” 1 With the estimated population of LECZ (low-elevation
coastal zones 2 ) set at about 914 million by 2030 and about 1.2 billion
by 2060,3 the problem for the design and planning fields is serious and
solutions are urgently needed.
Of course, for starters, architects, designers, urbanists, private and public
developers, organizations and institutions should commit to design and plan
buildings, landscapes and human settlements in a way that it does not add
to the current, already heavy and vast, global environmental footprint. This
would be already quite a seismic paradigm shift from consolidated practices
and professional traditions, but it is needed sooner rather than later. As
Cramer has admonished, “architecture must change with the climate, and
change now, in order for humanity to survive, and hopefully thrive.” 4
Yet, countering climate change alone would not be enough. The existing
conditions of human settlements at risk due to sea level rising must also
be addressed, as we cannot expect to reverse global warming overnight.
If resiliency, with Chris Reed, of landscape design firm Stoss, is “the
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ability to adapt to new conditions,” 5 it is imperative that as architects,
designers and urbanists we rethink our strategies vis-à-vis environments
that are rapidly changing for the foreseeable future with more and more
people increasingly challenged by the forces of nature. Albert Pope, from
Rice University, has aptly observed, while motivating his proposal for
Houston of a “tactical retreat” from the 100-year floodplain to make the
city more resilient (as a provocative counterpoint to the typical narrative of
“advancing”): “we have to get real about the forces that we are contending
with, and this will require substantially changing our thinking about
advancing.” 6
This was the broad framework for the speculative intention of this themed
issue of the TPJ. The theme and the questions posed in the call for
submissions have been very well received by the global community of
scholars, researchers and professionals engaged in research. In fact,
the number and the quality of proposals and full submissions have been
overwhelming and the selection and review process has not been an easy
one. Consequently, we ended up approving an unusually large number
of manuscripts, which came to compose a rich, articulated and diverse
issue, thus also hoping to meet the expectations of our audience.
Through the issue, one will find a series of different perspectives and
lines of inquiry, starting with a reflection, in the form of a “position paper,”
by TPJ Advisory Board member and urbanist Carlo Gasparrini, on the
general meaning of “resilience” and the call for a paradigm shift that this is
causing for the design and planning fields.
Then, we offer a few general discussions on design and planning
strategies tackling the problem of “(more) resilient edges”: from “morethan-resilient infrastructure” (Jefferson & Lettieri), to “polyvalent
adaptation” (Ring), to 3D printing prototyping explorations, such as
“habitat grammars” for coastal environments (Van de Riet et al.) and
“MaterialNature” coastal protection systems (Farr).
We then decided to group the accepted contributions according to global
geographic macro-areas, as the specific conditions of coastal regions and
communities around the world have triggered the vast array of inquiries
documented in this issue. However, the specificity of environmental,
technological, social and cultural conditions notwithstanding, a number
of design and planning concepts have emerged with a potential of
effectiveness on a more global level. These include: “adaptive strategies”
(Leung), “salty urbanism” (Huber et al.), “riskscapes” (Yarina & Takemoto),
“resilient imaginaries” (Gray & Ocampo), “green infrastructure” (Beja
da Costa & Ribeiro), “selective retreat” (Di Giulio, Lobosco et al.),
“multimodal landscapes” (Rossi et al.), “sequential resilience” (Wambecq),
and “waterscapes” (Pillen et al.).
Other contributions are more specifically related to their area of study,
suggesting nevertheless principles of design intelligence susceptible to
be interpreted also within other contexts (Hindle & Bhatia, Kaprielian,
Altschul & Buchholz, Lee & Gamez, Firley & Deupi, McClure, Gamez &
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Nesbit, Bryant et al., Xiao & Nguyen, Carlow et al., Clingen & Bavoso,
Multari, and Morcillo Pallares).
Thus, we hope that this issue of the TPJ will serve as a useful reference
to all those engaged in investigating on this topic and in testing the
applicability and effectiveness of the design and planning ideas here
discussed. Coastal and delta regions around the world need and expect
our best creativity and intelligence in helping them tackle a problem that is
mounting in scope and impact year after year. As Gasparrini observes in
his position paper, “awareness is growing not only of what should not be
done, but also of what should be done; developing strategies and tactics
that are capable of stimulating and governing a resilient metamorphosis of
the city.”
It is critical that we see this call for resiliency not as a demand for defensive
solutions to just fix a problem, but as an opportunity to re-imagine more
adaptive environments and a more sustainable world. Henk Ovink, the
Dutch special envoy on water affairs, has put it well: “Water is not an
enemy. It was never an enemy. It is not a fight, because you will always
lose. Resiliency actually means you are not only bouncing back after a
disaster, you improve. You bounce back better.” 7
Our research challenge and moral obligation are not only to sustain some
necessary and fertile lines of inquiry, but also to put our knowledge to test
and good use in seizing this opportunity. Starting now, without hesitation.
Notes
1. Ned Cramer, “So Must Architecture,” Architect (October 2017): 138-143 (140).
2. “The LECZ (low-elevation coastal zone) is commonly defined as the contiguous and
hydrologically connected zone of land along the coast and below 10 m of elevation.”
In Barbara Neumann et al. “Future Coastal Population Growth and Exposure to Sea-Level
Rise and Coastal Flooding - A Global Assessment,” PLoS One 10, no. 6, published online
June 18, 2015. https://doi.org/10.1371/journal.pone.0131375
3. Ibid.
4. Cramer, “So Must Architecture,” 143.
5. Chris Reed, as quoted in Mimi Zeiger, “Eye on the Storms,” Metropolis (November/
December 2017): 94-99 (98).
6. Albert Pope, as quoted in Zeiger, “Eye on the Storms,” 99.
7. Henk Ovink, Special Envoy for International Water Affairs for The Netherlands (and
former advisor for the Obama administration), as quoted in “What the Dutch Can Teach
the World about Managing Floods,” CBC/Radio-Canada, The Sunday Edition with Michael
Enright, September 3, 2017: http://www.cbc.ca/radio/thesundayedition/the-sunday-editionseptember-3-2017-1.4265299/what-the-dutch-can-teach-the-world-about-managingfloods-1.4270589
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The Resilient
Metamorphosis of Cities
POSITION PAPER

Carlo Gasparrini

The multiplicity and breakdown of risks, their mutual interaction and
amplification, as well as the multidimensionality and multi-scale nature
of their natural and anthropogenic causes and effects on the city and the
communities, are fertile contents of a growing cultural, social and technical
awareness of an ever-increasing range of actors facing the precariousness
and uncertainty of the future that is fuelled by those risks.
It seems increasingly clear to the “risk society,” as defined by Ulrich Beck,
that the few risks that we can consider to be of exclusively natural origin,
such as seismic and volcanic ones, intersect and overlap the many risks of
an anthropic nature, i.e. produced by the ways in which cities have been
built and their metabolism has been consolidated: from hydrogeological and
hydraulic risks to those related to the pollution of the soil, water and air, to
micro-climatic risks, by impoverishment of ecosystems and desertification.
Some of these have consequences on a planetary scale, contributing to
climate change - from global warming to extreme rainfall and atmospheric
events in general, to rising sea levels - which return like a boomerang effect
at the local scale, amplifying the structural criticalities of urban conditions.
This circular local/global dynamic is combined with the risks associated with
the increasingly intense processes of social exclusion in cities in this longlasting crisis of urban economies and of intense migration in many parts of
the planet.
Despite the marked asymmetries that can be detected in the growth
of learning and capability to cope with risks, also due to these social
imbalances, awareness is growing not only of what should not be done,
but also of what should be done; developing strategies and tactics that
are capable of stimulating and governing a resilient metamorphosis of the
161
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city. It is a continuous management of adaptive, visionary and pragmatic
regeneration, ecologically oriented and socially shared. Therefore, it
is a long-lasting process of proactive and non-defensive adaptation to
the various specific risk conditions, aimed at a widespread, incremental
but profound change in the relationship between urban settlements,
communities and new geographies, ecologies and economies, through
systemic and timely tangible and intangible actions.
This way of looking at the environmental question within the “new urban
question” that we have been discussing for over a decade, allows us to go
beyond an exclusively regulatory and defensive concept of sustainability.
As for economic and traditional urban development models, appealing to
regulatory and restraint principles and turning to arrangement rules seemed
in the past to aim at regulating such models, perhaps at redesigning and
using them most effectively, possibly resorting to presumed objective
indicators, parameters and “carrying capacity” protocols, at a local or global
scale. Under the aegis of their alleged scientific nature, such tools have
often been used to support planning resolutions in public assessment
procedures, turning in a vague and ambiguous relationship with the open
field of planning interpretations and with the intentions expressed by the
local communities, at times and places where decisions come to a head.
In a sense, this approach to sustainability seemed to be the technically
upgraded and equipped heir of that therapeutic dimension peculiar to the
hygienist root of urban planning, in which neither a modern urban city
nor its mechanisms of production were substantially challenged. It was
meant instead to steer them through procedures, tools and standardized
mechanical processes of investigation and intervention, in which the
planning dimension was implicit and unquestionable and an original
concept of city, different from the past, was substantially absent.
A similar well-founded mistrust - along with maybe overenthusiasm - has
been reserved to those planning rhetorics that recommended radical urban
alternatives and abandoned any idea of reformability of the existing city,
willing to put into practice “elsewhere” a future of reconciliation between
man and nature, occasionally attracted by neo-pastoral temptations aimed
to dissolve the city into nature.
The nineteenth-century urban planning failed to adequately respond to
such stimulations, without understanding or fully developing the innovative
significance of a possible paradigm shift. In fact, the gravitational change
that may have resulted from the irruption of the ecological dimension and
its values – already present in embryo in the troubled phase of twentiethcentury modernity – was sterilized and limited over time to little more than
a quantity rebalancing procedure, surmountable with minimum standards
of green. Rather than fertilizing its own controversial and plural roots,
urbanism took the easier way out and turned itself into a manifesto of
performance goals or, conversely, disappeared supported by the political
fears for any material and social effect to the city’s living body and to its
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communities, such as demolitions, urban thinning-outs and displacements.
The city had to be beautiful, efficient and even equal, but not ambiguously
“healthy” anymore, to use an obsolete term.
Therefore, for many decades urban planning has lost the opportunity to
change the terms of the discourse. It has lost the chance to imagine a city
that is “healthy” due to its ability to shape its own regeneration through a
new pervasive urban metabolism, and thus even generating non-rhetoric
beauty, practicable efficiency and more social equality. In brief, it has lost
the chance to guarantee more habitability, to offer an alternative economy
to traditional industrial models and to reduce inequality.
The sudden irruption of the extension of risks, of climate change among
those, has underlined the cultural, interpretative and proactive weakness of
such roots. The worsening of the environmental conditions of the city and
the changes in the disruptive dynamics of water, soil, energy and waste
cycles have fully shown the gap of awareness and experience between the
different urban and cultural areas in Europe and all over the world.
The wide-ranging international debate about the relationship between
city, landscape and ecology that has arisen over the last decade – largely
influenced by the stimulations of Landscape Urbanism and of Ecological
Urbanism – picks up the threads of a discussion that has repeatedly gone
aground due to strong and settled alleged disciplinary statutes.
This increasing awareness allows to go beyond weak and acquiescent
perspectives toward sustainability thanks to a resilient and proactive
approach of the environmental dimension that goes beyond the need for
further thematic maps or multi-criteria procedures. Such approach implies a
radical turn-around of the traditional categories of interpretation, design and
behavior that are peculiar to urban planning.
In other words, it enhances the promotion of program and design contents
that aim to set up, both in terms of negotiation and participation, places
with value-related density and to rediscover the geo-strategic dimension of
the city, intended as an opportunity to create new forms of livability, urban
quality, economy and inclusiveness.
At present, the power of this innovation process cannot be attributed just
to specialist and elitist debate on climate changes and to the elaborated
protocols that derive from it. We are faced with a deep stirring that
originates also, and in particular, in a wide geography of practices that are
producing significant effects on the city and on the creation of its spaces,
with which local communities want to establish less ambiguous and
temporary relationships.
This innovation power and these practices are grounded on an increasing
awareness of the ecological dynamics linked to the substantial changes
affecting primary resources (water, soil, air, energy) and responsible for
the vulnerability of our territories. They encourage to repossess the living
spaces of our cities, produce real changes in lifestyle and come to the top
of the agendas of national and local governments. For these reasons they
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allow to imagine, with well-founded optimism, even positive effects on our
knowledge and its paradigms, on ways and forms of planning in processes
of resilient urban regeneration and on the strengthening of a proactive and
adaptive attitude in urban planning.
This stirring gives priority to scarce and jeopardized natural resources
(water and soil) and to those that are out of control (energy and waste),
which are considered as public goods not in a rhetorical and ideological
way but in a programmatic and planning sense. More and more projects,
policies, funds, recycling and reclamation activities and non-traditional
practices, even for temporary use due to lack of public funding, have
focused on such resources. The novelty lies in the increasing awareness of
the need to combine the local and fragmented dimension of the tactics with
the centrality of adaptive and resilient urban strategies.
In a cultural climate that still feels in debt to the golden age of
morphological studies on urban fabrics developed from the 1960s, the aim
to imagine the existing city by rethinking its urban metabolism suggests
today a new era of urban studies largely unexplored. An era when the
focus moves from the interpretation of aggregation and conformation
devices of urban fabrics towards the potential of environmental
regeneration that lies in the differentiated patterns - such as water and
green networks, energetic and road infrastructures, soils and areas of
waste and refuse - in order to include the recycling processes of these
crucial resources within the overall “metabolism of cities” that Abel
Wolman introduced in the debate of the ‘60s.
This tendency aims to imagine new life cycles for those buildings and open
spaces that over time have reshaped the urban palimpsest and combines
this goal with those projects that rediscover the city’s geostrategic value,
after a long period of expansion that is currently decreasing in large parts
of the world. This new direction is perhaps one of the most promising
fields of work as for designing effective and appropriate strategies to adapt
to climate changes, both in historical layered territories and in areas still
undergoing through urbanization.
Nevertheless, this is not just an alteration in space grammar or a more
updated survey of the physical dimension of the city, which is meant to be
more and more resilient. This is also a desirable structural rethinking of
urban economies that, beside wider internationalization processes, move
towards innovative production methods in manufacturing industries and
services related to green economy and to urban creativity and in production
chains of growing urban and peri-urban agriculture industry.
At the same time, attention shifts inexorably towards new socio-economic
actors and unusual forms of interaction between them and their recent
centrality – not just proximity anymore – in the creation of public spaces.
In this regard, beside the intensification of marginalization and exclusion
processes, it is also worth mentioning the activation of inclusive processes
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such as social and symbolic appropriation of spaces related to the public
goods and to environmental issues. Therefore, public recycling operational
prospects themselves change by means of pactional and solidaristic
relations with and among private citizens. Even authorial and self-referential
architecture undergoes a drastic weakening in its value and role, beyond
the impact of the financial crisis, both in theory and practice, in favour of
expressive forms, dimensions and operations that are less invasive, low
cost and more related to the geographical rediscovery of the city.
The spread of projects and practices in the environmental field, along
with the search for new meaningful configurations for the archipelago of
cities that has emerged with urban explosion, gives new significance to
the need of investigating its relational density. In other words, the latest
tendency aims to embed new public spaces within multi-scalar relational
systems, capable of gathering the latent or fragmentary identities of existing
or future cities - still strong or perhaps weakened by the spreading and
metamorphosis processes - and guide them towards more structured and
recognizable configurations, making the dialectic among scales even more
meaningful. In the most recent urban experience, a vision and a planning
practice emerge, more and more relevant and attached to both tangible
and intangible assets typical of the contemporary city. In this context, the
dynamic of networks and of their applications become more complex and
asymmetric and the interaction between flows and places tends to produce
much more well-structured and fertile results than expected, according to
some technological prophecies and concerns of deterministic nature.
Urban regeneration by means of green and blue infrastructures takes
shape through several specific actions in the environmental geography
of the city, in its meanders, in its abandoned areas, even in the complex
fragmentation of its properties, fabrics and boundaries. It searches for
synergies with infrastructural, energetic, digital and slow mobility networks,
in order to thicken over time a connective system of multifunctional open
spaces. These landscape networks are meant to turn themselves more and
more into the new frame of resilient cities, of their public services and of the
ecological, social and meaningful values of the communities that participate
in their construction.

Carlo Gasparrini, architect and urbanist, is a Full Professor of Urbanism at the University
of Naples. He is the author of several urban, regional and landscape plans and projects,
which include the masterplan for the eastern area of Naples, the Vesuvius National
Park Plan, the city plan and the strategic projects of Rome. He has published numerous
researches, monographies and essays on the contemporary city and the themes of
landscape and ecological regeneration. He is a member of various scientific and advisory
boards of international magazines and journals, including The Plan Journal.
E-mail: gasparrini.carlo@gmail.com
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Other Than Infrastructure:
Leaving Room
for the Fantastical
in the Resilient Project
Michael Jefferson, Suzanne Lettieri

ABSTRACT - The manuscript reflects on the delightful and absurd
qualities that might be harbored in routine infrastructures. Through a
series of contemporary and historical examples the paper highlights
how experience, material quality, narrative, and civic engagement can
unlock new potentials in the mundane, and often intangible systems,
which are intended to protect and serve those in flood prone territories.
Understanding first that resilient water-management infrastructures exist
along a spectrum of defense, and second that they each participate in
their own extensive system of flows and processes, generates a set of
opportunities for designers to interject and draw out new possibilities.
Locating projects within these systems calls for two approaches:
1. identifying the “objecthood” of infrastructure; and 2. techniques for
“unblackboxing” or bringing parts of now hidden systems to the foreground
of the civic realm. The paper suggests that these two approaches aid in
locating the whimsical within systems and offer calculated ways to confront
flood mitigation methods that all too often privilege what is deemed as
efficient over what is enjoyable.
Keywords: environment, globalization, pedagogy, practice, urban design
The resilient project often assigns the architect to the role of problem-solver.
Given what is at stake, this is understandable. Denizens of coastal cities
and towns and their respective governmental institutions, faced with
increased accounts of sea level rise, ballooning insurance rates, and
routine flood events, have often allayed their fears through stop-gap or
167

The Plan Journal 2 (2): 167-184, 2017 - doi: 10.15274/tpj.2017.02.02.16

www.theplanjournal.com

technocratic procedures. Frequently, these techniques are both radical
and conventional (such as the construction of stilted housing or massive
sea walls), reinforce deterministic attitudes toward city-making, and ignore
softer solutions which embrace ecological and landscape strategies that
contemporary designers have developed over the past decade. This leaves
designers in a compromising position in which they are caught between
panicked-urgency and financial constraint in which they are subsequently
forced to err toward delivering “real-world” solutions. The problem with
solving problems, however, is that it often positions pragmatism against
other concerns central to the discipline of architecture like aesthetics,
ecology, social practice, and material and experiential effects. Instead,
it is possible to conceive of a project that is both infrastructural in nature
and that also overlays additional and alternative intentions to produce
unconventional juxtapositions between its purpose - the achievement
of pragmatic concerns - and a broader agenda attuned to the above
architectural values. In its current approach, pairings of program and
infrastructure might be regarded as sufficient–think of seawalls deployed
as boardwalks, but an investment in tactics that go beyond these measures
is required to encourage greater fidelity between architectural pursuits and
resiliency. A set of case studies ensures that such a legacy of unexpected,
absurd, and fantastical outcroppings not only exists, but assists in
advocating a modus operandi for a new type of resilient project: one that
bypasses deterministic approaches in favor of productive realignments with
the discipline of architecture.
To this end, the mechanisms and strategies of resilient water-management
infrastructures deserve a closer reading. One might begin with a conceptual
structure that is typological in its sorting of various resilient infrastructures
according to their primary functional traits: for instance, devices that create
defensive boundaries at one extreme compared against assemblages that
mitigate and manage flows. These definitions are helpful, of course, but are
only a gateway to another set of observed qualities that can be redeployed
as tools for conjuring the fantastical. First, in assessing infrastructures
in terms of their formal and material characteristics, as opposed to only
judging their adequacy as functional devices, they are moved into the
realm of “objecthood.” Doing so considers infrastructure not as a device
or utilitarian machine, but as an object or set of objects with formal and
material qualities consistent with architecture and loaded with greater
agency. Second, by exposing the inner workings of infrastructures and
redistributing them, infrastructural projects expand their role. If infrastructure
is typically thought of as objects and systems that do not engage directly
with the inhabitants of the city yet are fundamental to the city’s functioning,
then they are limited to a set of predisposed functional outcomes. In other
words, in shifting from the understanding of infrastructure purely as a “citymaking” device toward an expectation that it do more, its agenda focuses
on additional, specific intentions. The means by which such an expanded
role may be achieved could be described as “unblackboxing,” or the
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unfolding of material flows, processes, and temporalities of infrastructure
such that infrastructure is foregrounded in everyday experience.
The examples included below describe unblackboxing strategies that reveal
intentional gaps in infrastructural mechanisms and narrative approaches
that produce unexpected, even fantastical results.
Framing resiliency through tactics that produce whimsy and wonder
implicitly suggests strategies that are inefficient when compared against
their traditional brethren. Rather than view this as a deficit “inefficiency”
might instead be embraced as a means by which productive intentions are
embedded into infrastructure that cause it to engage with the city in new
and unforeseen ways. Here, the qualities of objecthood and unblackboxing
are useful because they articulate precise tactics of eliciting surprising
solutions to problems that are typically resolved through banal responses.
In leveraging these strategies toward the creation of alternative visions for
the resilient project a framework is established by which the mundane and
transcendental are hybridized.
INFRASTRUCTURE AND PERFORMANCE
Water management systems in today’s American cities resemble the
deployment of other existing infrastructures (such as mobility and
telecommunications networks) that make cities “work”; that is, they are
primarily functionalist in disposition and unrelenting in their pursuit of
efficiency. If the transportation networks of a city consist of conduits
focused on the efficient movement of vehicles and goods, flood control
systems are largely comprised of barriers designed to keep water out or
sequestered to a defined domain. The result is particularly hard edged. As
with the voided lines drawn for freeways’ passage through urban fabric,
the definitive lines between land and water are also clearly drawn out. In
the case of transportation networks, infrastructures of mobility were used
to operationalize large regions. The successful distribution of goods and
people rang paramount over concerns of aesthetics and experience and
functioned as a device for controlling the heterogeneous and dynamic
urban environment. The consideration of freeways foremost as conduits,
and not as objects with material qualities, reflects a historical transformation
in urban thinking on the American city.
Just over a century ago, the City Beautiful movement served as a guiding
pursuit for urban designers in which aesthetics and the urban experience
were privileged. With architects and artists engaged in the planning of
cities, concerns of efficiency were subservient to populating the city with
monuments, public spaces, and architecture. Included in the restructuring
of cities with beauty in mind were architects’ and artists’ involvement in
the design of roads. In favoring aesthetics over the functional, however,
the City Beautiful movement eventually was surpassed by a systematic
approach that favored the city’s demand for increased speed and mobility
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to control flows and accommodate its growing scale. The move of the
American Planning Association from beautification toward a technocratic
approach was reflected in the adoption of the “comprehensive plan” in
which the designer was replaced by the engineer and policy maker.1 These
shifts resulted in modernist approaches to city-making and deterministic
architecture. Urban design was subjected to readings of infrastructure as
objective: either it worked or it did not and could be measured through
quantifiable criteria. Performance, in this regard, had been shaped and
defined to evaluate and measure “the calibration of efficiency, optimization,
or endurance.” 2 The possibility exists, though, for infrastructural logics
to embrace alternative definitions of performance that are not based on
quantitative results but instead are described as performative, or, rather,
can be evaluated by “subjective judgement” of “qualitative aspects.” 3
The point here registers a disciplinary shift in infrastructural thinking and
one that has been embraced by architects, landscape architects, and
designers over the course of the last decade, particularly as it relates to
the resilient project. In place of the deterministic and hard infrastructures,
indeterminate and soft, but robust, infrastructural systems have surmounted
in design competitions, exhibitions, and progressive thinking on resilience.
During 2009-10, and following Hurricane Katrina, the Museum of Modern
Art hosted a series of workshops and an exhibition under the title Rising
Currents that envisioned a series of resilient interventions in the New
York City area. The consensus of the resulting projects leaned into socalled “soft infrastructural” 4 strategies and called for the rethinking of
“reworked, crenellated, and softened” waterfront edges, roads with spongy
underbellies, and islands capable of attenuating wave energy.5
Of these projects, Oyster-tecture by the firm SCAPE (Kate Orff and Elena
Brescia partners) already begins to suggest the possibility of a fantastical
infrastructure in its alignment with ecological attributes over the typical
material realities of infrastructure (Fig. 1). The proposed system is a simple
field of piles and linked nets for oyster propagation, which when placed
in low lying shores around New York City grows into a robust strategy to
protect the shoreline. Tapping into an oyster based history and culture that
for many was long gone, SCAPE uses the oyster for all its infrastructural
possibilities (oysters foster reef creation, which help attenuate the waves,
which help stabilize the shore) but perhaps more importantly convinces the
public that their history with water, and industry, and pleasure is again a
possibility.
If the modernist infrastructural project consisted of projects subsumed
by infrastructure as a totalizing device,6 SCAPE’s project has projected
a format wherein ecology becomes the organizing principle. Here,
infrastructure is conceived not as concrete barrier walls, but in the form
(species) of oysters. With the complexities of the project admittedly
omitted, resiliency in the realm of soft infrastructural tactics engages a
cultural history as well as a relationship and breeding with ecology in
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ways that might serve both a richness of coastal habitat and achieve the
necessary stabilization of the coast to reduce erosion, thereby becoming
“infrastructure.” Following its debut in Rising Currents, SCAPE’s Oystertecture served as the progenitor for its inception as a winning entry in the
Rebuild By Design competition as Living Breakwaters following Superstorm
Sandy’s impact on New York City; effectively fulfilling the Rising Currents’
foreshadowing of catastrophe to come just two years after the exhibition’s
conclusion.7
UNPACKING THE BLACKBOX
The systems that support the modern city are all around us but hidden
either below ground, within the walls, floors, and ceilings of buildings, or
are rendered invisible to us by virtue of their commonplace-ness. Their
outputs are engaged with routinely, for instance through transportation
and communications networks, yet their physical presence is often
unconsidered. Lewis Mumford’s often cited articulation of the “Invisible
City” describes these systems as those that “have now been transposed
into forms capable of swift transportation, mechanical unfolding, electronic
transmission, worldwide distribution.” 8 The space where these networks

Figure 1. SCAPE Landscape Architecture, Oyster-tecture, diagram showing wave attenuating
potential of infrastructural systems composed of oysters.
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overlap is where their vast scales are reduced to that of the human and
emerge as the visible city.9 Their disappearance from the foreground of
experience veils infrastructure until the moment in which it breaks down
and then reappears. Otherwise taken for granted, it is only in the absence
of their proper functioning that they become noticed.
The removal of infrastructure from the visible landscape corresponds
with the technocratic nature of infrastructure over the past century. The
modernists, in particular the CIAM (Congrès Internationaux d’Architecture
Moderne), emphasized rationalization and standardization, prompting
infrastructure to be absorbed primarily into the engineering discipline
without the input of architects. The engineered result is what produces
the blackbox, or those systems that effectively have been removed from
visibility and which the mechanisms and flows contained within have been
rendered incomprehensible from outside the veil.
Water management, flood control, and storm barrier infrastructures exhibit
the qualities described above, through culverts, sewers, sluices that are
hidden below grade or levees and seawalls that have been habituated. And,
whereas other infrastructures and networks simply become noticeable by
their absence (communications networks, for instance), the failure of flood
control mechanisms is profound: the breakdown of the aforementioned
deterministic lines drawn between land and water result in catastrophic
transformations to the physical environment.
UNBLACKBOXING: OR MERGING THE FANTASTICAL AND THE BANAL
If blackboxing concerns the hiding (or disappearing) of vast arrays of
technical and material infrastructure, then “un-blackboxing” is the revealing
of these instruments. Yet the act of unblackboxing reaches deeper than
the noticing of the equipment and mechanisms used to operate the
contemporary city - if it were only this, than the revealing of infrastructure
through its breaking down would suffice. Rather, to unblackbox in the
terms discussed here enjoys the productive outputs of infrastructure while
doubling up on features of an infrastructure that otherwise would not be
expressed. In other words, the processes of unblackboxing are those
means through which infrastructure begins to attain the unexpected and
wondrous properties only possible through its grafting of other disciplinary
(and cross-disciplinary) interests. This concept is not nearly new, but
has a pronounced history. In recent memory, for instance, the Works
Progress Administration created by FDR’s New Deal built a wide range
of projects from dams to hospitals to airports, many of which were vital
infrastructures. These projects, like the City Beautiful movement in the
decades before, included artists and architects who addressed the artifice
of a project, not only its utility.10 The example of the WPA touches on the
ways in which banal mechanisms could acquire greater value with the
addition of architects’ agency, but there are projects in the lineage that
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move the needle further; both in drawing out infrastructure’s role in forming
and celebrating civic landmarks and in anticipating ways in which future
unblackboxing might occur.
Historical Unblackboxing
The groundwork for today’s unblackboxing is perhaps best laid by retrieving
examples of this legacy that point to the historical confluence of utilitarian
production and flows of material with form, ornamentation, and celebratory
effects. Two examples, the Trevi Fountain and the ornamental gardens of
L.E. Audot leverage mechanisms and practices that in contemporary cities
have been banalized, removed from our consciousness as everyday debris,
or hidden from view.11
Trevi Fountain
The Aqua Virgo, completed in 19 BC by Marcus Agrippa, was built to supply
the thermal baths of Campus Martius, and extended a distance of 21 km
[13 mi.]. The accomplishment was considered of such great cultural and
civic value that the infrastructure received its own monument celebrating
its end point in the form of the Trevi Fountain. Perhaps as a result of the
fountain’s iconic value, the Aqua Virgo is the only aqueduct still functioning
in Rome. And, because of its fame, today the fountain stands on its
own as a destination of great importance. As such, it is easy to overlook
its historical relevance as a monument to infrastructural achievement.
Stepping back and understanding the relationship between the Aqua
Virgo and Trevi Fountain, however, yields some important readings. The
aqueduct as a conduit, first and foremost, provides for the flow of goods
(water) into the city, yet is still banal in its capacity as infrastructure.
Water, as the material being transmitted, however, is leveraged within the
correlative typology of the fountain. The fountain, then, deployed as artistry
or memorial, becomes a medium by which water is no longer ordinary but
celebrated as a civic achievement. In the case of the Aqua Virgo and Trevi
Fountain, then, the lessons learned are two-fold. First, that the monuments
and memorials of the city (and their capacity to impart cultural value) have
historically, at times, also served as the markers of infrastructure, wherein
the infrastructure’s prodigious achievement is commemorated. Second, that
the material transported by infrastructure - water in this case - is shared
between the aqueduct and fountain. In this instance, the material serves as
a linking device between two typologies with varying types of cultural value:
the output of the water in the fountain transforms it from the routine to the
wondrous, iconic, and beautiful. It is by virtue of artistry and architecture
that this transformation occurs.
The Ornamental Gardens of L.E. Audot
Standard agricultural production today typically depends on factors of
logistics with its spatialization occurring long distances from its destination
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and rendered inaccessible to the public. Through his design of ornamental
gardens, the visions of Louis-Eustache Audot in the nineteenth century
offer alternative practices from those that that are common today. As
opposed to developing agricultural landscapes banal in expression, Audot
created designs that he called by more enticing names such as an Ornate
Hamlet, or by names that might disingenuously belie its sophistication for instance, a Fruit and Vegetable Garden imbued with the trappings of
a traditional French garden (Fig. 2). The combination of the agricultural
landscape with typologies of English and French gardens resulted in the
hybridization of productive and social space. Merged together, not only
were spaces of productivity made beautiful, but they imbued these spaces
with new cultural value. Once again, the medium of production - fruits and
vegetables - were transformed from a neutral status as “food” and instead
served as ornamentation. Though the practices of the ornamental garden
defy standards for efficiency, they produce gains in leveraging the
re-spatialization of productive landscapes as civic entities and in converting
the product of typical gardens into pleasurable features.12
The above historical examples of unblackboxing reveal tactics for reenvisioning infrastructure as ripe for cultural use. One strategy underlines
the possibilities available when products or material flows contained
within infrastructural systems are transferred between typologies (from
conduit to fountain) or become the artifice by which productive landscapes
become beautiful (fruits and vegetables applied as the ornamentation of
gardens in place of flowering plants). More importantly, these case studies
do not make the infrastructures better by technocratic standards such as
efficiency, but instead develop models by which banal understandings
of infrastructure might be combined with ecological, social, and even
ornamented desires. This new type of infrastructure (the unblackboxed),
registers absurd readings of superimposed types that flicker back and forth
between the utilitarian and the pleasurable.
The Fantastical, the Absurd, and the Mechanism: Hero of Alexandria
To be sure, the above historical examples of unblackboxing uncover
principles useful for the design of future infrastructures. However, the
introduction of an additional character is required to elucidate the radical
reframing of the banal as wondrous: Hero of Alexandria.13 Working in the
first century CE, Hero worked as an imaginative and ingenious, if quixotic,
inventor whose machines delighted in their narrative constructions that
combined physics and mechanics with the poetic. His creations would
come with enticing and curious titles such as A Jet of Steam Supporting a
Sphere or An Altar Organ Blown by the Agency of a Wind-Mill.
As noted by Sabine Müller and Andreas Quednau: “There is no obvious link
between flowing water and birdsong, nor is there an apparent mechanical
relationship implied by a fire and the opening of a door. The success of
the design depends entirely on a story, a story that links together diverse
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subjects without forcing them into an overly logical relationship.” 14 Again,
Müller and Quednau:
Contemporary thinking charges Hero’s narrative hybridity,
regardless of its ability to link separate spheres, with being too
inefficient. Worse, even, is the tendency for Hero’s narratives to
have no higher purpose than the aesthetic: a mock bird whistles, a
bronze sphere spins, a miniature stage play unfolds. And yet, it is
precisely the “purposelessness” contained within this inefficiency
that is fascinating. Hero’s work stands for the potential of urban
design and architecture to push beyond questions of quantification,
optimization, and efficiency. Instead, Hero-strategies represent trust
in the irrational, the bizarre, the playful, and the absurd.15
In Hero and his machines we see the potential for the wondrous to become
an asset even while denying the benefits of efficiency and predictability
offered by deterministic and technocratic infrastructures. By dismissing the
“overly logical,” the mundane is able to merge with other characteristics
that cause an architecture or infrastructure to become transcendent. These
attributes, such as the aesthetic celebration of the Trevi Fountain, the
ecological pairing of SCAPE’s Oyster-tecture, or the social utility offered

Figure 2. Louis-Eustache Audot (1839), Ornate Hamlet (left) and Fruit and
Vegetable Garden (right).
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Figure 3. Catalog of typologies of flood resiliency infrastructures (from top to bottom: polder,
elevated house, groin, mound). Vertical Option Studio, Cornell University, 2016
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by the re-spatialization of productive landscapes in Audot’s Ornamental
Gardens, make a compelling case for sacrificing maximum efficiency for the
absurd.
NEW RESILIENCY
Much of the discussion to this point has considered “infrastructure”
abstractly, relating to transportation and telecommunication networks,
productive landscapes as well as the instruments of water management.
Let us now place our focus on flood resilience infrastructures entirely by
providing examples that harness and craft the wondrous and absurd. These
projects build from research that catalogs the various mechanisms of water
management and flood control, from which clear delineations form. On
one hand, there exist self-preservation strategies: namely, the introduction
of stilts and pilings to coastal houses. Their detachment from the ground
fosters a paradoxical typological readjustment of the typical house: by
elevating, the house protects itself by adapting to an inevitable future
flooded context while also removing itself of any bias or relationship to its
current un-flooded context; thus, both protecting and removing itself from its
surroundings. It can best be filed under “flee” as its strategy. Another type
in the flee category would be mounding, for instance, in which habitation is
placed on top of man-made solid structures (Fig. 3).
At the other extreme there exist seawalls, levees, and dykes with the
intent foremost focused on keeping water out. These structures are
best affiliated with deterministic measures that seek to control nature
in diminishing its dynamic qualities through the creation of hard edged
devices. Other mechanisms fall between these extremes along a spectrum
of subcategories in which water flows are managed or mitigated such as
sluices, dams, and weirs, or those that absorb runoff such as swales and
infiltration basins. The projects below begin with an assessment of these
typologies and develop strategies that hybridize resilient infrastructures with
formal invention, programmatic superimposition, and ecology in order to
propagate unexpected strategies.16
Gaming Nature
Working with the same narrative conceits of Hero of Alexandria, Clayton
Witt’s Gaming Nature (2017) establishes a series of paradoxes that work
between natural and man-made conditions, incorporate ecology in radical
scenarios, and unite unlikely programmatic companions. With the weir
serving as the typology of choice, the project begins by unpacking its
formal and ecological qualities.17 Although submerged below the surface,
the weir is capable of altering river flow such that silt and soil deposition
begin to form habitats for wildlife and contribute to water flows that diminish
flood impacts. But this effect is magnified with the addition of riverboats
that settle above the subsurface weirs. Sited along the Mississippi River,
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the riverboat takes on a more nefarious resonance with the addition of a
program endemic to the banks of the Mississippi: the casino.
Cast to the water’s edge by state policies that prohibit gambling on dry
land, the riverboat casino thrives in its riverine habitat. On its face, vice
(prompted by the presence of gambling) contrasts with the vulnerability of
wildlife habitats. Yet in their confluence unanticipated opportunities arise.
A fleet of riverboats are crossbred with eco-tourist functions and are
plugged into habitats to form nuanced affiliations in which ship-decks are

Figure 4. Clayton Witt, “Gaming Nature,” (2017), types of ecological-riverboat casinos.
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merged with natural landscapes or absurd juxtapositions are encouraged
in which nature serves as the wallpaper of casino life (Fig. 4). To further
amplify these scenarios various configurations are employed corresponding
to temporal logistics corresponding to casino tourism logistics, breeding
and spawning of wildlife, and periods of peak rainfall and flooding (Fig. 5).
The union of these characteristics recalls the confluences stimulated by
Hero’s machines. Here, design arrives at the intersection of infrastructure
and ecology, and choreographs a sophisticated interplay between
contradictory programs, resulting in the production of novel effects. With
the entanglement of resilient mechanisms with an improbable cast of
characters, unimaginable architectures and landscapes are produced.
Neo-Coastal Order
Predicated on the reinforcement of dunes (both natural and man-made) as
storm surge attenuating devices, Frank Gibase’s Neo-Coastal Order (2017)
appropriates techniques belonging to coastal areas that employ fields of
piles and other debris as strengthening measures. In a more direct fashion
than has been seen to this point, these devices are directly correlated with
fundamental elements of architecture: columns. Yet like Witt’s Gaming
Nature and Hero’s inventions, the narrative mythmaking entailed produces
links between the infrastructural and the architectural.
Envisioned at a time that sea level rise has peaked and consequently
has decimated Washington DC, the project declares a new coastline
that coincidentally intersects with the United States Naval Observatory.18
With the remainder of the city submerged, the project calls for a series of
monuments to remember the lost monuments of Washington. The column,
recalling the formal tendencies of its infrastructural brethren, is conjured
here as a totem of the monuments of Washington that are in Gibase’s
estimate best characterized by the prevalence of Neo-Classical columns.

Figure 5. Clayton Witt, “Gaming Nature,” (2017), season cycles of wildlife compared against
casino tourism.
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Figure 6. Frank Gibase, “Neo-Coastal Order,” (2017), site plan showing reconfigured
monuments along the new coastline of the U.S. and within the site of the U.S. Naval
Observatory.

Doubling down on the column as a device of infrastructure and memory,
their arrangements are guided by the plans of the lost monuments and
scattered within the flooded portion of Naval Observatory so as to complete
its figure by packing it with the debris of history while (literally) shoring up its
future (Fig. 6). The columns, in their aggregation serve to resist erosion and
gather sediment, forming islands that mark the plans of their predecessors,
while, accumulated together they resemble a catastrophic Campo Marzio.
As individual elements, the columns begin to swell and stretch to take on
new infrastructural capabilities (Fig. 7). Through its appropriation of resilient
infrastructural strategies and the extrapolation of formal characteristics, the
project achieves the invention of a new type of infrastructure, one that serves
as both monument by virtue of its formal characteristics and landscape
mitigation via its flood attenuating qualities. However, it is through its imagining
of a radical future scenario that the project surpasses the believable and
becomes something else: equal parts whimsical and outlandish.
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inland, creating a new coastline.
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Cistern Column

Normative columns ask to be built as slender and structurally
efficient as possible. The Neoclassical column, while a monument
itself, emphasized height and precise proportion over width or
function, The expanded volume of the cistern column allows it to
take in water and slowly mitigate it to other areas. When placed in
a line, the column works to dam and control water levels.

Figure 7. Frank Gibase, “Neo-Coastal Order,” (2017), infrastructural column types.

AESTHETIC-ECOLOGICAL-SOCIAL INFRASTRUCTURES
It is clear that the infrastructural tactics deployed today in the face of rising
seas are no longer sufficient, either because increased flooding has rendered
them insufficient or their increased robustness would come with a financial
burden and diminished quality of the urban edge. And while a call for reduced
efficiency seems, on one hand, to disrupt attempts to create working and
dependable resilient infrastructures, on the other, the strategies outline
above might in fact be necessary to enable richer paths forward. Dana Cuff
notes that the current economic and political environment favors private
development of infrastructures, or suggests that public funds are insufficient
for the necessary development of infrastructures. In doing so, Cuff issues
imperatives for the future of infrastructural practice that consist of working
“double duty” and indexing infrastructure’s form.19 The double duty approach
is evidenced in Witt’s Gaming Nature and Gibase’s Neo-Coastal Order in
which programmatic situations are laid on top of infrastructural functions to
generate new social space for its citizens. Neo-Coastal Order, in particular, is
successful at indexing infrastructure through radical means by leveraging the
form of infrastructure toward other formal agendas, and in doing so collapsing
formal pursuits with infrastructural agendas. More precisely, these projects,
and many of those discussed above, employ hybridization to achieve an
unblackboxed result.
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Whether through the superimposition of program or unions between
aesthetics and the banal, the result is often the birth of new types of
infrastructure capable of rethinking models of efficiency and optimization
in favor of the radical and fantastical. As our coastal environments show
signs of degradation, architects, designers, and landscape architects
continue to value indeterminate, dynamic, soft infrastructural tactics. Those
strategies that engage these qualities will offer unimaginable, if peculiar,
new infrastructural-social spaces. The imaginative potential of these new
aesthetic-ecological-social infrastructural types have become capable of
more than rethinking the resilient project, but, rather, in reshaping the nature
of coastal inhabitation.
Notes
1. Alexander D’Hooghe, “The Objectification of Infrastructure: The Cultural Project of Suburban
Architecture,” Projections 10: Designing for Growth and Change 10 (Spring 2011), 85-94,
https://dusp.mit.edu/sites/dusp.mit.edu/files/attachments/project/projections_10_a.pdf.
2. Neeraj Bhatia, “The Subjects of Performance,” ARPA Journal no. 3 “Performance” (July 2015).
3. Ibid.
4. The term “soft infrastructure” in the context of flood and storm resilience is invented and
defined in: Guy Nordenson, Catherine Seavitt and Adam Yarinski, On the Water: Palisade
Bay (Ostfildern, Ger: Hatje Cantz, 2010).
5. Barry Bergdoll, Rising Currents: Projects for New York’s Waterfront (New York: Museum of
Modern Art, 2011).
6. D’Hooghe, “The Objectification of Infrastructure,” 85-94.
7. These discussions are surely to be resurrected following the events of Hurricane Harvey
in Houston and southeastern Texas. At the time of this writing, Harvey’s effects are still being
uncovered, yet already explicit in the discussion of the causes that may have exacerbated
the catastrophe are Houston’s inability to tame flows of water and the contribution of the built
fabric comprised of impervious surfaces that magnified inundation.
8. Lewis Mumford, “The City in History,” Washington University Law Quarterly 1962, no. 3
(June 1962), 285-330.
9. Ibid.
10. Dana Cuff, “Architecture as Public Work” in Infrastructure As Architecture Designing
Composite Networks, eds. Katrina Stoll and Scott Lloyd (Berlin: Jovis, 2010), 18-25.
11. Many of the historical precedents discussed were introduced to the author by Sabine
Müller from the firm SMAQ, Berlin. This paper is indebted to the many conversations that
framed these topics and served as the basis for the notions of unblackboxing that grew into
the exploration featured herein.
12. Contemporary projects also re-deploy this tactic of re-spatialization. Van Bergen
Kolpa Architects’ Park Supermarket extrapolates the grocery store and its contents as an
agricultural field. Conceptually, this functions not as a didactic device only meant to connect
one with the earth from which one’s food arrives, but, rather, redeploys productive landscapes
as social space much as Audot’s gardens.
13. Hero of Alexandria is presented as a fundamental inspiration behind the work of SMAQ.
The discussion of Hero in this paper owes to their research and writings on his inventions.
Sabine Müller and Andreas Quednau, eds., Giraffes, Telegraphs, and Hero of Alexandria:
Urban Design by Narration: SMAQ (Berlin: Ruby Press, 2016), 382.
14. Ibid., 31.
15. Ibid., 31.
16. Frank Gibase’s Neo-Coastal Order and Clayton Witt’s Gaming Nature were conducted
as part of the Housing Infrastructure Thesis Studio at the University of Michigan, 2017. Our
thanks go to the administration and faculty of the Taubman College of Architecture for their
support.
17. A “weir” is described as a barrier across the horizontal width of a river that alters the flow
characteristics of the water with the effect of altering the height of the river level.
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18. Based on Gibase’s research, peak projected coastal flooding would result in a modified
coastline that would shift inland such that in intersects, by coincidence, with the location of
the United States Naval Observatory.
19. Cuff, “Architecture as Public Work.”

References
Bergdoll, Barry. Rising Currents: Projects for New Yorkʼs Waterfront. New York: Museum of
Modern Art, 2011.
Bhatia, Neeraj. “The Subjects of Performance.” ARPA Journal no. 3 “Performance” (July 		
2015).
Cuff, Dana. “Architecture as Public Work.” In Infrastructure As Architecture Designing 		
Composite Networks, edited by Katrina Stoll and Scott Lloyd, 18-25. Berlin: Jovis, 2010.
D’Hooghe, Alexander. “The Objectification of Infrastructure: The Cultural Project of Suburban
Architecture.” Projections 10: Designing for Growth and Change 10 (Spring 2011):
85-94. https://dusp.mit.edu/sites/dusp.mit.edu/files/attachments/project/projections_10_a.pdf.
Müller, Sabine and Andreas Quednau, eds. Giraffes, Telegraphs, and Hero of Alexandria:
Urban Design by Narration: SMAQ. Berlin: Ruby Press, 2016.
Mumford, Lewis. “The City in History.” Washington University Law Quarterly, no. 3
(June 1962): 285-330.
Nordenson, Guy, Catherine Seavitt, and Adam Yarinsky. On the Water: Palisade Bay.
Ostfildern, Ger: Hatje Cantz, 2010.
Simpson, Deane. “Inhabited Infrastructures: Beyond the Blackbox.” In Giraffes, Telegraphs,
and Hero of Alexandria: Urban Design by Narration: SMAQ, edited by Sabine Müller, and
Andreas Quednau, 382. Berlin: Ruby Press, 2016.

Credits
Figure 1: SCAPE Landscape Architecture, Oyster-tecture.
Figure 2: Louis-Eustache. Audot, Ornamental Gardens (or. ed.Traité de la composition de
l’ornaments des jardins, Paris: 1839).
Figure 3: research from Vertical Option Studio, “Lo-Res: Architectural Strategies for
Localized Resilience,” Cornell University, 2016.
Figures 4 and 5: Clayton Witt, “Gaming Nature,” (MArch thesis, University of Michigan,
Spring 2017).
Figures 6 and 7: Frank Gibase, “Neo-Coastal Order,” (MArch thesis, University of Michigan,
Spring 2017).

Michael Jefferson is a Lecturer in Architecture at the University of Michigan (UM) Taubman
College of Architecture + Urban Planning, where he teaches in the areas of design and
representation. Prior to joining UM, Michael served as a Visiting Critic at Cornell University
and practiced in the offices of OMA, Adjaye Associates, Studio SUMO, and CODA where he
was co-project leader for the 2013 MoMA PS1 pavilion, Party Wall. With Suzanne Lettieri,
Jefferson is co-principal of JE-LE independent design and research office. His work has
been exhibited in New York, Boston, Ithaca NY, and Venice (Italy), as well as published in the
Cornell Journal for Architecture, OfficeUS: Manual, and Project. E-mail: mnjeff@umich.edu
Suzanne Lettieri is the 2016-2018 Michigan-Mellon Design Fellow. Prior to this, she served
as a Visiting Critic at Cornell University. She is now co-principal of JE-LE. She previously
worked at OMA, Biber Architects, and CODA where, as project leader, she guided the design
and construction of Party Wall, the winning entry for the 2013 YAP at MoMA PS1. Her work
has been exhibited in New York, Boston, and Venice (Italy), as well as published in Project
and The Cornell Journal of Architecture. E-mail: stletti@umich.edu

184

The Plan Journal 2 (2): 185-209, 2017
doi: 10.15274/tpj.2017.02.02.19

“Polyvalent Adaptation”:
Design in a Temporal
Context of Uncertain
High-Risk Futures
Alexander L. Ring

ABSTRACT - If greenhouse gas emissions ceased today, sea levels will
continue to rise for centuries due to the time scale of climate change. This
demands a fundamental shift from solely mitigating impacts to adapting to
this new reality. Architects can play a key role but are often restrained by
outmoded disciplinary norms, and financial and regulatory limitations.
What we require is a new design paradigm that extends beyond site-specific
needs and draws on the context of our high-risk future. “Polyvalent
Adaptation” could significantly impact the profession and the future of our
communities. This approach combines two concepts that are not new
to architecture or to discussions surrounding sustainability and climate
change, but, when married, amplify each others’ potential. Combining the
temporal concepts of polyvalence and adaptation provides a new lens for
tackling the conflict between the permanence of the built environment and
the changing climate. From this perspective, projects can be designed and
constructed to meet current needs, to provide projective agency capable
of assisting in the aftermath of extreme weather, and to become support
infrastructures for new settlement patterns.
Keywords: design process, infrastructure, polyvalent adaptation,
reinterpretation, temporal architecture
Around the world, human settlements are facing increasing repercussions
from anthropogenic climate change. Even if we were to imagine that it
was possible to stabilize the concentrations of greenhouse gases in the
earth’s atmosphere today, a Herculean task that would require all emissions
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to cease, global temperatures and sea levels would continue to rise for
centuries due to the time scale of climate change.1 As such, a now common
understanding is that “the irresistible momentum of sea level rise will
increasingly conflict with human development patterns and plans for the
future.” 2 The impacts from sea level rise alone include: increased damage
from extreme weather, storm surges and floods; destruction of ecosystems
and property; species migration and extinction; resource, food and water
shortages; violent conflicts and human migration. These impacts will affect
hundreds of millions of people globally. With the certainty of these looming
threats, but uncertainty about their extent or meaning for how we occupy
the planet, the importance of proactively designing for a changing climate
becomes heightened (Fig. 1).
In large urban centers, the density of cultural, social and economic value
may be high enough to justify the scale and costs of the infrastructure
required to protect the existing built environment and way of life. One
example of this is the Maeslantkering operable dam constructed in 1997
at a cost of over half a billion US dollars.3 Protecting a port city of six
hundred thousand through which a large portion of the Netherlands’ $100
billion of agricultural exports pass each year, easily justifies the cost to
build and operate the Maeslantkering.4 However, for the majority of coastal
and lowland areas, migration or adaptation are more realistic options,
although they are much more complex processes than the construction
of large engineering projects like the Maeslantkering. Migration and
adaptation extend well beyond a specific building site and require a broad
range of existing issues to be dealt with in addition to the impacts from
sea level rise. They are also sensitive undertakings that must respond to
local infrastructure, culture, regulations, economics and the irrationality of
humans who tend to be reactionary instead of pro-active (Fig. 2).

Figure 1. Representation of the amount of population affected by one, two and ten meters
[3.2, 6.5 and 32.8 ft.] of sea level rise.
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Figure 2. Causes and impacts of and exposure and barriers to sea level rise and climate
change for coastal settlements.

To devise solutions to the complex problems coastal regions will be facing as
a result of sea level rise, we need to shed our initial instinctual reactions. We
must expand the area of inquiry, to expose the true causes, impacts and
extents of each problem. We must investigate the tools and resources available
for implementation, the regulations that frame the limits of our solutions, and
the social and political context and capital that surround the project.
In the past, architects have embraced the challenge of solving complex
problems similar in magnitude to those we are now facing. Some utilitarian,
utopian and social architecture, landscapes, and planning during the latter
part of the nineteenth and the first half of the twentieth century responded
to the challenges presented by the rapidly changing social, technical and
political world. Landscape projects such as Fredrick Law Olmsted’s “emerald
necklace,” which was constructed in Boston, addressed the need for relief from
overcrowding, pollution, and city noise by creating public urban parks. As part
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of the solution, constructed landscapes, like these reshaped topographies
serve to fix a network of drainage and sewage problems further improving
the health and resilience of their cities. Modernist social housing and
planning by architects such as Le Corbusier, responded to the complexities
of changing social and technological norms, economic disparity, pollution,
and urban vulnerability to fire and disease. Although the success of these
and other projects of the past can be debated, there is no arguing that the
minds behind them generally carried a broad sense of ambition and agency.
Contemporary theorists such as Keller Easterling argue that in addition to
the common definition of infrastructure, everything from shared standards
in construction materials and credit card dimensions, to shared ideas that
shape policies, physical space and human interactions are all forms of
infrastructure.5 Re-examining complex projects of the past such as those of
Olmstead and Corbusier with this contemporary definition of infrastructure
shows that these were much more than architectural or landscape designs.
Their design solutions used organizational infrastructures, standardized
construction materials, and social infrastructure to create frameworks
flexible enough to address the complexity of the issues they were
responding to.
In today’s context, using this expanded definition of infrastructure allows
us to reconsider the extent of the factors influencing our built environment.
It allows us to explore the impact that organizational infrastructures have
on our designs so that we can influence and propose changes to these
infrastructures to assist the production of successful designs. Ultimately,
expanding the definition of infrastructure blurs disciplinary lines and allows
architects to better utilize their inherent capacity as problem solvers to
respond to the complexities of climate change. As suggested by Alejandro
Aravena “we should understand that if architecture has a power, it is
synthesis, and in this sense we do not have to be afraid to start by
designing the question and identifying the variables of the equation.” 6
A NEW APPROACH
“Polyvalent Adaptation” 7 provides a new approach to infrastructure capable
of tackling the scale, complexity and temporal aspects of the issues the
world is facing today. This approach combines two concepts that are
not new to the profession or to discussions surrounding the topics of
sustainability and climate change, but when married amplify each others’
potential. What allows these two concepts to mesh so seamlessly is that
both “polyvalence” and “adaptation” are ideas with “process” at their cores.
In addition to this, each also addresses the fundamental flaws of the other.
When it comes to adaptation it is important to understand that
climate change is a process. We are therefore not talking about
adapting to a new, known baseline, but to a constantly shifting
set of conditions.8
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Polyvalence
“Polyvalence” is the inherent capacity of an object to be reinterpreted
for different uses over time. Dutch architect Herman Hertzberger first
introduced this concept to the architectural profession in the 1960s as a
criticism of the inherent laissez-faire in the idea of flexibility. In Hertzberger’s
words, “although a flexible set-up admittedly adapts itself to each change
as it presents itself, it can never be the best and most suitable solution to
any one problem.” 9 The idea of polyvalence can also be perceived as a
response to the egotistical approach of utopian designs, which are typically
theoretically strong, but in their specificity turn their backs on the diversity
and irrationality of humanity. Hertzberger argues that “just like words and
sentences, forms depend on how they are ‘read’ and which images they are
able to conjure up for the ‘reader’.” 10 To be reinterpreted a form requires
sufficient defining characteristics, as well as a context suggesting the need
for reinterpretation.
The Athenian Agora is one excellent historic example of constructed
polyvalent buildings and public space. The Agora has evolved over
several thousand years as each new building positioned itself relative to
the existing buildings. The colonnades, steps and variety of spaces for
circulation and access to buildings have consistently been used as seating,
shelter, and meeting places, accommodating the quiet observer and those
needing to be the center of attention. The result is a public space that has
been continually re-interpreted for civic theatres, markets, special events
and circulation (Fig. 3).
As a more contemporary example of polyvalent design, landscape architect
James Corner’s “structured ecologies” approach provides a physical
scaffolding of designed conditions, such as wet/dry, low/high and sheltered/
exposed, into which plants are seeded. Over time, the ecosystems interact
with each other while responding to macro and micro environmental
conditions until they adapt and a level of stability is achieved. 11

Figure 3. Plan of Athenian Agorá in 400 BCE, 100 BCE and 100 CE.
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An unintentional example of a polyvalent building is the Tower of David
in Caracas, Venezuela, which was originally designed as an office tower.
A financial downturn coupled with housing demands led to the illegal
habitation of the unfinished tower as a vertical residential neighborhood.
The concrete structure and vertical infrastructure were reinterpreted as a
physical representation of Le Corbusier’s un-built Plan Obus in Algiers,
which suggested that individuals could build houses on levels of raw
structural platforms.
Polyvalence - it could be argued - became a means to focus the idea of
flexibility towards a targeted range of future interpretations. However,
without at least a vague understanding of the future context within which
a polyvalent design will be reinterpreted, or a timeframe, the designer is
left with too many future possibilities. This results in designs that are either
too focused towards an imagined future, or are so vague that they revert
back to the tactics of flexibility that polyvalence was intended to avoid.
Additionally, infrastructure may also be wrongfully designed as polyvalent in
the case where reinterpretation is not likely within the lifetime of the project.
Alejandro Aravena’s low cost social housing in Quinta Monroy, Chile, is an
excellent contemporary example of an intentionally polyvalent architectural
design. Responding to a need to build social housing for one hundred
urban families within a budget of US$750,000, Aravena reframed social
housing not as a government expense, but rather an investment. What
resulted was the design of a row-house typology where only a portion
of the shell and floor structures of each of the three-storey houses was
constructed. This allowed the minimum social housing requirements to be
met while providing a framework to guide the design and construction of
future additions and renovations as each family consolidates the resources
to do so. This approach provided a base-line to assist in guiding future
possibilities while not dictating future construction. Although controversial,
the success of the Quinta Monroy housing project has lead to the
construction of other projects that build off this initial design 12 (Fig. 4).
As the impacts of climate change and resource shortages increasingly
influence the design of the built environment, the discussion surrounding
the concepts of flexibility, reinterpretation, and re-useable architecture
should continue to gain attention. Words such as “future proofing,”
“contingency,” and “sustainability,” are frequently thrown around, not only
by designers, but by corporations, governments and citizens alike. As
designers of relatively static objects that are generally animated through
human use, the concept of polyvalence has the potential to provide
architects with a valuable perspective towards producing designs that stay
relevant as our climate changes. But what is required for polyvalence to
be successful and focused is an understanding of the changes that are
taking place, as well as verification that the timeframe for those changes is
relevant to the lifetime of the building and its users.
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Adaptation
“Adaptation” is defined as “a process whereby an organism becomes
better suited to its environment.” 13 As a process, the timeline for adaptation
falls between the glacial multi-generational progress of evolution, and
the immediate instinctual reaction to an emergency. Adaptation requires
an understanding of the changes to which it must respond. What is also
important is that the timeline during which the change will take place is
either a significant portion of the lifetime of the organism or potentially,
in the case of humans, multigenerational. However, where adaptation to
climate change becomes a challenge for the architect is that buildings and

Figure 4. Quinta Monroy social housing in Sold Pedro Prado, Chile.
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in many cases infrastructures are static objects. So the question becomes
how can our new buildings and infrastructure be designed and constructed
so that they can adapt to our uncertain high-risk future?
Polyvalent Adaptation
In the context of climate change, Polyvalent Adaptation provides a multilayered lens where each layer addresses the fundamental flaws that
the other lens displays in isolation. Where adaptation breaks down is
the relatively static reality of the built environment. How does something
permanent become adaptable? This is where the re-interpretive qualities
of polyvalence can provide direction. Where polyvalence falters is that it
requires defined future changes, and a timeline for those changes that
is relevant to the infrastructure being reinterpreted. Adaptation to climate
change can provide a timeline and potential changes to make polyvalent
designs more successful.
Polyvalent Adaptation presents the idea that infrastructure, with minimal
or no customization, can be reinterpreted at different periods in time to
meet the needs of that time. Although two or more reinterpretations of any
given infrastructure are possible, climate change typically suggests three
interpretations: one that responds to the present context, one that responds
in the moment to extreme weather events, and one that supports future
possibilities.
As is the case for everything built today, the design of infrastructure
is a response to a defined set of current needs or wants. This initial
interpretation of a piece of infrastructure is the most obvious and is
therefore the easiest to design for. It has historically garnered the most
attention in the allocation of budgets, the generation of design briefs, and
during the design process. In a society where neoliberal economic values
and short term thinking and planning are the norm, this first interpretation
provides justification for the initial investment to design and build polyvalent
infrastructure.
As our climate continues to change, one of the major impacts is the
increasing intensity and frequency of extreme weather events such as
storm surges, hurricanes, floods and droughts. Following any of these
events, infrastructure has the potential to be reinterpreted as an emergency
resource, cache, or shelter. As the discussions around contingency in
design are increasing, this second interpretation can also play a role in
justifying the investment in the infrastructure (Fig. 5).
The final interpretation of the polyvalent infrastructure is as a spine to
allow for and promote new settlement patterns. In this interpretation, the
infrastructure acts as a support mechanism or magnet whether individuals,
families or communities decide on their own to adapt or are forced to by
an extreme weather event. Just as people were drawn to current coastal
zones and cities due to natural infrastructures such as water, good soil,
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transportation and resources, new populations can be drawn to new
constructed ones that provide a framework for a way of life that continually
adapts to the changing climate.
Urban infrastructure sows the seeds of future possibility, staging
the ground for both uncertainty and promise. The preparation of
surfaces for future appropriation differs from merely formal interest
in singular surface construction. It is more strategic, emphasizing
means over ends, and operational logic over compositional design.14

Figure 5. Polyvalent Adaptation for coastal population.
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Facilitation of Polyvalent Adaptation
As the built environment struggles to keep pace with the rapidly-changing
world, Polyvalent Adaptation should be at the forefront of the architectural
discourse. Used as a lens, Polyvalent Adaptation presents opportunities
for us to create temporally relevant infrastructure that addresses current
and future problems while also mitigating risks. However, as pressing as
climate change issues are, the current process for developing designs is
generally not equipped to produce designs that have the built-in agency or
contingency required to address the scale and impacts of climate change.
Although some architectural offices have figured out ways around this
limitation, for the most part specialized firms develop specific programs and
define tight budgets, often with political or economic agendas driving them.
Then, based on these programs and budgets, architects compete in order
to execute designs in restrictive regulatory and planning frameworks, many
of which are decades old and a response to different times. The world is
littered with projects that are over budget, behind schedule, and, almost
before completion, inadequate for their intended use. This straightjacket
of the contemporary design process is reinforced by a lack of continuity
and foresight resulting from short political terms and quarterly financial
expectations of privatized entities. Architects are caught between the realities
of climate change, outmoded disciplinary norms, and the financial and
regulatory limitations of neo-liberalism that are driven by economic greed,
not social or environmental well-being. To tackle the scale and impact of sea
level rise, we need to rethink the foundations of the design process and the
organizational infrastructures that define that process.
If we look again to the work of Le Corbusier and Frederick Law Olmstead,
we can learn from the context within which their projects were proposed
and implemented. Two key elements become apparent. The first is
ambitious designers, willing to expand their thinking beyond the confines
of their profession and the initial problem; the second is the power and
resources to implement radical ideas. These two characteristics are present
in many other complex infrastructural projects from our past as well. In
Paris, the ambitious plans of Napoleon III, which were amplified through
Haussmann’s design, were implemented through the centralized power that
Napoleon III wielded. In the Netherlands, the initial ambitious designers of
dikes were individual landowners who were drawn to the fertile soils of the
area. Over time, the homogeneity of the Dutch society surrounding dikes
has provided the power to implement and maintain water management
infrastructures at the scale of the entire country.
Through the lens of Polyvalent Adaptation, the architect is well equipped
to develop the required ambitious designs. Architect Reinier De Graaf
argues “in as much as we are specialists, we are specialists at everything which defies the point of being a specialist.” 15 It could be argued then that
architects have value as generalists. We are able to bridge between areas
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of specialization as well as to clients, the end user, and local communities
in order to orchestrate a physically constructed project. If we include
architecture and organizational systems in the definition of infrastructure,
architects can expand the reach of our complex problem solving to draw
on our specialization as generalists. This brings added value to the role of
the architect and creates an environment more suited to the creation of the
polyvalent designs that will assist in our adaptation to the changing climate.
The second key element is the power and resources to implement a design.
The banding together of communities in the devastation following extreme
weather events, or due to the increasing threat of similar future events, has
the potential to yield the power and resources required for implementation
of polyvalent designs of various scales.
The power and resources resulting from extreme events can manifest in
many different ways, one of which is rebuilding exactly as before, however,
there are other recent examples that suggest other potentials for this power.
One example is the enhancement of crowd-sourcing and crowd-funding
through improved technology and social networking. These approaches
have both been used as early as the eighteenth century,16 however the
internet has provided the platforms and connections required to break
down the geographic, logistical and social barriers that have previously
limited the potential of the crowd. Both crowd-sourcing and crowd-funding
have demonstrated that large scale projects, in ambition and cost, can be
pioneered not only by governments or corporations, but also by groups of
citizens. Although there are few examples of proactive crowd-sourcing and
crowd-funding within the field of architecture, there are many examples of
people banding together to support communities or individuals following
extreme events.
Another recent example is Rebuild by Design. The United States
Department of Housing (HUD) created Rebuild by Design as a response
to damage caused by Hurricane Sandy in the north-eastern United States.
In its own words, this organization is “reimagining the process by which
communities create solutions to complex problems.” 17 The organization
connects designers with locals in the areas affected in order to come up
with projects and approaches that address local needs while also improving
the ability of the region to be prepared for and to adapt to worsening
extreme weather. The typical preparation of a program and budget is
removed from the process to let multidisciplinary teams of designers
research and develop their own projects that will not only rebuild the region,
but will also respond to future extreme weather and the new realities
resulting from climate change. The projects typically combine social,
ecological, physical and cultural responses through infrastructure. The
US$930 million of funding that is set aside for these projects 18 has been
allocated to the projects based on their effectiveness and ingenuity, creating
an incentive for better research, community engagement and design.
According to the design documents, “Rebuild by Design occupies a
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space on the edge of government, philanthropy, academia, design, and
community.” 19 This model is currently being proposed in other areas of
the United States and has spawned the one-hundred Resilient Cities
organization. In democratic societies, this model has the potential to allow
large regional-scale infrastructural projects to move forward since they
are rooted in the needs of all levels of society. The results of the Rebuild
by Design approach, many of which are about to begin construction,
demonstrate the potential of rethinking how our projects are defined, funded
and shepherded through the required regulatory processes and how this
can increase the likelihood of Polyvalent Adaptation, especially in the wake
of, or face of, extreme weather events.
EXAMPLES OF POLYVALENT ADAPTATION
The following projects demonstrate the potential that the Polyvalent
Adaptation approach holds. The three projects range from historic desert
oases in Saharan Africa, to a proposal for an Arctic Food Network in
northern Canada, and finally a project under the umbrella of Rebuild by
Design that is in the process of being implemented in New Jersey.
Artificial Oases, Saharan Africa - Constructed
Approximately five thousand years ago, most of the Saharan Desert was
green and home to societies that relied on transhumance as a way of life.
Since that time the area has slowly transformed into a vast desert as the
last water from the ice age evaporated or moved underground, leaving
behind depressions with extensive salt deposits and rich soil. An increase
in agricultural production and a demand for salt caused the development
of trade routes from Timbuktu in the south to the northern coast of Africa,
often with a final destination in Europe. 20 Natural oases, “fertile spots in the
dessert where water is found,” 21 became vital infrastructure in the functioning
of these routes. Gradually, continued desertification caused trade routes to
become more difficult to navigate as the number of oases dwindled.
By the twelfth century C.E., the construction of foggaras and saniyas meant

Figure 6. Sectional diagram through a typical foggara and oasis.
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that new artificially-created oases, providing reliable sources of water,
could be created at more frequent intervals and could therefore stabilize
trade routes.22 Saniyas are deep wells from which groundwater is pumped.
Although relatively stable, they rely on a single source of water.23 Foggaras,
on the other hand, are a combination of one slightly sloped horizontal
tunnel and equally spaced vertical galleries that stretch up to fifteen km
[9.3 mi.] into the landscape collecting water from multiple sources. In some
cases, foggaras reach groundwater in surrounding hills, although typically
they rely on a combination of rainwater infiltration and condensation.
Due to daily temperature swings of up to 20°C [68°F], humid daytime air
condenses in the cool air of the night and collects on the ground and in
the galleries. This process is reversed during the day when warm air is
drawn into the cool foggara through the stack effect of the galleries, and
condenses 24 (Fig. 6).
Artificial oases are generally located on the edge of alluvial areas. They
maximize the efficiency of water use through their internal relationships
and forms. Fed by gravity from saniyas and foggaras, a series of segias
(covered small canals) and cisterns irrigate the oases below.25 Ksar
(villages) are located at the water source where the cleanest water is
found.26 In the ksar, planted inner courtyards (souks) provide exterior public
microclimates that provide cool air for ventilation of adjacent buildings on
hot days. Buildings surround each souk, protecting it from wind, sand and
looting.27 Below the ksar, several square kilometres of alluvial agricultural
terraces use a system of stratification to create micro-climates that protect
their limited water resources while creating ideal growing conditions for
crops. The upper stratum is typically date palms, below which a shrub
stratum of fruit trees can thrive. The lowest stratum is either used for
growing cereal, legume and vegetable crops, or for animals 28 (Fig. 7).

Figure 7. Abandoned ksars near Ouarazate, Morocco.
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Acting as “socio-ecological landscapes,” 29 oases are a combination of
organizational and physical infrastructures that unite to provide the microclimates required to protect humans, food, and water from the harsh desert
environment. They have the capacity to provide stability through extreme
droughts as their agricultural areas expand and contract in relation to the
constant but varying flow from their water sources. Over time oases have
been reinterpreted as resource infrastructures and have draw people to
them.30 These settlements grew to support and develop cultural spaces,
cultural habits and local economies. As our climate continues to change,
there is a renewed interest in ancient technologies, design, and constructed
ecosystems such as those of oases, that provide the resources and stability
required to adapt to living in harsh new environments.
Arctic Food Network, Canada - Theoretical & Pilot Projects
Although it is one of the most sparsely populated areas in the world, the
population of Canada’s North is rapidly increasing. The result is a young,
mostly Inuit population with an average age of twenty-five. In the territory
of Nunavut, thirty-three thousand people live in only a couple dozen
communities.31
Over the past half-century, the North has become increasingly dependent
on technology, resources and food from the South, which has caused
detrimental impacts to Inuit culture, health and social wellbeing. As the
climate changes, elders are struggling to “read the land” and historic
transportation routes are no longer viable. Longer indirect routes to
familiar hunting, fishing and foraging resources require modern navigation
technology such as GPS and vehicles such as snowmobiles and motor
boats.32 Reliance on technology and fuel imported from the south has
caused northern mobility to decrease, knowledge of traditional trails to
dwindle, and an increase in people going missing out on the land.33
Although there are plenty of food resources in the region, the import of
expensive, unhealthy, processed food from the south is commonplace,
economically unsustainable, and has created tension between the Inuit
and the Canadian government. It has also resulted in physical isolation,
economic marginalization, decreasing health, youth disenfranchisement
and loss of traditional knowledge in the growing population of young people 34
(Fig. 8).
Strengthening an existing network of winter snowmobile trails by
constructing a regional network of rest stops, hunting cabins, arctic farms,
camp hubs and food storage, Lateral Office’s proposal for an Arctic Food
Network (AFN) aims to address social, economic, environmental, political
and cultural issues in the territory of Nunavut. Each hub is designed and
ideally situated to exploit local ecosystems and ecologies for the harvesting,
preparation and storage of food. The hubs combine new technologies such
as telecommunication, greenhouses and smoking cabins with expanded
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Figure 8. Proposed Arctic Food Network on Baffin Island, Ninavut (Canada).

traditional models, such as fishing cabins and community freezers, in order
to increase the capacity of that region 35 (Fig. 9).
Located at a maximum network spacing of one hundred and sixty km
[99.4 mi] (a day’s travel by snowmobile), the hubs occupy a series of urban,
inland, water, ice and coastal locations near food resources. Designed as
kits, the number and type of building on each site would vary depending
on context, allowing the project to be “adaptable, cost effective and
incrementally deployable.” 36 Constructed using pre-fabricated pieces,
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Figure 9. Calendar showing existing and extended seasonality of traditional foods.

each building is designed to be transported to the site on traditional sleds
(qamutik). Assembly and disassembly of each building is estimated to take
four days using traditional sled construction techniques, allowing for quick
deployment or relocation as required 37 (Fig. 10).
While drawing on Inuit tradition, Lateral Office has been careful not
to infuse the proposal with colonial nostalgia.38 Instead, the project
is positioned as a continuation of the adaptation the Inuit have been
undertaking over the past century, from dogsleds to snowmobiles, from
temporary igloos to permanent homes, and from the environment as a
market to the supermarket.39
The proposed AFN has the potential to reduce the dependency of the
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Inuit on Canada’s South by increasing and diversifying their local food
supply and increasing their physical and digital network connectivity. In
the case of emergencies or extreme weather events, the network could
be reinterpreted as an emergency food cache relying on the number and
distance between stores of food for stability and redundancy.40 If one or
several of the caches were destroyed, the others could still be used until
the system recovered. In its final interpretation, the network could become
a new spine to suggest and support growth and new settlement patterns for
the expanding young Inuit population in the twenty-first century.
By using research and data investigation combined with a sensitive
understanding of different cultures, Lateral Office produces projects such as
the AFN that challenge our notion of architecture by pro-actively inventing
or reinventing architectural projects. They use design as a tool to explore,
respond and ultimately confront the complexities of our contemporary
world. The range of scales within their designs leaves room for future
reinterpretation and demonstrates a deep understanding of the micro and
the macro aspects of their projects. Their work creates a respectful yet
critical conversation that moves across disciplines and cultures as well as
vertically through all levels of society.
New Meadowlands, New Jersey - Design Development
As one of the projects chosen for further development and funding from
the Rebuild by Design process, the New Meadowlands project by MIT’s
Center for Advanced Urbanism, ZUS and De Urbanisten is an excellent
contemporary example of Polyvalent Adaptation. The Meadowlands site,
northwest of Jersey City was selected following a larger regional study that
layered social, economic, environmental and infrastructural vulnerabilities.
It became evident that the Meadowlands area was one of the most critical
assets to the region, yet also one of the most vulnerable areas to future
storm water surges and sea level rise.41 The design team argues that the
“federal dollar is best spent when it helps not just flood risk, but rather the

Figure 10. Typical building assembly.
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combined effects of flooding, head islands, pollution, social vulnerability and
vital network protection” 42 (Fig. 11).
The New Meadowlands proposal is structured around three interpretations
of its key “meadowband” infrastructure - connect, protect and grow.
Located along the edges of the most densely developed areas, the
meadowband is essentially a berm. The infrastructural aspects of the
berm serve as a missing link that mediates between different ecological
and developmental systems, while also transcending project scales.43
In addition to the functional aspects of the berm, it also acts as a visual
signifier for the impacts of sea level rise and becomes branding for the
overall master plan (Fig. 12).
In its first interpretation, the berm addresses many of the current needs
of the area by providing local and regional transportation, protecting the
wetland from existing urban and waste contamination, re-establishing
protected freshwater wetlands, and creating a network of outdoor public
spaces. The second interpretation of the meadowband is as a protective
ribbon for the urban areas from future storm surges, wave action and sea
level rise. This interpretation also provides room for the “meadowpark,”

Figure 11. Meadowlands as a critical hub.
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Figure 12. New Meadowlands aerial rendering.

the natural marshes and meadows in the flood plains, to provide its
beneficial daily hydrological functions (Fig. 13). The final interpretation
of the infrastructure is as a spine to attract and guide future development
in the area. Foundational to this final interpretation is what the design
team calls “design integration.” Design integration requires that the
meadowband respond not only to existing urban contexts, but that it also
provide reinterpretable direction to guide, but not limit, future high density
development for the area 44 (Fig. 14).
CONCLUSION
Viewing earth from the Pacific Ocean orientation reminds us that most
of the planet is covered in water and ice. The impact of this water on our
daily lives, especially in the case of sea level rise, is and will continue to be
profound as we enter the new anthropogenic epoch. By using the lens of
Polyvalent Adaptation, we can increase the effectiveness of our responses
not only to address sea level rise, but also to find solutions to the other
interconnected impacts of climate change (Fig. 15).
Currently, only a few projects demonstrate the value of Polyvalent
Adaptation, and even fewer do so in relation to sea level rise. For the
most part these projects are theoretical, but for those that are either under
construction or completed, the extent of their success remains to be tested
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Figure 13. Connect, Protect and Grow: an exploded axonometric.

Figure 14. Sections through the New Meadowlands proposal.
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over the next several decades. There is, however, plenty of value that can
be drawn from these projects as well as those of varying scales that exhibit
similar qualities or characteristics. Identifying and further examining these
projects through the lens of Polyvalent Adaptation will provide further insight
into the potential of this new approach. A better understanding will help
us answer some of the pressing questions surrounding the architectural
discipline and its role in responding to climate change. How can our
designs become more temporally relevant? What physical attributes will
lead to a design being reinterpreted in a new context? What fundamental
changes to the design process will be conducive to the development of
projects that adapt?
At the end of the day, our built environment must be able to balance the
large scale of the physical impacts of climate change with the domestic
scale of those impacted. It must also meet immediate needs while
maintaining the flexibility to respond to a variety of unknown futures. As
a design approach, Polyvalent Adaptation has the scalability, flexibility
and temporal relevance required to address the complex problems we
face. Just as modernism emerged to respond to the social and industrial
changes of the early twentieth century, Polyvalent Adaptation has the
potential to provide a response to current and future social, technological
and environmental changes.

Figure 15. Perspective of Earth focusing on the Pacific Ocean.
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Integration of Habitat Grammars
for Biodiverse and Resilient
Coastal Structures
Keith Van de Riet, Jessene Aquino-Thomas,
Pieter Conradie

ABSTRACT - Contemporary architectural ornament serves multiple
purposes; articulated surfaces are no longer simply symbolic gesture but,
in addition, contain material performance as expression of technological,
environmental and other cultural factors. At the same time, parametric
design has opened new frontiers in patterning and bio-inspired design.
The manifestation of these bio-inspired materials can be compelling spatial
narratives that speculate on the blending of nature and architecture.
However, these biophilic tendencies might further serve in the development
of more sustainable architecture and urbanism; surfaces and structures
derived from nature might also serve nature.
In this work, we present a method to define “habitat grammars” that
create functional spaces for diverse species, as well as generating unique
aesthetic properties derived from regional nuances in flora and fauna.
The method is applied to a seawall in South Florida near mangroves.
Panels were cast in high strength concrete and experimentally observed in
aquariums with live specimens. The results indicated that low relief panels
performed equivalent to featureless walls, whereas higher relief panels
elicited a near unanimous response from the introduced species.
Keywords: artificial mangrove, biomimicry, constructed habitat,
engineered-living, habitat grammars
Architectural ornament became catalogued for designers during the
nineteenth and early twentieth centuries. Many professionals of the era
were referencing these manuals to incorporate samples from regional
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aesthetics of the world. These architectural expressions contained a
plethora of symbolic, mythological and more prosaic references that were
used to distinguish the architect and developer by referencing patterns and
symbols fashionable of the time. Today’s ornament serves another purpose;
the articulation of surfaces is no longer an abstract representation, but
rather contains material performance in place of gilded symbols. Parallel
to this, parametric design has opened new frontiers in material patterning
and bio-inspired design within constructed landscapes. Increasingly popular
are patterns derived from nature using basic image sampling techniques.
The manifestation of these bio-inspired materials can be compelling spatial
narratives that speculate on the blending of nature and architecture.
However, these biophilic tendencies might further serve in the development
of more sustainable architecture and urbanism; surfaces and structures
derived from nature might also serve nature.
Photographic evidence of natural environments is often a source of
inspiration for patterns of structure and materials in design. Even in the
most basic application, these photo-derived architectural effects contribute
to the overall play of material, form and light in buildings. Computational
technologies have made the integration of natural patterns for design
purposes relatively simple; image sampling and its derivatives are readily
available in most modeling software in various forms and can be easily
incorporated into design workflow for organic pattern creation. The surfaces
generated from this procedure are manipulated with parameters that control
the sampling density of the image, as well as the translation of pixel color
values into spatial conditions driven by vectors or other transformation. The
resulting surfaces and geometries create appealing material effects useful
in the design of architectural materials.
In the case of architectural design, these sampled patterns are driven by
human requirements of thermal performance (shading), privacy (screens),
aesthetics and other criteria. The images and their derivations can be
manually interpreted by cropping, scaling and modifying them to fit with
needs or desires, akin to other creative activities that blend or mix patterns,
such as music sampling (Goldman and Zdepski 1990). Compositions can
be as simple as translating an image to surface pattern as perforation,
etching, etc. or rather complex transformations that capture natural
phenomena with patterns that dissolve the image through experimental
material and fabrication processes that recreate environmental effects
(Fig. 1). Adapted further, image sampling of natural patterns may serve
as a method to bridge between engineered structures and living systems
to support diverse forms of life. This technique could be used to capture
and make available for design the characteristics of living and non-living
systems from selected habitats.
This project utilizes a method for integrating habitat structure into
architectural, infrastructural and landscape systems by combining image
sampling with parametric models to generate panels that mimic natural
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habitats. We focus this approach on the context of South Florida’s coastal
urban landscapes to address the loss of tidal landscapes due to waterfront
development.
Coastal Urban Context: Human-altered Shorelines
Within urban environments, the need for mutually beneficial connections
between constructed and natural systems is becoming increasingly
urgent. The majority of global population is now urban and located near
coastlines and waterways, and these dense concentrations exert a
disproportionate influence on environments and ecosystem function (Small
2004). Population density continues to grow in areas that contain fragile
environments, and as a result, coastal ecosystems and their provisional
services are in decline (Wells 2006). With regards to urban footprints near
waterways, a rise in coastal armoring has resulted in a direct loss in natural
shoreline, especially in foundation species. In some coastal cities, such as
Sydney Australia, as much as 50% of the shoreline can be composed of
coastal armor (Aguilera et al. 2014). In areas where there has been a loss
of natural habitat there is a co-morbidity of a loss in biodiversity.
Many of the challenges to regenerate ecological systems stem from the
fact that human environments replaced natural ones. For example, oyster
extent declined by 64% (biomass reduced by 88%) in U.S. coastal waters
during the twentieth century (Ermgassen et al. 2012). Urbanization of
waterfronts also has been shown to facilitate the spread of invasive species
(Byrnes, Reynolds, and Stachowicz 2007; Sheehy and Vik 2010). Florida
has over 11,000 mi. [17,700 km] of canals and waterways that intersect with
urban areas (State of Florida 2017), much of which is lined with concrete
seawalls that replaced tidal habitats and contributed to the decline of the

Figure 1. De Young Museum (Herzog & de Meuron) perforated copper panels and forest
canopy effect.
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environment (Figure 2). Mangroves and oysters are foundation species
that are often removed or destroyed during shoreline armoring. Foundation
species are habitat-modifying species that form the base of the community
(Stachowicz 2001), have a disproportionately large effect on a community
(Dayton 1972, Dayton 1975, Bruno & Bertness 2001) and typically promote
increases in diversity, resilience, food web complexity, and productivity.
Within tidal environments of South Florida, diverse species occupy
complex habitats, and structures that emulate natural mangrove and oyster
shorelines could support the species and subspecies listed in Figure 2.
In terms of opportunity, studies have shown human-made structures
have the potential to support diverse marine life and increase the filtration
capacity of altered shorelines well beyond that of existing natural edges
(Layman et al. 2014). “Seawalls, piles and other dock structures create
surface area, and the choice of building material can play a substantial role
in supporting tidal species (Chase et al., 2016; Theuerkauf et al., 2014).”
“However, seawalls and other marine structures are relatively featureless
vertical conditions and thus lack the structural complexity of natural
intertidal habitats (Gittman et al., 2016).” Spatial heterogeneity allows for
a more diverse species assemblage to occupy the habitat (Aguilera et
al. 2014). For example, within the same ecosystem oysters on mangrove
prop roots can be found in larger densities than on oyster reefs due to
the additional vertical relief (Aquino-Thomas and Proffitt 2014), indicating
that the design of a seawall to encourage oyster colonization can have
cascading effects on water quality and biodiversity.
Although various performance metrics of a building can be simulated with
a reasonable degree of certainty, the accommodation of living organisms
and complex ecological processes requires a wide range of expertise. In
many cases, there is a distinct gap in knowledge regarding dimensional
preferences of species in these environments - many are adaptable to
diverse habitat structures and documentation is not easily accomplished
due to the discreet nature of the habitats. However, studies show
supporting evidence that extending the available habitat across areas
of human-altered landscapes would provide a simulacra of the historical
natural shoreline. One survey found that replacement of large swaths of
landscape (50-80%) causes dramatic decline in species richness within
human-altered shoreline environments, whereas fragmentation that
permits patches of habitat to exist within proximity to each other
(i.e. “habitat matrix”) has little to no effect on most near shore marine
species (Harwell, Posey, and Alphin 2011). Additionally, longer contiguous
mangrove shorelines have been shown to increase the abundance of
oysters on prop roots, which in turn facilitates oyster abundance on the
ground (Aquino-Thomas and Proffitt 2014). Artificial habitat patches may
provide a continuum across human interventions in order to promote
diversity and improve water quality in these environments.
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Accommodating ecological services within urban areas has become
paramount to reverse the decline of previously productive habitats, and
the challenge may be one of design. Ecological engineering of artificial
structures needs to be incorporated, particularly in areas where restoration
efforts are unlikely to be implemented. Methods should not be limited to new
structures, but should include methods to modify existing artificial structures.
Our collaborative research questions that guided the work include:
1. Can image sampling be appropriated for the creation of
artificial habitats for non-human living systems within
the constraints of a surface-based panel?
2. What effect does image composition
(hue, saturation, grayscale, etc.) have on the image sampling 		
results in terms of habitat structure and hierarchy?
3. Can the results of image sampling be effectively tuned
for species and environments with secondary parametric inputs?
METHODOLOGY
Our method to creating artificial habitats utilizes image sampling coupled
with parametric shape overlays and applies the approach in the design of
panels for a living seawall in South Florida.

Figure 2. Sample “edge habitats” for South Florida, USA: (left) typical concrete seawall
in Southwest Florida; (right) low tide view of mangrove-oyster reef in 10,000 Islands,
Everglades National Park.
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Our methodology consisted of generating a wide range of surfaces derived
from photographs of natural environments, then enhancing these images
with specific geometry reflective of species habitat preferences - a set of
shapes defined by habitat typologies for groups of tidal species.
We prioritized surface features that corresponded to evidence from extensive
fieldwork undertaken by authors, accounting for the tool and material
constraints of fabrication processes in the first generation of prototypes.
Surfaces that scored best during interdisciplinary critique were digitally
fabricated to establish fabrication and casting methods in preparation for
aquarium-based experiments (not yet concluded at time of this publication).
Image Sampling Parameters
Our work utilized McNeel and Associates Rhinoceros modeling software
with Grasshopper plug-in to create and modify the geometry. Originally, the
“heightfield” command was used to sample images and modify parameters,
but the limits of this tool led to the development of a custom script in
Grasshopper. Our script generated the surface height by normalizing
the image within a grayscale of 0 to 1 representing black to white. The
final depth of panels ranged from 0 to 6 cm [2.36 in.] in 1,5 cm [0.59 in.]
increments to simulate a range of depth approximating a flat seawall to
the depth of relief in the outermost surface of an aggregated group of
oysters. Images were selected based on variation in color and pattern
and represented a range of habitat conditions in mangrove and oyster
landscapes. These images were sampled and, in some cases, filters
were applied to enhance image characteristics (contrast, saturation, hue,
solarized, etc.) which maximized the diversity of topographical surfaces
resulting from the sampling process. The parameters of the sampling
procedure included density of sampling points (held constant in first series)
and height of surface displacement, the combination of which represent the
degree of fidelity to the original image.
Parametric Shape Overlay
We developed a script to generate primitive shape arrays that approximated
basic habitat qualities for common species. Rather than target single species
with each shape, the forms were meant to accommodate two types of habitat
structures that serve many species - shelf and pocket forms. Shelves enable
protected circulation and resting zones, while pockets serve as areas of
refuge (Fig. 3). In the parametric model, circulation shelves are developed
with rectangular bars defined by x and y inputs and the relief pockets are
developed with a set of offset circles defined by radius inputs. In both cases,
the shapes override points from the image sample array that lie within the
bounds of the respective geometry - either to minimize or maximize the point
height within the predefined limits of z-position. These two habitat typologies
were intended as the first letters to a larger language of shapes that will be
elaborated with the evolution of the system with feedback gained from the
first prototype.
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Figure 3. Shape definition by habitat type - shelf and pocket typologies satisfy a wide
range of naturally-occurring habitats.

RESULTS AND DISCUSSION
Our work resulted in three specific outcomes: (a) a collaborative workflow
and computational model able to synthesize criteria from multiple
disciplines, (b) the evidence of this process that included a wide range
of material samples and exploratory techniques, and (c) a final set of 20
panels that were cast in concrete for aquarium experiments relevant to
South Florida seawall application.
We first relied on image sampling as an efficient method to produce a
wide range of surface characteristics (Fig.4). Our database of images
was established using author fieldwork and online sources. These images
were edited by cropping, desaturating, inverting and applying color filters
to manipulate the information and emphasize the distinct patterns. This
first set of surfaces was driven by the images and maintained a constant
surface offset height but varied density of sampling points from left to right
across each set.
Most significantly, the diverse range of formal characteristics across the
set of panels enabled critical evaluation of the results that ultimately led to
the shape enhancement strategy. Due to the lack of documented habitat
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dimensions in literature, this approach successfully generated a wide range
of shape types to determine suitability. From these discussions, specific
characteristics emerged as desirable in the final forms.
Images were then selected that generated uniform roughness across the
panel with subtle variation locally. One particular image was most effective
at achieving a consistent density and depth of relief that emulated an
oyster reef (Fig.5, left). This image documents barnacles, oysters and other
organisms in an early stage of growth across a panel of similar size to our
25x25 cm [9.84 by 9.84 in.] test dimensions, and due to its consistency was
used as background for remainder of studies.
Image sampling produced a rich variety of forms derived from images
of actual habitats. However, the results lacked consistency and when
modifications to the image were desirable, a significant amount of image
editing became necessary, yet still without achieving any form of parametric
control. As conversations on the appropriateness of the forms gave way to
specific geometrical considerations, the need for a new layer that permitted
control while maintaining the organic and amorphous qualities was needed.
Ultimately, the image sampling procedure lacked control and consistency
in the results and required the augmentation of simple overlay shapes to
ensure hierarchy of habitat relief.

Figure 5. (upper left) Barnacle-encrusted surface selected as background image for image
sampling, (upper right) range of sampled surfaces with increasing density of sample mesh
points left to right (10-20-30-40) and increasing height of offset in 1,5 cm increments on y-axis
top to bottom (1,5-3-4,5-6 cm) [0.59-1.18-1.77-2.36 in.], (bottom) offset of surface by vectors
at mesh vertices defined by point grid at base plane.
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With the establishment of a suitable background image and sampling
density, we introduced the shape overlay. We used the identified basic
shapes (circle = relief pocket, rectangle = circulation shelf) to augment the
background surface with specific habitat matrix as overlay in the habitat
panel (Fig.6). The added forms introduced an overlay of habitat hierarchy

Figure 6. Effect of augmenting image with parametric shapes and the user groups
primarily affected by the habitat typology.

to compliment the patterning achieved with the image sampling. In the
script, the basic shapes are spliced with the image sampling to maximize
or minimize the offset surface in response to circle diameter or rectangle
dimension. Inner boundaries define the minimized offset, equivalent to
black values in the sampled image, and outer boundaries define maximized
offset, equivalent to white values in the sampled image. The combination
of image sampling and shape overlay created spatial heterogeneity within
the panels, which may better serve to promote diversity of occupants. The
selected results of combining the pocket and shelf geometries to the image
sampling are shown in Figure 7.
A pattern exhibiting attractive features was selected for fabrication, and the
surface was milled in medium density fiberboard (MDF) as a pair of bookmatched tiles (Figs. 8 and 9). Twenty tiles were produced for submersion
in artificial saltwater environments that varied height of relief from 0-6 cm
height [0-2.36 in.]. The prototype panels were fabricated as 25x25 cm
[9.84 by 9.84 in.] panels to test geometry and fabrication techniques as
full-scale surface samples. The full range of relief was CNC milled in MDF
and used to cast silicone rubber molds. Shellac was applied to the milled
MDF surface to seal it, and silicone casting rubber was poured over the tile.
Mold Max 10 by Smooth-On was used for the silicone rubber castings of
the negative. Once removed, the silicone rubber became master molds for
the casting of multiple tiles in concrete.
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Figure 7. Increasing the dimensions of shape overlays for pronounced effect. The dimensions
of each habitat shape are modified for specific evironmental conditions and creature preferences.

Figure 8. Final series of low to high relief panels cut for aquarium experiment - MDF,
concrete and silicone panels shown at right. Additional featureless concrete panels (not shown)
were cast as baseline for comparison in the study to simulate typical seawall conditions.
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Figure 9. Fabrication workflow: Selected 25x25 cm [9.84 by 9.84 in.] surfaces were milled
in MDF and sealed with shellac (1-2), silicone rubber was poured over the MDF to create
the master molds (3-5), master molds lubricated and concrete poured over (6-7), removal of
complex molds from surface (8), and final sixteen tiles delivered for aquarium experiments (9).
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Figure 10. (left) Plan view of saltwater aquarium with panels secured by clamps,
and (right) panel removed from water with black marsh crabs hiding in relief areas.

The final panels were developed for a controlled aquarium experiment to
provide evidence of common species interacting with the panels. The initial
experiment set up is shown in Figure 10. Panels of varying relief heights
were introduced in singular and mixed arrangements. Black marsh crabs
were introduced to the environments, allowed time to acclimate, and then
panels were revealed. In summary, the preliminary results indicated a
critical threshold for habitat preference. Low relief panels were equivalent
to featureless panels in terms of crab response. In contrast, the medium
and high relief panels had nearly 100% response by the crabs, indicating
a tradeoff among material quantities, efficiency of producing panels and
habitat values.
CONCLUSION
Our methodology for developing artificial habitat panels consisted of
image sampling enhanced with a parametric model of pocket (circular)
and shelf (rectangular) shapes. These basic shapes were derived from
simplified versions of natural habitats and used to augment a background
image with variable hierarchy of habitat structure. The shape definition is
an evolving language that may form the foundation to an algorithm-based
generator for habitat types. The results of this methodology included a
wide range of biomorphic surfaces, of which a select group was further
developed and then cast in concrete for aquarium experiments. Image
sampling proved an effective way to achieve the heterogeneity of surface
without existing research on the specific habitat dimension of many
species. Although in our method we found distinct forms that would satisfy
the conditions of an artificial reef, a more substantial photo survey of
natural habitats would be ideal.
In terms of the effectiveness of the panels, our approach resulted in a
highly modifiable script in Grasshopper that can accommodate any shape
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input or density to define simple relief habitat. One shortcoming of this
method is the limitation of relief pockets to provide full protection.
Our future work further investigates how this approach may include more
complex habitat structures to accommodate full relief.
Marine environments are complex and require feedback in the development
of new technologies. In the intertidal zone, there are multiple stress
gradients, which may affect the direction and strength of species
interactions. Organisms try to minimize the effects of both abiotic and
biotic pressure by occupying the parts of the habitats that are more suited
to life/survival. The community structure along these environmental
gradients is shaped in a somewhat predictable manner by dynamic
interactions.
A community structure is influenced by predation, competition, biological
disturbance, physical disturbances, configuration of the habitat, vertical
and horizontal gradients, and the heterogeneity of the species along the
environmental gradient. The interplay of abiotic and biotic factors is the
controlling element of the species mosaic. The structure of the habitat
affects not only the secondary foundation species themselves, but also
the abundance and diversity of the assemblages. Thus, our design for the
panels tries to decrease both abiotic and biotic pressure on the residents of
the seawall, and proving our design can effectively perform in this manner
requires testing in an actual tidal environment. As such, and following the
lab experiments, a prototype seawall habitat at a location on Lemon Bay
in Southwest Florida is planned. Panels will be designed for application
over an existing seawall and left in place for monitoring over several years
(Fig. 11).
Scant research has been done to quantify and qualify the impact of artificial
structures and the ecological functions that are lost with development of
the shoreline. Artificial structures that take the place of natural substrate do
operate as habitat, though habitat that houses less abundant, less diverse,
and a different group of species. There is a strong need to build seawalls and
other artificial structure that meets both human and environmental needs.
The eventual application of this technology may be architectural,
infrastructural and landscape surfaces. In this regard, high-performance
passive architecture that capitalizes on climatic factors to inform building
design might expand to include biodiversity in the development of surfaces
and structures. Furthermore, certification systems that seek to improve
the sustainability of the built environment must integrate displacement
of natural habitat in the form of building footprint and its shadows as
ecological factors, e.g. Living Building Challenge. Furthermore, the vertical
and horizontal surfaces of structures in urban areas may offset the lost
habitat of the landscape with a much greater surface area available
for colonization and biodiversity. Biomimetic structures can connect
fragmented habitats, which in turn connects fragmented populations
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and has an effect on larger environmental scales (Firth et al. 2013).
This concept builds on what is known as “Win-win Ecology,” which
introduced a method to providing key habitats within urban areas to
promote basic and more complex ecosystem services (Rosenzweig 2003).
Perhaps best demonstrated with the recent surge in parametricallygenerated and performance-based surfaces in buildings, architectural
styles broadly considered have pivoted back towards expression of
technology, culture and diversity through use of contemporary ornament
(Kolarevic and Klinger 2008; Moussavi and Kubo 2006). The emulation
of the environment further reflects a shifting societal awareness of the
intrinsic beauty and delicacy of the planet’s finite resources, even if only
symbolically in buildings for most cases. Digital technologies have enabled
widespread access to imagery from environmental and biological sciences
and propagated greater affinity for the natural world. The architectural
ornament has reemerged within a digitally-driven design process, one
that has fostered the integration of natural patterns in architectural
projects. New terminology is emerging to support this expanding field

Figure 11. Schematic installation for seawall application of panels centered on tidal range
in Lemon Bay in Southwest Florida, USA.
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of design inspired by imagery from the sciences - one notable example
is “biornametics,” a term derived from biomimetics and ornament
(Gebeshuber, Gruber, and Imhof 2012). Image sampling, along with
photogrammetric technologies, has enabled this “tech-transfer” from the
sciences into design via photography.
City policy-makers have made strides to encourage urban ecology through
native plantings, green roofs, rewilding areas, urban forestry, etc., yet
the constructed elements remain passive and inert. Landscape urbanism
views the city as an interconnected system of buildings, infrastructure and
ecological dimensions. In order for the built environment to support this type
of urban ecosystem, surfaces currently non-supportive of living systems
must be activated. Ideally, these efforts strengthen human culture with
materials and designs that enhance the ecology of the city.
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ABSTRACT - In this space, small-scale coastal erosion, and natural
growth become the vehicle for project based architectural speculation
that leverages the resources of local landscapes and creates a new
architectural trajectory based upon the need and aesthetic of ecology.
Here, MaterialNature is a series of architectural entities that become
landscapes over time, made from a mixture of residual materials designed
specifically to be weatherized. Its design is intended to provide a potential
architectural amenity in areas of recreational activity as well as areas
devoid of human contact, while simultaneously realizing a potential for
architecture to be born from waste or local material, and to return to nature
without providing further waste. As such, this architecture moves from
one of formal composition to one where the formal characteristics of local
ecology and landscape become more apparent than the form itself.
Keywords: architectural ecology, erosion, landscape ecology, large-scale 3D
printing, material innovation
The call for “Resilient Edges - Investigations, Strategies and Designs for
the Ecological Resilience of Coastal and Delta Areas Around the World”
presented a unique opportunity for those interested in the design and
theory of the built environment to explore problems and solutions relative
to the pressing problems of global environmental damage, climate change,
materiality, along with a parallel potential for an architectural language
of which permanence may not be the singular performative element.
The subsequent content is situated at the intersection of water and land
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whereby the evidence of ecology, both manifest and specular, are at a point
of considerable vulnerability. In this site, the variables of life are at once
extremely noticeable and at times absent. This zone of “wrack and drift” is
one where the physical artifact of architecture presents a need for a flexible,
hybrid character, reflecting the needs of both the natural and the manmade,
along with their respective infrastructure.
In the essay “Non-Anthropocentric Architectures,” Michael Hensel responds
to the issues of altered environmental conditions, “For several decades
numerous politicians, biologists and architects have stated the need for a
biological approach to some of the most pressing problems arising from
the extensive impact of humankind on the natural environment.” 1 The
1987 report of the World Commission on Environment and Development,
entitled Our Common Future and commonly known as the Brundtland
Report, explored a broad range of sustainability concerns, including the
fundamental necessity or preserving the abiotic (non-living) and biotic
(living) environment and its associated processes:
Important are the vital life processes carried out by nature,
including stabilization of climate, protection of watersheds and
soil, preservation of nurseries and breeding grounds, and so on.
Conserving these processes cannot be divorced from conserving
the individual species within natural ecosystems. Managing the
species and ecosystems together is clearly the most rational way to
approach the problem. 2
The “Non-Anthropocentric” essay continues with the question, “how are
natural processes and ecosystems to be maintained? And what kind
of disciplinary affiliation between architecture and biology is needed in
order to tackle the complexity of the problems arising from the interaction
between the human-made and the natural environment? To confront these
issues it is necessary to focus all efforts on the question as to how the built
environment can be ‘in the service of’ the natural environment.” 3
As rising sea levels are projected to continue one meter before 2100,4
there is cause for a specific dimensional area of speculation to be fertile
ground for architecture, landscape architecture, ecological urbanism. At this
point, it seems fitting that words such as barricade, barrier, block, dam, wall,
facade, fence, screen, side, be replaced or reconsidered along side such
words as accessible, susceptible, expanded, exposed, revealed, rolling,
dehiscent, expansive, navigable, whereby the aesthetic of future intuitive
programs can be embraced by fluctuating needs of both man and nature,
and the performance of the drift zone be up-cycled to one of elevated
performance. This need is made more important considering that many of
the fastest growing cities in the world are along a coastline, and population
is at a level higher than previously seen in our history. Even at the current
state of global population, it is clear that our relationship to manmade
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and natural ecology is in need of radical cultivation and refinement on a
multitude of scales.
Beaches have always been an ongoing setting for erosion and the effects
of natural processes relative to materials and landscapes. In this setting
natural selection can take its toll and ecologies are shaped because of
what they are, where they are, and what they are made of, literally. In the
twentieth century, this setting also, unfortunately, became prime territory
for pollution, waste, and erosion due to manufacturing, lack of regulation
and expanse of globalization whereby coastal shipping practices privilege
transient international growth at the expense of local sustainability. In the
special issue of Architectural Design titled “Cities of Dispersal,” the essay
“Our Beautiful Future,” Martha Rosler describes “collaborative projects
which were manifested at the 2003 Venice Biennale that joined together
students and artists in imagining alternative publics to rescue the utopian
hopes” 5 of society. In these projects there is discussion of imaginary
“post-places” whereby mankind perhaps would not recognize itself in the
promised land of change and remediation. For the project MaterialNature,
the imagined role of the “post-place” is a tidal zone where architecture is
centered around a material agenda that gives way to landscape and a
reconceptualization of the bionomic circuits of waste, erosion, ecology and
opportunity.
In this space, influences of small-scale coastal erosion, and natural
growth become the vehicle for project based architectural speculation
that leverages localized material logics and creates a new architectural
trajectory based upon the need and the aesthetic of ecology. In this state,
MaterialNature is a series of architectural entities that become landscapes
over time, made from a mixture of residual materials designed specifically
to be weatherized. Its design is intended to provide a potential architectural
amenity in areas of recreational activity as well as areas devoid of human
contact, while simultaneously realizing a potential for architecture to be
born from waste, and to return to nature without providing further waste. As
such, this architecture moves from one of formal composition to one where
the formal characteristics of local ecology and landscape become more
apparent than the form itself.
Moving to a practical reading of the beach as a site, although non-scholarly,
the manual How to Read a North Carolina Beach published (2004),
discusses years of scientific observations taken by walking beaches and
observing the materiality and found condition of the daily wrack zones
caused by the ebb and flow of the tide. In this, the author states:
Much of the extraneous material on beaches is found in drift lines
(wrack lines) which are the linear piles of natural and man-made
objects that are left behind at the uppermost limit of the wave
swash. The positions of the drift lines are a good indicator of the
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high tide or storm wave limit. On some beaches, especially the
undisturbed ones, as many as three separate wrack lines can
sometimes be seen. The lowest line of debris marks the normal
high-tide line. The next line, a foot or two higher, is from the fullmoon tide, and the highest wrack line is from the last big storm.
A walk into the dunes, into the center of the island, far from the
shoreline, may reveal old lines left from significant flooding as long
ago as ten of twenty years.6
The author’s description of the found condition is one that illustrates a
change in the material status of the site and indicates the natural history
of day to day activity along this versatile but dimensionally thin landscape
ecology. It tells of an ephemeral reading of the site based upon time,
material, water, wind, gravity.
This reading is not always apparent. A variety of practices designed to
supplement our day to day existence in modern society act to erase these
natural readings. Actions such as beach grooming, sand modification,
seaweed and shell harvest, erosion, illegal sand collection, coast-line
fracking, urban runoff, sewage lines, improper drainage all act to modify or
in some cases erase the natural state of being along the drift. Unfortunate
in that the natural retention of this material, along with the ecology that
accompanies it, can naturally work to maintain the delicate performative
balance between landscape and ecology. The removal of material and
the presence of introduced actions such as those stated above only work
to create an exponential situation when added to the aforementioned

Figure 1. Drift lines and wrack zones.
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conditions of population growth and urbanization. The beaches are simply
stripped bare, and what remains is a design question that begs for answers
in a world where man controls the outcome.
Regardless of urbanization, beaches help support economies. Coastal
communities depend on the income from tourists. In order to keep the
beaches aesthetic, grooming typically occurs and is a widely used practice
to keep the sand clear of both natural debris and trash, which is appealing
to the public. It is obvious to scientists that this practice significantly disturbs
the sandy beach ecosystem. Fortunately, in certain areas, the presence of
pollution and irresponsible practices also bring with them the presence of
sustainably minded people with a goal to manage current practices.
However the task is monumental and requires input from scientists,
government agencies, environmental groups, and concerned citizens to
develop grooming practices that strike a better balance between the
economic and ecological assets of the beach. The success of these
modified beach maintenance practices demonstrates the importance
of basing environmental management in sound science and supporting
collaboration among many diverse stakeholders.
According to the 2017 scientific interview “Beach Ecology,” 7 researchers
view the high tide line as “an ecologically vibrant zone on the beach […]
grasses wash up to this zone, forming what is called the wrack line. As
the wrack breaks down, it provides nutrients that form the base of the
food chain on the beach, supporting everything from tiny invertebrates to
shorebirds. Many nutrients from the wrack also filter through the sand and
make their way back out to the water, supporting the near-shore marine

Figure 2. Beach wrack.
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ecosystem.8 Both wrack at the high tide line and plants growing on the
upper beach help to reduce the impact of the wind, protecting the sand from
erosion. These processes are essential to maintaining a healthy
beach ecosystem.” 9
METHODOLOGY / PROCESS
The altered environmental conditions of today can no longer
be mastered with the architectural resources of the past. The
relationship between biology and building is now in need of
clarification due to real and practical exigencies.
The problem of environment has never before been such a threat
to existence. In effect, it is a biological problem.10

Figure 3. Bubbler crab deposits.

Figure 4. Moeraki boulders.

MaterialNature is not as interested in creating a built architectural object,
but rather a series of architectural situations that involve mixtures of
architectural material & landscape ecology as ways to mesh the material
gradients of the tidal zone, and ultimately formulate solutions to negotiate
the collaborative relationships of site and erosion that make up the found
conditions created by improper globalization, pollution and waste.
As a synthesizing of hybrid frameworks, the goal of the material palette
is to demonstrate performative criteria needed for a healthy beach, and
to subsequently generate experiences that explore local landscape
phenomena such as flower gardens, corals, sand dunes and succulent
groves. These plant pallets are designed according to the local ecology.
The shape grammar of the architecture is inspired from localized conditions
most appropriate to the stone formations found in the area and beneath
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the sand itself, such as those referenced by the geology of Moeraki Beach
Boulders on New Zealand’s Otago coast, or can even be inspired by
smaller scale actions that lead to bigger propagations such as the activities
of sand bubbler crabs, and then digitalized and compounded by effects
of wind and salt water. The material palette is born organically via a step
by step process that begins with large scale 3D printing with a Potter-bot
in a university lab, then placed on site, covered with biological geotextiles
on top of with local growing medium and subsequently seed-bombed and
watered. Because it is important for the project to contribute as little as
possible to the landfill and to the man-made footprint of each individual
area, the material from the 3D-printers is the only purely non-native
material involved.
This material is printed from a modified Potter-bot printer that normally
prints large-scale pottery elements, but is in this case used to print with

Figure 5. Surface prototypes.

Figure 6. MaterialNature, section 2017.
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mud and clay via wet medium as a slurry that begins to dry within thirty
minutes. Once printed and deployed to site, the timeline of each individual
module is solely contingent upon the natural processes that take place
over the course of the first three years, after which, the individual parts and
pieces of the project become a landscape artifact made expressly to be
weathered and decayed on site.
As a process, MaterialNature employs a strategy of “opportunistic
materiality,” building on an attitude of creative problem solving that
embodies a forward thinking agenda respondent to the overlooked forces of
neglect and waste.
The resultant artifacts of this process theoretically can be any form of
material or spatial situation created by discarded materials left behind by
humans, but to be more specific for the context of this project, it can build
upon the ingredients of the local ecology as building blocks for architectural
forms. This agenda positions the future of architecture as a scenario with
three possible motives:
1. Potential for relationship with ecology.
2. Potential for relationship with local culture.
3. Potential for relationship with material.
To further contextualize the methodology, this agenda is prescribed to
coastal communities. Within this context, 3D printing has been used to
replicate the found geologic conditions that assist in erosion control before
manmade activities began interfering with the natural processes of beach
control. We began taking note of soft rock formations along the shore which

Figure 7. Natural formation prototypes, 2017.
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are transformed by wind, water, and subsequently taken over by plants. The
rock here is a porous mixture made of shells and sand which are accepting
of spontaneous, opportunistic landscapes. Plants themselves are able to
germinate in the rock surfaces and grow year round, creating a surface
of landscape on the outlining layer. This is a mutual relationship fostered
between the landscape and the local stone which is a concept leveraged
by MaterialNature to create a localized architectural surface prototype. In
the Architectural Design journal “Experimental Green Strategies, Nature
as Measure,” the author Terri Peters writes, “nature always doubles up on
functions, think of a feather - waterproof, airfoil, self-cleaning, insulating,
beauty for sexual reproduction. What can we expect from our buildings.” 11
The spirit of programmatic multiplicity and performance is found in
MaterialNature as we begin to create surface prototypes that are meant to
ride the line between nature as the diviner of form, surface and aesthetic.
The surface prototypes are placed upon circular formations inspired by
Moeraki Boulders and Bubbler Crabs.12 These boulders are artifacts born
from a phenomena that creates spheres of solid rock formed by weather
and erosion. Interestingly, many times these types of formations are buried
in coastal land without people even knowing about it, with un-natural beach
erosion and fracking they appear faster being revealed to the public as an
unusual rock formation. These boulders are created by the cementation
of mudstone. The main body of the boulders started forming in what was
at one time marine mud, near the surface of the Paleocene sea floor.
One of the interesting things about these boulders is that some of them

Figure 8. Geologic cross-section, Kenneth Pierce in 1966.
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are hollow on the inside. The boulders consist of mud, fine silt and clay,
cemented by calcite. In section, MaterialArtifact begins to take a shape very
much inspired by these rocks. The circular forms also make them useful
in erosion zones due to the compatibility to drainage and the scalability of
each form.
Early geological mappings were used to begin to understand how
MaterialNature might have looked as a found condition, as if it were buried
based on geological forces and then revealed naturally. To help with
calculations, we used Rhinoceros with Grasshopper plug-in Millipede to
help alter different data sets affecting the shape grammar. This became
an important analysis and optimization tool. It allows for very fast linear
elastic analysis of frame and shell elements. In the end, after a significant
amount of geologic study and research on rock formation and geography
of beaches, MaterialNature took shape as the simplest Millipede distillation
of all the forms combining the influences of Moeraki and buried rock. With
all of the conceptual underpinnings, it was important that the project be one
that indeed took reference from appropriate forces and artifacts, but in the
end, it was important that the project become its own entity based on the
proscriptive needs of a particular site.
PROJECTIONS
Though the continued research of geology gave specific shape to the
prototypes of MaterialNature, the life span of this architecture is
multi-variate, and ultimately fleeting. Its form is meant to change and
ultimately become one with its location, perhaps disappearing from its
original state. It is quite possible that the self-organizing peripheries will
become contaminated once again. However, the project seeks to give
credence to nature, allowing it to play a heightened role because of the
infrastructure put into place. It is not designed to remain in one state,
and is destined to be ephemeral, lasting for only a short, transitory time.
It begins as a series of man-made natures and as time progresses,
the natural process of beach ecology takes its course; the project
develops into a reef like protective landscape, completely natural to
the environment. The architecture is a singular transgression between
the meta-morphosizing effects of wind currents, geography, landscape
germination, pollination, growth and site. Its mission is to embrace
integrated site problems in a natural way, with the following problems as
being most relevant:
1. Coastal erosion due to man-made activities such as beach
grooming, sand removal, drainage and fracking undermine
the natural history of place and dilute the natural act of self-		
maintenance and performative landscape along the beach.
2. 60% of U.S. landfills are filled with waste from construction sites 		
or an architecture related industry. The physical act of making
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and designing with traditional materials which are used inefficiently
and then thrown out needs to be re-considered due to ecological
destruction, new ideas need to be explored, new architectures
need to be brought to life that can include ecology and a higher
variance of performance.
In many ways, the performance of MaterialNature is contingent upon the
placement of the structures. Ideally, they are placed in the wrack zones
and drift lines on areas of coastal erosion along shorelines like a land

Figure 9. MaterialNature, 3D printed configurations of formations.
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reef. In this situation, the project is introduced as a civic amenity, but also
presented as an opportunity for public knowledge and enlightenment by
utilizing architecture as a vehicle for issues surrounding local erosion
based on recreation, poor land management practices, waste from the
ocean going shipping industry, lack of civic design, and the importation of
mass produced, seasonal pavilion structures that are non-local and out
of touch with a true sense of place. The project leverages large scale 3D
printing with sand and clay, and offers an alternative material trajectory
paired with the aesthetic of localized ecology. The exterior and structure
are all made from the same multi-layered material paste mixture of sand,
clay, landscape seeds which are local to the area and responsive to
germination but finite enough to pass through our modified printer nozzles.
Over time, the architecture becomes garden. The garden becomes
landscape. The landscape becomes beach.
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Figure 10. Timeline of MaterialNature moving from year 1 to year 3, 2017.
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Territory and Technology:
A Case Study and Strategy
from the California Delta
Richard L. Hindle, Neeraj Bhatia

ABSTRACT - The notion of the resilient edge is perhaps most emblematic
in deltaic landscapes, which are a landscape form par excellence of edge
conditions - both for their fluctuating natural boundaries and complicated
relationship with anthropogenic forces. Given this juxtaposition, it is
worthwhile to revisit the early history of deltaic transformation and
urbanization — from surfaces to edges — to gain insights into the future
resilience of these landscapes and strategies for their redesign. In this
essay, we investigate the early history of the California Delta, starting
with the Swamp Lands Act of 1850, to gain insights into how policy and
technology territorialized this vast inland estuary. We then reformulate this
history as a contemporary strategy for the design of deltaic landscapes
and introduce a pedagogical experiment to test our observations.
Keywords: California Delta, design strategies, innovation, Swamp Lands
Act, technology and territory
The California Delta, at the convergence of the Sacramento and San
Joaquin Rivers, provides a fascinating case study on how technology
territorialized the fluctuating boundaries of a dynamic inland estuary and
transformed it into an ordered and productive landscape defined by levees,
fields, and channels. It is hard to imagine, but the ancestral ecology of
the California Delta was not retooled by an orchestrated government
masterplan but rather through a bottom-up process of technological
innovation and distributed capitol investment. Land grants incentivized
private development of the delta, transforming millions of acres of tule
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marsh into a robust, albeit outdated, landscape infrastructure comprised
of drainage works, levees, and agriculture. The transformation of the
California Delta, and 64 million acres [26 million ha] of swampland
throughout fourteen other states, was part of a radical landscape strategy
played out on a national scale under the Swamp Land Acts (1849, 1850,
1860). From the initial California Swamp Land Grants of 1850 until the
early-twentieth century, more than two million acres [more than 809.000 ha]
of prime wetland were drained and leveed in the California Delta a massive
swath of California’s interior was reconfigured by investors, inventors,
farmers, and speculators, suggesting that the transformation of large-scale
landscape systems, and construction of extensive infrastructure, may
be accomplished through bottom-up processes with limited government
funding or regulation.
The resulting landscape of the California Delta is part-natural, partartificial, and materialized from a collection of specific technologies that,
once deployed, had a trans-scalar, although inadvertent, impact on the
delta. While mired by a colonial and hegemonic past, we can learn from
the history of landscape transformation enacted in the California Delta
and other swamplands for the innovations they inspired. As we face a
gridlocked federal government and rapid environmental change that no
single agency is equipped to respond to, this bottom-up approach provides
a useful template for reimagining the future of this dynamic territory.
Given the convergence of environmental challenges that currently
threaten the delta, can a similar strategy of socio-technical innovation and
entrepreneurialism that was used to transform the delta to an agricultural
landscape in the late nineteenth century facilitate the renewed productivity,
reconstruction, and possible re-wilding in the twenty-first?
THE SWAMP LAND ACTS (1849, 1850, 1860): A NINETEENTH CENTURY
STRATEGY FOR ENVIRONMENTAL TRANSFORMATION
The California Delta region exemplifies the transformations of the American
landscape enacted as the west transitioned from distant territories to
states. This region was largely developed for its fertile soils, protected
navigation corridors, abundance of fresh water, and proximity to rapidly
urbanizing areas such as the cities of San Francisco and Sacramento.
One of the first organized attempts to colonize the Delta came in the form
of “An Act to enable the state of Arkansas, and other States to reclaim the
‘swamp lands’ within their limits” (September 28, 1850), which was part of
series of initiatives popularly known as the Swamp Land Acts (1849, 1850,
1860).1,2 The reclamation of swamplands catalyzed investment in previously
unwanted federal lands - changing settlement patterns, displacing
native cultures, and also catalyzed technological innovation and private
investment through non-cash incentives known as land grants.3
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Figure 1. Map showing the topography and waterways of the state, including the vast inland
estuary known as the California Delta, ca. 1885.

The first Act (also known as “Swamp Land Grant”), titled “An Act to aid the
State of Louisiana in draining the Swamp Lands therein” was passed by
Congress in 1849, “to aid the State in constructing the necessary levees
and drains to reclaim the swamp and overflowed lands therein, the whole
of those swamp and overflowed lands, which may be, or are, found unfit for
cultivation, shall be, and the same are hereby, granted to that State.” The act
transferred 9,493,456 acres [3.841.868 ha] of federally owned swamp to the
state of Louisiana, contingent on the sale and reclamation of the property,
and the use of funds resulting from the sale to build levees along the
Mississippi river and its adjacent tributaries and distributaries. It is with this
policy mechanism that the first federally backed levees were constructed
along the Mississippi using the capital and sweat equity of private citizens
(and their slaves) coupled with the disposal of lands in the public domain.
The second Act of 1850, “An Act to enable the state of Arkansas, and
other States to reclaim the ‘swamp lands within their limits’,” expanded
the precedent established in Louisiana to Arkansas, Alabama, California,
Florida, Illinois, Indiana, Iowa, Michigan, Mississippi, Missouri, Ohio, and
Wisconsin, ultimately transferring 50,409,348 acres [20.399.957 ha] of
wetland to the states. In California, 2,192,975 acres [887.466 ha] were
transferred to the state for sale and reclamation, consisting mostly of
extensive tule marsh in the Central Valley, what is today known as the
California Delta (Fig. 1).
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The third Act passed in 1860, transferring 5,002,611 acres [2.024.486 ha] to
Minnesota and Oregon.4
Collectively, the three acts of Congress shifted 64,895,415 acres
[26.262.266 ha] from federal public domain to the states so that private
citizens and eventually reclamation companies would improve these
areas.5,6 States served only as intermediaries for the sale of land to private
landowners who were ultimately responsible for improving the land, and
any leftovers too difficult to reclaim would remain property of the state. In
true American style, individual landowners and corporations became default
infrastructuralists; building the levees, installing the drains, and edifying the
countries’ most extensive water infrastructure in a freewheeling manner
premised on radical environmental transformation and profit with limited
government intervention. When evaluated through a contemporary lens,
the Swamp Land Acts represent a radical, if fraught, landscape strategy
that reified a diffuse network of infrastructure though millions of acres of
difficult swampland. Despite the well-known issues that emerged through
these acts - the displacement of indigenous cultures, loss of ancestral
wetlands, riparian zones, and vernal pools - it is worthwhile revisiting
the radical potentiality of a strategy that mobilized citizens to enact the
flood and drainage infrastructure through millions of acres of seemingly
impenetrable swamp. Today, this convergence of factors promises to repeat
itself with perennial budget deficits, gridlock, and looming environmental
threats from sea level rise and unprecedented storm events - the impacts
of which will reverberate across the United States and around the world.
Most importantly, no single government institution, corporation, or citizen
group, is prepared to respond or plan for such wide spread environmental
challenges, as we have observed with continual flooding in hurricane-prone
states, most recently in Houston with Hurricane Harvey.
FRONTIER AS A SOCIO-TECHNICAL PROCESS:
EVIDENCE FROM THE CALIFORNIA DELTA
Only days after gaining statehood on September 9, 1850, the Swamp
Lands Act of September 28, 1850, had transferred over two million acres
[more than 809.000 ha] of Federally owned swamp to California. Failures
of terminology, ambiguous mappings, finance, and policy at the State
and Federal level bungled much of the process, leading to piecemeal
reclamation riddled with corruption. Yet even without a coherent plan, the
amorphous landscape of the delta was altered irreparably by the imposition
of anthropogenic delineations created by mechanical devices7 (Fig. 2). Just
as the plow broke the plains, the clamshell and hydraulic dredges invented
in the mid-nineteenth century broke the thick, wild, tule of the delta. Once
designated a swampland, the delta was reimagined as arable, ordered, and
productive landscape that was maintained by leveed edges and elaborate
drainage, designed to retool the native ecology and displace indigenous
cultures.8 The designation of California’s inland delta as a swamp recast
it as a frontier - one of the last pieces of ground to be colonized on the
246

Territory and Technology: a case study
and strategy from the California Delta

Richard L. Hindle, Neeraj Bhatia

migrating edge of a vast western territory that had already reached its
western boundary at the Pacific Ocean.
While enabled by a loosely coordinated federal policy, the project
of reclamation, or territorialization, in the delta was reified through
technological innovation and the resourcefulness of the enterprising settlers
and prospecting urbanites. The technological innovation that emerged from
this migrating frontier boundary, however, is no coincidence. According
to Fredrick Jackson Turner’s “frontier thesis,” this type of hinterland was
essential to development of America, helping to propel migrants into
evermore-distant terrains. Settlers that pushed westward had free land
at their disposal and developed skills to control and profit from the “wild”
natural environment. The frontier embodied the tension between “civilized”
settlements and the “wilderness” beyond, and it was precisely this edge
condition that Turner viewed as beneficial, as he states:
“For a moment, at the frontier, the bonds of custom are broken and
unrestraint is triumphant. There is not tabula rasa. The stubborn
American environment is there with its imperious summons to accept
its conditions; the inherited ways of doing things are also there; and
yet, in spite of environment, and in spite of custom, each frontier did
indeed furnish a new field of opportunity.” 9

Figure 2. Aerial View of the California Delta showing levees, agricultural land,
and patches of remnant wetlands.
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The frontier became such a force of individual enterprise as it expanded,
that the legislation of the National Government became conditioned on
the frontier itself.10 A distinct and complex coupling was transpiring on the
frontier as individuals here needed to reconcile the local context - both
environmental and cultural - with collective national policy and economic
trade. These conditions facilitated land prospecting, entrepreneurialism,
and innovation in the delta.
Although plagued by a reprehensible past of ecological degradation and
cultural displacement, the wilderness of American swamplands became
a catalyst for innovation, a point that is vividly illustrated in the California
Delta. For most of the delta’s early history, individuals, not the State,
reclaimed the landscape for agriculture.11 Landowners were responsible for
its productivity and deployed, as well as imagined, new dredging machines,
levees, drains, machinery, and pumps to convert a vast estuarine
landscape into agricultural land. Despite the radical inventiveness, we
know little about the liminal space between the environmental imagination
of the settler and unmediated wilderness. Many early settlers were not
those we typically associate with representing their imaginative visions,
such as writers or artists. The frontier of California’s wilderness was the
infrastructural space of salesmen, entrepreneurs, homesteaders, and
bandits among others, whose resourcefulness made them inventors and
whose imagination is arguably best documented in land records, court
transcripts, business dossiers, newspaper clippings, exploits of the physical
environment, and the patent archive.
ENVIRONMENTAL IMAGINATION THROUGH TECHNOLOGICAL
INNOVATION
The environmental imagination takes many forms. In art and literature,
representations of nature explicate the complex historical relations among
humans and the environments we inhabit.12 The environmental imagination
may also be traced through technological innovation, which developed most
forcefully along the frontier and is depicted within the annals of the patent
office. Buckminster Fuller, the famed architect and inventor, summarizes
the process as such:
“When the democratic idea broke loose in Europe, as a result
of partial emancipation of man by his artist-an-scientist devised
mechanisms, the popular representatives of that time, thinking by
habit in terms of feudal structure and laboring under the problem
of transferring privilege of sovereignty to the populace, deemed
it a wise and just act to embody the ‘letters patent’ idea in their
democratic constitution… The necessity of invention and growth were
highly apparent to the budding democracies, for had not invention
itself forwarded man to the possibility of emergent Democracy?” 13
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Technological innovation became a mechanism to civilize the land and
also to democratize it. In this context, the text and images within patent
documents reveal a vivid environmental imagination of diverse individuals,
and view of the natural world distinct, though not dissimilar, from other
representations found in art, literature, and science.
Within patents, we find the specific mechanisms developed along the
frontier as the wilderness was transformed and territorialized, not only in
the Sacramento-San Joaquin Delta, but all across the United States. These
technologies operated on the theoretical edge of the frontier and also quite
literally the riparian edges of the delta-transforming this dynamic landscape
into a series of static “islands.” The first levees in this new territory were
built in the 1850-60s, essentially transferring levee construction methods
developed in Europe and in the Louisiana Territory to the California Delta.14
Methods for building levees in the Southern United States were not suited to
the unique conditions of the California Delta, with its deep organic soils, thick
tule, and cold freshets from the Sierra Nevada Mountains. This necessitated
technological innovation, especially as slavery was outlawed in the western
United States as part of the Compromise of 1850.15 For instance, inventors
such as Allexy W. Von Schmidt, John Hatch, and others developed hydraulic
and clamshell dredges to levee reclaimed land and adapt to the delta’s
environmental contingencies (Figs. 3, 4). Dredge technologies such as
these built most of the delta’s leveed edges and entirely reconfigured the
geomorphology of the region;16 and, as the levees proliferated and were built
higher, so too were the dredge boats that operated in the region.

Figure 3. Invented in San Francisco,
California (1876) by Allexy W. Von
Schmidt, this invention imagined a
process of removing sand and mud
from river channels through hydraulic
mining processes. The machine
and process utilize an innovative
cutter-head to agitate bottom
sediments to remove the material
through suction. Hydraulic dredges
were replaced by clamshell dredges,
which allowed for a more precise
placement of material.
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In this period of radical environmental imagination inventors from
across California developed machines to transform the water works
of the state, and sought patents to protect their intellectual property essentially conflating innovation and environment through patent rights.
Entrepreneurial prospectors developed methods to irrigate, drain, and
cultivate lands in the frontier swamplands in the hopes of urbanizing the
distant frontiers of the valley. For example, in areas with perched water
tables, William Osterberg (Fig. 5) of Modesto California developed a

Figure 4. Invented in San Francisco, California, by John Hatch. The clamshell dredge is the
most important technology to have transformed the delta.
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Figure 5. Invented in Modesto, California (1922), William and Maurits Osterberg imagined
a “System of Draining Land” which expedites the movement of groundwater to the surface
through a series of wells and channels using the passive forces of water pressure and
gravity. Groundwater would gradually be lowered, drying the land in preparation for
cultivation, and altering the ecology.
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patented system to drain lowlands by drawing water to the surface through
a series of wells and channels, passively lowering the water table in a
given area. And in areas with soft organic soils, Benjamin Holt invented
the caterpillar tractor specifically to traverse the soft ground of the Delta
(Fig. 6). Similarly, in areas dependent on groundwater from the inland

Figure 6. Invented in Stockton, California in 1907, Benjamin Holt imagined a new “Traction
Engine” to traverse the soft ground of the delta. Prior to caterpillar tracks, which distributed
loads across wide areas, the large wheels of tractors would sink into the soft organic soils.
The evolution of Holt’s invention illustrates a reciprocal relationship between technological
innovation and a specific geographic condition.

delta, elaborate irrigation systems were being invented to choreograph
the extraction and surface movement of irrigation water (Fig. 7). This effort
was far reaching and extended beyond the delta region. Alexander Parker,
for example, invented a device to control the exchange of ocean and bay
waters that would have changed the delta’s salinity by restricting tidal
exchange at the Golden Gate allowing for more fresh water to ready the
San Pablo, Suisun, and San Francisco Bays (Fig. 8). And Daniel Spangler,
a resident of Tulare, California in the Central Valley, invented a “Submarine
Wall” in 1885 to facilitate the passive dredging of bay bottoms such as
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Figure 7. Invented in Fresno, California (1906), Ingvart Teilman’s “Method and Means for
Procuring Water for Irrigation and other Purposes” imagines a topographical water systems
that integrates inclined waterways with water-powered pumps to continuously extract
groundwater and distribute it throughout the area. The process is gravity fed, allowing for the
irrigation of agricultural land to be combined with a process of groundwater extraction.

Figure 8. Invented in Etna Mills, California 1921 by Alexander Parker, the patent for “Apparatus
for Controlling Tide Waters” imagines an system for controlling tides at the entrances of bays
where salt and freshwater are interchanged. The device is comprised of a series of parallel piers
and gates hinged at corresponding points. The gates are inclined to each other, opening out
from the bay and automatically closing with the incoming tide. The invention would have vast
territorial consequences, essentially turning the San Francisco Bay into a freshwater lake.
The apparatus is also best understood in relation to the Reber Plan of the 1940s.
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Figure 9. Invented in
Hanford, California (1885),
Daniel Spangler’s patent
for a “Submarine Wall”
imagines a subsurface
louvered wall that focuses
tidal power to self-dredge
navigable channels. The
system harnesses the
hydraulic power of tidal
exchange to passively
dredge shallow bay
bottoms such as those
found in the San Francisco
and Galveston Bay.
The patent is also
significant for its use of
cartographic drawings
that suggest a regional,
or territorial, scale for
technological innovation.

those found in Galveston and San Francisco17 (Fig. 9).In essence, inventors
from the California Delta region successfully posited nature as the subject
of technological innovation, and through this process, the US Patent Office
became a legal and institutional mechanism for the diffusion of radical
environmental thinking (Fig. 10).
The California Delta and its adjacent fertile valleys was a rich muse for the
environmental imagination, becoming a distinct geography of innovation
with farsighted technology inspired by this frontier landscape. The
reciprocal relationship between technology and environment is perhaps
most evident in the works of Frank V. Wright and Newton Sewell, who
developed radical new technologies that entirely reimagined infrastructure
in the delta. Frank V. Wright of Alameda, California, and descendant of
the owners of Wright’s Tract, developed a series of levee machines and
construction methods during his lifetime. His swansong, a “Method for
concurrently maintaining and cultivating levees,” discloses a process of
levee formation integrated with agriculture in which land is created and
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Figure 10. Examples of environmental innovation span diverse sectors of technology
and geographies.

(a)

(b)

Figure 10b. Invented in Oakland,
California, 1877 by Henry
Newhouse, this patent for “Tide
Power” imagines an embayment
that orchestrates the movement of
tide-waters to generate power.
The ebb and flow of the tide powers
a water wheel, converting water
movement into energy (b).

Figure 10a. Invented in Riverside,
California, 1916, William Pedley’s imagines
a “Method of Preventing Erosion of River
Banks” establishes an anticipatory series
of control devices along the banks of
rivers. The system allows for the migration
of river channels within set boundary
that becomes activated once reaching a
predetermined point (a).
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crops irrigated through the application of sediment slurries (Fig. 11).
The polyfunctional levee imagined by Wright provides a rich vision of an
alternate future for leveed lands in the delta, but may have also helped
reduce subsidence through the incremental addition of new sediment and
organic materials. Similarly, Newton Sewell of Yuba, California, invented a
system to use the excess sediment created by goldrush mining activity to
build levees. Mr. Sewell’s patent for a “Method of relieving river channels of
sediment” (Fig. 12) utilizes a series of small subsurface dams and diversion
channels to settle out sediments and reclaim new land. These inventions
are noteworthy not only for their vanguard reinterpretation of landscape
infrastructure, but also for their relationship to the contingencies of the
California Delta itself.
The emergence of new technologies along the frontier was integral to
American statecraft, a fact that is evident in the institutions that enable
settlement of the counties’ distant territories and unique geographies. In
1849, the Patent Office was transitioned from the Department of State
to the Department of Interior. The shift may seem insignificant, but at the
time the Department of Interior was de facto “Department of the West”

Figure 11. Invented in Alameda, California in 1918 by Frank V. Wrights, this patent created
a “Method of Concurrently Maintaining and Cultivating Levees” by imagining a system
of flood protection integrated with agriculture. The process of growing crops and levees
simultaneously is achieved by irrigating with sediment heavy water from adjacent waterways.
The Wright family were early settlers of the delta, and were granted a tract of land as part of
the Swamplands Act. Frank Wright patented his first levee protection system in 1904, and
in consecutive years patented a dredge boat, levee construction method, and ultimately a
system to integrate agriculture and levee building into a polyfunctional system.
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since it contained the Bureau of Census, Indian Affairs, Patent Office,
and General Land Office, in addition to managing western territories.
Some scholars have even argued that this combination of duties would
have laid the groundwork for an early “Department of the Environment” to
emerge in the mid nineteenth century.18 In hindsight, it becomes evident
that commodification and settlement of the western United States was
paralleled by the commodification of the techniques, technologies, and
devices that empowered inventors to transform the environment and also
promote a democratic and entrepreneurial future along the frontier.
POSSIBLE FUTURES OF THE DELTA: A BOTTOM-UP AND
ENTREPRENEURIAL APPROACH
While the patent itself was typically a bottom-up act of design, its
aggregative effect provided a unique model for territorializing the frontier
that was incited by the individual itself as an inalienable right protected by
the U.S. Constitution. In fact, it was customary for the patent descriptions
to commence with the inventor announcing their name and place of
inhabitation-revealing both the empowered individual and the imagination

Figure 12. Invented in
Marysville, California, 1880,
Newton Sewell’s patent
for a “Method of Relieving
River Channels of Sediment”
envisions a sediment
management system that
captures material from
hydraulic gold mining to
form levees in the Central
Valley. Sediment from the
Sierra Nevadas choked delta
channels and altered the
bathymetry of Bay bottoms.
Mr. Sewell’s patent discloses
a process of levee creation
that captures excess sediment
and directs the material to
dewatering enclosures. The
process utilizes low-crested
check dams, or weirs, to divert
sediment-laden bedload into
enclosures of varied height
and width. When envisioned
serially, a vast self-building and
renewing levee system can be
imagined in the delta.
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incited by their specific geography. This method for territorialization
stands in distinction to ensuing water projects such as the Colorado River
Project (1913), Central Valley Project (1933), and State Water Project
(1960-Present) that deployed top-down engineering to essentially convert
California into an integrated water machine that often ignored the local
specificities of geography and culture. Like all massive infrastructural
projects, these required large institutions and agencies, capital investment,
and time. The Swamp Lands Act, and the work that proceeded from it, offer
a distinct alternative to the better-known mega projects of the last century.
Might a landscape strategy be developed that learns from this process?
Technological innovations tend to emerge along the frontier. Early
environmental frontiers necessitated that nature be reimagined as a
commodity and resource. The impetus for the technologies developed
along the frontier emerged from an accepted understanding of nature
being a distinct object from society, and only through this separation
from a “society in nature” to a “society and nature,” could it be rendered
a commodity.19 The ramifications of this worldview, which has effectively
put nature to work, are being witnessed through increasing predictions of
sea level rise, earthquakes, and desertification in the Delta region. These
forecasts have sparked a plethora of future scenarios for the Delta that are
as diverse as its contingencies and constituencies-massive subsidence,
levee failure, ecological collapse, drought, receding groundwater, new
state water plans, and divestment in traditional forms of statecraft. What
is shared and exposed in these divergent scenarios is the futility in
attempting to control nature and the difficulty of coordinated megaprojects
and infrastructure in the messy democracy of twenty-first century America.
Despite this, current plans such as the California WaterFix continue to
consider nature as a separate entity to be controlled, and advance a
top-down future for California’s water.
The project of rewilding and restoring the California Delta positions it as a
new type of frontier whose re-naturalization requires similar experiments of
the imagination and engineering as is observed in the Swamp Lands Act
more than a century and a half ago. The deployment of new technologies
to re-wild this new frontier could serve as a model for other degraded,
extracted, and used anthropogenic drosscapes.20 And while this at first
seems like a technical issue to be resolved by engineering, we posit that
this is foremost a cultural project that requires a revived environmental
imagination that considers “society in nature” coupled with a parallel
process of sociotechnical innovation. This would privilege new technologies
that operate akin to nature-negotiating complex systems through design
innovation and socio-ecological governance.21 Of course there are
ongoing efforts to renaturalize parts of the Delta, build habitat, and reverse
subsidence, but this vision is still piecemeal and insufficient. Instead, let’s
employ the environmental imagination that proactively acknowledges
the feedback between the territorial transformation, novel ecology, and
technology.
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Looking at deltas around the world we can see the impacts of top-down
mega projects in sites from the Netherlands to the Mekong, but what about
bottom-up and entrepreneurial approaches to deltaic landscapes? Arguably
it is alive and well, yet often remains outside the purview of designers,
engineers, and policy makers. Instances of the bottom-up approach to
resilience have emerged in southern Louisiana where the delta of the
Mississippi is rapidly sinking into the Gulf of Mexico. In this disappearing
landscape, entrepreneurs and inventors such as Webster Pierce and Mark
Gagliano (Figs. 13, 14) are prototyping solutions to coastal land loss and
oyster reef restoration, while the state attempts to fund a multibillion-dollar
coastal masterplan.22,23,24 Similarly, agencies such as the National Resource
Conservation Service are working to engage inventors and technologist to
advance sustainability through programs like the Conservation Innovation
Grants that promote development of novel technologies.25 And the Nature
Conservancy is developing programs that foreground the restoration
economy, including investments in novel technologies for oyster reef

Figure 13. Invented by Mark and Sherwood Gagliano in Southern Louisiana. “Method and
apparatus for growing oyster reef,” US Patent US07908469.
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restoration in partnership with companies such as Wayfarer Environmental
Technologies.26 These emergent examples reveal a distributed approach
to re-wilding and the creation of landscape infrastructure, enabling space
for citizens to innovate while acknowledging the messy realities of a
participatory democracy.

Figure 14. Invented by
Webster Pierce Jr. in Southern
Louisiana. “Wave suppressor
and sediment collection system
for use in shallow and deeper
water environments,” US Patent
Application 20140314484A1.
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EXPERIMENTAL PEDAGOGIES AND THE ENVIRONMENTAL IMAGINATION
In the last decade, we have witnessed an expansion of the fields of
architecture and landscape architecture to broadly shift the focus of
discourse from discrete sites and buildings to larger environmental systems
and territories. Of course, while increased design agency may exist at
this larger scale - that more overtly interfaces with politics, economics,
and environment - it must also confront complex negotiations among
diverse stakeholders, policies, timescales, and often clients that do not
(currently) exist. This complexity has largely advanced a disciplinary wide
mapping project that has been instrumental in depicting new geographies,
but rarely provides a framework for designers to act within it. Arguably,
it has also rendered a generation of students paralyzed to design within
this complexity, and often leads to abstract, utopian, or highly speculative
design proposals that fall into the trappings of historical megaprojects.
Perhaps beginning with the tangible details, specific technologies, and an
understanding of discrete systems, may offer a methodology to understand
larger territorial impacts just as they did in the early American history of the
California Delta?
In the summer of 2016, we (the authors) lead a workshop as part of
DredgeFest California that centered on sedimentation and earthworks
in the California Delta.27 During the weeklong workshop, participants
and workshop leaders were asked by the DredgeFest organizers
(Dredge Research Collaborative) to act thoughtfully and quickly to
develop responses to a series of scenarios that covered the range of
possible futures in the delta. Our team of designers (including Mario
Accordino, Alexandra Zahn, Michael Biros and Paul Cooper) was given
the challenge of visualizing scenarios for the future earthworks of the
delta that ranged from state funded megaprojects to neglected levees
and further subsidence.28 Instead of trying to unpack the full complexity
of the California’s Delta in such a short duration, we focused on the
design of discrete technologies and simulated their territorial effects as
bottom-up acts of design speculation. This allowed us to begin iterative
design experiments right away using a heuristic model based on patent
innovations, and, as the workshop progressed, it enabled us to understand
the relationship between a discrete technology and the broader region.
After a short initial exercise exploring existing technologies from the patent
archive and extrapolating their territorial impact,29 four new technologies
were “invented” with the ambition of steering their transcalar effect. Graphic
standards were borrowed from patent documents, and included details
of how the system operated at the scale of the detail, to the scale of the
region, and addressed issues ranging from subsidence and accretion of
sediment, to aquifer recharge and levee reinforcement. For example, the
Banking system, created by Alexandra Zahn, addressed the levees of the
delta. Her invention supports existing levees, and in time, replaces them
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with an embankment behind the existing levee wall. The process of creating
the double levee also recharges aquifers through a process of draining
waters in the interior of the leveed polder landscape and using hydrological
pressure differential is created to promote the accretion of sediment
through silt fencing. Similarly, the Regional Reinforcement system,
created by Michael Biros, addressed the issue of sea level rise and land
subsidence in low-lying areas. The object of the invention was to provide a
method to convey and disperse sediment through easily deployable sluices
that direct water into permeable seepage and dewatering structures. And,
the Landform Zipper system, invented by Paul Cooper, aimed to capture
sediment in serially arrayed wooden tetrahedron structures anchored in
channels of the delta with bioengineered plashing.
The outcomes of the workshop are succinctly articulated in images of the
Tule Tech system designed by Mario Accordino (Fig. 15). Subsidence is
a major issue in the delta, resulting form years of till farming, oxidation of
organic soils, and extraction of ground water. The Tule-Tech system aims to
reverse subsidence by creating landscape building block comprised of tule
as a substrate and structure for raising land. The invention choreographs
material economies around the growth of tule throughout the California
Delta, and the creation of a “tule-bales” from this biomass. Tule-bales
become the basic territorial building block, and can be assembled in
different configurations to elevate the ground plane and perform vital
functions for restoration. The production of tule as a building unit allows
for farmers to grow the biomass in distant areas of the delta with adequate
water, and aggregate the bales in areas of economic, environmental, and
cultural production. Deployed at landscape scale, the tule-bale could play
a significant role in reversing land subsidence by providing a basic building
block to construct a new ground. Overtime, the decomposed tule biomass
would also provide a substrate for agricultural production and ecological
restoration.
Moving away from a top-down deductive process, we were able to focus
quickly on a series of design experiments rooted in a bottom-up and
inductive approach that aggregated into scenarios for the California Delta.
By developing a specific technology and understanding how it would
re-territorialize or re-wild the landscape, it allowed workshop participants
to quickly understand the implications of their design proposals, moving
back and forth between technological invention, and region ramifications,
ultimately facilitated design experimentation at the scale of the territory and
at the detailed scale of a specific technology developed by the designer.
The difference between these experiments and those of the grand
megaproject or speculative mapping is the feedback between the micro and
macro. Territorial effects could be explicitly directed and choreographed by
acknowledging the transcalar relationship between various components.
In essence, we posited that singular devices and technologies could
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Figure 15a. TULE-TECH: A Method for building up land, agriculture, and fresh water production.
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Figure 15c. TULE-TECH.
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Figure 15e. TULE-TECH.
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effectively reconfigure a large-scale territory, and if so then designs agency
might be most expeditious at the small scale, yet aggregate to impact
much larger systems over time. When considering this through the lens of
professional practice and real world projects, it is interesting to imagine that
landscape architects, and architects, might invent machines, processes,
and technologies that increase disciplinary agency at the territorial scale,
without the need for conventional clients or government backed projects.
The solutions that emerged from this approach intended to contextualize
the trans-scalar nature of technological landscape instruments. While
these innovations at first seem to be solely “problem-solving,” they offer
a discernable mechanism to precisely engage a conversation about how
these would be funded, built, and maintained as well as what socio-cultural
ramifications and opportunities would emerge through their deployment.
This not only reaffirms the power of iterative design thinking, it suggests
a process that engages diverse stakeholders in tangible scales and ways
to intervene in the landscape through a soft-system distributed approach.
Perhaps most importantly, this technique might be able to bypass our
current cultural paralysis around climate change issues, which are too
large, too abstract, and not immediate enough - in terms of perceptual
effects to the daily lifestyle of most Americans - to incite the forms of action
that are urgently required.
CONCLUSION
The California Delta provides us with a fascinating case study on the
transformation of wilderness to territory through technological means.
When viewed through the lens of technological innovation, it becomes
clear that the early delta was colonized and transformed by singular
technologies, private citizens, and loosely coordinated reclamation
companies, not by coordinated top-down government planning, raising the
question if this process might be employed in its re-wilding and restoration.
Today, the delta is once again a frontier of the Anthropocene, having
been entirely reconfigured by human agency, and now lingering on the
verge of ecological collapse. Given the convergence of environmental
imperatives in the delta, a reverse process of socio-technical innovation
could facilitate the renewed productivity, reconstruction, and possible
re-wilding of a system essential to the most urbanized state in the nation.
The history of patent innovation inspired by the delta provides a timely
case study for a potential future of the region that emerges as a hybrid
between ecology, technology, and culture-an agglomerate of discrete
inventions that re-territorialize the edge of the delta into a resilient system.
They also suggest that design experiments conducted at the scale of
the discrete technology may impact the larger territory, just as the levee
building machines of the late nineteenth century transformed ancestral tule
marshes to dry agricultural plots.
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With state budgets in perennial deficits, liquefaction looming, and sea
level rise threatening high-value real estate in urban areas elsewhere in
the state, at least part of the delta must go through a process of rewilding.
This places two seemingly divergent conditions in a direct dialectic, that
of the territory and that of the wild. If the socio-technical experiment of the
Swamp Lands Act, a territorialization of California’s wilderness, was used
to catalyze environmental change at the scale of the delta and ultimately
the urbanized region, we contend that a similar, yet inverse experiment
be used to rewild the territory. The new California, and new Californians,
fueled by the entrepreneurial spirit of software and start-ups, can employ
their environmental imagination to consider how the environment and
technology-core values of the state-could be hybridized to find synergies.
The promise here is that while instigated from the bottom, these
technologies are cognizant and steering their larger territorial effects.
If the frontier advanced technology, can this new frontier advance nature?
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ABSTRACT - The waterfront along the San Francisco Bay is facing a growing
threat from sea-level rise. By the end of the century, a projected sea-level
rise of 55 in. [140 cm] will affect an estimated 128 sq. mi. [331 km2] of urban
development valued at $62 billion. In addition, 2.1 million people and 660,000
homes are estimated to arrive by 2040, adding to the 7 million current Bay
Area residents. Furthermore, sea-level rise will affect the ecology of the San
Francisco Bay, threatening to submerge the majority of existing tidal wetlands
by mid-century. To combat sea-level rise, many are calling for increased
shoreline protection, while others suggest the removal of urban development
in areas at risk of inundation, allowing tidal wetlands to migrate to higher
elevations. In this proposal, I demonstrate that both may be accomplished
by a managed retreat of existing development, enabling wetland migration,
while introducing a resilient new typology of development built on levees that
is designed to co-exist with a tidal ecosystem, enabling new relationships
between urban life and bay ecology that redefine the coastal boundary.
Keywords: coastal resilience, ecology, managed retreat, sea-level rise,
wetlands
The research in this article will introduce the issues associated with sea-level
rise in the San Francisco Bay Area by presenting analysis on the implications
for the built and natural environment. This will be followed by plans for a
combined managed retreat and resilient redevelopment to address issues of
sea-level rise, wetland ecology, and population growth. Such discussion will
include a description of site analysis techniques, design methodology, and
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proposed development strategies. The conclusion will offer a reflection on
the design process and outcomes.
THE IMPACT OF SEA-LEVEL RISE ON THE BAY AREA
Two state-sponsored studies of sea-level rise impact on the Bay Area
were used extensively in preparing my research: the San Francisco Bay
Conservation and Development Commission’s (BCDC) “Living with a
Rising Bay: Vulnerability and Adaptation in San Francisco Bay and on its
Shoreline” (2011), and the Pacific Institute’s “The Impact of Sea Level Rise
on the California Coast” (2009). These reports represent a robust analysis
of projected implications for urban development and bay ecology due to
rising sea levels. They constitute a wealth of data quantifying sea-level rise
impacts and serve as advisory information for potential adaptive strategies.
A vulnerability assessment by BCDC uses two sea-level rise projections:
a 16 in. [40 cm] sea-level rise by mid-century and a 55 in. [140 cm] rise
in sea level by the end of the century. Their study puts 281 sq. mi.

MAP KEY
Industrial
Commercial
Residential
140 cm
Sea-Level Rise

Figure 1.
Composite
map illustrating
impact of 59 in.
[140 cm] SLR
on land use.
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[728 km2] of Bay shoreline at risk of flooding from 16 in. [40 cm]
of sea-level rise, and 333 sq. mi. [862 km2] at risk from a 55 in. [140 cm]
sea-level rise. A 55 in. [140 cm] rise in sea levels would place an estimated
270,000 people around the Bay Area at risk, constituting over half of the
projected population affected in the entire state. The Pacific Institute further
elaborates on these metrics by describing how communities of color and
low-income populations will be disproportionately affected,1 while critical
infrastructure and “vast areas of wetlands and other ecosystems” will be at
increased risk of inundation.2
The report by BCDC also places significant portions of the bay ecosystem
in peril with rising sea levels. A sea-level rise scenario of 16 in. [40 cm]
is “sufficient to impact 90 to 95 % of the existing tidal marshes.” 3 With
decreased sediment flowing from the Delta, it is uncertain whether tidal
wetlands would be able to migrate with rising sea levels. Static coastal
management structures further complicate the future existence of tidal
wetlands, creating a barrier for upland migration with the potential
consequence of submersion.
Bay Area Urban Development 140cm Sea Level Rise

Historic Wetlands

Urban Development Affected
by 140 cm SRL

Bay Fill Development

Projected Wetlands
at 140 cm SRL

Figure 2. Mapping analysis of the San Francisco Bay Area development built on bay fill and
historic tidal wetlands.
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THE CASE FOR PRESERVING SAN FRANCISCO BAY TIDELANDS
A “2013 National Climate Assessment on Coastal Impacts, Adaptation, and
Vulnerabilities” states that a functioning coastal ecosystem is essential to
all of the economically important sectors by “providing an environment that
sustains natural habitats and resources for use by communities.” 4
The interdependence of cities and their surrounding ecosystem often
goes unnoticed in this age of inter-global trade and regionally connected
infrastructure. The field of ecology has demonstrated that however
detached people may feel from their surroundings, the intricate web of life
connects human action with the natural environment, which in turn supports
our very existence.
As the largest estuary along the Pacific shore of North America, the
San Francisco Bay is an important and unique ecosystem. The defining
characteristic of the Bay is the tidal wetlands, habitat for millions of
migrating birds yearly. The tidal wetlands also provide flood protection
and improve water quality through natural filtration of pollutants and
shoreline stabilization, while also serving a vital role as a source of carbon
sequestration. In his book, Down by the Bay: The History of San Francisco
Between the Tides, Matthew Booker declares that “acre for acre, tidal
wetlands convert more sunlight, air, and water to plant matter and animal
flesh than any grassland or tropical rain forest.” 5
Over 80 % of the tidal wetlands in the San Francisco and San Pablo Bay
have been filled or modified since the late nineteenth century.6 The sealevel rise projections for the mid and end of the century, in combination with
proposed levees for coastal armament, will all but wipe out the remaining
tidelands. On the other hand, if given the opportunity, tidal wetlands may be
able to migrate with rising sea levels, returning to their historic location and
expanding inland. To accomplish an inland migration with the rising tides,
wetlands build soil by trapping mineral sediment carried by tidal waters and
accumulation of plant matter. Under moderate projections of sea-level rise,
simulations show that coastal marshes would likely survive if there were
adequate upland area with which to migrate.7
SEA-LEVEL RISE MITIGATION STRATEGIES
Many people regard sea-level rise as a far off threat, since it appears to be
advancing slowly. The Bay Area lacks the type of storms recently seen in
New York, New Orleans, and Houston that have caused massive damage;
further adding to a public perception that sea-level rise is not a pressing
issue. However, a comprehensive plan to address the complexity of rising
tides in the Bay Area will need to be implemented before major problems
occur if the desire is to do more than put a bandage on the current outdated
infrastructure. This will require an orchestrated effort between Federal,
State, and local governments around the San Francisco Bay, including the
participation and support of residents and various stakeholders.
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The decisions that are made, including non-action, will have a rippling effect
on the future trajectory of the Bay Area for generations to come.
A report by the coastal zone management subgroup of the IPCC divided
available sea-level rise response options into three groups, with the
following definitions: 8
1. “Retreat - abandon structures in currently developed areas, resettle
the inhabitants, and require that any new development be set back
specific distances from the shore, as appropriate.”
2. “Accommodate - continue to occupy vulnerable areas, but accept 		
the greater degree of flooding (e.g. convert farms to fish ponds).”
3. “Protect - defend vulnerable areas, especially population centers, 		
economic activities, and natural resources.”

Figure 3. San Francisco visions of the future (counterclockwise from top), 2050 plan
for resilient shoreline, 2100 projected sea-level rise inundation, 2150 visualization of
extreme sea-level rise.
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The question of “retreat,” “accommodate,” or “protect,” is at the core of the
sea-level rise debate. However, this separation of words into categories
both mirrors and perpetuates the entrenchment of advocacy groups
into a singular view of the issue. By contrast, a mitigation strategy may
incorporate all three sea-level rise options, or variations of each. Giving a
word or phrase the title of an entire strategy serves to polarize groups and
box in options. This is key to the debate of “levee vs. wetlands.”
Fight or flight is one way the debate has narrowed into a strategy of
protection of property or protection of the environment. This pits property
owners versus environmentalists. While an emotional topic for both
parties, much of the debate will hinge on economic forces that will likely
come from many places. If larger levees are to be built or city boundaries
pulled back to accommodate rising tides, this will require massive funding
that local government would be unable to afford, requiring help from
federal and state agencies.

Figure 4. Waterfront typology study of the San Francisco Bay.
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The question of protection versus relocation is ultimately a question of
value. Will it be worth building sea abatement structures if high-risk areas
continue to be vulnerable to rising sea levels? Are the remaining tidal
wetlands in the San Francisco Bay a valued asset that outweighs the
cost of a managed retreat? Currently, land that is protected by a levee,
but below sea level is not considered at risk of flooding by insurance
assessment.9 This is almost sure to change in the future as cost
outweighs the benefit of selling insurance in areas of high risk. What then
will be their fate?
When talking about a managed retreat strategy, eminent domain is the
elephant in the room. This phrase conjures up a myriad of responses that
relate to the people that will be displaced, the logistics of how it will be
accomplished, and the money that it will cost. A BCDC report states that
with a sea level rise of 55 in. [140 cm], 98 % more people will be at risk.
According to the report, by the middle of the century, and likely earlier,
“residents, businesses and entire industries that currently thrive on the
shoreline are subject to flooding.” 10 Approximately 103 sq. mi. [267 km2]
of residential development will be subject to 100 % chance of flooding
by mid-century, with over 128 sq. mi. [332 km2] vulnerable to flooding by
the end of the century. The total assessed economic value of Bay Area
shoreline development at risk of flooding from 55 in. [140 cm] sea-level
rise is estimated at US$62 billion, accounting for two-thirds of vulnerable
property in California.
Ultimately, economic cost will play a driving force in determining managed
retreat viability. By simply removing current urban development and
replacing it with tidal wetlands, there are no immediate earnings to offset
what will be staggering costs. These costs include the relocation of public
infrastructure, compensation for private property, removal and disposal of
current urban development; in effect, undoing the short sighted “progress”
since the mid-twentieth century.
Examining the issues of sea-level rise on Bay Area development, it
becomes apparent that conventional solutions will not solve the problems
that we face. Neither the building of more levees nor a managed retreat
alone offers a viable plan to address the issue of sea-level rise. I propose
that it is time that we consider other options that combine protection and
relocation with design. By reframing sea-level rise as an “opportunity”
rather than as a “problem,” we have a chance to redesign the Bay Area
waterfront to be a model of sustainability for the twenty-first century.
Through the incorporation of resilient and adaptable design strategies, we
can aim for a new development that is environmentally, economically, and
socially sustainable.
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Figure 5. Site
analysis (from
top to bottom)
San Mateo,
San Francisco,
Union City.
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SITE ANALYSIS
The site analysis process involved an examination of the past and present
built and natural environment and future sea-level rise scenarios. Analysis
began by examining the historic context of each site. Starting first with
mapping, geo-referenced historical maps were overlaid with maps of the
present built and natural environment. These composite maps were used
for the purpose of investigating historical ecology and urban morphology,
to uncover the pre-development conditions and site transformations.
I utilized historical ecology as a framework to better understand the native
ecosystem around the San Francisco Bay, thereby informing an approach
for a managed retreat, wetland restoration, and re-development strategy
in response to sea-level rise. Research of site history through photographs
and text supplemented a mapping analysis.
The San Francisco Estuary Institute defines historical ecology as:
“Synthesizing diverse historical records to learn how habitats were
distributed and ecological functions were maintained within the
native California landscape. Understanding how streams, wetlands,
and woodlands were organized along physical gradients helps
scientists and managers develop new strategies for more integrated
and functional landscape management.” 11

Figure 6. Suitability analysis - historical waterway buffer (San Mateo).
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The 1852 U.S. Coastal Survey and the 1899 and 1942 USGS maps served
as my primary historic map references. Geo-referencing these maps in
ArcGIS allowed for the overlay of current layers of infrastructure for further
analysis, therefore enabling a comparison between historic conditions and
those of the present built and natural environment. A look at historic maps
of the nineteenth and twentieth century around the San Francisco Bay, in
combination with archived accounts and detailed descriptions, paints a vivid
portrait of the native landscape along the Bay. This knowledge was used in
determining not only what the coastline looked like in the past, but also how
it can be restored in the future.
By overlaying sea-level rise maps onto historic maps, it was evident that the
San Francisco Bay water is once again reclaiming the land that had been
filled for development. Visualizing the superimposition of historic creeks and
sloughs with projected inundation areas from rising sea levels speaks to
the dormant nature of the native landscape that exists beneath our cities.
This realization led to my use of historical ecology as a driving force in the
design process. In this way, the native landscape and existing development
act as collaborators in the design of a managed retreat, wetland restoration,
and adaptive re-development.

Figure 7. Regional site map (counterclockwise from top) San Francisco, San Mateo, Union City.
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SITE SELECTION
For my study, I choose three sites located along the urbanized waterfront
of the San Francisco Bay Area. Each of these sites was chosen as
representative of unique urban and ecological characteristics to serve as
a model for similar areas around the Bay Area.
To locate these sites, I began through a data-driven mapping process.
I collected data on sites that contained urban development at risk of sealevel rise, development built on bay fill, and historic or current wetlands.
An addition to the original query explored the amount the potential area
of wetland migration with sea-level rise, while analyzing the quantity that
overlapped with current urban development.
The three sites that were chosen include:
San Francisco - Downtown (San Francisco County)
East San Mateo - Peninsula (San Mateo County)
Union City - East Bay (Alameda County)
A radial buffer of differing sizes bounds each site. The rationale for the
site buffer was to frame particular locations with an area large enough
to study the implications of sea-level rise projections of 20 in. [50 cm],
39 in. [100 cm] and 59 in. [150 cm], while also containing the current tidal
ecosystem and infrastructure. The site boundaries do not indicate where
a staged retreat and re-development would stop, but rather imply that it
would continue along the coastline in a similar manner
to adjacent sites as an interconnected network.
The goal of choosing varying sites was to test the proposed methodology
of site analysis, managed retreat, and redevelopment strategy, thereby
highlighting the contribution of the unique site characteristics in the design
process. The factors of historical ecology, urban morphology, existing
infrastructure, building density, and sea-level rise all play an important
role in determining the design and urban form of future development. In
this way, the site acts as a collaborator in the design process.
It should be noted that the San Francisco site that was chosen
was an outlier in a number of respects. While the area of downtown
San Francisco was built on bay fill and is at risk of sea-level rise,
it is a natural deep-water port and therefore did not contain significant
tidal wetlands like the San Mateo and Union City sites.
SITE DEVELOPMENT STRATEGIES: MANAGED RETREAT
It is likely that a retreat of the current urban development will be required
for the continued survival of the tidal wetlands around the Bay Area if sea
levels rise as projected. Much of the current development was built on bay
fill in areas of historic marshes. However, the uncertain timeline of sea-level
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Figure 8.
Managed retreat
plan - parcel
removal and
replacement
with resilient new
development
(from top to
bottom)
San Mateo,
San Francisco,
Union City.
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rise creates an added layer of complexity in determining a retreat
strategy. The solution is to create a managed retreat strategy
that is site specific.
A managed retreat would open land currently occupied by urban
development to intertidal action. The land would need to be prepared
by removing buildings, roads, levees, and other infrastructure to allow
tidal wetlands to migrate with rising Bay tides. The size and location of
the land that would be cleared could be careful assessed by the risk of
flooding posed at different stages of sea-level rise. I propose using the
benchmark sea-level rise stages of 20 in. [50 cm], 39 in. [100 cm] and
59 in. [150 cm].
By modeling inundation at different stages of sea-level rise, I identified
the urban areas most at risk of flooding. For protection in cases of
extreme flooding a levee perpendicular to tidal action would need to
be placed at the new urban edge that defines the extent of the staged
retreat. The location of this new levee should optimally be made near the
edge of the inundation risk area for a given sea-level rise stage, while
corresponding to current infrastructure.
Major roadways, including highways, arterial roads, and train track
right of ways provide an ideal linear infrastructure location for the new
levee. Many of the highways and train tracks along the Bay are at risk of
inundation as the sea level rises. Since protective levees will need to be
built at higher elevation and run parallel to the coastline, existing linear
infrastructure presents an opportunity to have a continuous barrier for
extreme flood conditions. This is illustrated in the San Mateo plan where
the managed retreat levees are located on Highway 101 (39 in. [100 cm]
SLR12) and the Cal Train tracks (59 in. [150 cm] SLR).
The new levees that run parallel to the coastline are designed to protect
development at low risk of inundation with the express purpose of
migrating to a new location further inland, corresponding to the edge of
the next stage of retreat and transportation infrastructure location. The old
levee will then be opened to tidal action when existing urban development
has been cleared in the interstitial area upland of the old levee.
The managed retreat of urban development allows for the continued
migration of tidal wetlands with the rising sea levels and has minimal
dependence on human-made sea barriers to protect against flooding.
The tidal wetlands, in turn, offer a natural barrier against storm surges,
further protecting urban development.
SITE DESIGN STRATEGIES: RESILIENT REDEVELOPMENT
By redeveloping in the managed retreat area, a public-private partnership
can be used to finance the use of eminent domain, the relocation of
infrastructure, construction of levees, and the building of new development
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Figure 9. Redevelopment strategy at 39 in. [100 cm] sea-level rise (counterclockwise from
top) San Mateo, San Francisco, Union City.

to house the growing population. This will need to be a new type of
development that is built to coexist with rising sea level and the tidal
wetlands. The footprint of the new built environment will be required to
be drastically smaller and significantly denser to allow ample open space
for tidal wetlands and housing. The proposal presented here consists of
building a new resilient form of coastal development on what I call
“Finger Levees.”
The Finger Levee is the infrastructural backbone for the adaptive
redevelopment strategy. In each of the three sites, the Finger Levee
development replaces existing development that has been removed after a
managed retreat. This involves the use of eminent domain to clear existing
development at risk of inundation from sea-level rise and replaces it with
new development on levees and piers, while leaving the majority of the land
open for tidal action and wetland habitat.
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The Finger Levee design aims to create an adaptive and resilient new
development that coexists with tidal wetland ecologies in a mutually
beneficial relationship. The success of the Finger Levee development starts
with the use of historical ecology and urban morphology to determine the
most suitable land for development. The natural environment and existing
infrastructure act as collaborators in the design process, informing the
location and determining the shape of the Finger Levee development.
The densification of the urban footprint and spacing between Finger
Levee developments are important design attributes that allow for a
healthy tideland to co-exist adjacent to the urban context. The centralized
infrastructure of the Finger Levee, in addition to building development
on pier foundations and closed-loop systems, create a resilient and
sustainable model for waterfront development along the San Francisco Bay
coastline.
Development Pattern
The pattern of Finger Levee development is determined by a combination
of historical ecology and existing infrastructure for each site. The first step
is to map the past ecological conditions of the site. To determine the most
suitable land for future development, historic maps were used to identify the
most solid land, which was located a sufficient distance from historic and
existing sloughs, creeks, and bogs. This involved the creation of a system
of buffers around such historic and existing water bodies with a distance
that was determined by a safety factor of their ability to flood adjacent land.

Figure 10. Finger levee development pattern - wetland habitat buffer (Union City).
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The area between the buffers made up the proposed buildable land.
The next step in determining the pattern of the Finger Levee development
was to create a minimum buffer distance between the pier developments
on side of the levee roadways. Buffer distance between Finger Levee
developments was determined based on criteria for tidal wetland health
and research on bird nesting habitat requirements. The Finger Levee
roadways were designed to be parallel to tidal action or bridge over tidal
input into interstitial wetlands, allowing for an unobstructed connection
between wetlands and bay influence. Ample space was given with a
development buffer around sloughs to allow wetland growth and sediment
accretion.
A minimum of 2,000 ft. [610 m] was used as the spacing between Finger
Levee developments for bird nesting habitat. This follows research on
minimum requirements for a buffer around bird nesting in tidal wetlands.
The buffer distance references a study that recorded the distance at
which various birds were startled and flew away, thereby creating stress
and leaving their nest, resulting in less offspring successfully raised.13
While each bird type had different requirements for buffer distance, the
median distance according to Ruddock and Whitfield was between 500 ft.
[152 m] and 1,000 ft. [305 m] - the San Francisco site differed from the
other two sites based on the density of urban development and difference
in environmental conditions and therefore used a 1,000 ft. [305 m] buffer.
The last step in laying out the Finger Levee roadways is the connection to
existing infrastructure. Similar to an appendage that is being reattached,
bone, arteries, and ligaments must be connected to the body. In this
case, existing major roadways were identified as a connection “node” to
the Finger Levee development, serving as a point of contact for vehicular
transportation, energy, waste, and water infrastructure between the new
and old urban landscapes. The Finger Levee operates as a centralized
road infrastructure, connecting back to the existing urban fabric. All new
infrastructures would be raised with the levee and pier development and
protected from inundation and future flooding. Sustainable infrastructural
initiatives in the urban design include “Transit-Oriented Development”
(TOD), localized water and waste treatment and reuse facilities, and
net-zero energy use with co-generation and other clean energy sources.
As a centralized road network, the Finger Levee acts as a natural TOD,
combining efficient and accessible public transit. The design of the Finger
Levee roadway is similar to that of a boulevard. A public transportation
“Light Rail” (LTR) or “Bus Rapid Transit” (BRT) runs through the center
lane with vehicular lanes on either side. A separated bicycle lane runs
throughout the levee roadways, with generous tree-lined sidewalks on
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Figure 11. Typical section of finger levee development.

either side giving ample space for outdoor seating, landscaping, and
public events.
Localizing water and waste treatment facilities create a sustainable
development model for the Bay Area. Recent water and energy shortages
in California have demonstrated the need to be more efficient with
resources that will only become scarcer in the coming decades. The
current drought has shown the unpredictability of water reserves in the
arid western United States. Since most of the wastewater treatment
facilities around the Bay are located along the waterfront, the majority
of facilities are at risk of damage from sea-level rise. This will require
substantial retrofitting or a complete rethinking of facility operations and
redesign.
The proposal includes the creation of much smaller, localized treatment
facilities that use freshwater wetland filtration ponds and utilize waste
material co-generation energy plants that double as a tidal wetland
sediment source. Water can then be recycled back into circulation through
adjacent water purification plants. To create energy independence
will require a combination of co-generation from waste, PV panels on
rooftops, and wind generation where appropriate.
Material to build the raised Finger Levee roadway will be sourced from
rubble in the staged retreat of the existing development, including asphalt
and concrete from roads, parking areas, and building structures. Since
the Finger Levee will account for less than 10% of the previous urban
footprint, the rubble extracted from the development that is removed,
including materials from buildings and roadways, will allow for a height
well above sea-level rise projections.
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Pier Development
All buildings in the resilient redevelopment plan will be constructed on
piers adjacent to the levee roadway. The rationale for this strategy is two
fold; there is not enough rubble from existing development to create the
additional levee foundations under buildings as well as roadways and
the pier construction typology has less impact than fill on the tidelands
environment. Furthermore, water can flow unabated between pier piling
to wetlands on either side of pier block development.
Urban blocks will be constructed on raised piers attached to the Finger
Levee roadway. Continuous pier development would line the sides of the
levee roadway, while larger pier blocks can be built perpendicular to the
levee road. The pier development that runs parallel to the levee should
contain mostly commercial business on the ground level, with office and
residential above. The property along the Finger Levee roadway has both
visibility and ease of access as a transit-oriented development (TOD).
Its relationship with the sidewalk and tideland promenade presents an
opportunity for the design of public space.
The pier development on blocks oriented perpendicular to the Finger
Levee roadway would be designed to accommodate the majority of
the housing. The tideland habitat buffer shall determine the sizing and
spacing of blocks, the density required in each site-specific development,
and the space required for freshwater wetlands to recycle wastewater
from adjacent buildings.

Figure 12. Physical model - close-up (left to right) San Francisco, San Mateo, Union City.
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CONCLUSION
The task of responding to sea-level rise in the Bay Area can seem a daunting
proposal, but we should first begin by reframing the issue of sea-level rise
as an opportunity to design better cities rather than a problem to be fixed.
Perhaps, with this approach we can look beyond the current toolbox of
planning, policy, and engineering that has lead to extensive development
on bay fill, vulnerable to sea-level rise and flooding. Instead, we should
be exploring new approaches to design our built environment along the
Bay Shore, which strive for a mutually beneficial relationship with the tidal
ecosystem, sustainable development practices, and community adaptation.
The design research presented here offers a framework for which to
analyze past, present, and future conditions of sites at risk of sea-level
rise around the San Francisco Bay for the purpose of creating a managed
retreat and redevelopment strategy. This strategy aims to enable a wetland
migration with the rising sea level, while introducing a resilient new
development and infrastructure that is uniquely defined by the region’s
ecological characteristics. While I focused on three sites around the Bay,
this design proposal is envisioned as a regional planning structure for all
cities located on the perimeter of the San Francisco Bay. As a speculative
design proposal, the goal is to create a constructive dialog. By imagining
an alternative future and concretizing theory, we can begin to understand
the potential implications of policy and design decisions. This work
presents one model for an adaptive and resilient response to sea-level rise.
However, I believe that an issue this complex will only be solved through
interdisciplinary collaboration and community participation.

Figure 13. Physical model (left to right) San Francisco, San Mateo, Union City.
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4. Id.
5. Matthew M. Booker, Down by the Bay: San Francisco’s History Between the Bay
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Groundedness as Risk:
Adaptive Strategies
for Ground Failures
in Seattle
Arthur Tai-Ming Leung

ABSTRACT - “Groundedness” implies stability and permanence, but our
reliance on the presumed fixity of the earth under our feet has led us to
lose sight of its dynamism. From macro tectonic readjustments to micro
sediment transport, these natural processes are part of an adaptive
cycle that oscillates between stasis and destruction. Urban development,
predisposed to Engineering Resilience, has exacerbated disasters by
attempting to fix and control ground without considering the recombinant
and indeterminate systems of Ecosystem Resilience. Seattle is the largest
city in a region due for its “Next Big One” - a megathrust earthquake in the
Cascadia Subduction Zone. This high-magnitude perturbation would occur
in an urban context already sensitive to geologic risks. A history of land
manipulations has affected Seattle’s ground equilibrium, making it more
susceptible to natural disasters. The urgency of the impending risks has
inspired adaptive design that foregrounds action as a means of developing
a disposition. A catalogue of strategies is applied to a masterplan that
balances “sediment” as a resource that builds resilience to ground hazards
and promotes ecosystem health.
Keywords: adaptive strategies, ground failures, panarchy, Seattle,
sediment
Peering through a riparian grove, a group of red gantry cranes on the
opposite bank of the Duwamish River stretch their necks to the sky as they
await their shipments of containers. Clouds, fed by exhaust from factory
chimneys, loiter over the industrial lands of Seattle. Murky, sediment-laden
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waters slow before emptying into Elliott Bay. The tranquility of this working
landscape disguises the city’s looming threat - the “Next Big One,” an
overdue megathrust earthquake in the Cascadia Subduction Zone. This
high-magnitude, low-probability earthquake will occur in an urban context
already sensitive to ground failures, such as landslides, liquefaction,
and sea level rise (Fig. 1). With the growth of the city, Seattle has also
grown further from its equilibrium state, making it more susceptible to
natural disasters. This project is a framework for disaster contingency
planning, organized into four parts: Visualizing Cycles, Calculating a
Sediment Budget, Cataloguing Adaptive Strategies, and Masterplanning
Scenarios. Using the concept of “panarchy” to understand complex
systems, it contributes to the advancement of this theory from heuristic to
transformational practice through design research. Investigations that begin
within an expanded scope eventually narrow, with granularity, to solve
a tectonic problem. The project proposes the use of adaptive strategies
over the next 100 years to conserve “sediment” 1 as a resource that builds
resilience to ground hazards and promotes ecosystem health.

Figure 1.
Risk zones
of combined
ground failures
in Seattle.
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RISKS: FROM PLATES TO PARTICLES
Since the region’s last recorded megathrust earthquake in 1700, tectonic
stress has been building up again between the Juan de Fuca Plate and
the North American Plate. Evidence from deep-sea deposits, tree fossils,
and sedimentation patterns indicates substantive compressive stress
release from the Cascadia Subduction Zone every 500 to 600 years.2
Although recurrence rates are debated amongst scientists, earthquakes
are inevitable in Seattle due to its position at the convergence of multiple
tectonic zones. Sharing the same plate interactions as the Cascadia
Subduction Zone, deep-focus earthquakes from the Benioff Zone occur
directly below the populous Puget Sound. Potentially more catastrophic
are shallow, crustal earthquakes from the Seattle Fault, which traverses
the Duwamish Industrial Lands. Situated in an urban context, the expected
degree of damage would be similar to the 1994 Northridge earthquake or
the 1995 Kobe earthquake.
Gravitational Instabilities
Other ground failures can be activated by earthquakes, such as landslides
on weakened slopes. This correlation may not be immediately discernible
as mass movements can be delayed days after the initial seismic event.
A 2013 report on seismically-induced landsliding in Seattle found that
8,500 buildings fall within landslide debris run-out zones.3 They include
hillside “view properties,” 4 which are inherently at risk of landslides as they
strip slopes of vegetation, alter soil compactness and permeability, and
manipulate stormwater conveyance. In all, 84% of inventoried landslides
in Seattle involved some human intervention,5 such as interrupting slopes
with retaining walls, steepening slopes by excavating and filling, introducing
impervious surfaces, and diverting and detaining water in weak zones.
Prolonged rainfall can increase pore water pressures and lower the
effective stress in a soil matrix. The landsliding report also compared the
effects of water infiltration on shallow landslides and found that dry soil
conditions produced 4,977 landslides, while saturated soil conditions
produced as many as 30,699 landslides.6 Geologic composition factors
into mass movement as water conductivity changes with soil strata. It is
common, in Seattle, to find highly permeable deposits (e.g. Vashon Till,
Advance Outwash, and Esperance Sand) sitting atop a denser shelf of
compacted soils (e.g. Lawton Clay and Olympic Beds) or bedrock, forming
an aquiclude on which water accumulates and gushes out at this interface.
Surface runoff erosion after heavy winter rainstorms frequently bury
railroads running along the toes of bluffs, a result of early parochial land
use planning. This part of a slope’s anatomy is also subject to undercutting
by wave action, which will intensify with the increase in future storm surges.
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Lateral Vulnerabilities
Similarly, soil permeability and proximity to the water table are factors
that lead to soil liquefaction, the reduction of interparticle shear strength
whereby solid ground turns into quicksand. Differential settlement of
dissolved ground risks damaging infrastructure, rupturing buried water
and sewer lines, and interfering with post-disaster firefighting and rescue.
Liquefaction-prone soils are usually young deposits that lack sufficient
compaction due to rapid deposition, typified by sediments found in the
Duwamish River floodplain. This coseismic risk is further compounded
on artificial land, subject to non-seismically induced subsidence. Uneven
pavement and cracks on buildings in historic neighbourhoods built on
reclaimed salt marshes are owed to buried, decomposing organics.
The voids this rotting refuse has opened in the ground explain the
complaints of basement flooding as groundwater and tidal waters
fill these underground pockets.
Even without the subterranean porosity, the rising water datum is
expected to displace coastal land uses. Sea levels vary locally based
on such factors as wind-driven ocean heights, vertical land movement,
local tectonics, the compaction of sediments, the extraction of water or
hydrocarbons from subsurface reservoirs, or rates of fluid recharge.7
Storm surges are expected be more frequent in Oregon and Washington
as the North Pacific storm track migrates northward over the next
century. This consequently magnifies the impacts of El Niño in the
Pacific Northwest. Despite predictions of glacial rebound causing uplift
in Washington, some inland locations (including Seattle) are expected
to subside due to irregularities in the deformation of tectonic plates and
development-related land compaction.8 Large volumes of fluvial sediment
normally supply materials for land accretion, which is necessary for
coastal replenishment and serves to mitigate sea level rise. However, this
sediment accumulation has been regulated by damming, interrupted by
coastal development, and diverted by regular maintenance dredging.
RETRACING SEATTLE’S GROUND
Some 24 million cu. yd. [18,3 million m3] of sediment from the early
regrades and channelization of the Duwamish River were used to fill
tidal flats and expand the city.9 The artificial land created on the poorlyconsolidated sedimentary basin of the river has become the Duwamish
Corridor: home to Seattle’s main industrial district, the Port of Seattle,
King County International Airport, and the Boeing headquarters. The
growth of the city on this vulnerable land has affected the equilibrium
state of Seattle’s ground, making it even more susceptible to natural
disasters.
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Regrading Ground
Investors believed the new frontier was destined for greatness, inspiring
the designation of the “Seven Hills of Seattle” as an allusion to the “Seven
Hills of Rome.” Ironically though, to achieve the same success as Rome,
some of these proverbial hills had to be sacrificed. Seattle’s land was
originally platted simply to sell property, without any regard for accessibility.
Expanding the city across the irregular terrain soon proved difficult, and its
many hills were seen as obstacles to Seattle’s path to progress.10 Engineer
Reginald H. Thomson proposed regrading the land, making it more
navigable.
The clashing street grids reflect the topographical evolution: the first streets
were oriented along the diagonal coast, then superimposed with a cardinal
grid after the hills were flattened. The new street grades were determined
by the technology available - the number of horses required to pull a load
up a hill. A cost per load was assigned to each gradient, and pavement
was selected according to what would provide the best footing. A uniform
gradient of 5% was established based on these parameters.11 Untouched
slopes can easily be identified as those exceeding this standard. Had the
regrades happened after the introduction of mass-produced motor vehicles,
these machines would have changed the shape of Seattle.
An ordinance that passed in 1897 initiated the regrade of Denny Hill.
Pressurized hoses first washed 110,700 cu. yd. [84.636 m3] of dirt into
Elliott Bay;12 then supplemented with steam-powered shovels, another
600,000 cu. yd. [458.733 m3] were removed.13 This hydraulic sluicing
technology, borrowed from gold-mining operations, turned out to be
highly effective in a city composed of soft glacial deposits. The Denny Hill
Regrade was briefly interrupted by a request from the Rainier Heights
Improvement Club to burrow a tunnel through the Jackson Street hill.
Engineer Reginald H. Thomas realized it would be cheaper to cut 29 blocks
and fill 27, thus resulting in the largest single regrade in Seattle in terms
of surface area.14 Some 3.35 million cu. yd. [2,56 million m3] of dirt were
displaced, effectively decapitating 85 ft. [26 m] from the Jackson Street hill.
Not yet satisfied with the result, Thomas continued to level the adjacent
Dearborn Street hill. In all, 108 ft. [33 m] was gouged into the ridge
connecting Capitol Hill, First Hill, and Beacon Hill, removing 1.6 million cu. yd.
[1,2 million m3] of dirt.15 The spoils from Jackson Street and Dearborn
Street had thus created 85 acres [34,4 ha] of land in the tidal flats.16 After
completing these two regrades, attention was redirected back to Denny
Hill. An extensive conveyor belt system was introduced to carry excavated
materials to the shores of Elliott Bay, to then be loaded onto self-dumping
wooden scows and disposed of in open waters. By 1930, 4.35 million cu.yd.
[3,3 million m3] of materials were removed from Denny Hill, with the deepest
cut being 107 ft. [32,6 m] at 4th Avenue (Fig. 2).17
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The regrades had flattened dangerously steep slopes, but in doing so,
another problem was introduced - the displaced sediment had haphazardly
filled and buried the Duwamish estuary.
Retooling18 Ground
Aside from topography, the early growth of Seattle was also dictated by
coal extraction and logging. Railroad companies vertically integrated these
industries with their own to exploit their monopoly over the entire supply
chain. They controlled the fate of the Pacific Northwest at that time, by
providing access into uncharted territories to tap resources while buying up
land to curate expansion along the way. With intense competition amongst
cities to attract railroad companies, the City of Seattle was quick to endorse
the Seattle and Walla Walla Railroad and Transportation Company, granting
“all the tide-flats south of King Street, in, under, around and about Elliott
Bay, from extreme high tide to extreme low tide and to deep water.” 19
The railroad company now owned an ambiguous yet thick liminal boundary
of land and water.

Figure 2. Profiles of the major regrades and their locations in Central Seattle.
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By the 1880s, Seattle had become the most important city in the Puget
Lowlands, providing 22% of the coal produced on the Pacific Coast.20 San
Francisco’s rapid growth after the Gold Rush, fueled by coal, guaranteed
lucrative returns for Seattle. Witnessing this success, attorney Thomas
Burke saw the potential for another railroad. Constrained by tidal flats in
the south, Burke’s Seattle, Lake Shore and Eastern Railway was forced
to take a northern route that detoured around a segment of the Northern
Pacific Railway called the “Ram’s Horn.” A one-hundred-twenty-foot [36,6 m]
wide right-of-way extending over the waters of Elliott Bay was granted in
1887, and would later be renamed from Railroad Avenue to Alaskan Way.
Eventually, the waters between this railroad trestle and the actual shores
would be filled in, effectively shifting the coastline west into the bay.
Another key industry in Seattle at that time was forestry. Many lumber mills
populated the shoreline for ease of expansion over water, and the ability
to dispose waste directly into the water. This submarine detritus consisted
of: cinders from burnt coal; unwanted ceramics; glass and metals; pilings
and planks used to support streets, piers and wharves; discarded bricks
from old streets; ash from the Great Seattle Fire; and sawdust and wood
from mills.21 To curtail the informal dumping, it was decided in 1916 that the
“best” (as in, “cheapest” and “easiest”) solution was to fill the space under
the trestle and scaffolding with sediment, and define the western edge of
Railroad Avenue with a seawall. All vestiges of the original shoreline were
lost. Wharfed and armored, one could no longer descend to the water to
experience the dynamism of this interface.
Denouncing the chaos along the Central Waterfront, planner Virgil Bogue
advocated for the consolidation of ports under public ownership in 1895.
The Port District Act was eventually passed in 1911 to officially create
the “Port of Seattle.” The conversion to a public port dismantled the
railroad monopoly on the waterfront, which facilitated taxation, bonding,
and condemnation for land acquisitions moving forward.22 As a condition
of the Act, improvements had to be made on the waterfront, including
dredging and straightening the Lower Duwamish River (LDR)23 for flood
management, and the expansion of commercial and industrial uses
upstream. What was once a shallow 9.3 mi. long [15 km] meandering river
became a 5.3 mi. long [8,5 km] straightened channel that is 50 ft. deep
[15,2 m] for 4.5 mi. [7,2 km] of its new length.24 20 million cu. yd.
[15,3 million m3] of sediment were dredged to create this main channel
and fill oxbows and river bends.25 Before entering Elliott Bay, the main
channel splits into two waterways that define the 350-acre [141,64 ha]
Harbor Island.26 To create this, 1.7 million cu. yd. [1,3 million m3] of fill were
siphoned from the East Waterway, and 8 million cu. yd. [6,1 million m3]
from the West Waterway, then dumped onto the naturally formed ćəqas (or
“estuarial islands” in the Lushootseed language).27 By 1917, these islands
were merged and 92% of the Duwamish tidal flats were filled in.
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Restoring Ground
Before being engineered for efficiency and control, the LDR was once a
sediment-rich sinuous stream. It sat in a low gradient, subglacial trough
incised by meltwater during the last Pleistocene glaciation. Aggraded
above the glacial till is a layer of young Holocene alluvium, much of which
could be attributed to lahars that avalanched down the valley during the
Osceola Mudflow event 5700 years ago.28 This event had dictated how
water drained within the Green-Duwamish river system. The historically
meandering braided channels were nature’s way of dissipating the energy
of mudflows and fluvial flows by taking the longest path possible. The
now-shortened path has limited opportunities for sediment deposition as
river discharge is flushed directly into the bay. Seasonal fluctuations still
occur with peak discharges after prolonged periods of winter rains and
during early spring snowmelts, but flow rates have become highly regulated
by the Howard Hanson Dam. Years of rapid prograding of the delta front

Figure 3. Areas
susceptible
to ground
failures within
the Duwamish
Industrial Corridor
drainage basin.
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with sediment from Mount Rainier ran to a halt when the waterway was
rendered static with armoured embankments and maintenance dredging.
The Green-Duwamish River was ranked as the fifth most endangered river in
the United States according to a 2016 report by the non-profit environmental
organization American Rivers.29 Some 412 acres [166,73 ha] of the LDR
has been designated as a Superfund site as of 2001, due to a history of
industrial pollution, stormwater runoff, and Combined Sewer Overflow events
that contributed toxic wastes to this river system.30 The World Wars had
accelerated industrialization without the strict policing of pollutant discharge,
thus causing the health of the Duwamish River to deteriorate.
In 1988, the United States Environmental Protection Agency (EPA)
conducted an investigation into the harmful chemical compounds and toxic
metals found in the LDR (Fig. 3). The following contaminants were deemed
to pose the greatest human health risk: polychlorinated biphenyl, arsenic,
polycyclic aromatic hydrocarbons, and chlorinated dioxins and furans.31
Long-term exposure to this toxic environment, especially through seafood
consumption, can be detrimental to human and wildlife health.
The EPA has begun implementing a remediation plan to clean up years of
unregulated pollution. However, “remediation” may not be the operative
word as the EPA plan does not actually cure or rectify the problem; it seeks
only to relocate, bury, or simply observe it. An external advisory board
suggested the elimination of Monitored Natural Recovery (MNR; essentially
a “no treatment” method) from the initial plan, yet revisions were slight.
The Final Proposed Plan for Cleanup will consist of 57% MNR; 25%
dredging of contaminated materials; 12% Enhanced Natural Recovery
(ENR; the use of a thin layer of sand to speed up natural deposition);
and 6% capping with clean materials. The reliability of the ENR and MNR
methods is largely dependent on the amount of sediment carried by the
river and how it settles. Moreover, capping is not a foolproof method as
construction and dredging may resuspend contaminants from semi-stable
conditions. Fishing practices where nets are dragged along river beds
also risk unearthing contaminants. The tainted equipment would then
contaminate our food supply. Likewise, burrowing organisms may dig past
clean sediment to exhume and consume toxins, which would then find their
way up the food chain.
Large-scale public works like the EPA remediation plan provides an
opportunity to consider issues of long-term ground hazards. The LDR
flows precariously across the Seattle Fault, where the 12.4 mi. [20 km]
thick Crescent Formation would push up over a higher stratum of rock
in the event of an earthquake. The land bulging may re-expose capped
contaminants and flood communities with polluted waters. At the micro
level, the intense tremors would increase the already high pore pressures
of water-saturated soils beyond their interparticle contact stresses, causing
soils to liquefy. This may unleash submarine landslides at the north end
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of Harbor Island, the delta front of the Duwamish River. Again, this could
resuspend contaminants. Pollutants may also leach through soils and
contaminate groundwater with the concurrent rise of the water table and
sea level.
Since sequestering contaminants is never fully effective for all projects,
the ideal method of cleanup is bioremediation, which relies on in-situ
decomposition using microbes to break down contaminants over time.
The key to success for this process is dispersal and dilution: flushing out
and deconcentrating contaminants increases the surface area for microbes
to operate. In the interest of ecosystem health and environmental justice,32
restoration methods should ensure the complete detoxification of the
waterway.
BALANCING SEDIMENT WITH ADAPTIVE STRATEGIES
Over the past century, the LDR has been so heavily altered and stabilized
that it would be impossible to return it to its “natural” condition. But rather
than positing what is “natural,” perhaps we should accept that a complete
reversion would be neither realistic nor ideal. It disregards the progress
made to transform the LDR into a productive landscape that serves as
the state’s main revenue generator. However, for the industrial corridor
to be robust enough to cope with impending catastrophic disasters while
respecting the ecological health of the river basin, a paradigm shift is
needed. This project argues for a balance of sediment uses to achieve
Ecosystem Resilience, rather than exploiting this resource for Engineering
Resilience.
1. Visualizing Cycles
Lance H. Gunderson and C.S. Holling’s theory on adaptive cycles applies
the meta-stable equilibrium to both natural and disturbed ecosystems,
where changes may be episodic, as opposed to than gradual or relentlessly
stochastic. Ecosystems do not tend toward a single equilibrium, but rather
homeostasis can be found at multiple equilibria. Gunderson and Holling
argue for a shift from Engineering Resilience to Ecosystem Resilience.
This means shifting from a command-and-control approach that lingers
at the micro-level, to a more comprehensive approach that considers
adaptive enterprises at the macro-level.33 This means shifting from
solutions based on efficiency and a predictable, steady-state equilibrium
to solutions that maintain functionality by moving from one stability domain
to the next in search of stasis.
The adaptive cycle provides a way of understanding ecosystem dynamics
through flows between four distinct phases. Capital accumulates slowly
during Exploitation (r) and gradually becomes tightly bound and resistant
to change entering Conservation (K). This eventuates in “creative
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destruction” 34 or Release (Ω), from which the ecosystem Reorganizes (α)
and opens up to novel recombinations. Applied to earthquakes, stress
(as capital) is slowly built up as interlocked plates move against each other.
Once the threshold is reached, there is a sudden release of stress as a
temblor. After the ground reorganizes and settles, the cycle restarts. Cycles
can be found within cycles as well. Unperceivable slow slip events have
been occurring every fourteen to fifteen months off of Vancouver Island.35
These episodic tremors are miniature releases of pent-up stresses that
usually portend an earthquake associated with a higher level cycle - like the
“Next Big One” (Figs. 4, 5). The increased frequency of these events acts
as an indicator of impending regime change.
This complex organization of ecosystems across space and time can
be represented by “panarchy,” the nesting of adaptive cycles at semiautonomous levels connected by their asymmetrical interactions (Fig. 4).
A fall from a large and slow cycle to a smaller and faster cycle is called
Remembering. The patterns from the higher, mature cycles inform changes
at the lower cycles. A jump in the opposite direction is called Revolting,
where a crisis triggers or amplifies “creative destruction” at a higher cycle.
For example, an earthquake may cause restructuring in the soil matrix that
is “remembered,” thus increasing the potential for landslides at a lower
cycle. Slopes become more prone to landslides with increased water
saturation, which can result in a “revolt” to a higher cycle and exacerbate
destruction during an earthquake.
Resilience is introduced when the adaptive cycle is visualized in
3-dimensions and rotated on the Potential axis (Fig. 4). Resilience
increases as the cycle moves away from the connectedness of K and Ω

Figure 4. Concepts of the “adaptive cycle”, “panarchy” and “resilience” applied to ground failures.
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and into the reorganizing functions of α and r. In α and r, the cycle is more
amenable to disturbances and surprises, facilitating creative change or
adaptation. When confronted with discontinuities, a resilient system will
recalibrate to a new equilibrium and maintain its functionality.
2. Calculating a Sediment Budget
To be able to shift between equilibria when dealing with ground failures,
designers should develop a fluency in balancing sediments in our coastal
systems by using a sediment budget. Understanding how sediment is
circulated in the Puget Lowlands can inform how the resource is controlled,
conserved, and reallocated for adaptive strategies that anticipate ground
failures. The sediment timeline (Fig. 5) reveals how this resource was
recycled in past earthwork projects, as opposed to being completely

Figure 5. Timelines of ground hazards (earthquakes, slow slips events, climate change,
sea level rise, landslides) measured at different time scales.
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removed from the system in recent projects. 790,000 cu. yd. [603.998 m3]
of contaminated soils from the EPA cleanup of the LDR will be discarded
to the Roosevelt Regional Landfill approximately 300 mi. [483 km] away.36
850,000 cu. yd. [649.871 m3] of spoils will be excavated for the State Route
99 Tunnel, of which the clean portion will be barged to Port Ludlow to fill an
abandoned quarry site.37 This “out of sight, out of mind” mentality only takes
the problem and relocates it. Moreover, the permanent deficit of sediment
throws the ecosystem off-balance.
Generally, sediments from upland “sources” are carried by currents to
lowland areas, where they are deposited in “sinks” (Figs. 6, 7). Coasts
advance and retreat with natural sediment delivery and erosion, but this can
also be affected by human interventions within the littoral cell. Dredging and
damming interfere with the transport of optimally sized sediment needed for

Figure 6. Annual sediment flows, sources and sinks for natural processes and earthwork
operations in the Puget Lowlands.
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salmon spawning grounds. These operations also result in a net land loss,
whereby sediment accretion is reduced and cannot keep up with sea level
rise. To protect from inundation, we resort to the use of manmade coastal
barriers, but this again inhibits sediment supply and changes the natural
formation of shorelines and their ecosystems. For example, artificially
stabilized shorelines prevent sediment from forming deposition bars,
behind which tidal wetlands are created.
Treating sediment as a resource or capital, how might a designer intervene
with adaptive cycles in mind? Here, my thoughts deviate from Gunderson
and Holling: I believe innovation is not limited to the break in cycle between
α and r. If resilience increases towards α and r, there may be two ways of
pursuing resilience throughout the cycle (Fig. 4). Resisting release (Ω) by
attempting to “reverse” the cycle is the epitome of engineering mentality.
Suppressing potential may delay the disaster, but can lead to greater
consequences. Learning to “accept” the release as part of the balancing act
can accelerate renewal or recovery, and thereby improve the metabolism of
an ecosystem. Strategies addressing ground failures are evaluated on an
adaptability scale from “reverse” to “accept,” or from Engineering Resilience
to Ecosystem Resilience. Ecosystem Resilience is preferred as it can
adapt to new equilibria, while Engineering Resilience fights to remain in the
same stability domain. A range is provided as complete “acceptance” is not
always feasible due to: the necessary protection of assets, the permanence
of existing infrastructure, a predisposition that favors short-term cost
savings over long-term gains, the risk and uncertainty associated with novel
approaches, and resistance to multidisciplinary collaborations.

Figure 7. Sediment timeline showing volumes of materials displaced
along with key events in history.
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3. Cataloguing Adaptive Strategies
For designers to reach an informed decision, “The Catalogue”
deconstructs ground failures by first examining the fundamentals of (hydro)
geomorphology and the mechanics of earthwork operations. Ground
failures are divided into two categories: Gravitational Instabilities (ground
failures that involve mass displacement caused by the vertical force of
attraction to the center of the Earth) and Lateral Vulnerabilities (ground
failures marked by changes in datum). Typologies of adaptive strategies
for each category are proposed and sorted according to either the location
of intervention on a hillslope (for Gravitational Instabilities) or the landform
profile relative to predicted sea levels (for Lateral Vulnerabilities). Each
typology is rated on the adaptability scale from “reverse” to “accept,” and
an estimated percentage of cut and fill is provided to maintain a balanced
sediment budget across all earthwork operations (Figs. 8, 9).
4. Masterplanning Scenarios
Typologies are selected from “The Catalogue” and applied to a masterplan
of the Duwamish Corridor, which articulates the region’s transformation
over the next 100 years. The order which strategies will be executed is
determined by when ground hazards are expected to occur, their probability
of occurrence, their degree of impact, and the value of losses they incur.
The proposed scenario begins with building tunnels to protect railroads
from seasonal landslides, and addressing exigent concerns of soil toxicity
by carving channels to dilute contaminants for bioremediation. Next, port
facilities will be floated offshore38 to vacate sites for land readjustments
and infrastructure renewal. Slopes will be fortified while simultaneously
providing affordable housing over “lidded” 39 highways. Major arterials
and developments will gradually be elevated above rising sea levels
and lahar flows from the next Mount Rainier eruption (Figs. 10, 11).
Decoupling development from the ground allows the Duwamish River to
flow unconstrained, thus cleansing sediment of contaminants, replenishing
the basin with new sediment, and providing space for lost ecosystems to
revitalize. Respecting sediment processes and restoring sediment health
are critical in building resilience to ground hazards in Seattle.
Moving Forward
To further develop, refine, and validate this methodology, the following
items need to be addressed:
• Spatializing the cascading effects that multiple hazards have
on critical assets.
A 3D modelling software may be more effective in visualizing
impacts on value at risk and their temporal complexities, than
simply superimposing weighted overlays on a risk zone map (Fig. 1).
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This medium is also better suited for comparing adaptation 		
scenarios.
• Identifying cost implications for each typology.
The feasibility of each typology is a function of the risks reduced
and the costs incurred when reviewing the sediment budget as a
whole. Although appraisals should be conducted on a case-by-case
basis, costs estimates (e.g. based on the volume of soils displaced,
the distance transported, and the degree and means
of manipulation) are useful in typology selection for masterplanning.
• Devising a feedback loop.
A self-regulating mechanism should be in place to periodically 		
assess the performance of adaptive strategies and reconfigure as 		
necessary. Plan reviews and updates should be expected every
five years (or less).
• Collaborating with experts to resolve problems related to
complex systems.

Figure 8. Excerpt from the “Sediment Catalogue” of adaptive strategies for “Gravitational Failures.”
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Complex systems require interdisciplinary working groups to 		
promote diversity in dialogue, challenge assumptions, prompt 		
change, and help disseminate ideas.
Aligning projects with shared goals can increase chances of 		
influencing policies; improve efficiency by avoiding redundancies; 		
and provide a platform for sharing technical expertise, information,
and resources. My project can offer a design perspective to teams
operating across disciplines to reduce the impacts of multiple
hazards, such as: The University of Washington’s M9 Project,
or the Mitigation Work Group assembled for the “City of Seattle
All-Hazards Mitigation Plan.”

Figure 9. Excerpt from the “Sediment Catalogue” of adaptive strategies for “Lateral Vulnerabilities.”
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ACTION AS DISPOSITION
Following the region’s largest disaster drill, “Cascadia Rising,” state
officials criticized their inadequacy in disaster response, with the blunt
admission that “Washington is not currently a resilient state.” 40 They do,
however, recognize the long-term mitigation efforts made in the “Resilient
Washington State Initiative,” 41 which outlines seismic risk reduction policies
and actions for the next 50 years. The 2012 report led to the convening
of the Resilient Washington Subcabinet four years later. At the city level,
seismic retrofit programs and capital projects have progressed, albeit at
varying paces. The City of Seattle’s Office of Emergency Management
(OEM) helps facilitate their implementation across departments. The OEM
is a nationally accredited agency that manages and coordinates resources
and responsibilities for all types of hazards. Their emergency operations
and training exercises are conducted from a command-and-control center
annexed to Seattle’s Fire Station 10. This is also the headquarters for
the administration of outreach programs, planning initiatives, and grant
applications.

Figure 10. Excerpt from the masterplan applying adaptive strategies over the next 100 years (1 of 2).
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As of 2016, the OEM’s “2015-2021 All-Hazards Mitigation Plan” was
approved by the Federal Emergency Management Agency (FEMA), making
it eligible for grants funded by the Stafford Act, contingent on five year
reviews. One of the objectives was to produce an implementation plan that
recommends mitigation actions by City department for the next five years.
It lists project durations, anticipated costs, and funding sources, and scores
each on their suitability and effectiveness. While this satisfies short-term
trajectories and desires for quick-fixes,42 my project offers a framework for
designing long-term resilience to ground hazards in urban contexts using a
case study approach.
Comfort in a conventional, linear approach makes it easy to validate
counterproductive metrics that fail to identify the crux of the problem,
leading to misplaced resources, exacerbated risks, and missed
opportunities. Grounded by the theoretical underpinnings of “panarchy,”
my provocations apply systems-thinking to first redefine the problem.
Published over a decade ago, “panarchy” has been used to understand
complex systems in ecology, governance, law, and urban planning, yet

Figure 11. Excerpt from the masterplan applying adaptive strategies over the next 100 years (2 of 2).
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its application awaits evidence-based testing due to the lack of long-term
datasets. With that said, disaster contingency planning does not have
the luxury to allow analyses to incubate in the face of crises. Building on
a prevailing resilience discourse that has resonated across disciplines,43
my framework of adaptive strategies foregrounds “action” as a means
of developing and defining a disposition. Filtered through the discursive
methods of design research, the project is structured to evolve theory into
practice using a performance-based methodology. The urgency of the
impending risks demands it, and the versatility of the framework allows it.
The strategies are perhaps synonymous to what Keller Easterling refers to
as “active forms.” As she describes in “Action is the Form:” “The designer
of active forms is perhaps designing not just an enclosure or an urban
boundary but a disposition for the growth or even contraction of space.
The author of software is not the author of all of the forms that flow through
that software, but rather the author of a platform that shapes and manages
information.” 44 I have proposed not one single, pervasive strategy, but
rather a series of strategies - or active forms - that affect how the field
is inflected over time. Solutions are not prescribed, but rather presented
as possibilities. With all possibilities laid out, strategies can easily be
reconfigured as risks change in an indeterminate system. The expandable
catalogue of strategies gives space for invention. When confronted with
the (impending) failure of a system, “the situation demands innovation,” 45
suggests Mark Wigley in “Space in Crisis.” When the limits of a problem
are not clear, he calls on “radical intervention” to reestablish those limits:
“The crisis is such a radical threat to the environment that it acts as a kind
of demand for whole new kinds of policies, procedures, and people.” 46
If crises are catalysts for change, my adaptive strategies set new limits
to mitigate the impacts of inevitable destruction using a new form of
preemptive “production” - this is the tenet of the adaptive cycle.
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Water-Born Micro-Cities:
Bringing the Great Lakes
Closer to Natural Symbiosis
with Eco-Based Design
Dustin Altschul, Kim Buchholz

ABSTRACT - Through design-based research, we investigate how a
water-borne micro-city can participate in ecological repair that also
supports healthy, human life by removing harmful algae from the water
and utilizing it as a supply resource for energy. In this proposed scenario,
urbanism becomes the active component in prevention of toxic algae
blooms. By bringing together scientific research with research from
medicine, design, history and social science, we begin to animate design
strategies that promote local and regional resiliency within the Great
Lakes. These hypothetical designs, while focusing on algae within the
Great Lakes, can provide a feasible prototype for other coastal regions
around the world. The priorities of this project are relatable to all
coastal-adjacent settlements and the pending depletion of resources
that will jeopardize human life.
Keywords: built ecologies, Freshwater Urbanism, Great Lakes, urban
design, urbanism
Many coastal settlements are facing vulnerabilities to environmental
threats as the discord between the natural environment and human
habitation rapidly causes devastating conditions including, but not limited
to, flooding, water pollution, shoreline erosion, drought, and toxic living
environments. As scientific research unveils data connecting these
hazardous environmental indicators to contemporary urbanism, the topic
of ecological resilience becomes critically relevant to urban planners and
the design community. Marine-based urbanism has revealed an enigma of
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environmental stressors on the oceanic state. However, the subject of the
Great Lakes fresh water basins, as well as the network of various lakes
and rivers that connect to the larger Great Lakes watershed, in relation to
adaptive urban resiliency, has yet to be investigated as a new, speculative
urban morphology.
DO NOT DRINK
Human habitation along the Great Lakes is having a considerable impact
on the watersheds that have otherwise had a supply of relatively fresh,
unpolluted water prior to the onset of the twentieth century, when industry
and large agricultures dominantly developed in the region. Lake Erie, in
particular, has continuously suffered a harmful plight while the other Great
Lakes have not as severely experienced comparative environmental
distress. For the past fifty years, there have been social, political, and
environmental efforts made to prevent and alleviate Lake Erie from facing
the troubling reality of toxic state, or as the Environmental Protection
Agency (EPA) classifies, impaired waters.1 Cleanup efforts focus on the
infection of the toxic algae itself, rather than confronting the sources of
the environmental offending polluters; a recipe of agricultural runoff, storm
water runoff, and biological waste, creating an overloading of nutrients into
the fresh water, a condition known as “eutrophication.” When faced with
reports from the EPA regarding the state of impairment of Lake Erie, local
city and state officials have tempered the severity of the water condition in
fears that the label would cloud Ohio tourism.
The Great Lakes have many filter-feeding organisms that provide a
natural cleansing of the fresh water. However, the eutrophication in Lake
Erie has repelled these organisms, allowing further proliferation of toxic
algae blooms. These hostile algae conditions are directly related to the
amount of phosphorous introduced in the water supply. Throughout the
Great Lakes, and particularly in Lake Erie, there are numerous supply
derivations of contaminants, including various isolated sets of pipelines
emptying wastewater into the lakes, as well as runoff from farming and
urban infrastructure. Most of the phosphorous pollution, however, is caused
by the large amounts of runoff. The over spilling of urban and agricultural
environments, such as flooded manure fields and storm sewer backup,
discharges into rivers and streams during rainfall, collecting toxins and
pollutants from a variety of surfaces before pervading the water basins
and larger watershed. In 2011, the Great Lakes saw an increase of rainfall
from previous years in the spring, resulting in one of the highest toxic algae
outbreaks in history. Only two years later, the Ohio EPA and the City of
Toledo issued a “Do Not Drink Advisory” to nearly 500,000 users of the City
of Toledo water.
“There are twenty-five public water systems serving a combined population
of over 2.6 million that use Lake Erie as their source of water. Ten in the
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Western Basin, thirteen in the Central Basin,” the Ohio EPA reported of the
dangerous impacts of algae bloom to the Lake Erie Public Water Systems.
Yet, per the Follow the Manure Report published by the Environmentally
Concerned Citizens of South Central Michigan, a 501(c)(3) organization,
691 gallons [3.141,35 L] of manure from 12 million animals is deposited
into human-made, agricultural “lagoons,” which directly drain contaminated
water into Lake Erie, the same water system responsible for providing fresh
drinking water to millions of citizens.
While there have been moves made to prevent heavy rainfall from further
carrying contaminated lagoon water to Lake Erie and its connecting
tributaries, these efforts only continue to support the very roots of the
problem - agriculture practices, urban infrastructural deficiencies - that
continually position human habitation against the natural environment.
It is necessary to explore the possibilities of discontinuing the propagation
of conflict at the origin of the problem, thus investigating human habitation
under new terms. Often, the solution to urban resiliency in the Great Lakes
region has been one that is more responsive than adaptive or alternative.
For example, in the case of toxic algae, scientists and policy makers are
seeking out methods to control pollution rather than to stop pollution,
creating a major disconnect that impedes the evolution of ecologically-based
human habitation while allowing the existing mainstream, socially, and
economically accepted ways of life to continue, despite the ongoing and
pending environmental damages.
The Follow the Manure Report states that:
“The causes of and solutions to this recurring crisis are being
debated by legislators, agency officials, the environmental
community, agricultural sector and others, but one thing is certain:
dissolved phosphorus from fertilizer and waste entering the water
from agricultural facilities - both crop and livestock - plays a
significant role in the growth of the toxic algae.”
While this discussion is happening, Confined Animal Feeding Operations
(CAFO), or factory farms, continue to receive government subsidies to
maintain the very operations that cause issues like the Do Not Drink
Advisory, in addition to threatening the health of the 2.6 million dependent
on Lake Erie for drinking water. In 2016 alone, the federal government
provided factory farms in the Western Lake Erie Basin $41 million in
subsidies. It is hard to imagine government officials discussing solutions to
clean Lake Erie, while also heavily funding the polluting operations, but this
is what is happening. Through current strategic mitigation to reroute runoff
from entering the Great Lakes, civilization can continue indulging in harmful
practices and lifestyles, curtailing reconsidered notions of how humans
could live, including the methods of resilient habitation in coastal areas.
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The current urban architype, one that allows modern civilization to
parasitically exist, will cause future civilizations to be in environmental,
social, and economic disconnection.
THE URBAN DISCONNECT
Protecting and preserving social behaviors, as they exist, is a risky intrigue.
On one hand, if environmental efforts can mitigate runoff from entering
the Great Lakes, then by logic, the lake water will not be contaminated by
toxic algae or experience eutrophication. On the other hand, toxic runoff
and contamination from biological waste will still be an environmental issue
somewhere else, causing new, unforeseen coastal ecological harm. Like
the infamous arcade game “Whac-A-Mole,” solving an issue by redirecting
the problem will only cause another crisis to arise at another point in time.
These shortsighted strategies also have the capability to cause unexpected
social outcomes, such as displacement, negative health consequences,
and environmental injustice towards people impacted unfairly.
The underlying issue, the root of the problem, is not the toxic algae
invading Lake Erie. It is the urban disconnection from ecological living.
Due to increase in economy, transportation, and global marketplaces, it
is possible to have every comfort and survival need met with ease. The
emotional and mental relationship between humans and environment has
been diminished, as it is no longer necessary to live directly off the land
for survival. Imagine a river flowing into a home, a current that brings with
it fresh water, and as it flows out from the home, it carries detergents,
household chemicals, and biological waste. How would life operate under
those circumstances? Without having to mentally consider or visually
experience the course of water and its extensive journey into the urban
infrastructure through various channels, and then back out into the natural
environment, people are relieved from the hardship of knowing or caring.
The same thought extends to procuring food in the grocery store, a comfort
that does not require people to witness agricultural processes, or more
importantly, agricultural waste, transportation of food, packaging processes,
or even climate conditions. Every part of the environment that has been
involved in a food being harvested, processed, transported, manufactured
and packaged is removed from the conventional stream of consciousness.
The existing urban framework surrounding coastal bodies in the Great
Lakes region is made up of agriculture, dense urban cities, and urban
sprawl. This last element is reminiscent of the traditional new urbanist
transect, a lineage from natural land to dense urbanism, zone 1 to zone 6,
with continuous suburban zones in-between. The intentional separation
of urbanism from the natural environment in the Great Lakes region is
further isolated by property management, zoning regulations, building
codes, and regional planning. These conglomerate, umbrella policy
mandates encourage agriculture and industry to be situated closest to, if
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not within, the countryside and water basins, causing severe environmental
damage throughout the Great Lakes region. Ironically, it is these very
same political regulators that are currently trying to reroute agricultural
runoff from entering Lake Erie; thus, providing short-term resolutions to a
long-term problem. The contemporary urban-to-natural system does not
foster a sense of responsibility or stewardship to the great majority of the
population, including policy-makers themselves. When people relate to
the natural environment, there is a deeper understanding of the survival
struggles that occur along coastal bodies of water. The very natural
resources that allow urban life to exist are slowly being damaged by
disconnected urban policy and planning.
The Great Lakes are a popular tourist attraction, and those who leave the
larger cities to retreat to the Great Lakes coast almost always experience
a broadened awareness of the environmental problems. These issues,
like eutrophication and toxic algae blooms, are removed from the daily
experience of urban life. Fertilizer runoff from the manicured lawns in the
suburbs, human biological waste, the impervious hardscapes of streets,
agricultural erosion and pollution, as well as industrial waste are suppliers
of hazardous toxins to the Great Lakes. These use groups have created
contentious relationships between themselves and the natural environment
in terms of urban health, in addition to environmental despair. Through
the perpetual polluting of the Great Lakes, these groups are not only
disconnecting from each other and the environment, but they are also
further segregating themselves from those seeking recreation within the
watershed. These entities are creating natural warfare against each other
for the use of natural resources, with the Great Lakes being the greatest
casualty. Imagine a young family visiting one of the many public and free
Great Lakes to go swimming and spend time in nature, who instead comes
upon a toxic algae bloom so thick, it covers as much of the lake as they can

Figure 1. The “New Urbanist Transect,” by Duany Plater-Zyberk & Company, Center for Applied
Transect Studies.
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Figure 2. Lake Erie Algae Bloom.

see and is completely stagnant. This family is another casualty, unable to
enjoy the same right to fresh water as many before them. The trickle-down
effect of toxic runoff is not only an environmental injustice, but there
also exists a social trickle-down effect that puts unintended populations
at significant disadvantage as well. While factory farms and other large
organizations in the West Lake Erie Basin continue to pollute the water,
social and environmental injustice has become a way of life for vast
populations of residents in the region.
There are substantial effects from toxic algae blooms in the Great Lakes,
from environmental pollution, to urban health, to social detriment. If
current policy continues, the efforts made to mitigate runoff from entering
Lake Erie will shift these same issues from the toxic algae infestation to
another environmental casualty, another social disadvantage, and further
burdens on public health. It is critical to ask why the disconnection between
suburbia, urbanism, agriculture, and industry with the natural world has
not been considered as a topic of resolve, and if there are ways to not just
mitigate the problem, but rather meet these issues head on. Is it possible to
face up to the urban lifestyles, practices, routines, and methods of human
habitation and push for something that breaks the “Whac-A-Mole” cycle?
FRESHWATER URBANISM AND HEALTHY EARTH HABITATION
Just as all civilizations have evolved, parasitic living can also evolve. Since
the Great Lakes, specifically Lake Erie, have undergone so much pollution
from a sundry of urban-environmental disconnects, pollution abetment or
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toxic mitigation are no longer viable solutions. Human existence finds itself
at the forefront of the Anthropocene, and the toxic algae blooms in the Great
Lakes fresh water basin are strong environmental indicators of the negative
impact humans have had on the earth. Human habitation has influenced
atmospheric, biospheric, geologic, hydrologic and an assortment of other
natural ecologies and/or systems.
Rainfall does not only help to shape the landscape, but it is necessary
for land-based life and delivers nutrients to the ocean. However, after the
influences of agriculture, urbanism, and industry, it now collects toxins that
result in the surplus of phosphorous and other nutrients in the Great Lakes,
causing complex detrimental biological and ecological impacts.
Humans and human habitation must evolve to meet the demands of the
environmental needs of the Anthropocene for resilient survival. There
are ways that life can sustain, and flourish, that do not further harm the
environment, but in fact, thrive from the earth’s urban-induced virus and
subsequent fever. Freshwater Urbanism tackles the negative environmental
effects in the Great Lakes region caused by destructive contemporary
urbanism, using these adverse consequences to generate healthier earth
habitation. What exactly is “healthy earth habitation?” (Have we even seen it?)
Healthy earth habitation is a mutually beneficial relationship. Many argue
that rerouting toxic wastewater from the fresh water to ground water is a
sign of environmental activism, particularly government and policy officials,
who benefit from the root causes of the pollution.
Solutions like these still position an opposing relationship between humans
and the environment. Without altering urban lifestyles and principles, such
as discontinuing urban-based behaviors that are causing environmental
illness, there will be a continued discord between the environment
and insatiable human appetite. It is necessary to prioritize the natural
environment over the proclivities of human habitation.
Healthy earth habitation occurs when humans directly support ecological
and environmental functions of the natural world without sacrificing health
and wellbeing. This creates a mutually beneficial existence. Freshwater
Urbanism is a method of achieving a mutually beneficial relationship
between the natural environment and urbanism, supporting healthy
earth habitation. In the case of Lake Erie and the Great Lakes, it is vital
to preserve the natural resource of fresh water as this is critical for life.
Therefore, any type of human existence along fresh water coasts has the
special responsibility to regard itself as Freshwater Urbanism, intentional
societies dedicated to preserving this critical natural resource. The overall
water body of the Great Lakes itself is an important spatial environment that
is infected, its illness being indicative of the separation between urbanism
and the natural environment. To preserve this resource, lessening the
divide between urbanism and nature is needed, bringing people into close
proximity with nature and requiring intimate ecological relationships not yet
realized.
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WATER-BORNE MICRO-CITIES:
A PROPOSAL FOR A NEW ECOLOGICAL TYPOLOGY
To support the notion of Freshwater Urbanism as a new, Anthropocenebased urban model and theory, it is necessary to establish parameters to
compose an urban morphology. An initial population of 20,000 people was
established over an area of 4.5 sq. mi. [11,66 km2] to create a generous
urban density of 4,444 people per sq. mi. [1.715 people per km2].
In 2015, the largest infestation of toxic algae bloom was recorded in Lake
Erie, producing scum that spanned approximately 300 sq. mi. [777 km2].
For comparison, the land area of New York City is 304 sq. mi. [789 km2],
with Manhattan consisting of approximately 23 sq. mi. [59 km2] with an
urban density of 72,000 people per sq. mi. [27.799 people per km2].2
A typical midwestern city comfortably supports an urban density between
4,000-5,000 people per sq. mi. [1.544-1.931 people per km2] thus, this
influenced the selection of urban parameters to stay reflective of regional
culture. For a successful illustration of this morphology, urban character
remains, suggestions are made towards styles of human habitation and
urban behaviors. To sustain a closed-loop ecological network, the following
constraints were necessitated per standard usage in Michigan.

Table 1. Water-borne micro-city basis of design parameters.

Utility

Micro City
Daily Needs

Single Person
Daily Needs

Water

1.8 million gallons
(6,814 liters)

90 gallons3
(341 liters)

Electricity

7.87 million kBtu
(8.3 billion kJ)

143,600 kBtu4
(151.5 million kJ)

Waste

7,227 gallons
(27,357 liters)

19.8 gallons
(75 liters)

These parameters were utilized to provide baseline design conditions
to be met for the optimum health, hygiene, and wellness of the following
proposed water-borne micro-city design basis as a new urban paradigm
for Freshwater Urbanism.
Strategy 1: Infrastructural Coupling
The first strategy involves the coupling of algae energy, solar energy, wind
energy, and elements of nomadic living. Combining multiple sustainable
and renewable infrastructures allows the micro-city to operate as a
rechargeable battery, able to deliver energy as well as possess the mobility
to follow sources of energy.
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Algae Energy Generation
The water-borne micro-city is mobile and can provide nomadic, renewable
energy generation throughout the Great Lakes. As the farming of non-toxic
algae becomes more prevalent, especially throughout the Midwest, it is
critical to investigate the possibility of harvesting toxic algae as a fuel for
energy needs of human habitation. Based on report findings that state
one pound [0,45 kg] of algae can be converted into 9,400 BTU,3
the micro-city of 20,000 people will require 851 lb. [386 kg] of algae to
power the basic energy needs each day. Lake Erie is estimated to have
400 metric tons [882K lb.] of bioavailable phosphorous in the form of toxic
algae, which could power a micro-city for 1,946 days, or nearly five years.
In 2003 through 2017 alone, the severity of toxic blooms has increased
by approximately 1,000% and studies project sustained levels of toxic
algae through 2030 and beyond. This energy resource is becoming more
abundant, yet more environmentally damaging by the year. The ability for
humankind to flourish from the negative environmental consequences from
years of contamination is a characteristic of Anthropocene-based evolution,
and in doing so, the flourishing of humans is symbiotic with the natural world
for succinct healthy earth habitation. Harvesting toxic algae can improve
environmental conditions, while providing more energy than necessary
for sustainable living. Thus, excess energy generation can be stored or
classified as an agricultural resource, with a higher yield to payback than
most agricultural crops that come from established factory farms in the Great
Lakes region.
Solar Energy Generation
Conservatively, the Great Lakes receive an average estimate of
1,300.15 BTU/sq. ft./day [14.446 BTU/m2/day] of solar radiation.4
This lends to the coupling of solar power with algae biomass as a means
to maximize and optimize energy production of the micro-city. Because of
the micro-city’s water borne morphology, there are virtually no light-blocking
obstacles to obstruct solar radiation from the micro-city mass. Therefore,
it is possible to collect enough energy to meet all electricity needs of the
micro-city through 6,153 sq. ft. [572 m2] of photovoltaic panels, a meager
less than 1% of the entire surface area of the micro-city. When nature
is segregated from urbanism in planning, policy, and theory, there is the
potential to overlook important points of research that could otherwise
synthesize infrastructural and operational processes. The Great Lakes
watershed is largely left out of research that quantifies solar radiation
throughout the United States, measuring only the surface area of land
instead. Despite the lack of human habitation within the lakes themselves,
water is a surface that does, in fact, receive solar radiation. For the purposes
of this research, we interpolated solar gains based on the low average for
the upper Midwest region to speculate the possibility of offshore solar panels
for energy generation.
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Wind Energy Generation
There is much discussion and progress regarding onshore wind energy
generation. However, measured winds are strongest offshore. The
micro-city can harness these strong offshore winds through turbines
that, because of the absence of physical obstructions, can have longer
wing spans to generate more energy. The turbine infrastructure can
also double as light towers, alarms, or additional urban framework. The
integration of wind turbines into the everyday life for inhabitants on the
micro-city places people in direct connection with the source of energy,
and the unique typology of the micro-city allows for strategic adaptation
of new infrastructural approaches that prioritize environmental concerns
to preserve healthy earth habitation. In conventional planning, large wind
turbines are mostly located in isolated, rural areas segregated from human
habitation. The generation of wind energy and the physical turbines can
also provide power and strength to act as a propellant, like a sail on a
boat. One offshore-designed turbine with wingspans of 150 m [492 ft.] can
generate enough power to sustain 5,000 free-standing homes,5
while taking up an insignificant amount of area in the micro-city.
Nomadic Renewable Energy Generation
Prior to the onset of contemporary agriculture, human survival largely
depended on nomadic traditions. Current land rights issues and regulatory
ordinances limit nomadic culture within Western society; however, many
theorists argue that nomadic ways of living provide people with new
landscapes and new perspectives, which can strengthen the human mind,
therefore lending to a nostalgic, yet evolved, state of civilization. Through its
mobility, this micro-city can follow the presence of toxic algae blooms, solar

Figure 3. Water-borne micro-city distribution throughout the Great Lakes.
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radiation, and wind to collect the maximum amount of energy for generation
and/or storage. With the ability to connect and “plug-in,” the micro-city
can transport energy from city to city along the Great Lakes, acting as a
backup generator or an energy supplier, directly supporting coastal cities
and overarching Freshwater Urbanism. Under the current urban energy
structure, energy resources must be harvested and brought to facilities
for creation, conversion, and distribution. Even in state-of-the-art energy
facilities that are converting algae to energy, infrastructures must be built
to create synthetic, on-ground algae “farms.” The micro-city, on the other
hand, is an entire municipality that travels to the natural resource, for a
streamlined process causing less environmental taxation. Directly pairing
energy generation, conversion, and storage within and around 20,000
residents forces the entire course of action to maintain transparency,
stewardship, and a knowledge base of the fragility of energy in sustaining
human life.
Strategy 2: Direct Interaction with Water
The second strategy supporting water-borne micro-cities as a new
ecological typology for healthy earth habitation involves one’s relationship
with water. The direct experience with the Great Lakes reinforces emotional
connectedness, increasing awareness of the watershed that is the lifegiving powerhouse for the micro-city. The state of the water indisputably
affects resident life by directly showcasing the ominous condition of the
Great Lakes during the onset of the Anthropocene.
In contrast, a person living in suburban Ohio who maintains a beautiful front
lawn by fertilizing and watering it regularly may never realize the extent of
the environmental harm caused by introducing phosphorous-rich fertilizer
into the water system. While the lawn flourishes, the fertilizer tricklesdown and is discharged into the Great Lakes, where the homeowner
will likely never encounter the thick, toxic algae scum created from the
fertilizer runoff. When beautiful, manicured lawns are the standard of
one’s interaction with nature, and the local city ordinances reinforce yard
requirements, building setbacks, and suburban zoning strategies, there is
a severe discord with the natural environment. The negative implications
of these socially, politically, and economically accepted lifestyles, thus,
contribute greatly to the impaired state of the Great Lakes and foster
estranged relationships between human habitation and the watershed.
Imagine if this front yard was fresh water in the Great Lakes, and these
lifestyle practices promoted the health of the water. For the micro-city,
fresh water is the front yard.
As the typology for this new class of Freshwater Urbanism is idealized
through these strategies, morphological forms begin to naturally adapt
organic systems and processes. The elements of biomimicry are subtle
and may seem more technologically innovative than organic. Despite
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that, the mechanical implications in the architecture of this micro-city are
meant to benefit the survival of human life and natural life, and is therefore
reminiscent of natural evolution. Technicalities aside, the predominant
aspect to the micro-city is its relationship with water; a remedy to alienated,
contemporary urbanism. By placing human life on top of sensitive natural
resources for survival, people are forced to witness natural systems daily,
live lower-impact, more thoughtful lives, while also feeling a sense of
ownership over the Great Lakes, because after all, the fresh water does
become the front yard for the micro-city.
Strategy 3: Vertical Inversion of Zoned Use
Providing an environment that is viable to human life, capable of generating
natural energy, and is beneficial to the biological ecosystem are not the
only dynamic infrastructural opportunities for a water-borne micro-city. On
shore, land use is often regulated by policy, zoning ordinances, codes,
and necessary civil groundwork. Off shore, however, the ability to invert
the traditional transect is not only possible, but it is practical. Many of
the necessary functions deal directly with water, from the cleansing of
the water, to harvesting toxic algae and converting it to usable energy, to
the filtration systems, to agricultural opportunities, and recreation. While
a typical onshore transect limits the boundaries and interactions of the
natural environment with urban areas, a vertically inverted offshore zoning
system reverses the way urban life situates itself in relation to air, water,
and land. This strategy merges a theoretical environmental typology with
pragmatic engineering, offering a realistic solution to commonly idealized
urban notions. It is in this reimagined zoned use that Freshwater Urbanism
takes absolute responsibility for the greatest health and wellness of not only
residents, but also plants and animals. This model emphasizes a realistic
approach towards healthy earth habitation.
The proposal for explorative use of volumetric zoned area is based on
synthesized blending of environmental and urban needs. By merging these
two environments, each one becomes dependent and interlaced within the
other. The micro-city cannot flourish if the natural environment does not
also flourish. When making improvements and/or daily maintenance to the
urban infrastructure, as many traditional cities do, the efforts will therefore
advance the health of water and air qualities. This relationship embodies
a mutually beneficial symbiotic connection that has the potential to reach
further than within its own direct proximity. Because the Great Lakes
watershed connects to the Atlantic Ocean and Arctic Circle throughout
various North American tributaries, the innovative, inverted zoning of the
micro-city has the ability to enact positive changes throughout the entire
continent.
The merging of natural and urban survival needs brings forth an intimate
awareness of consequences from urban disconnect on natural ecosystems,
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UTILITY / INFRASTRUCTURE
Wind Manufactored Energy

BUILDING USE

OPEN LAND USE

Solar Manufactored Energy

Mid-Density Housing

High-Density Housing

Agriculture Production

Manufactored Water Supply

Mixed-Use Community
Services

Open Fresh Water Body

Alage Manufactored Energy

Open Public Space

Water Processing and
Energy Conversion

Figure 4. Potential
inverted zoning diagram.

as well as public understanding of lifestyle habits that have low to no impact
on the natural environment. The health and wellness of residents on the
micro-city and coastal cities like Toledo are determined by the success of
the natural environment. The social awareness and directionality of the
inverted transect calls into question importation policies, which will become
more prevalent as political discussions take place regarding the running of
oil pipelines through the Great Lakes. While most people in the region do
not reside directly next to a Great Lake, it is easy to allow political actions
like oil pipelines, or the growth of toxic algae, for that matter, to occur. For
the residents on the micro island whose surrounding “yards” are fresh Great
Lake water, the condition of the lake water is vital to a healthy existence
and enjoyable natural resources, which will spark local and residential
activism based on the NIMBY (Not In My Backyard) pejorative. By allowing
space above, on, and below the water surface, residents are provided
unique opportunities to access vast views and underwater ecosystems;
this will become a part of the everyday experience on the micro island.
The vertical inversion of zoned use is not simply a pragmatic infrastructural
solution, but it is also a way to enhance human life in new ways.
Strategy 4: Localized Placement to Resources
Water
The vertical and inverted zoning structure as described creates a different
organization of programs and resources that are not necessarily combined
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through conventional urban planning. In doing this, residential units are
placed on top of industrial and civil infrastructures, in addition to being
situated significantly closer to natural resources. What would it be like to
live on top of the water that we drink, or the energy that we use? Rather
than collecting fresh water and processing it through filtration channels
to ultimately provide clean water to household faucets through traditional
urban water systems, the design of the water-borne micro-city eliminates
the need for unnecessary urban infrastructure by providing a direct filtering
channel from the lake water to the micro-city residents, not unlike natural
vegetative root systems. The fresh water basin becomes a large storage
tank, syphoned when necessary with on-the-spot filtration. Due to the
micro-city harvesting toxic algae and cleansing the water, the filtration
needs are comparatively less than other standard water treatments,
adding another beneficial aspect to living in close quarters to the natural
resources needed to sustain life. With the entire micro-city functioning as an
island, agricultural practices are directly impacted, as this will provide the
possibility of bottom up irrigation, or hydroponic agriculture.
Energy
With the elimination of substantial infrastructure, less energy is utilized
to process resources. The micro-city generates energy from algae, solar
radiation, and wind. The energy can then be directly converted and
distributed on-site, because the micro-city has localized placement to these
resources. These infrastructures - wind turbines, photovoltaic panels, and
algae harvesting - are coupled with other urban needs, such as light towers
and shelters - providing more direct energy fulfillment to specific needs. The
localized, coupled course of generating energy is a 1:1 production, as no
energy is lost in the direct transferring and conversion process. Residents
will be integrated within the ecology of energy generation, which will
provide energy education, specialized life experiences, and a broadened
awareness of the dire need for a mutually beneficial, symbiotic relationship
between natural and artificial environments. The energy generation
processes on the micro-city are non-harming to residents, allowing humans
to exist nearby and occupy shared space with these industrial programs.
Disparately, conventional energy generation causes such significant air
pollution, CO2 emissions, as well as soil and water contamination, that
industry must be zoned at a far distance from residences.
Food
Through localized water and energy sources, agricultural practices are
benefitted greatly. The re-allotment of zoning relationships allows the
micro-city to introduce agricultural processes into daily life, rather than
pushing farms to the city edges. In a similar approach to the streamlining of
energy and water infrastructures, the integration of residential with natural
and agricultural environments means that the transportation, processes,
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and packaging of food is no longer necessary. With direct, natural access
to irrigation, increased moisture in the air, and greater access to sunlight,
agriculture has the potential to flourish better in the micro-city than
through conventional farming inland. Through hydroponics and traditional
methods of growing, the micro-city will maximize these resources, while
also presenting precedence for amended regional agricultural practices.
Algae may also be used as a natural fertilizer in addition to compost; a
closed-loop, localized method of living. The lifestyle changes for residents
through dietary changes and lessened energy needs will result in evolved,
Anthropocene-based knowledge and skills.
Strategy 5: Ecological Based Infrastructure “Plug-In”
As the water-borne micro-city is fully surrounded by and dependent on
fresh lake water, it is essential to redesign the process of wastewater
and waste disposal from the existing conventional methods in urbanism,
which have led to the toxic algae bloom infestation. Existing waste removal
strategies involve polluting natural systems, creating a parasitic relationship
between human habitation and natural ecosystems. Being a symbiotic
form of Health Earth Habitation that supports the responsibility of caring
for the Great Lakes and embracing Freshwater Urbanism, the micro-city
can positively contribute to natural environments. By plugging into an
urban morphology that is closer to natural systems through biomimicry and
careful consideration of resources, it is possible to filter biological waste
and convert it into a biogas through fermentation or anaerobic digestion.
With the use of steam turbines, the biogas can provide heating and other
energies to the micro-city.
DISCUSSION
This speculative article serves as a call to action: there are alternate forms
of living that more directly relate to healthy fresh water ecology that need
to be explored. The presence of toxic algae blooms in the Great Lakes is
not a natural phenomenon, but rather a result from urbanism in ecological
discord. While the infection of toxic algae in the fresh water is visible,
many of the other symptoms of environmental inharmoniousness are not
yet fully understood or felt. By finding opportunities for improved symbiotic
relationships within nature to eliminate debilitating parasitical environmental
exploitations, co-existence between human habitation and the natural world
can not only continue, but come together to create new morphological
systems. The urban morphologies discussed in this report present
strategies towards an adaptable typology for urban resiliency through
healthy earth habitation and Freshwater Urbanism.
It is critical to consider the Great Lakes watershed as a spatial environment,
not just a natural resource. The Great Lakes are more than just a space,
but they are a place. The fresh watershed is a place for habitation, for
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energy generation, for health and wellness, and for survival. Research
and conjectural investigations should continue, as should explorations into
the harvesting of toxic algae blooms for renewable energy. Toxic algae
blooms are a growing problem not only in the Great Lakes region, but
also in fresh water basins globally. Conventional, Western-based urban
lifestyles and policies encourage people and planning programs to maintain
a distance from natural and rural land, following the traditional rural to
dense urban transect. As the age of Anthropocene settles in, humans
need to accept new ideas for synthesized existence and begin to lessen
the divide between human and nature. The tolls on the environment are
growing daily, and stakeholders need to consider adaptive responses to
pending environmental states or continue playing “Whac-A-Mole” at the
expense of human and environmental health alike. The first changes must
begin on a social behavioral level; discontinuing the accommodation of
disproportionate human appetites and lifestyles.
Through coupling of energy resources, plugging into biomimicry planning
ideals, thriving from negative environmental consequences of urbanism,
and improving the state of the natural environment through mutually
beneficial relationships, the water-borne micro-city represents a prototype
urbanism; an urban morphology that can help preserve the Great Lakes.
Instead of just mitigating negative changes to the environment through
rerouting agricultural runoff, it is necessary to embrace inevitable
detrimental conditions to accomplish the evolutionary state required for
human survival and environmental health.
Notes
1. Associated Press, “2015 Lake Erie Algae Bloom Largest on Record,” Detroit Free Press,
November 11, 2015, http://www.freep.com/story/news/local/michigan/2015/11/11/
2015-lake-erie-algae-bloom-largest-record/75569602/.
2. New York City, Department of City Planning, “New York City Population,” NYC Population
Facts, https://www1.nyc.gov/site/planning/data-maps/nyc-population/population-facts.page.
3. See “Energy and Algae” for value predication.
4. Photovoltaic resource map created by the National Renewable Resource Lab was
used to determine assumed average PhotoVoltaic coverage and potential energy 		
generation on Great Lakes water bodies (see Roberts 2012).
5. Estimate based on the use of GE’s Haliade 150-6MW off shore wind turbine
(see General Electric Company 2015).
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ABSTRACT - The geography of a coastal city, such as its native
geological, biological, and physical conditions, plays an important role
in understanding the impacts of climate change upon the area. To better
identify strategies for adaption to global climate change, planners and
designers need better tools and techniques to learn and analyze the
geographical context of their cities on coastlines worldwide. This article
describes an urban design studio conducted in the spring of 2014.
Students in this class explored the future of North Carolina coastal cities in
light of rising global sea level. Geodesign using GIS and other visualization
tools enabled the students to focus on urban morphology, development
patterns, and environmental characteristics of the city in order to identify
new interventions that can support a new set of relationships between
urbanity and nature.
Keywords: climate change, coastal planning, geodesign, GIS, urban
design pedagogy
Cities in any given geographic location are subject to a variety of natural
phenomena such as hurricanes, floods, earthquakes, and other hazards.
Continuing changes in global climate patterns have altered the natural
processes of atmospheric, hydrological, and oceanographic nature around
the world. The frequency and severity of floods, storms, droughts, and other
weather-related disasters are expected to increase within our lifetimes.
While the occurrences of these events cannot be accurately predicted,
their impacts can be studied and managed through coordinated efforts on
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hazard mitigation. To ease losses of life, property, and function of a city,
design professionals and city officials need to plan for and strengthen
their infrastructural systems to be disaster-resistant. This will requires all
design and planning decisions to be made based on an integrated hazard
mitigation strategy (FEMA, 2013; WBDG, 2017).
One of the major challenges facing coastal cities is how to prepare and
respond to the devastating forces of natural events, such as flooding, storm
surge, and sea level rise. Various scientific studies have begun to point out
the vulnerability of many coastal cities to the eventual impacts of global
climate change. The Intergovernmental Panel on Climate Change (IPCC),
for example, has released a series of reports that highlight observed
current and future projected climate changes.1 Starting in 1988, IPCC
began assessing scientific, technical and socio-economic data associated
with climate change. According to IPCC’s most recent study, its Fifth
Assessment Report (AR5) released in 2014, global average sea level has
risen an average of approximately 0,19 m [7.5 in.] over the period from
1901 to 2010 and the average rate of sea level rise has been larger since
the mid-19th century than it has been over the two previous millennia.
In addition, extreme sea levels, as experienced in storm surges, have
increased since 1970, being mainly a result of rising mean sea level (IPCC,
2014). The IPCC report and other similar studies point to average global
sea level rise of one to two meters by the year of 2100.2 Even with the
most conservative estimates, one meter of sea level rise will still present
significant challenges for coastal cities worldwide. Such challenges require
careful planning with regard to present and future resources.
It is important to note that sea level rise, however, will not affect coastal
cities in equal ways. The impacts that global climate change has upon
these coastal areas may vary due to many factors, such as their native
geological and biological conditions, uneven levels and varied types of
human intervention and development, or proximity to currently existing
polar ice caps. Some areas will see potentially higher water levels while
others may feel the effects of related issues such as increases in tidal
ranges and storm surge reach. It is clear that the geographical context of
any coastal city plays a crucial role in not only understanding the impacts
of climate change upon specific areas but also potential strategies for
adaption to and mitigation of environmental changes associated with global
climate change.
Given these circumstances, two critical questions emerge: How can
planners and designers better understand the geographical context of
their cities? And, what tools and methods can enable them to do so in an
efficient way? These questions go beyond conventional planning or urban
design methods of analysis and point to the need for both academics and
practitioners to reach beyond disciplinary boundaries. In this sense, the
field of geography may very well shed some light on the answers to these
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questions. Geography, as an academic subject, focuses upon place and its
processes of production, human-made or natural, across both space and
time. As a science, it seeks to organize and describe the world (McElvaney,
2012). Geography offers humans a set of tools for understanding, from
traditional mapping for navigation and location to modern geospatial
information systems for data analysis and decision-making (Artz, 2010;
2012). In particular, recent developments in the emerging field of geodesign
offer new sets of theories and digital tools that bridge planning, urban
design and geography and that hold the promise of a new avenue for
addressing the impacts that global climate change has upon coastal cities
worldwide.3
In an attempt to test the potential of geodesign as a design method
applicable to questions of urban development in relation to climate change,
the School of Architecture at the University of North Carolina at Charlotte
launched an urban design studio aimed at addressing critical research
questions through interdisciplinary design exploration. This semester-long
studio course, offered in the spring of 2014, combined two classes together
with a total of twenty-six students from a graduate-level program in urban
design and an upper-division undergraduate-level class in architecture.
Students in this “super-studio” worked in close consultation with the urban
design and planning staff of the City of Wilmington’s Planning Department
on a real-world project to explore the future of North Carolina coastal cities
in light of rising global sea level. Working in teams, students focused upon
several critical issues and key sites in an effort to both inform on-going
local planning discussions and to highlight future challenges due to sea
level rise along the North Carolina coast where Wilmington is located.
The story of this collaboration with the City of Wilmington and the work
of the super-studio highlight the role that geodesign can play in both the
academy and in the profession. This story will be illustrated through this
essay beginning firstly with the three underlying pillar principles that serve
as the theoretical foundation for geodesign. The essay then discusses how
these three principles were put to use in the development of the operational
framework of the studio project, including the rationales behind the design
of the learning exercises used in the studio. The essay concludes with
a discussion of the outcome of the super-studio as well as some final
thoughts on potential next steps for further research and design initiatives.
GEODESIGN AND DESIGNING WITH NATURE
GIS (Geographic Information System) has been a driving force for
advancing environmental understanding and promoting better planning and
decision making since its beginning in the 1960s. It does so by enabling,
for example, urban planners to analyze, interpret and visualize geographic
and spatial data; this is of particular value when managing and assessing
complex data sets that represent interrelated urban systems (Aspinall et al.,
1993; Goodchild, 1987; Kliskey, 1995). Having the ability to access large
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data systems can help in decision making processes that inform a range
of municipal processes. Interestingly, design disciplines have only recently
taken advantage of the power of GIS. Many urban designers, for example,
view design as a process of arranging physical elements, man-made
or natural, in a way to best realize a particular purpose related to place
type, land use, human activity, identity, and community character. In many
cases, spatial form is guided by morphological patterns often disassociated
from the social, economic or political contexts from which the pattern
may first have emerged. Place, in this sense, is produced through spatial
characteristics that are said to lead to “good city form” 4 (Lynch, 1981).
Geodesign brings GIS into the process of designing human built
environments and—by extension, brings complex data sets into the overall
design process. It integrates geographic information with design thinking,
which can result in a systematic method for spatial planning and placemaking (Albert & Vargas-Moreno, 2012; Ervin, 2011). Design decisions,
in such a process, can be viewed within larger contexts. Carl Steinitz, the
noted Harvard Professor of Landscape Architecture and Planning, defines
geodesign as “changing geography by design” 5 (Steinitz, 2013; 2016).
His emphasis is on the active role of design in shaping our surroundings
to our desired uses. He argues that the action to change geography
ought to consider broader-scale plans beyond individual projects for a
better understanding of the influence of and consequence for the native
landscape. Similarly, Dr. Michael Flaxman’s frequently-quoted definition
of geodesign states that “geodesign is a design and planning method
which tightly couples the creation of design proposals with impact
simulations informed by geographical contexts, systems thinking, and
digital technology” (Steinitz, 2013, pp 12). Flaxman, the CEO and founder
of Geodesign Technologies, views this coupling as the bringing together of
creativity and scientific rigor. His definition also stresses the uniqueness of
geodesign as the merger of geography and design through computation
and, in particular, through geospatial technologies such as GIS (Flaxman,
2009; 2010). In this view, geodesign is a set of methods that enable
technologies for planning and designing built and natural environments
in an integrated process, including project conceptualization, design
specification, stakeholder participation and collaboration, design creation,
simulation, and evaluation (Lee et al., 2014). Geodesign (or geodesigning),
therefore, builds upon the conventional creative design process of
sketching an idea, evaluating it, and redrawing the design (Albert &
Vargas-Moreno, 2012). This process requires the creation of a sketch or
model (physical or virtual), followed by an iterative process of quick
re-design and evaluation of alternatives in order to reach a desired result
(Miller, 2008; 2012). Geodesign also has its roots in alternative futures
analysis, which is used as an environmental assessment approach
for helping communities make decisions about land consumption and
environmental protection. It provides a large-scale perspective on the
collective effects of multiple development policies affecting the quality of the
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environment and natural resources within a geographic region. The Upper
San Pedro River Basin Project by Carl Steinitz and his students at Harvard
(Steinitz et al., 2003) and the Willamette River Valley Project by David
Hulse and his colleagues in Oregon (Hulse et al., 2002) both demonstrate
how this approach helps articulate a suite of alternative visions for the
future by iterations of concept development, impact assessment, and
project refinement.
What makes geodesign unique, however, is the utilization of modern
geospatial tools to provide rapid feedback on different design proposals and
their potential impacts within specific contexts. One of those contexts perhaps one of the most important factors in a design process - is that
of natural systems. Geospatial design enables a designer to maintain
multiple factors in play during a design process and to keep those factors
as impactful and active elements. This is one way that geodesign can
help designers keep a focus upon natural systems. Design that takes
into consideration the native landscape of a place or region is not a new
phenomenon. Ancient cultures built settlements in close proximity to
natural resources and with good physical barriers for defenses to the wilds
(McElvaney, 2012). More recently, Ian McHarg, in his book Design with
Nature, which was published in 1969, promoted a design framework that
encouraged humans to achieve synergy with the nature. In his view, design
that considers both human needs as well as environmental facts in the
context of both space and time help ensure a balance is struck between
the two. McHarg also set forth a geospatial-based technique of overlaying
different layers of geographic information to evaluate the impacts of
human-made design interventions upon the nature. His pioneering work not
only had a fundamental influence on the field of environmental planning but
simultaneously solidified the core concepts of the young field of GIS around
its inception in the early 1970s.6 Following McHarg’s footprints, geodesign
enables designers to think about geospatial data as part of a creative
decision-making process and to translate geographic analysis into built
forms. This eventually results in design outcomes that more closely follow
natural systems (Zeiger, 2010).
DESIGNING WITH NATURAL SYSTEMS IN WILMINGTON, NC
The ability of geodesign to enable designers to address both current and
future conditions was a fundamental reason for integrating this method into
our studio, which focused upon the coastal urban context of Wilmington
NC, USA. Wilmington, in the spring of 2014, was implementing a revision
to local planning documents through a comprehensive planning and
community engagement process. Urban flooding following severe weather,
recent hurricane experiences along the eastern seaboard and North
Carolina, and a growing interest in sustainable urban design strategies all
led the City of Wilmington’s Department of Planning to invite our School of
Architecture and Urban Design Program to provide additional information
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for their overall comprehensive planning process. As a result, our studio
took the position that the exploration of future conditions brought on by
climate change would be important to address. This gave us a planning
horizon of the year 2100 and a sea level rise condition of 2 meters over
present levels. From an academic standpoint, this planning horizon
provided both an opportunity to rethink urban design strategies by enabling
students to project far into the future and it enabled us to look at a coastal
urban setting as a potential research venue that might yield innovative
strategies for urban transformation (in the near and long term).
Three Elements of Geodesign
Again, geodesign provided the tool by which these opportunities could be
addressed. This studio’s premise and associated assignments each built
upon the belief that geodesign, by its very nature, is a way of thinking,
framing, and implementing the design of human built environments that
gives designers ways of holding themselves accountable to specific
design constraints (such as the presence of water - both now and in
the future). Any discussion about geodesign’s underlying frameworks
must also, therefore, address the ways in which design, as a process,
is conceptualized (Wilson, 2015). In this regard, geodesign has three
fundamental elements that tie closely to three common conceptions of
design processes: Evaluation, Visualization, and Collaboration. These
three elements further enable the deployment of geodesign as a design
framework (Lee, 2015).
Element 1: Evaluation - Design as an iterative feedback loop of concept
generation, performance evaluation, and design refinement.
As previously mentioned, geodesign tightly couples the creation of
design ideas with performance evaluation and impact assessment
informed by geographic analysis (Flaxman, 2009; 2010). Geodesign can
produce databased design options and in turn lead to informed decisions
(Dangermond & Artz, 2012). Geodesign enables designers to sketch
alternative design scenarios and quickly get feedback on performance and
suitability by comparing design proposals to geospatial data behind GIS.
Element 2: Visualization - Design as spatial thinking relying on seeing in
our mind’s eye what the intended outcome could be.
Design at the geographic scale implies an effort to create something
that is functionally efficient and environmentally sound. It requires an
ability to generate a macro-level, or bird’s-eye, view of the designed
thing embedded within landscape in the mind’s eye of a designer. This
type of broad-scale image reveals both the process and the product in a
conscious way before it eventually becomes realized. Geodesign, using
the cartographic and graphical capabilities built into GIS, allows designers
to visualize spatial relationships within and to map potential impacts of
their design (Ervin, 2016).
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Element 3: Collaboration - Design as a participatory process requiring an
inclusive, communicative, and interdisciplinary approach to information
sharing and deliberation.
Geodesign emphasizes collaboration and relies on a joined effort that
draws upon inputs from different fields, including landscape architecture,
environmental science, engineering, urban planning, and community
development (Slotterback et al., 2016). In order to increase public
engagement and collaborative learning, geodesign offers different tools
and channels for individuals to communicate, share data, and design
collectively (all of which is crucial to a geodesign-based approach).
A Framework for Geodesign
The three fundamental elements of geodesign served as the underlying
principles for the development of the studio’s assignments, their sequence
and the processes through which the studio was to proceed.
The evaluation element of geodesign, for example, informed the
development of initial studio assignments including both analysis
procedures and design responses. With GIS as its core technical unit,
geodesign enabled a systematic approach to understanding and managing
information about the geographical context of the city. It allowed the class
to inventory, analyze, and display large complex spatial datasets in an
effective way (Ball, 2010). In our case, these datasets included information
about the city’s current physical conditions, environmental and watershed
conditions, demographic growth centers, projected areas for growth (as
indicated in local planning documents), and transportation networks. GIS
provided direct access to layers of information that the students translated
into design influences as they sought to understand Wilmington as an
urban ecosystem. While the use of GIS-based information may not be new,
within the context of an urban design studio, the use of this tool provided
students with a way of managing large amounts of information without
being overwhelmed. The ability to balance large amounts of information
against spatial conditions gave students a way to enter into a design
investigation easily.
Their experience reinforces David Cowens’s assessment that GIS
serves as a decision-support system enabling the integration of spatially
referenced data in a problem solving situation. He argues that a typical GIS
project workflow consists of four consecutive stages starting from
1) identifying project objectives; 2) creating a project database; to
3) analyzing the data, then finally 4) presenting the analysis results
(Cowens, 1988). This studio expanded on this simple model and adopted
Carl Steinitz’ six-stage model of landscape change, which is broadly
recognized as the theoretical base for the geodesign framework 7
(Dangermond, 2009; Steinitz, 2013). These six modeling stages are framed
by a set of critical questions that designers ask themselves during the life
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cycle of a design project. These six modeling stages are further divided into
two phases: assessment and intervention.
The assessment phase involves first three stages of Steinitz’ model that
describe and assess the geographical context of a place as it is. The
intervention phase includes next three of his stages describing the place as
it could be and evaluating possible design alternatives and their potential
impacts.
In the first phase of geodesign, landscape assessment, designers conduct
their initial analytical steps by asking themselves three questions:
1) How should the landscape be described? This question asks
for actions to conceptualize the landscape - the geography - and
inventory the findings into a series of thematic data layers.
2) How does the landscape operate? This requires combining data
and the use of spatial analysis techniques to understand landscape
processes and describe how the geographical context might change
over time.
3) Is the landscape functioning well? This involves the creation of
composite representations of the landscape, usually in the form of
maps, that combine a number of dissimilar things in a way that
reveals areas that may be more favorable than others for certain 		
activities.
Overall, this assessment phase consists of examining existing conditions
and determining whether the current conditions are operating well or not.
The second phase of geodesign involving landscape intervention begins
once the landscape assessment is completed. Three more questions are
presented in this phase:
4) How might the landscape be altered? This question triggers the
development of alternative design scenarios.
5) What differences might the changes cause? This is answered by
a quick evaluation of the potential impacts of those possible
changes proposed in the previous step.
6) Should the landscape be changed? This integrates considerations
of policies and values into decision making.
In general, the information produced by this intervention phase is used
to help designers and decision makers weigh the pros and cons of each
decision factor so they can weigh alternative solutions and make the most
informed decision possible.
Studio Processes
Based on this geodesign framework, this studio project was conducted in
two major steps following the two phases of geodesign outlined above.
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The first set of exercises explored basic tenets and techniques of urban
analysis and established the foundations of sustainable urban design
theory and practice that would be applied later to develop alternative design
proposals. Additionally, students working in teams examined patterns in
Wilmington’s urban and natural environments in an effort to move beyond
simple descriptions of the landscape to more robust interrogations of
the data. Geospatial analysis was seen as a means of interrogation
that enabled the formulation of basic questions in this first phase of the
project. GIS tools enabled the students to create an overall site analysis
of the entire Wilmington metropolitan area with an emphasis upon the
identification of key case study zones that captured areas challenged by
differing impacts from climate change and sea level rise. These key zones
represented the various urban and suburban conditions found within
greater Wilmington.
The actual technical procedures for this phase of the project were
developed closely following the sequence of the first three modeling stages
in Steinitz’ geodesign workflow as listed below:
1) Representation model: How should the landscape be described?
Project activities for this stage were focused on establishing
GIS data layers, using attribute-based operations to generate
thematic maps (such as identifying vacant parcels), linking external
demographic data from census to selected maps, registering
imagery onto GIS data layers, and creating 3D representations of
the site. Data were gathered through online sources, such as data
files downloaded from the City of Wilmington and US Census
Bureau, and through site visits to the city. Esri ArcGIS Desktop
served as the main software tools suite for the project.8
2) Process model: How does the landscape operate?
Project activities for this stage were mainly focused on identifying
the relationships among various man-made physical features in
the landscape (such as buildings and roadways), natural features
and landforms (such as elevations and waterways), and human
activities and phenomena (such as population distributions
and land uses). This was done by using map overlay techniques
combing multiple thematic maps together to reveal patterns and
relations. ArcMap in the ArcGIS Desktop was the application for
these operations.
3) Evaluation model: Is the landscape working well?
Project activities for this stage were focused on setting up
measures for design performance assessment based on metrics of
judgment, community value, design intent, and goals/objectives.
This assessment stage involved the participation of a diverse set
of subject matter experts from various city departments who
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were involved in defining issues, metrics, and the proper methods of
analysis. A set of common values/goals was identified, including
1) protecting existing communities from rising sea level;
2) rebuilding communities in areas susceptible to future rises in
sea level; 3) addressing valuable public shoreline infrastructure;
4) re-imagining new shoreline configurations for the City of 		
Wilmington.
The three remaining modeling stages (change, impact and decision
models) in Steinitz’ geodesign workflow served loosely as a guide for
the second phase of the project focused on the development of design
proposals.
4) Change model: How might the landscape be altered?
Project activities for this stage were focused on developing design
scenarios based on the overall site analysis from the assessment
phase.
5) Impact model: What differences might the changes cause?
Project activities for this stage included testing scenarios using the
indicators, measurements, and community values that were
identified from the evaluation stage.
6) Decision model: Should the landscape be changed?
Project activities in this stage were focused on finalizing criteria for
decision-making, producing outcomes, and presenting outputs.
Building from the overall site analysis in the first assessment phase, which
identified four key case study zones, student teams then began focusing
upon each of the key zones through the second iteration of mapping
exercises and site analysis, which in turn provided the platform for specific
design investigations in various key zones. The second iteration of
processes began with an examination of the impact of sea level rise, storm
surge and current flooding patterns upon to the overall physical fabric of the
key zones. Students then used map overlay techniques again to visualize
relationships among other variables, such as detailed street network,
building fabric, land use, vacant parcels, and topography on this sub-area
scale. Based upon the information derived through this step, areas within
each of the key zones were identified as “ripe”, or ready for intervention.
These ripe areas became the specific demonstration sites for final design
interventions. Factors such as intensity of climate change related impacts,
urban identity, demographic growth, civic initiatives aimed at targeting
growth, and proximity to key infrastructural opportunities all contributed
to the selection of the final design demonstration sites within the four key
zones: Downtown, Midtown/College Street Corridor, Coastal, and Postindustrial zones.

346

(Geo)Design Coastal Cities:
Design with Data (and Nature too)

Ming-Chun Lee, José L.S. Gamez

VISUALIZATION AND DESIGN AS SPATIAL THINKING
Focused studies involving these key sites enabled students to move from
a macro, or metropolitan, scale to a micro, or more focused neighborhood,
scale in which urban character and spatial identity could factor into design
decisions alongside climatic conditions. In essence, this smaller scaled set
of studies enabled a more detailed visualization of existing, impending and
proposed conditions. This came in various forms ranging from diagrams,
to maps to 3D perspectives. Mapping and diagramming are effective
tools to communicate important project information and design intents.
Geodesign relies on traditional cartography as well as modern graphical
representations of geographic information to allow designers to visualize
data in an effective way and see in their mind’s eye their design responses
to site conditions. This can be accomplished by utilizing a variety of
software applications, including conventional GIS tools such as ArcGIS
Desktop, 3D GIS or modeling programs such as 3D Analyst 9 or SketchUp,
and/or cloud-based platforms such as Google Earth and ArcGIS Online.10
One special emphasis is, therefore, put on the inter-operationality among
and integration of these tools to ensure efficiency of graphics production
and increase accuracy of representations. This studio project incorporated
a series of visualization processes and produced a variety of maps and
graphics throughout the project processes.
One important strategy in the assessment process was to use the idea of
an urban transect as an initial diagnostic tool by including sea level rise
projections as a feature. This illustrated that some parts of the metropolitan
area would face greater impacts from sea level rise due to their proximity
to the coastline or to lower elevations, therefore, triggering population
displacement and infrastructure losses. For inland neighborhoods away
from the coastline, the effects of sea level rise might be felt differently both
in terms of potential increases in heavy rains and urban flooding, storm
surges, and in terms of population displacement. These inland areas will be
on the receiving end of forced resettlement due to potential migration away
from coastal areas, which indicates that some areas previously not seen
as growth targets may, in fact, need to plan for inland migration. Increases
in infrastructure capacity, housing and public spaces will then be needed
to address the impacts of population growth in these inland areas. A series
of maps were created by the class to process this urban transect idea as
described below.
The assessment phase began with generating a series of base maps that
charted sea level rise at both one and two m [3.3 and 6.6 ft.] based on
topographic analysis to visualize the potential impacts of rising sea water
upon the Wilmington metropolitan. This initial step identified where a new
projected sea level waterline could be located, which became one layer on
a new blue print of the city. Additionally, new three m [10 ft.] storm surge
was mapped. The combined effects of these were identified by examining
existing elevation data and existing parcel maps (Fig. 1).
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Figure 1.
Topographic
analysis reveals
the potential
impacts of rising
sea water upon
the Wilmington
metropolitan.

By overlapping elevation data with current ecological network in the
metropolitan area, the studio established a green print of existing
greenways, parks, wetlands, and preserved habitats. With the existing
green network identified, students then located proposed greenways and
parks while simultaneously examining current vacant parcels that are
threatened by sea level rise, storm surges and projected future flooding.
These sites, which were termed sacrificial due to their likelihood and
degree of projected water-related impacts, became targets for incorporating
Low Impact Development (LID) technologies to act as stormwater buffers
to ease the impact of sea level rise and storm surges (NCSU, 2009). This
process also helped the studio establish an estimate regarding the number

348

(Geo)Design Coastal Cities:
Design with Data (and Nature too)

Ming-Chun Lee, José L.S. Gamez

Small Scale:
Parcels that are
too small for large
infrastructure.
Large Scale:
Parcels that are
large enough to
allow for some kind
of infrastructural
intervention
Proposed Greenways
Existing Greenways
Vacant Brownfield lots lost at 2 m + storm surge
Vacant lots lost at 2 m + storm surge
Existing Public Parks
2 m + storm surge rise

Project growth areas
0.5 and 1 mi. RADII
(based on placement
and impact due in part
to vacant areas)

Major Nodes
(1 mi. diameter and
0.5 mi. ring around
node)
2 m sea level rise +
10 ft storm surge

Figure 2. An estimate of population displacement was made by overlaying Wilmington’s
green network, existing parcels, and areas at risk of sea level rise and storm surges.
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of households and/or individuals that may be displaced due to climate
change and sea level rise. It also helped identify the amount of buildings
and infrastructural elements (roads, for example) may have to be rebuilt
due to the impacts of climate change (Fig. 2).
With the urban transect maps in hand, the studio also identified areas of
projected growth that might be re-imagined to capture both people coming
to Wilmington from outside the city as well as local residents that may
be displaced as sea level rise. These potential receiving areas included
areas currently facing declining economic uses (such as post-industrial
sites), areas ripe for conventional redevelopment. This search was
combined with a social vulnerability index analysis that mapped a variety
of population-based information, such as income, number of people
age 65 and older, and access to resources, such as schools, parks, and
transportation (Fig. 3).
By combining individual maps, concentrations of data began to reveal
certain patterns and direct the studio’s investigations into key case study
zones. By overlaying social vulnerability with major infrastructure, vacant
land, sea-level rise plus storm surge, and ecological networks that consist
of existing greenways, parks, wetlands, and preserved wildlife habitats,
the studio identified ripe areas, which were potential candidates ready for
redevelopment due to the impacts of climate change (Fig. 4).
Further combined with areas of projected growth, the resulting map
enabled a set of key zones to come into focus, some of which were in
threatened (sacrificial) areas and others in established (receiving) areas:
1) a historic zone around downtown Wilmington; 2) a suburban zone along
Midtown/College Street Corridor and around University of North Carolina
at Wilmington; 3) a marina and coastal zone along the coastline; 4) a
suburban/post-industrial zone near Monkey Junction and the industrial
areas along Cape Fear River (Fig. 5).
COLLABORATION AND STUDIO RESULTS
Geodesign promotes practices that merge spontaneously participatory
design methods with geospatial technologies to respond to the demand to
have multiple voices heard and ideas taken from those who involved in the
process.While public input was not integrated into the overall experience of
the course, the studio built upon an interdisciplinary knowledge base with
students coming from different design programs, encouraged collaboration
among students themselves and between city staff.12 In addition to faceto-face communications through site visits or meetings for in-house project
reviews, various digital channels were deployed to encourage collaboration
and information sharing, including ArcGIS Online, a cloud-based geospatial
content management system for storing and managing maps, data, and
other geospatial information. A remote file sharing server on campus was
set up for all students to share GIS datasets and other files needed for the
project, such as scanned map images, photos, satellite imageries, and other
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Social Vulnerability
3.51 to 6.00
2.51 to 3.50
1.51 to 2.50
0.01 to 1.50

Parks
Existing Greenway
Proposed Greenway

Currently protected
open space
Parcels that should be
protected or actively vacated
Parcels that should
not be built on
Parcels that are not
in areas for densification
Parcels that are near
areas for densification
Parcels that should be
reveloped for high density

Figure 3. Social vulnerability index analysis considers social/demographic conditions of local
neighborhoods to determine their needs for (re)development.
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Figure 5. The resulting map enables four key zones to come into focus.

graphics and written materials. The combination of virtual and
in-person collaborations with city officials provided students with insights
into the participatory access that geodesign can afford designers. In this
sense, the studio utilized city officials as surrogate public participants in
order to provide both expert opinion as well as overall qualitative feedback.
However, this limited form of collaboration could not fully simulate the kind
of large scale community involvement that geodesign may afford in practice.
The second iteration of mapping and analysis exercises concluded with
the identification of selected demonstration sites within the four key zones,
as mentioned before. This was followed by the final iteration of analysis
focused on the development of design strategies targeting these selected
demonstration sites. These sites were viewed as representative of the
various urban landscapes in the city, each paired with specific design
recommendations proposed by the student teams. The following section
provides brief descriptions of key design strategies for the selected
demonstration sites within the four key zones.
Downtown Wilmington Historic Zone: Protect, Defend, and Soften
Topographic data revealed that downtown Wilmington and its historic core
were founded upon high ground and, thus, the majority of the downtown
area is considered safe from threats associated with sea level rise. However,
low lying areas near the Cape Fear River’s edge and along inlets and
marshes could be significantly affected by rising sea level and the reach of
expanded flood plains due to climate change (Fig. 6). These areas provide
ripe opportunities to establish a protective ecological edge to downtown.
Additionally, according to various census-based projections, the downtown
area is expected to grow in population due, in part, to its pedestrian friendly
urban fabric, concentration of jobs and amenities, and its proximity to coastal
attractions. In order to accommodate this population growth in downtown,
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Figure 6. The second iteration of mapping analysis for Downtown Wilmington Historic Zone.
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Figure 7. Proposed transect design and water management strategies for Downtown Wilmington
Historic Zone.

phased development should be strategically concentrated around improved
infrastructure with a network of green streets connecting public open
spaces. LID technologies for storm-water management, such as
bio-retention and vegetated swales, should be introduced (NCSU,
2009). The integration of green infrastructure and LID will both enhance
the qualitative experience of the city and add to its resilience against
increased threats of heavy rains, storm surge and flooding. This new urban
ecosystem should be embedded within the existing gridded street pattern
to create an integrated urban ecosystem that connects and extends the
riverfront to the city core through new greenways, permeable green streets,
and public open spaces and parks (Fig. 7).
Midtown Wilmington Suburban Zone: Repair, Intertwine, and Attack
The College Street Corridor in Wilmington’s Midtown has recently been
impacted by regular urban flooding events tied to seasonal rainfall,
which have been constantly degrading this area’s urban infrastructure,
environmental conditions, and water quality. Midtown is an important
cultural node within Wilmington’s larger metropolitan landscape: College
Street is a major commercial arterial and the gateway to the University
of North Carolina at Wilmington (Fig. 8). As an auto-oriented landscape,
this area presents an opportunity to repair and strengthen its suburban
fabric while attack its existing and future climate-related challenges.
An existing patchwork of open spaces and greenways, revealed by
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CENTERING WILMINGTON
Connecting adaptive urban fabric
and supportive infrastructure

Figure 8. Site mapping analysis for Midtown
Wilmington Suburban Zone.

Figure 9. Proposed design strategies for green permeable streets in Midtown Wilmington
Suburban Zone.

356

(Geo)Design Coastal Cities:
Design with Data (and Nature too)

Ming-Chun Lee, José L.S. Gamez

the GIS overlay analysis, provides the roots of the proposed extensive
greenway system encircling this case study zone. This new greenway
system will link existing parks, greenways, and wetlands in order to create
an absorbent green ribbon—a new green infrastructural element that
both facilitates connectivity as well as urban water management. New
development will be concentrated in areas in which existing arterials and
the proposed green network intertwine. College Street will function as an
important central axis from which a web of connected linkages intertwines
the built and natural environments. The resulting new network will break
up the existing large blocks and create a series of mixed-use nodes
characterized by small urban blocks and a network of green permeable
streets that connect the new neighborhoods to the larger greenway
system (Fig. 9).
Marina and Coastal Zone: Retrofit, Repair, and Attack
Given the predicted threats of climate change to the coastal area, both
rising sea level and increasing tidal and storm surge reach became driving
factors for formulating design strategies for this zone. The map overlay
analysis revealed the existence of distinctive transect sub-zones within this
coastal area. The conventional transect strategy therefore was employed to
introduce resilient green infrastructure that both enables the area to attack
the rising tides and retrofit, repair and soften existing developed properties.
This resulted in an urban ecological transect framework that integrates
strengths from both a compact, graduated urban form and a native
landform acting as ecological infrastructure (Fig. 10).

Figure 10. The second iteration of mapping analysis for Marina and Coastal Zone.
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Among all the properties in this coastal zone, 4,170 parcels were
identified by the GIS analysis to be the properties that would suffer the
most severe damage from rising sea water. These properties should
be retrofitted with LID storm-water treatment techniques (such as water
catchment and bio-retention) and transformed into sponge slips that
can attack rising tides and allow storm surge water to be absorbed and
slowly discharged. Established neighborhoods within the predicted storm
surge impact areas but not immediately adjacent to the coastline should
be redeveloped, retrofitted and repaired in order to establish a network
of open green public spaces to function as bio-retention basins during
storm events. Architectural forms should be transformed to include raised
lower levels intended to absorb the impacts of storm related flooding. The
existing commercial corridors further away and parallel to the coastline
should be intersected with smaller permeable urban grids to serve as an
urban-scaled filter to absorb and dissipate heavy rains, flash floods, or
severe storm surges (Fig. 11).
Post Industrial Zone: Retreat and Reconnect
The southern half of Wilmington metropolitan includes a range of spatial
typologies from industrial riverfronts to low lying inland watersheds to
suburban coastal areas already prone to seasonal flooding. Existing
workforces and residential communities in this zone are vulnerable to the
increased threat of flooding, in part, due to area’s lack of connectivity,
which weakens the ability to evacuate these areas in the event of a natural
disaster (Fig. 12). A new connected urban fabric should be introduced to
reclaim and repair the aging industrial areas. The proposed new ecological
network will link the two coastal edges of Wilmington - the riverfront
to the west and the ocean coastline on the east - by stitching together
wetlands, proposed greenways, existing civic recourses, and new green
infrastructures that support the circulation of both people and water.
Strategic connectivity through multi-programmed infrastructure (recreation
as well as water management) provides new urban thread with which to
reconnect the disparate industrial and suburban typologies (Fig. 13).
A PRELIMINARY CONCLUSION AND A DISCUSSION OF COURSE
OUTCOMES
This studio resulted in eight sub-area master plans and twenty individual
site design projects, including selected sites in urban areas such as
downtown Wilmington and those in more rural or suburban settings near
city’s coastline. Project reports and other materials produced by the class,
including maps, drawings, and analysis results were shared with the City
of Wilmington Planning Department after the conclusion of the project.
Although an in-depth evaluation on the effectiveness of the geodesign
framework is out of the scope of this paper, which is certainly an important
next step, feedback from the students provide a glimpse into the potential
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pros and cons of applying geospatial tools and analysis methods in the
processes of planning and designing human built environments.
Informal exit interviews with the students revealed in general a positive
view towards geodesign as a valuable tool for designers. One student
argued that the use of GIS and its associated tools coupled with other
software such as SketchUp and Google Earth allowed better analysis
and visualization of the site, which in turn led to a more well-versed
design response. Some pointed out the advantage of using maps as a
communication tool to interact with stakeholders involved in the project.
Understanding the city’s position and community needs through mapping
exercises enabled the class to become more knowledgeable of those

Figure 11. A demonstration master plan for integrated design strategies incorporating resilient
green infrastructure for Marina and Coastal Zone.
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pressing issues tied to the different attributes of the sites as well as the
program requirements of the clients. However, students were concerned
with some fundamental limitations embedded in the geodesign concept due
to its analytical and technical nature. One student pointed out that GIS tools
and plug-ins were able to answer most of the design questions posed in
order to analyze the site as well as to evaluate the design proposal using
the available metrics from the plug-ins results. However, the result of the
analysis was not fully conclusive because there are other factors that were
not considered in the GIS analysis.
Geodesign may be an alternative way of planning and designing resulting
in a more informed design decision. However, as demonstrated in this class
project, this process fell short in terms of the ability to create actual planar
and sectional representation drawings that are typically required in the

Figure 12. Site mapping analysis for Post Industrial Zone.
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final deliverable of a design project. There was still a need to work on other
rendering software such as CAD and Adobe programs to further visualize
the design. In addition, the vision to have a feedback-loop formed between
formulation of design ideas and performance assessment/measurement
was not quite realized in the project due to lack of familiarity to the subject
matters that were supposed to support the class with engineering metrics
and/or scientific measures to enable the process. A better coordination
between design deliberation and technical procedures is certainly
anticipated in order for any hope to advance this particular type of design
approach.
Geodesign offers alternative approaches to planning and design leading
to more informed decision-making. However, any design or planning
practice requires broad knowledge including theory, methods, and tools.
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Figure 13. Proposed strategies for new green infrastructures supporting the circulation of
both people and water in Post Industrial Zone.

It also requires attention to be paid to intention, purposes, and contexts.
In this regard, the geodesign method employed by any individual must
vary depending on his/her initial intent, and so do the tools he/she decides
to use. To be successful with geodesign, a designer must be capable of
deploying a variety of tools (evaluation, visualization, collaboration) in order
to analyze design problems, formulate solutions, and understand trade-offs
from different perspectives.
Essentially, geodesign relies on a scenario-based approach to solving
problems. Because design scenarios are all unique, it may be ideal to use
different tools for different types of analysis for each scenario. An ideal
setting for teaching/learning/testing this particular geodesign method,
therefore, should be established with the following two important actions:
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1) employing a variety of software packages that can be integrated in
various ways in response to different design proposals and scenarios at
various geographic scales; 2) exploring theories and processes that can
better involve stakeholders in the selection of appropriate metrics/measures
for performance evaluation and efficient channels for communication and
collaboration.
GIS, geodesign and other graphic tools provided the means through which
specific design interventions were visualized for this studio project. GISbased analytical tools enabled design students to map and evaluate the
potential impacts of rising sea level, changing coastal patterns, and the
projected reach of future storm surges. This geodesign framework and its
associated tools and techniques, such as map overlay, imagery processing,
and 3D visualizations, enabled analysis of geographical contexts and
comparison between design and development scenarios. The combined
research and design efforts of this course identified various ways by
which not only the City of Wilmington may begin to address the impacts
of climate change but also other cities throughout the region may address
to strengthen their urban infrastructures. As sea level rises, cities like
Wilmington face significant challenges, which will continue to change their
relationships with their coastal edges. This represents an opportunity to
develop greener and more resilient infrastructure and urban forms that can
withstand future climate change. The information gathered here provides
the foundation upon which to build additional research into analytics
and visualization tools and their applications for climate-related design
challenges.
Notes
1. The Intergovernmental Panel on Climate Change (IPCC), sponsored by the United
Nations, has published five comprehensive assessment reports reviewing the latest climate
science and data. IPCC is currently in its Sixth Assessment cycle. The AR6 Synthesis
Report is expected to be finalized by 2022.
2. Other studies include: 1) The Synthesis Report of the Arctic Climate Impact Assessment
released in 2004; 2) a report on global warming by the U.S. Global Change Research
Program released in 2009; 3) the State of New York Sea Level Rise Task Force 2010
Report; and 4) the ClimAID 2011 Responding to Climate Change Report.
3. Geodesign is an invented word, according to Carl Steinitz. Its origin is unclear. However,
Bill Miller, Director of Geodesign Services at Esri, mentioned in a personal communication
that Jack Dangermond may have invented the term in 2006, the year Esri introduced its
experimental product, ArcSketch. Many point to the Specialist Meeting on Spatial Concepts
in GIS and Design, which took place at the University of California at Santa Barbara in 2008,
as the inception of geodesign. That conference was intended to more squarely understand
the potential of integrating design more fully into GIS. Held annually since 2010, Esri’s
Geodesign Summit has then become a major gathering of professionals interested in, or
working at the intersection of, geography and design.
4. With the publication of The Image of the City in 1959, Kevin Lynch intended to
understand the process of exploring city form. Lynch looked at connections between
human values and the physical forms of cities. To Lynch, the key to developing a good
understanding of city form is identifying a set of performance dimensions, with the
recognition that each locale will prioritize these criteria differently.
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5. Matt Artz, GIS and Science Manager at Esri, in an article published on Directions
Magazine, March 11, 2010, first mentioned this definition of geodesign by Carl Steinitz. In
Steinitz’ words, “geodesign is an ongoing process of changing geography by design.” For
him, geodesign is based on the interaction between design professions, the people of the
place, information technologists, and geographic sciences.
6. Ian McHarg’s “overlay method” describes how different information can be layered and
combined geographically to identify suitability for different types of development and use.
This particular technique eventually forms the basis of many complex analyses and reports
performed with GIS. Roger Tomlinson’s work with the Canadian government in the 1960s on
the development of the Canadian Geographic System (CGIS) is widely recognized as the
beginning of the modern computational geography. Similar efforts took place at Harvard’s
Laboratory of Computer Graphics and Spatial Analysis between the 1960s and 1970s.
These efforts were unique because they adopted a layer approach system to map handling,
closely related to McHarg’s “map overlay method.”
7. Carl Steinitz’ six-stage model of landscape change was first published in his paper “A
Framework for Theory Applicable to the Education of Landscape Architects (and Other
Environmental Design Professionals)” by Landscape Journal in 1990. Based on this model,
Carl Steinitz has conducted alternative futures analysis for several projects, including the
Upper San Pedro River Basin Project in the early 2000s. He further elaborated his ideas in
his 2012 book A Framework for Geodesign and proposed a comprehensive framework for
those interested in learning and applying geodesign approaches in design projects.
8. Environmental Systems Research Institute, Esri, is a major international supplier of GIS.
Its flagship product, ArcGIS Desktop, includes a suite of integrated applications, including
ArcMap, ArcCatalog, and ArcToolbox.
9. An extension to ArcGIS Desktop, 3D Analyst provides tools for 3D visualization, analysis,
and surface generation. The class used 3D Analyst to add shading to the elevation model to
increase the perception of depth in the 3D view and enhance details of the topography.
10. ArcGIS Online, Esri’s cloud-based geospatial content management system, served the
class as a search engine for GIS data and allowed the students to store and share their data
and maps.
11. GIS has been used as a tool for public engagement and has its roots in the field of
Public Participatory GIS (PPGIS), which intends to bring mapping practices to grassroots
communities in order to promote public discourse and problem solving for shared
challenges.
12. This class project did not involve actual interaction with community members outside of a
selection of city officials; participation was limited and public opinions gathered were subject
to biases. This presents an opportunity of improvement for future study.
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Miami Rising:
Historical Perspectives
on Sea Level Rise as
a View into the Future
Eric Firley, Victor Deupi

ABSTRACT - Miami is a city whose diversity and vibrant growth has
made it an ideal destination for international travel, business, and leisure.
However, South Florida is a hurricane prone region, and the threat of
sea level rise and erosion poses an immediate and long-term risk to the
stability of the city and its region. The city and the scientific community
have been studying the phenomenon for some time now, proposing
solutions to the management of such threatening uncertainty. Yet the
quest for coastal resilience is not a new phenomenon. Since ancient times
human settlements have entertained a complex relationship to the water.
This paper will explore how several cities throughout history have dealt
with flood resilience challenges and consider how historical attempts to
adapt and address such problems can provide new spatial strategies
for Miami’s future. Aware of the fact that such a study cannot reveal
technical solutions for the twenty-first century, the emphasis will be given
to an understanding of the correlation between socio-economic identity,
attitude towards defensive action, and the type of organization needed for
concerted action.
Keywords: coastal resilience, flooding, history, Miami-Dade County,
sea level rise
Miami-Dade County features on the list of the world’s most vulnerable
regions to the effects of sea level rise. With variations according to the type
and origin of the forecast model, the southern tip of the Floridian peninsula
will have to cope over the next fortyfive years with up to 3 ft. [0,9 m] higher
water levels than today.1 Without human intervention, this trend would
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transform the lowest laying landmasses, with Miami Beach as the most
prominent example, into almost fully covered watersheds.2 The complexity
of previsionary planning is raised by the fact that the region is also prone to
hurricane disasters. Depending on the strength of the coming storms, the
combined effect and impact on city life can hence vary considerably.
While these conditions might be typical for the majority of flood-endangered
places throughout the world, the Florida Peninsula has in addition the
geological particularity of porous ground. It rests on a vast plateau of karst
limestone with significant areas of dissolved rock, underground drainage,
and numerous abrupt ridges, fissures, sink-holes, and caverns. As a
consequence, traditional flood control methods such as structural levees,
floodways, channel improvement, and reservoirs may not be suitable
solutions as water can still travel through the bedrock and rise wherever
necessary. For this reason, and its consequences for flora, fauna, building
foundations, drink water provision and the highly vulnerable ecosystem of
the neighboring Everglades, Miami and the greater South Florida region, has
been described as the ground-zero for sea level rise inquiry and discourse.
A result of this preoccupying situation is the fact that the topic of sea level
rise has gradually escaped the domain of “experts-only” discussions, inviting
the professional community and wider public to reflect about the city’s
coming fate. A milestone has recently been reached, when an insurance
company refused to pay for flood damages that occurred in the ground
floor of a commercial building on South Beach.3 According to the insurance
company, the city’s gradual elevation of the street level had transformed
the ground level into a legal basement, for which the owner’s policy had no
validity. Examples like this one will multiply in the near future, forcing the
local community and the public sector to react and take a position.

Figure 1. A street in Miami Beach during king tide, October 12, 2016.
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Yet while we wait for the scientists to identify possible structural solutions
to managing the threat of sea level rise, this paper “leaps back” in history
(which is the literal meaning of the Latin term resilire) in order to situate
these water and flood related issues in a societal and political - rather
than technical - context. It is an alternative position on the topic that
complements the quest for the most efficient engineering solution for
coastal protection and stability, wondering if the selection of such measures
is not more culturally driven than one might expect. Short- and middle-term
political, personal and economic interests have a tendency to obstruct the
long-term view, particularly in a young city like Miami in which the threat
of flooding constitutes a novelty. The authors therefore decided to gather
material about settlements that have a far more entrenched relationship to
recurring inundations. They try to understand what the flooding challenge
meant for the development of the local identity and how it varied according
to regional particularities during specific moments in time. Due to this
societal focus, the selection of case studies is not primarily based on
geographic and geological similarities between Miami and the historic
precedents.
In this context of conceptual comparison, it is worthwhile mentioning that
the alleged uniqueness of the contemporary version of sea level rise in the
form of a continuously worsening trend is debatable. Earlier phenomena
might not have been based on a global event such as the melting of ice
caps, but subjectively they must have appeared to the local community in
a similar light. Just like us today, these communities witnessed recurring
and often intensifying inundations, and tried to agree on measures
on how to prevent or limit their undesirable effects. Our contribution
underlines the idea that history cannot teach us - that these case studies
cannot reveal technical solutions for the twenty-first century - but that we

Figure 2. Sea level rise forecasts
provided by the United States Army
Corps of Engineers, 2009.

Figure 3. Visualization of South Beach
in the event of a 2 ft. [61 cm] increase of
the sea level, www.eyesontherise.org.
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can learn from them. By studying these precedents, we can develop a
better understanding of the correlation between socio-economic identity,
attitude towards defensive action, and the type of organization needed for
concerted action.
RESEARCH
On the following pages, the authors will summarize case studies of Ancient
Rome, Venice, New Orleans, and Sacramento, and explain in what ways
these historic snapshots are relevant to the present situation in Miami.
The case studies will consider both the resistance and adaption to sea
level rise, flooding, and other water-related disturbances that characterized
each place. Taking into account how ecologists view resilience, and in
particular C.S. Hollings definition of it as a measure of a system’s ability to
absorb change and persist after a perturbation, the authors will focus on the
ongoing response of these settlements to floods.4 While in many instances
flood resistance is simply re-building after a destructive event, the authors
will seek to understand what adjustments took place in the rebuilding and
how these conditions shaped people’s perceptions.
Ancient Rome
From the very beginning, Rome was mythically associated with the flooding
of the city.5 As noted by Gregory Aldrete in Floods of the Tiber in Ancient
Rome, the well-known legend of Romulus and Remus rescued by the
she-wolf sidesteps the key point that King Amulius had ordered the twins to
be placed in a basket and thrown into the Tiber River. The basket washed
ashore as the man charged with drowning the boys could not get far
enough into the river to release them into the torrent. The Tiber had flooded
due to winter rains, and standing pools of water prevented the basket
from catching a current and taking the boys down river, if not out to sea.
Therefore, the twin sons of Rhea Silvia, who had been raped by Mars,
were rescued by the wolf and subsequently raised by a shepherd.
Eventually the twins decided to found a new city on the very spot where
the wolf had discovered them. But as luck would have it, fratricide ensued
when the two could not agree as to who should give their name to the city.
Romulus won out and became its first king.
The legend of Romulus and Remus underlines the complicated relationship
Rome has always had with the flood-prone Tiber. The river that ironically
saved the founder’s life would also frequently savage the city through
relentless floods and other water-related destruction. Clearly, the city’s
location was poorly chosen, a problem that continues to plague cities
throughout the world today. A large part of it was situated on land that
was inherently marshy and on a point of the Tiber River that was prone to
severe flooding, a fact that goes against any common sense planning.
As noted by Aldrete, written descriptions of floods in ancient Rome
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suggest that between 414 BCE and 398 CE, there were thirty-three years
of significant flooding.6 Of course, this does not take into account regular
flooding due to excessive rainfall, or flash floods caused by thunderstorms.
Nevertheless, there is no known author who intentionally wrote an account
of floods in ancient Rome, or a comprehensive history of floods in the
Roman world. Not even the ancient Roman architect, engineer, and writer
Vitruvius, whose treatise De architectura (On Architecture) appeared in the
second half of the first century BCE, mentioned flooding or the associated
flood-related damages to buildings.7 Therefore, when considering the
effects of floods on Ancient Rome, we have to take into account more
general conditions, both mythical and practical.
Vitruvius’ treatise was the only comprehensive text on architectural theory
and practice to have survived from Classical antiquity, though he never
dealt specifically with floods or flooding. Yet from the beginning of the
treatise - at the end of Book I - he describes the proper way to lay out a
healthy, idealized city, based on hygiene, meteorology, the regime of the
winds, and the light and heat of the sun, a proposal that clearly side skirts
Ancient Rome. He warns of building in swampy, marsh-like places and the
associated health risks that come from living in such environments.
Those places […] which have stagnant marshes, and lack flowing
outlets, whether rivers or by dykes, like the Pomptine (sic) marshes,
by standing become foul and send forth heavy and pestilent
moisture.8

Figure 4. Romulus and Remus rescued by a she-wolf during a flood event.
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Elsewhere in Book II, he warns of poorly made masonry walls and
improperly mixed Roman mortar, careless constructional techniques that
when exposed to water and continuous moisture, can result in the loss of
structural integrity or collapse. More importantly, he dedicated Book VIII
entirely to hydrology and hydraulics. In it, he discusses the ways of locating
good water, and the building of aqueducts, wells, and cisterns. Finally, in
Book IX he treats of water clocks and organs, largely in relation to ancient
mathematics. He even provides the oldest surviving account of Archimedes’
discovery of the relative weight between gold and silver in the fraudulent
case of the gold crown - a discovery that could not have been made without
the use of water.
So what is one to make of all of this? Ancient Rome was clearly founded on
sacred soil, however swampy the low-lying valleys between the seven hills
may have been. However, the legend of Romulus and Remus succeeded
the city’s foundation by several centuries, and therefore provided a divine
and retrospective explanation for the damages resulting from seasonal
inundations. The fact that Vitruvius never explicitly mentioned the flooding
issue suggests that he took it for granted or fatalistically accepted is as
a force majeure. His omission also suggests that the consequences may
have rarely been disastrous, leading one to believe that for Vitruvius, these
kinds of random acts of nature may have been beyond one’s ability to
resist, let alone foresee.
It is generally accepted that the earliest (and wealthiest) inhabitants of
Rome occupied the elevated sectors of the city, and that the low-lying
regions contained streams and lakes that regularly flooded during rainy
seasons. As the city grew and expanded, it had to adopt engineering/
resistant responses to flooding in order to accommodate the new lowlying urban districts. This resulted in the construction of elevated ground
levels and fill projects, an engineered drain (Cloaca Maxima) system and
canals, and the building of floodwalls, embankments, and earthen levees.
Yet despite these extensive flood control efforts, the city continued to
suffer from inundations and the Roman people had to live with the floodprone nature of their city, adapting their lifestyles and building practices to
accommodate the seemingly random acts of nature. Aldrete traces Ancient
Rome’s surprising resiliency back to five major parameters: the widespread
existence of hills as a refuge, the flood-resistance of the major public
buildings through over-engineered foundations and an appropriate choice
of materials, the housing patterns with the elites residing on protected
hilltops, the relative security of the food storages, and the continuing
provision of drinking water coming from the nearby mountains.
These points, including the mentality to comprehend natural disasters
as fatal incidences, could be included in a matrix helping us to evaluate
flood resiliency for twenty-first century Miami. However, it is important to
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Figure 5. This map shows the situation of the major public buildings within the catchment
zone of an extraordinary flood in Ancient Rome.

remember that in the case of Ancient Rome, the topography of its location
allowed building to occur on higher ground, and the hills to provide an
uninterrupted supply of clean water (a happy coincidence). Miami is not as
fortunate as it was built on largely flat (and porous) land and any efforts to
introduce higher ground in the future will be met with significant structural
and environmental challenges. Nevertheless, Vitruvius’ description of
foundation design and material choice for buildings within the flood zone,
may be seen as a direct response to conditions of inundation - a resilient
approach since the disruption (i.e., flooding) is incorporated into the system,
rather than excluded from it. Miami may have to think in such Vitruvian
terms should it ever consider elevating the city as a means to live with the
persistent threat of sea-level rise and erosion.
Venice
Venice is an extreme example of the intrinsic paradox that is characteristic
for the foundation of many cities, particularly in Europe, because the
373

The Plan Journal 2 (2): 367-387, 2017 - doi: 10.15274/tpj.2017.02.02.10

defensive military protection provided by special geographic features
usually goes hand in hand with constraints in other fields than the
defensive one. In the case of Venice, it was the secluded location within
a natural lagoon that favored its survival during the barbaric invasions
of Italy.9 The city developed, when others, situated on the mainland,
struggled or perished. However, the downside of the efficient natural
protection was the constant threat of seasonal flooding, the need to clear
the lagoon from sedimentation along the shipping channels, and the
establishment of a building culture that necessitated the fairly costly use
of foundations that were made out of a myriad of wooden piles. Hence,
the “water-impregnated” culture that these starting conditions helped to
shape is as unique as the city’s stupendous physical reality.
As described by Karl Appuhn in his study of late seventeenth century
water-management innovations in Venice, the city fathers had historically
regarded their natural environment in a surprisingly conservationist
manner.10 Though forced since the thirteenth century to intervene
constantly in river diversions, dredging and breakwater construction, the
city leaders were reluctant to drain and reclaim its shallow surroundings
and to alter the shape of the lagoon. This position remained enforced
long after the existence of defensive measures had become redundant.
“The lagoon lay at the very heart of some of the most fiercely contested
political debates in Venetian history.” 11 These debates transcended purely
economic considerations, and achieved a symbolic dimension in equating
the lagoon and its conservation as a wetland with the population’s selfunderstanding as a maritime people. Reclaiming the marshy periphery,
in contrast, would have symbolized an increasing orientation towards the
mainland, and agricultural rather than commercial activities. Another, even
more explicitly political reason for the conservationist attitude towards the
water was the city-state’s status as a republic: “For most of Venice’s ruling
class the public good […] was synonymous with preserving the lagoon as
a large wetland rather than draining it and transforming it into arable land
as was being done in other parts of Europe.” 12 These convictions also
had an engineering impact, and explain why Venice’s water management
innovations were - despite the city’s impressive international reach and
high level of education - developed only internally, on the base of a fairly
“vernacular science” of trial and error. It was feared that the application
of foreign technological innovations would open the door for a reversal
of the above-mentioned public principle. As shows the example given
by Appuhn, such reproach was eventually made to the Dutch levee
construction technology that - in its country of origin - usually went along
with large-scale reclamation projects that were implemented by the private
sector. Next to the political and economic agenda, there was also an
environmental one: “The lagoon was understood to be a delicate structure
in need of constant care […] and the Venetians were its divinely appointed
caretakers.” 13
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This episode, describing the city council’s refusal to apply the most
advanced technologies in levee construction and to continue relying on
traditional techniques until the very end of the eighteenth century, has
been chosen, because it showcases how complex and seemingly random
the relationship between a technical solution and a practical need can
be. At first glance, one could present this dismissive attitude towards
technical progress as a simple mistake and sign of backwardness, but
longer consideration offers an alternative interpretation and questions the
cultural neutrality of technological innovation. It was not solely because
of provincialism and protectionism that the Venetian city leaders reacted
suspiciously to the introduction of a new and allegedly advanced levee
technology for breakwater reinforcement. They knew that this technology
was usually applied in a context of land reclamation, a practice that
went against their cultural and political beliefs. These figurative and
symbolic objections were followed by physical and empirical ones, after
the underfunded and repeatedly deferred trial installation of the new
levees underperformed. This unfortunate outcome seems to have been
caused by a faulty implementation that lacked the permeability of both the
Venetian-style, but also the original Dutch-style design: as a result, the
levee acted as a wall, and succumbed to the pressure of the raising water.
In the context of this paper, these findings reveal two points: the political
and cultural dimension of a specific natural setting and traditional way
of doing things, and the technical difficulty of displacing remediation
measures from one ecosystem to another. For Miami in particular, the
question arises as how deeply its identity is rooted in an image provided
by the natural setting, dominated by Ocean Drive and beaches that
stretch over the entire eastern shore of Miami Beach. It is this setting,
and the one of the whole Biscayne Bay, that is most endangered by the
rising sea levels. If the Venice government refused to conduct measures
that questioned - and this only symbolically - its orientation towards the
sea, would Miami hesitate to conduct measures that could negatively
impact some of its most famous postcard views? In both cases, this is not
only a question of myth preservation, but also one of economic rationale
and marketing allure. Unlike Venice, Miami’s myth is not based on a
predominantly cultural, historic and architectural view of the city. But is it
really just about party, money and the beach, as critics tend to repeat?
From the cities discussed in this paper, the two are today the ones that
most rely on tourism and secondary homeowners. For Venice, this has
been a long historic development. For Miami, it has always been the case,
but the city hardly counts more than a century of existence. Arguably,
sea level rise will help Miami and its residents to better identify on what
myth it is built upon. How much adaptation, may it be physical, social or
economic, will it be able to digest? How resilient is the myth to change
and adaptation?
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Figure 6. Eighteenth century pile
drivers working on the foundations
for a Venetian church.
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Figure 7. A comparison of levee design
between the Netherlands (bottom) and
Venice in the late seventeenth century.

New Orleans
From the very beginning of its colonization in the first decade of the
eighteenth century, the city of New Orleans had to adapt to destructive
river flooding, hurricane storm surge, and high sea level rise.14 Given its
strategic location along the east bank of the Mississippi River, the earliest
settlement was situated along the natural levees of the river approximately
10 ft. [3 m] above sea level. The earliest settlers understood the value and
common sense of building on high ground, and in 1719 constructed a 3
ft. [0,9 m] high levee along the existing bank to protect further from river
and tidal overflow. In 1721, French engineers produced a new city plan,
the Vieux Carré, or French Quarter as it is called today, that consisted of
a rectangular grid of streets and blocks that met at right angles, with a
perimeter wall and canal that emptied into Lake Pontchartrain nearby. New
Orleans’ first recorded hurricane struck the brand new capital the following
year, in 1722, causing the widespread destruction of homes, public
buildings, and ships docked in the harbor. The city’s baptism by fire was a
cruel prelude to what would become a regular pattern of particularly painful
natural disasters.
The Spanish occupation of New Orleans (1764-1803) coincided with the
development of other Spanish cities in the Caribbean and Gulf of Mexico
such as Havana, Santiago de Cuba, Santo Domingo, and Cartagena de las
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Indias.15 Like New Orleans, these Spanish settlements were all “cursed by
nature” if not “the will of God,” as they regularly alternated between periods
of drought and deluge. In an effort to survive with the elements, the Spanish
introduced new resistant methods of construction to protect buildings from
fire or flooding, improved sewer and storm water drainage, and in the
case of New Orleans, built a new canal to facilitate the transportation of
goods from Lake Pontchartrain to the city proper. All of these engineering
strategies sought to optimize the city’s already delicate relationship
between safety and economic expansion. Despite the increased living
standards brought about by the Spanish, hurricanes and tropical storms
continued to batter New Orleans in 1776, 1779 (twice), 1780, 1781, 1793,
and 1794.16 The areas outside of the walls remained poorly drained,
disease-ridden, and in constant danger of flooding. Yet the Spanish were
firm in their colonial expansion into North America, and this may very well
have contributed to their development of a strong psychological resilience
to disaster. Their building practices also influenced the character of the
French Quarter significantly, with taller and larger courtyard buildings
becoming the norm. Fireproof slate-shingled roofs, metal balconies and
railings, and masonry structures all contributed to a Spanish character
that would endure and forever be associated with the French Quarter. This
was the New Orleans that the United States acquired with the Louisiana
Purchase of 1803.
In the early nineteenth century, the city witnessed an extended period of
economic, industrial, and population growth, and as a result expanded
outwards along the river and to the north towards Lake Pontchartrain.
At best, the new districts were built prudently along the levees of the

Figure 8. Map of the New Orleans region dated 1764.
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river, but in the case of the areas north of the city, new districts were
carelessly developed on land that Vitruvius would have declared unsuitable
for building. Elevated wooden homes became the standard form of
construction in these poorly-chosen, low-lying districts. And, like the French
and Spanish before them, the Americans had to cope with continuous
hurricanes and tropical storms - at least one per decade throughout the
nineteenth century - that caused widespread flooding and large-scale
destruction. After the Civil War (1861-1865) ended, military engineers put
in place new sanitary measures to improve drainage and water control,
largely to improve public health rather than protect against damaging floods
or storms. As the city continued to expand in the latter half of the nineteenth
century, new canals were constructed to connect the new districts with
Lake Pontchartrain. Yet these new residential areas were built on low-lying
land, at approximately sea level rather than along the elevated levees of
the river. The century ended tragically with the Hurricane of 1893 resulting
in the greatest loss of life the city ever witnessed, over 2,000 fatalities and
massive flooding.
In the early twentieth century, the city developed comprehensive zoning,
transportation infrastructure, improved drainage and levee systems,
and increased the construction of elevated houses. As the city improved
its construction standards, many existing buildings were subsequently
elevated or moved. Yet, the city continued to expand toward the banks of
Lake Pontchartrain on shallow, formerly swampy ground. Post World War II
construction brought about the end of elevated houses and introduced the
concrete slab-construction that was popular throughout the United States.
The city’s faith in improved technology and the acceptance of commercially
driven residential construction resulted in the ultimate test when Hurricane
Katrina ravaged New Orleans and the Mississippi Gulf Coast on August 29,
2005. Though the hurricane did not strike the city directly, the storm
surge associated with it breached the levees of Lake Pontchartrain,
catastrophically destroying the low-lying areas of the city and causing
nearly 2,000 fatalities. The wealthier, older neighborhoods along the river
suffered little damage and the levees along the Mississippi river were
never breached. Nearly three hundred years after the city’s founding, the
residents of New Orleans are more than ever determined to continue living
in a place that has seen continuous water-related damage and destruction
with little hope that future storms and floods will go away.
This famous case study documents particularly well some of the most
obvious points influencing flood resiliency: the appropriateness of
construction types and of geographic location. And for both of these
parameters, contemporary Miami does not score much better than
New Orleans. The vernacular building tradition has been largely lost and
low-lying areas have been densely developed. A significant difference from
Ancient Rome or New Orleans is the fact that social segregation in Miami
does not always correlate with elevation. There are of course higher areas
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(Coconut Grove and Coral Gables) where the wealthier neighborhoods
were first built, but this is no longer the recurring pattern. This condition
might be linked to the historically less frequent occurrence of floods, the
coastal location and the legacy as a seasonal tourist destination. Arguably,
this can be interpreted as an opportunity, and might convince the elites to
take swift action. Pessimists could claim the opposite.

Figure 9. Plan for a
raised basement house
in New Orleans, 1913.

Sacramento
The development of Sacramento is closely linked to the California gold
rush that started in the late 1840s. The city, situated at the juncture of the
American and the Sacramento rivers, managed to establish itself as a major
point of distribution and commerce between San Francisco and the coast,
on the one side, and the mines of the gold country, on the other. Merchants
and miners first came by boat and after termination of the Sacramento
Valley Railroad in 1856 also by train. The gold rush’s tempting promise of
quick gains led to remarkable population spikes: between October 1849 and
the early summer 1850, the size more than tripled from 2000 to over 7000
inhabitants. This prosperous fate was however not shared by all similar
real-estate ventures, a failing example being provided by the city of Vernon
that vanished already four years after its foundation in 1849. The reason for
this fiasco was not only the settlement’s direct competition with Sacramento,
and later Yuba, but also its even higher vulnerability to seasonal flooding.17
New Helvetia, situated just two miles south of Sacramento along the
Sacramento river, suffered a similar downfall, ironically linked to the fact
that it had been founded with the intent to engage in agriculture rather than
mining. Once the rumors of gold discovery had spread, the project of
Swiss-Mexican impresario Johann Sutter fell apart.
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Sacramento - and some other new cities like Marysville and Stockton prevailed and flourished, but the flooding issue turned out to be far more
serious than anyone expected. Indigenous advice was not sought after,
and it took the adventurous immigrants several years to understand that
the first winter floods of 1849 and 1850 were not exceptional events, but
typical seasonal occurrences in the Sacramento Valley, with more or less
catastrophic outcomes. Due to the special conditions of the gold rush, the
city nevertheless grew quickly. It entered a long phase of spontaneous and
uncoordinated defensive action, mostly in the form of levee construction,
even though a relocation to higher ground might have been an economically
more reasonable solution. The detrimental effects gradually intensified
through deforestation along the riverbanks and since the 1870s through
hydraulic mining, filling the Sacramento River and its tributaries with vast
amounts of sediment. In addition to the partly contradicting and often
flood reinforcing levee construction measures, several dams were built at
crevasses along the Sacramento and Feather rivers in order to help master
the situation. The results were usually poor and led in some cases to armed
confrontations between differently affected landowners. This early period,
referred to as the “Levee-Wars Era,” came to an end after two particularly
severe flooding disasters in the years 1907 and 1909.18
Several earlier attempts for concerted and federally funded action were
pushed forward and eventually culminated in a statewide flood control plan
and one of the country’s most complex infrastructural undertakings.
What is particularly interesting about this case study is the ability to
document the socio-political effect of a major natural threat on an affected
community’s power structure and cohesion. These effects are far from
obvious, as explained by Andrew C. Isenberg, who claims that Sacramento
embarked on comparably efficient flood control projects “not because it
had the brightest prospects, but ironically because its government […]
intuited that a flood control project might boost public support.” 19 The city
had been founded in 1848 by Peter Burnett and the son of the abovementioned Johann Sutter, on grounds that were thought to belong to his
father’s land grant of 48,000 acres [19.425 ha], received in 1838 from the
Mexican government. A closer look at the grant, taken by future squatters,
however revealed that it excluded riverine land. This stipulation had not
worried Sutter Sr., interested in agriculture, but it put into question the
founding rights of a city that had been founded in a floodplain, directly
along the riverbanks and at the juncture of two regularly overflowing
rivers. This delicate legal situation was exacerbated by the fact that the
city government was made up of major businessmen and speculators,
people who had a fairly transparent interest in keeping the status quo in
terms of landownership. It is in this context that flood control revealed its
use not only as a physically protective measure, but also as a method to
provide legitimacy to the established power and, at the same time, a way to
evaluate its performance.
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One of the earliest examples was, in April 1850, the election to mayor of
the merchant and speculator Hardin Bigelow, who had built - following
the refusal of the city council - at his own expenses a levee that protected
the city during the March inundations. His first action, approved by 543
against 15 votes, was to call a referendum that secured $250,000 in taxes
for the construction of additional protection.20 This first sign of solidarity did
not, however, solve the city’s socio-political issues. Only four months later
severe riots erupted and the state militia was sent in, after the California
courts had decided against the squatters’ claim for landownership. Bigelow
himself was shot by squatters, and died of cholera during his recovery.
Internal tensions continued for a long time to come, but flood control
through increasingly sophisticated and expensive means seemed to have
acted as a binding element for the local population.21

Figure 10. The City of
Sacramento with major roads
and railway lines in 1855.

These findings and interpretations are thought provoking if applied
to Miami, because the “Magic City” regularly features as one of the
most socially segregated agglomerations in the US. Its Gini coefficient,
measuring social disparities, is high, corruption cases remain frequent,
and the indicators of civic health are low.22 Though major riots have not
occurred since the 1980s, unity is not the word that best characterizes
Miami’s political situation. The thesis that the city government’s legitimacy
could be raised and strengthened through the need of concerted action is
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hence alluring, and counterbalances the more frequent claim that Miami
will not be able to solve its issues due to a culture of uncoordinated private
action. The test could transcend into a societal way forward, but it might
only be taken and passed, if the state of emergency is understood by the
entire population, and consequences are supposed to be shared equally.
A point that this chapter can only raise, but not analyze and discuss, is the
appropriateness of the final result. As previously mentioned, a statewide
flood control plan of remarkable cost and complexity has indeed helped to
protect the Sacramento Valley and the wider area from further disasters,
preventing the occasional creation of a vast inland sea in what are now
densely populated areas. Critics however underline the ecological cost
that this massive interference in an existing natural system has produced.
The example underlines that the definition of resiliency, in opposition to
resistance, is not as clear-cut as one would hope for. It also underlines the
fact that natural preservation and human activities are not easy to reconcile,
even in an age of raised ecological awareness.

Figure 11. Map of the Sacramento Valley Flood Control System. The massive Yolo Bypass,
to the west, has been created in order to channel overflowing water during the winter floods.
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CONCLUSION
Will Miami become a new Atlantis? The idea that the “Magic City” will not
witness the turn of the next century is surprisingly wide spread.23 Pessimists
cite many reasons, including the population’s transience, the city’s still
relatively undiversified economy relying on tourism and speculative realestate investment, the particularity of the porous soil and the fact that its
most valuable asset - arguably Miami Beach - is also its most threatened
one. Be that as it may, it is not the aim of this paper to answer this question,
even though the analysis of numerous case-studies, including the four
presented in this paper, seems to document a strong natural resilience of
human settlements to disaster.
What the authors intended to do, was to help put the current discussion
into perspective, and to participate in the knitting of a flood control narrative
that is based on historic experience, and detached from contemporary
political and technocratic pressures that tend to direct ongoing remediation
efforts into a deceptively pragmatic and problem-solving direction. That is
because what is meant to reassure, can become ever more threatening,
if the proposed solutions do not satisfy our perfectionist expectations and
personal interests. Embracing change on the scale needed for the future of
Miami is not an easy task, particularly if the risk is not equally distributed.
The novelty in terms of risk is not its constant growth, but the linearity
of this growth and its apparent predictability.24 The alleged clarity of the
phenomenon of rising sea levels, captivating for our visual imagination,
appears less abstract than the growing harm and financial loss created
through a statistic of intensifying natural disasters. Awaiting the next
hurricane seems to be psychologically less threatening than to prepare
for the long-term effects of sea level rise. We do not know when the next
hurricane will hit, but we do know that the sea levels will rise. Each major
hurricane had a cost, but its impact on urban life and urban form was
always limited in time, particularly for the elites who could build accordingly
and leave the city until it resumed its major operating functions. Rising sea
levels, for the reasons mentioned above, will change this paradigm for
Miami and many other cities that do not have a culture of recurring flood
disasters. The city’s spatial development will be heavily affected, not only in
terms of building codes, as in the case of hurricanes, but also in many other
growth patterns.
In an attempt to situate this paper more specifically in the realm of the built
environment, it is worthwhile mentioning that our position is not only one
of observation. It is a byproduct of our own experience as design studio
teachers who have over the last two years repeatedly invited architecture
and urban design students to “find solutions for sea level rise.” Often, these
solutions cannot fully convince, the issue potentially being the expectation
of “fully,” one that architects tend to share with their engineering colleagues.
It is a notion that seems to fit better into the above-mentioned category of
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“resistance,” of full protection of the status quo, rather than “resilience.”
We hence ask ourselves if sea level rise may have been put in the wrong
category, the one of technological challenges, while in reality having more
in common with an issue like affordability that nobody would even dare to
disconnect from its broader socio-economic, historic and political context.
What consequences, if any, would such an understanding have for the work
of the architect, urban designer or planner? How should the profession
adjust in order to have a more powerful impact on the future of cities that
are threatened by sea level rise?
Notes
1. John Abraham, “Sea Level Rise Is Accelerating; How Much It Costs Is up to Us,”
The Guardian (March 11, 2016), https://www.theguardian.com/environment/climateconsensus-97-per-cent/2016/mar/11/sea-level-rise-is-accelerating-how-much-it-costs-isup-to-us; Glenn Landers, US Army Corps of Engineers, Jacksonville District, “Seal Level
Change and Long Range Water Resources Planning for Florida,” (presentation, Miami-Dade
“Sea Level Rise” Task Force Meeting, Miami, April 4, 2014).
2. FIU GIS Center, “Sea-Level Rise Toolbox,” this website allows you to map sea level rise
for specific locations according to the user’s manual input, http://www.eyesontherise.org/
app/#tab2.
3. Joey Flechas, “Flood Claim Denied for Restaurant Turned ‘Basement’ after Miami Beach
Raised Street,” Miami Herald (November 16, 2016), http://www.miamiherald.com/news/local/
community/miami-dade/miami-beach/article115264938.html.
4. Lance H. Gunderson, Craig Reece Allen, and C. S. Holling, Foundations of Ecological
Resilience (Washington DC: Island Press, 2014).
5. Gregory S. Aldrete, Floods of the Tiber in Ancient Rome (Baltimore MD, USA: Johns
Hopkins University Press, 2006), 10ff.
6. Aldrete, Floods of the Tiber, 13-14.
7. Marcus Vitruvius Pollio, On Architecture, transl. Frank Stephen Granger (Cambridge MA,
USA: Harvard University Press, 2014; 1st transl.,1931).
8. Ibid., Book I, Chapter iv, 12.
9. John Keahey, Venice Against the Sea: A City Besieged (New York: Thomas Dunne
Books/St. Martin’s Press, 2002), 19.
10. Karl Appuhn, “Friend or Flood? The Dilemmas of Water Management in Early Modern
Venice,” in The Nature of Cities, ed. Andrew C. Isenberg (Rochester NY, USA: University of
Rochester Press, 2006).
11. Ibid., 83.
12. Ibid., 80.
13. Ibid., 86.
14. Fred Daspit, Louisiana Architecture, 1714-1820 (Lafayette LA, USA: Center for Louisiana
Studies, University of Louisiana at Lafayette, 2004); Federal Emergency Management
Agency (FEMA), The History of Building Elevation in New Orleans (Washington DC,
December 2012), https://www.fema.gov/media-library-data/20130726-1919-25045-5921/
cno_history_bldg_elev_042313.pdf.
15. Sherry Johnson, Climate and Catastrophe in Cuba and the Atlantic World in the Age of
Revolution (Chapel Hill NC, USA: The University of North Carolina Press, 2011), 8ff.
16. FEMA, 6.
17. Andrew C. Isenberg, “Banking on Sacramento,” in The Nature of Cities (Rochester NY,
USA: University of Rochester Press, 2006), 104.
18. Todd Holmes, “Rivers of Gold, Valley of Conquest,” in River City and Valley Life, eds.
Christopher Castaneda and Lee Simpson (Pittsburgh PA, USA: University of Pittsburgh
Press, 2013), 122.

384

Miami Rising: Historical Perspectives
on Sea Level Rise as a View into the Future

Eric Firley, Victor Deupi

19. Isenberg, “Banking on Sacramento,” 117.
20. Robert Kelley, Battling the Inland Sea (Berkeley CA, USA: University of California Press,
1989), 15.
21. Ibid, 319-338. In the final chapter of his book, Kelley analyzes the relevance of the
valley’s special environmental conditions for the political culture in California.
22. Sarah Ponczek and Wei Lu, “The 10 Most Unequal Cities in America,” Bloomberg.com
(October 5, 2016), https://www.bloomberg.com/news/articles/2016-10-05/miami-is-thenewly-crowned-most-unequal-city-in-the-u-s; National Conference on Citizenship, A Tale of
Two Cities - Civic Health in Miami and Minneapolis-St. Paul, (Miami: John S. and James L.
Knight Foundation, Report, 2010).
23. Jeff Goodell, “Miami: How Rising Sea Levels Endanger South Florida,” Rolling Stone
(June 20, 2013), http://www.rollingstone.com/politics/news/why-the-city-of-miami-is-doomedto-drown-20130620.
24. Though surpassing the scope of this paper, the topic of sea level rise could also be
analyzed in the context of the writings about the “risk society” by authors like Anthony
Giddens, Ulrich Beck and others.

References
Aerts, Jeroen C. J. H. Climate Adaptation and Flood Risk in Coastal Cities Abingdon.
Oxon, UK; New York: Earthscan, 2012.
Aldrete, Gregory S. Floods of the Tiber in Ancient Rome. Baltimore MD, USA:
Johns Hopkins University Press, 2007.
Blake, Nelson Manfred. Land into Water-Water into Land: A History of Water Management
in Florida. Tallahassee FL, USA: University Presses of Florida, 1980.
Castaneda, Christopher James, and Lee M. A. Simpson. River City and Valley Life:
An Environmental History of the Sacramento Region. Pittsburgh PA, USA: University of
Pittsburgh Press, 2013.
Curtis, Daniel R. Coping with Crisis the Resilience and Vulnerability of Pre-Industrial 		
Settlements. Farnham, UK: Ashgate Publishing Ltd, 2014.
Daspit, Fred. Louisiana Architecture, 1714-1830. Lafayette LA, USA: Center for Louisiana 		
Studies, University of Southwestern Louisiana, 1996.
Dickson, Eric. Urban Risk Assessments an Approach for Understanding Disaster and 		
Climate Risk in Cities. Edited by Judy L. Baker, Daniel Hoornweg and World Bank 		
Content Provider. Washington DC: World Bank Publications, 2012.
Federal Emergency Management Agency (FEMA). The History of Building Elevation in New
Orleans. Washington DC: Federal Emergency Management Agency, 2012.
Fletcher, Caroline. The Science of Saving Venice. Edited by Jane da Mosto. Turin, It.: 		
Umberto Allemandi, 2004.
– –, and T. Spencer. Flooding and Environmental Challenges for Venice and 		
Its Lagoon: State of Knowledge. Cambridge, UK: Cambridge University Press, 2005.
Gil-Guirado, Salvador, José-Antonio Espín-Sánchez, and María Rosario Prieto. “Can We
Learn from the Past? Four Hundred Years of Changes in Adaptation to Floods and
Droughts. Measuring the Vulnerability in Two Hispanic Cities.” Climatic Change 139,
no. 2 (2016): 183-200.
Glaser, Rü, Dirk Riemann, Johannes Schönbein, Mariano Barriendos, Rudolf Brázdil, Chiara
Bertolin, Dario Camuffo, et al. “The Variability of European Floods since AD 1500.” 		
Climatic Change 101, no. 1-2 (2010): 235-256.
Gunderson, Lance H., Craig Reece Allen, and C. S. Holling. Foundations of Ecological 		
Resilience. Washington DC: Island Press, 2014.
Huitema, Dave, and Stefania Munaretto. “Adaptive Co-management in the Venice Lagoon?
an Analysis of Current Water and Environmental Management Practices and Prospects
for Change.” Ecology and Society 17, no. 2 (2012): 19.
Isenberg, Andrew C. The Nature of Cities. Rochester NY, USA: University of Rochester 		
Press, 2006.
James, L. A., and Michael B. Singer. “Development of the Lower Sacramento Valley FloodControl System: Historical Perspective.” Natural Hazards Review 9, n.3 (2008): 125-135.

385

The Plan Journal 2 (2): 367-387, 2017 - doi: 10.15274/tpj.2017.02.02.10

www.theplanjournal.com

Jha, Abhas K. Cities and Flooding: A Guide to Integrated Urban Flood Risk Management
for the 21st Century. Edited by Robin Bloch and Jessica Lamond. Washington DC:
World Bank Publications, 2012.
Johnson, Sherry. Climate and Catastrophe in Cuba and the Atlantic World in the Age of 		
Revolution. Chapel Hill NC, USA: The University of North Carolina Press, 2011.
Keahey, John. Venice Against the Sea: A City Besieged. New York: Thomas Dunne 		
Books/St. Martin’s Press, 2002.
Kelley, Robert Lloyd. Battling the Inland Sea: American Political Culture, Public Policy,
and the Sacramento Valley, 1850-1986. Berkeley CA, USA: University of California 		
Press, 1989.
Lasserre, Pierre, and Angelo Marzollo. The Venice Lagoon Ecosystem: Inputs and 		
Interactions between Land and Sea. Paris and New York: Parthenon Pub. Group, 1999.
Lorenzetti, Giulio. Venice and its Lagoon: Historical-Artistic Guide. Trieste, It.: Lint, 1975.
Miller, E. Willard, and Ruby M. Miller. Natural Disasters: Floods - A Reference Handbook. 		
Santa Barbara CA, USA: ABC-CLIO, 2000.
O’Malley, Anthony, and Coby Crowl. “Higher Ground.” Civil Engineering 68, no. 9 (1998): 		
65-67.
Tarazona, Marcela, Federica Chiappe, and Chris Hearle. Understanding the Patterns of 		
Climate-Resilient Development: A Literature Review. Final Report. Oxford, UK:
Oxford Policy Management, June 2014.
URS Group. “The History of Building Elevation in New Orleans.” Washington DC: Federal 		
Emergency Management Agency, 2012.
Van de Ven, G. P., and Karel Mulder. “Man-Made Lowlands: History of Water Management
and Land Reclamation in the Netherlands.” Technology and culture 37, no. 1,
(1996): 210.
Van Meerten, H. “Controlling the Floods of the Mississippi.” Journal of the Franklin Institute
157, no. 5 (1904): 381-387.
Viganò, Paola. “Extreme Cities and Bad Places.” International Journal of Disaster Risk 		
Science 3, n. 1 (2012): 3-10.
Vitruvius, Marcus Pollio. On Architecture. Translated by Frank Stephen Granger. 			
Cambridge MA, USA: Harvard University Press, 2014; 1st translation, 1931.

386

Miami Rising: Historical Perspectives
on Sea Level Rise as a View into the Future

Eric Firley, Victor Deupi

Acknowledgments
We both worked in close collaboration on this paper, regarding the concept as much as the
actual writing. For the Research part, Victor Deupi concentrated on Ancient Rome and New
Orleans, while Eric Firley on Venice and Sacramento.

Credits
Figure 1: public domain, Flickr, photo by miamibrickell.
Figure 2: public domain, https://robertscribbler.com/tag/miami-sea-level-rise/.
Figures 4, 6 and 8: public domain.
Figure 5: photo credit to Gregory S. Aldrete.
Figures 7 and 10: images found in the book The Nature of Cities.
Figure 9: image found in the document The History of Building Elevation in New Orleans.

Eric Firley is an Assistant Professor at the School of Architecture, University of Miami,
since January 2011. He trained as an architect and urban designer at the EPFL Lausanne,
the Bauhaus University in Weimar and the London School of Economics. After his studies,
he worked for several years in the real-estate sector and for design practices in Paris and
London. Between 2007 and 2010, he concentrated full-time on the research for the selfinitiated Urban Handbook Series, published by John Wiley & Sons.
E-mail: efirley@miami.edu
Victor Deupi is a Lecturer at the School of Architecture, University of Miami, where he
teaches history and theory, design and representation. The principal focus of his research
is on the art and architecture of the Early Modern Ibero-American world, and mid-twentiethcentury Cuba. His book Architectural Temperance: Spain and Rome, 1700-1759 was
published by Routledge in 2015, and he is currently editing a book on Transformations in
Classical Architecture that is being published by Oscar Riera Ojeda Publishers, 2017.
E-mail: vdeupi@miami.edu

387

388

The Plan Journal 2 (2): 389-414, 2017
doi: 10.15274/tpj.2017.02.02.06

Salty Urbanism:
Towards an Adaptive Coastal
Design Framework to
Address Sea Level Rise
Jeffrey E. Huber, Keith Van de Riet,
John Sandell, Lawrence Scarpa

ABSTRACT - Utilizing the North Beach Village neighborhood in Fort
Lauderdale, Florida, as case study, “Salty Urbanism” establishes an
interdisciplinary team to develop a coupled research methodology and
pedagogical approach that envisions and quantifies the experiential and
ecological outcomes of alternative ways forward for the neighborhood
in response to climate instability, disruption and rising sea levels. These
outcomes consider an inevitable future of saturated landscapes and, as
a result, integrate research models that accommodate a variety of best
management practices (BMP), low impact development (LID), green
infrastructure (GI) and other alternative concepts to be implemented over
time in the neighborhood adaptation plan.
Keywords: coastal resilience, flood-adaptive design, resilient design,
sea level rise, urban design
Coastal areas face a wide range of environmental threats that span
across spatial and temporal scales and involve the collaboration among
many relevant disciplines. The disciplines range from practicing architects
and engineers negotiating site, infrastructure and architectural issues,
to researchers involved in modeling climate, sea level rise and urban
development patterns along coastal corridors. However, the complexity
of environmental issues as well as the diversity of disciplines and
methodologies employed presents substantial barriers to establishing
common ground and integrated solutions that might be possible within
a more collaborative and comprehensive framework. Utilizing the North
Beach Village neighborhood in Fort Lauderdale FL as case study,
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“Salty Urbanism” establishes a team of engineers, architects, planners,
city officials and neighborhood stakeholders to develop a coupled research
methodology and pedagogical approach that envisions and quantifies
the experiential and ecological outcomes of alternative ways forward
in response to so-called “king tides,” where infrastructure intended to
drain runoff works in reverse during extreme high tides, a result of rising
sea levels. These outcomes consider an inevitable future of saturated
landscapes and integrate research models that accommodate a variety
of best management practices (BMP), low impact development (LID),
green infrastructure (GI) and other alternative concepts to be implemented
over time in the neighborhood adaptation plan. Though these solutions
were not originally proposed to address rising seas, they do provide a
framework that can be transferred in effective ways. Furthermore, the
approach fosters urban solutions at the scales of individual lots (what a
property owner can do), public rights-of-way (what the municipality can
do), and neighborhood (what coordinated public/private collaborations can
do). Urban design proved an appropriate point of departure to manage
the potentially awkward intersections of knowledge and to more effectively
cross-reference the multiple scales and challenges of urban systems.
The integration of design practice, speculative studio environments and
interdisciplinary research provides a robust model for designing adaptive
coastal communities in the wake of natural disasters and rising sea levels.
A WICKED PROBLEM: SEA LEVEL RISE AND COASTAL URBANISM
Sea level rise is an ongoing climatic phenomenon that continues to put
coastal populations at risk for increased flooding in the long-term. However,
short-term flooding following extreme storms and during king tide events
where sea water inundates low-lying streets and properties, and serves as
a basis of future flooding that will become permanent due to sea level rise.
This is a critical concern since nearly half the US population lives within
50 miles [80 km] of the coast and involves most major commercial, leisure
and import/export enterprises. Hence, much of the economic activity of the
nation is tied to coastal communities. Various researchers have already
noted impacts on coastal and island environments and most coastal
communities are cognizant of the ongoing discussion about a threefold
threat: sea level rise, the associated loss of soil storage capacity and more
intense storms overwhelming the current “stormwater” infrastructure. As a
result of these environmental threats, critical infrastructure, both horizontal
and vertical is at immediate risk. Unlike the extreme periodic flood
events, the phenomena of sea level rise is a slow, steady flood, allowing
communities to take the appropriate time to evaluate and plan for the
impacts to ensure that stranded infrastructure and neighborhood inaction
can be exceptions to the norm.
As mentioned above, Southeast Florida is particularly vulnerable to future
inundation from sea level rise and further flooding from more frequent
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and intense storms due to its low-lying topography.1 The potential effects
are further exacerbated by continued diversion of “stormwater” runoff into
canals and surrounding waterbodies.2 Research and vulnerability mapping
have shown that, depending on coastal geomorphology, the sea level rise
may affect not only the areas immediately adjacent to the coast but also
inland areas due to the effect of the rising sea on hydrogeology.3 Due to
Southeast Florida’s porous geology, as saltwater infiltrates inland and
raises the relative height of the water table, soil conditions will be less
able to absorb large amounts of seasonal rainfall. In addition, along the
coastline, it is now commonly understood that for every one foot of sea
level rise, two hundred feet of inland impact will occur in some areas.
In the aftermath of super storm Sandy, Southeast Florida and Fort Lauderdale
in particular, recognized its ill-preparedness and vulnerability to such events,
where man-made and natural armoring was weakened along a section
of the beach just north of North Beach Village (the research focus area).
One month later, high seasonal tides washed away State Road A1A and
the seawall infrastructure and the replacement cost exceeded over US$80
million for less than one mile [1,6 km] of beachfront. In the years since, the
region has understood that the current protections are merely short-term
mitigation strategies that only address the symptoms of flooding and storm
surge, and do not capitalize on the long-term solutions that adaptation
strategies that bridge ecological infrastructure and urban design can deliver
to address the added dimension of sea level rise. Interesting, the recent
Hurricane Irma showed that the new infrastructure investments still failed as
a foot of sand covered A1A and caused its closure for over a week (Fig.1).

Figure 1. Fort Lauderdale Beach Boulevard after Hurricane Irma. Lack of ecological
infrastructure allowed over one foot [30 cm] of sand to inundate street.
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Historically, water and the efforts to control it have driven Florida’s
development patterns. From the earliest settlements and trading posts
established by late nineteenth and early twentieth century to the luxurious
resorts and urban landscapes of today, Florida’s history is interwoven with
water management, or more specifically, flood management. Ever present
threats from the fluctuating water table (driven by a wet subtropical climate)
and regular tropical storm patterns resulted in these efforts to reclaim
wetlands for agricultural and human development projects. The year-round
growing season and warm humid temperatures afforded by Southeast
Florida’s subtropical climate made it an attractive candidate for further
development, but the watery landscape posed numerous challenges to
inhabiting the land.
The 1943 Davis Vegetation Map shows South Florida as it existed predevelopment. This map provides insight into the hydrology of the region
and illustrates why Southeast Florida and in particular Fort Lauderdale is
vulnerable to subtle fluctuations in rising seas. Rainfall from the center of
the state flowed into a series of lakes north of Lake Okeechobee and then
into the lake itself where water overflowed its southern edge into saw grass
marshes and tree islands of the Everglades bioregion. Water would filter
through the regions vast “river of grass” ultimately ending up in the massive
underground reservoir of the Biscayne Aquifer or carried east and south to
the coastal estuaries of Florida Bay, Biscayne Bay and the Atlantic Ocean.
In Fort Lauderdale, the New River linked the Everglades to the Atlantic
Ocean through a riverine landscape of interconnected salt and freshwater
marsh habitats. This riparian system included pine ridge islands distributed
within essentially a large wet prairie complex. The lack of a strong coastal
pine ridge, as those found north in West Palm Beach or south in Miami
made Fort Lauderdale far more vulnerable to flooding historically and
poses new risks from climate change. In fact, Broward County, where Fort
Lauderdale is situated, averages just three feet in elevation compared to
the rest of Southeast Florida at four. Historically, this produced architecture
that was flood-adaptive, where first floors were designed to flood and small
hamlets were built on the pine islands connected via river transportation
routes. In the early twentieth century, Napoleon Bonaparte Broward began
construction efforts to dredge, create canals, build levees and alter the flow
of water across the landscape. Broward County, in particular, owes its very
existence to the system of canals and levees that were built (Fig. 2).
The results of more than a century effort to shape, drain and develop the
landscape and promote economic growth has left a severely degraded
environment (above and below water), compounded by the fact that
Southeast Florida is the fasted growing region in the United States. Urban
waterfronts have developed according to local social context - economics,
recreation, and land use needs, which often denude coastal areas of
native landscapes and exceed ecological functioning. In Florida, coastal
development is occurring at unprecedented rates. Since the economic
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pressures to continue to build in these areas indicate the trend will continue
into the foreseeable future, (despite the strong likelihood that Southeast
Florida will experience as much as 26 in. [66 cm] of sea-level rise by 2060),
the need for a consensus on a neighborhood scale approach is increasingly
urgent.4 Currently, within tidal zones of the region, twentyfour occurrences,
or twelve days of nuisance flooding are experienced per year. It is projected
that nuisance flooding will occur twice a day every day, across the region
at 24 in. [60 cm] of sea level rise or 730 times a year.5 Therefore, the real
challenge for developing resilient communities is ensuring ecosystem
integrity within urban contexts.
Current sea level rise projection models forecast between 6-10 in.
[15-25 cm] by 2030 and 14-26 in. [35-66 cm] by 2060, and the region
will have to adapt or raise public infrastructure and private property, with
ominous financial implications. This is already happening in areas of Miami
Beach, where a half billion dollars is being spent to raise roads and install
pumps. However, these efforts have caused unintended environmental
degradation of Biscayne Bay and only solve flooding issues for the next
ten-twenty years. Just one foot [30 cm] of sea level rise is estimated to put
$4 billion of taxable property at risk in the region, and $31 billion by the
time there is three feet [91 cm] of rise.6 Significant increases in insurance
costs due to risk exposure will be required to cover the inescapable risks
on the horizon. Already the government-sponsored insurance company
is facing challenges due to high rates of subsidization currently being
underwritten for flood insurance, which is only further complicated by other
insurance rates related to wind and storm events. The state must reduce

Figure 2. Dredging canals west of downtown Fort Lauderdale.
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its risk exposure by either raising rates or forcing policy holders back into
the private market, which is far more costly for flood insurance and in some
areas non-existent. Florida’s most valuable property assets are at risk of
flooding and long-term inundation as a result of future sea level rise. In Fort
Lauderdale, homeowners without mortgages have chosen in most cases
not to carry flood insurance due to cost increases. Florida’s economy is tied
to water as real estate and boating industries are major economic drivers.
A study published by Florida Oceans and Coastal Council states:
Three-fourths of Florida’s population resides in coastal counties
that generate 79 percent of the state’s total economy. These
counties represent a built environment and infrastructure whose
replacement value in 2010 is $2.0 trillion and which by 2030 is
estimated to be $3.0 trillion.7
ADAPTATION PLANNING AND THE CITY OF FORT LAUDERDALE
Over the next 100 years, nothing will radically change the built environment
of Southeast Florida more than climate change and sea level rise. Hence,
the need for developing a long-term design and planning framework
that adapts to the effects of climate change and sea level rise is critical.
More specifically, there is a need for a “systems” approach that utilizes
urban design and takes into consideration infrastructure impacts, future
investments, and insurability of risk as long-term objectives to address
potential impacts from both coastal flooding and a rising water table, while
at the same time guiding communities’ future land use and investment
plans. Considering the Brookings Institute’s statistic that 50% of the built
environment projected to exist by 2050 currently does not exist, there is an
enormous opportunity to create an innovative coastal-hazard adaptation
design approach and urban place-building framework to protect economic,
engineering, environmental, and quality of life issues from potential impacts
of sea level rise, storm surge, rainfall and runoff on the coastal zone in
Southeast Florida. One could define the current phase of Southeast Florida
building development as robust yet transitional. Once the development is
built, it will be more difficult to retrofit due to the deleterious economic and
environmental conditions mounting in the region. This transitional phase
poses the greatest opportunity to implement new policies that mandate
adaptive design technologies and techniques.
The city of Fort Lauderdale (pop. 170,747) is leading in the area of
sustainability, resiliency and adaptation planning regionally to become
the first major municipality in Florida to approve the use of “Adaptation
Action Areas,” which enables Florida cities to prioritize infrastructure
improvements within areas vulnerable to climate change and sea level
rise. However, these tools are mostly policy-driven applications to flood
mitigation and climate adaptation, and have yet to fully absorb long-term
engineering and design frameworks that could significantly reduce
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infrastructure costs and embed ecological infrastructure for added
protection and eventual adaptation. Design frameworks and tools that serve
the seven miles of coastline and 165 mi. [265 km] of inland waterways
(330 mi. [531 km] of shoreline “edge”), as well as the relatively flat
topography and dense urban development of Fort Lauderdale are
desperately needed by the City. Concurrent to these challenges and efforts,
the so-called “king tides” phenomenon has emerged as the city’s most
apparent evidence of sea level rise and the coming coastal crises.
Reconciliation ecology, a branch of ecology, which studies methods and
approaches to increase biodiversity in human-dominated ecosystems is
an emerging concept first proposed by Michael Rosenzweig in his book
Win-Win Ecology (2003). Based on his theory that there is an inadequate
quantity of land area designated as natural preserves and conservation, the
built environment must increase biodiversity within urban areas in order to
address ecosystem services, as well as offset and adapt to new challenges
caused by urban development and rising sea levels. This approach for
an integrated coastal adaptation design strategy poses interdisciplinary
questions, such as how can soft infrastructure technologies that come
out of the ecological sciences and engineering fields be appropriated by
architects, urban designers and planners in development of new design
strategies and tools for innovative coastal adaptation while simultaneously
achieving, through smart design, greater urban livability? As an emerging
urbanism framework for coastal adaptation, “Salty Urbanism” could be
a form of new urban paradigm that aims to accomplish this integrated
approach. In this regard, it strives to couple ecological processes within
urban infrastructure and public space networks to develop urban solutions
at the scales of individual lots (what a property owner can do), public
rights-of-way (what the municipality can do), and neighborhood (what
coordinated public/private collaborations can do).
ADAPTATION DESIGN CHALLENGE
Coupling ecosystem services with urban development are at obvious odds
with current planning and zoning regulations and the lifestyles of residents
in the region. The situation summons creative approaches on how to retrofit
traditional architecture, planning and urban design to address storm surge,
sea level rise, and changing rainfall and runoff patterns on the heavilydeveloped coastal zone. Defending against water from all directions is
a particularly unique challenge of Southeast Florida, making it a good
candidate for pilot study and development of an adaptation framework that
can be appropriated by other coastal communities.
The proposed approaches to adaptation also support new and creative
urban development capable of solving the complex and multi-faceted
issues of urban place making - approaches to the design, planning,
and management of public space and quality of life. This has surely
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sparked debate on the extent to which the region must reconcile with the
environment and quality of life concerns to become truly resilient. While
application of soft infrastructure outside of urban contexts is not difficult,
the challenge remains to formulate adaptation measures using soft
engineering technologies. For example, living shorelines, sand engines,
breakwaters, bioswales, rain gardens, infiltration and exfiltration trenches,
and constructed wetlands among many others, can be tested within urban
land development and especially in coastal communities. However, the
greatest obstacles preventing acceptance of urban soft engineering are
standardized municipal codes, zoning ordinances, development industry
conventions, and cross-agency permitting processes, which prescribe
civil-engineered water management solutions. In addition, the risk-averse
land development industry is uncomfortable with untested urban adaptation
techniques that have not been locally mainstreamed. Thus, developers and
governmental agencies prefer known civil-engineered water management
solutions, which maximize property development potential, leaving little
open space for ecological infrastructure implementation.
Place-building models, such as “Salty Urbanism,” will engage socioenvironmental development and collectively yield a new ecology of the city
necessary to address the greatest ongoing challenge to planning
and design: ecological design within human-dominated ecosystems.
By adopting ecological terms, architecture and urban design can achieve
greater resilience and retool itself with the ability to adapt to changing
conditions. It is at this juncture that reconciliation ecology, as previously
discussed, provides a framework for innovation. Beyond composition,
ecological thinking requires logics of assembly where timing, interactivity,
sequencing, componentization, and recombination constitute another
aesthetic and utilitarian intelligence. Urban design projects bring problems
involving community-scaled systems related to energy, food production,
water, waste, and transit. Only urbanism gives the architectural and
planning professions a holistic framework through which these systems can
be engaged, and urban design is often the missing piece in discussions on
resilience and smart growth planning.
Novel architecture with a new vision of adaptive urbanism lends itself to
embracing historic and emerging technologies. Flood-adaptive architecture
can provide a robust catalog of building typologies from flood-proofing to
amphibious techniques, the latter being fairly unrecognized in Southeast
Florida (Fig.3). The region has many examples, from Stiltsville in Biscayne
Bay to new projects like the Perez Art Museum Miami, where the building is
raised above parking area that acts as a sponge to capture rainwater and
prevents flooding from storm surges.
As alternatives to conventional development, green infrastructure and
low impact development is considered soft-engineered infrastructures
predicated on replicating ecosystems, which requires an ecosystem
services approach. Ecosystem services are those goods and services
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derived directly or indirectly from processes within ecosystems.8
Additionally, the accepted seventeen ecosystem services can be grouped
into four classes: Regulation, Carrier, Production, and Information.9
Sustainable management of ecosystem services can be defined as those
practices that result in no net loss of renewable capital from each of the four
classes, essentially defined as “carrying capacity.” 10 Ecosystem services,
therefore, represent a form of capital, an asset of some quantifiable value.
Regardless of this fact, ecosystems are currently modified with little or
no estimation of the cost in loss of ecosystem services or effect on local
or regional sustainability. It is at this tangency between the production
of scientific methodology (through testing and falsification) and the
symmetrical activity of design models (making and prototyping) that a new
design framework and tool emerges coupling urban development and
ecological sciences.
SALTY URBANISM: TOWARDS AN ADAPTIVE COASTAL DESIGN
FRAMEWORK
In development of a resilient coastal urbanism tool, the “Salty Urbanism”
framework calls for embedding ecological processes within urban
infrastructure and public space networks to develop urban solutions at

Figure 3. Flood-adaptive menu of building types that could be deployed within the
Southeast Florida context.
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neighborhood scales. Through a grant from the Florida Sea Grant program
entitled, ADaPT: Adaptation Design and Planning Tool for Urban Areas in
the Coastal Zone, a design framework will be developed using the coastal
context of Southeast Florida where approach and design methodologies
can be transferred to other coastal communities globally.
Multi-Scale and Multi-Disciplinary Approach
In order to change the prevailing land-development models to favor
integration of ecosystem functioning in urban development, this project
proposes implementation of soft-engineering technologies within niche
scales of the building, lot, public rights-of-way (streets, easements, parks,
etc.), and neighborhood, to generate feedback between bottom-up design
thinking and top-down policy and planning production. Best management
practices (BMPs) alone may address issues of urban stormwater quality
and quantity, however, they will not lessen flood potential as environmental
engineering and urban planning disciplines are practiced as separate
fields. New tools and design methodologies that help connect segregated
disciplines are needed to meet the complex challenges in Southeast
Florida and the rest of the country over the next 100 years. Our multi-scale
approach (building, lot, public rights-of-way, and neighborhood) will provide
a link between the large-scale policy-driven approach and bottom-up design
thinking and scientific modeling to provide niche adaptation solutions.
Four core objectives form the action items within the framework:
“understand,” “assess,” “imagine,” and “sustain.”
Objective 1 - “Understand”
The understand objective establishes asset based mapping and
hydrological modeling that provides a baseline for design and planning
issues and frames discussions between the project team, municipality and
community stakeholders.
Objective 2 - “Assess”
The assess objective surveys existing soft-infrastructure technologies for
site appropriateness and integration within design scenarios. Moreover, this
objective reviews area codes and regulations that may become barriers to
certain design solutions - an important activity given the need to change
prevailing development regulations and challenge them if necessary.
Objective 3 - “Imagine”
The major objective is to develop a community design visioning framework
that will consider all design and planning options, and consolidate a
preferred set of solutions - subject to further community input - toward one
refined strategic planning solution. Four scenarios should be investigated:
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“business-as-usual” (if nothing was implemented), “soft defense,” “strategic
retreat,” and “land adjustment.” These scenarios are then compared and
discussed to determine political will, costs, and acceptance from community
stakeholders.
Objective 4 - “Sustain”
This objective ensures design efforts and public outreach is operationalized
and overarching research questions are solutions-oriented rather than
curiosity-driven. In practice, producing such questions means that
stakeholders - at all levels - must be engaged not only at the end of
the project (the classic “outreach” model) but also at the beginning and
intermediate stages. In this way project results have the greatest likelihood
of emerging as salient (relevant), credible (scientifically sound), and
legitimate (fair).11
APPLICATION OF FRAMEWORK TO NORTH BEACH VILLAGE
The primary objective of “Salty Urbanism” is to produce an adaptation plan
for North Beach Village that addresses sea level rise and coastal livability
concerns and serves as a decision-making tool in which public buy-in and
political will can be thoroughly vetted to determine feasibility of a particular
scenario application.
Objective 1 - “Understand:” Hydrological Assessment and Modeling of
North Beach Village
The understand objective establishes asset‐based mapping and
hydrological modeling with historical research that illuminates the planning
issues and frames discussions between project team and city and
community stakeholders. The purpose of this objective is to clearly illustrate
sea level rise and stormwater flooding vulnerability within North beach
Village to a lay audience.
The barrier island of Fort Lauderdale Beach, in which North Beach Village
resides, began development in the 1920s with a series of land reclamation
activities and construction of the Intracoastal Waterway. Large areas of
mangrove forests were cleared and dredged to form “finger isles” along
Las Olas Boulevard, which provided access to the beach, and the first
resorts were constructed. North Beach Village began development in
1946 from the maritime hardwood hammock, dunes and saltwater tidal
marsh. The entire western half of the neighborhood was a mangrove forest
that was raised three feet with muck and fill to make it suitable for further
development. This accounts for vulnerability maps indicating the entire
western half of the neighborhood is extremely vulnerable to flooding.
By 1955, the entire area was built out with beach resorts and vacation
homes for winter tourists. Air conditioning was in its infancy and buildings
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were designed for passive cooling. Like the early buildings along the rivers,
first floors were either raised or allowed for occasional flooding from tropical
storms. It was an early example of resilient planning and architecture of
courtyard, single-loaded slab, and tower buildings.
The “Salty Urbanism” team research began by identifying, through “forensic
ecology,” how the natural system of barrier island ecologies worked and
were interrelated (Fig. 4). This analysis includes the flora and fauna of the
barrier island and provides a foundation for design thinking that does not
mimic natural systems, but rather can implement potential solutions to

Figure 4. Composite graphic depicting natural ecology of the
barrier island context of Fort Lauderdale Beach.
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work within the hydrogeological dynamics of place. This research into the
historic ecology also provides valuable insight into vegetation types and
ecosystems that could be reinterpreted in design of reconciliation ecology
principles for North Beach Village Adaptation Plan design for private
property and public space planning.
Sea level rise and stormwater modeling can predict future vulnerabilities
of infrastructure and property within areas of low elevations that may be
affected by inundation from the ocean directly, from rising groundwater
levels, and inundation caused from the inability to drain certain areas.
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Defining vulnerability requires the research team to define the critical or
“acceptable” level of service (frequency of flooding). Several means to
assess vulnerability are employed. The first is good topographic data, and
readily available LiDAR data for the coastal community is utilized. Prior
vulnerability assessment modeling used a bathtub model for inundation
across the region.12 The bathtub approach assumes that groundwater levels
will be flat and match the elevation of the ocean (typically the average)
to determine vulnerability. This method is used by many governmental
organizations due to the ease of data acquisition and model creation.
The main disadvantages of this type of model is that it does not consider
urban water control infrastructure such as levees and canals that lead to
overestimation of inundation, nor the fact that groundwater levels cannot
be “flat” and generally correlate with high tide, not mean tide. The results
can lead to underestimation of inundation because they do not identify the
higher groundwater tables in low-lying inland areas that might flood versus
areas along the coast. A modified bathtub model is a model that considers
more than just static elevation to determine sea level rise vulnerability.
The modified bathtub model is used here for vulnerability assessment maps
of North Beach Village. This approach assumes that groundwater levels
increase as one moves away from the coast, an assumption that is easily
justified with groundwater monitoring data in many communities within
Southeast Florida. The importance of the groundwater table in the model
is that it is responsible for determining the soil storage capacity.13 In these
cases, the difference between the topographic surface and the groundwater
surface was used to determine the potential vulnerability of infrastructure
and land areas. Projecting groundwater levels indicated a greater risk for
flooding, and more rapid failure of roadway bases and buried infrastructure
in North Beach Village. As a result, water, sewer, stormwater and
transportation infrastructure in low-lying areas was compromised. Once
these vulnerable areas were identified, solutions and cost can be identified.
To compound the sea level rise issue, North Beach Village, like all of
Southeast Florida, has distinct wet and dry seasons and a very flat
topography. Seventy percent of the annual precipitation typically falls
from June to September, just before the king tides in late September and
October. As discussed above, the soil capacity to store water is limited
because the aquifer levels are often just below the surface in the wet
season; it is this limited soil storage that leads to flooding, necessitating
the extensive drainage facilities that discharge large volumes of water
during the wet season. As a result, there is a nexus that drives the public
demand for future development in North Beach Village, while protecting
infrastructure and property from flood damage. Such impetus requires short
and long-term planning and assessment of vulnerable areas. Long-term
decision-making becomes critical because infrastructure and development
is not temporal - it is expected to last 50 years or more. Hence, it is in the
community’s interests to develop a stormwater planning framework to adapt
to sea level rise and protect vulnerable infrastructure through a long-term
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plan. While uncertainties in the scale, timing and location of climate change
impacts can make decision-making difficult, response strategies can be
effective if planning is initiated early.
The modeling assumed 2.75 in. [7 cm] of rain in a 24-hour period which is
consistent with the Florida Department of Transportation standards in the
design of roadway infrastructure. When adding in projected sea level rise,
the resulting flood stages were dire. When considering current conditions
and projecting stormwater modeling over North Beach Village, anything
under 4.5 ft. [137 cm] in elevation will flood at one foot of sea level rise,
anything under 5.3 ft. [161 cm] floods at two feet, anything 6.3 ft. [192 cm]
or lower floods at three feet. Considering 70% of the neighborhood lies
below 6.3 ft. [192 cm], the challenge of managing flooding becomes
extreme (Fig.5). These characteristics make North Beach Village a great
context for exploration of innovative solutions that can draw from the area’s
past and embrace a flood-adaptive design framework.
Objective 2 - “Assess:” Green Infrastructure and Low Impact Development
Technologies
Soft and hard infrastructure, from a long-range planning perspective, are
needed for each scenario being considered in Objective 3. It is important
to provide associated costs for each type of infrastructure, as this gives
designers and stakeholders the ability to do cost-benefit analysis of a
particular solution or series of solutions.

Figure 5. Vulnerability modeling from project partners Dr. Diana Mitsova and Dr. Fredrick Bloetscher
at Florida Atlantic University.
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A bevy of soft and hard infrastructure techniques and technologies related
to both freshwater and saltwater systems were created within a matrix.
The mix of fresh and saltwater technologies was of considerable
importance given where installation within the scenarios could occur,
i.e. freshwater systems would not be appropriate within western areas
of the neighborhood since these areas would be inundated by sea water
for the foreseeable future. Saltwater or coastal-based infrastructure
systems included bulkheads, seawalls, levees, polders, living shorelines,
constructed wetlands, surge barriers, breakwaters, groins, revetments,
artificial reefs, dunes and sand engines as possible implementation
products (Fig. 6). Freshwater or upland-based infrastructure systems
included: pipes, underground and surface detention and retention areas,
rainwater harvesting, bioswales, vegetated roofs and walls, pervious
paving, infiltration and exfiltration trenches, rain gardens, constructed
wetlands, and tree box filters. All of these potential technologies were
arranged from mechanical to biological, appropriate location and increasing
volume reduction. This matrix was utilized by the design team within

Figure 6. Examples of saltwater best management practices (BMPs).
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scenario adaptation plans. Though comprehensive and all-inclusive in
showing the range of BMPs, specific sizing of improvements must still
be designed and tailored to specific scenarios to achieve optimum water
quantity and quality requirements.
North Beach Village requires approvals from several regulatory agencies
such as the Army Corps of Engineers, Florida Department of Environmental
Protection, South Florida Water Management District and the City of Fort
Lauderdale. This complex regulatory environment increases the challenges
and is why building regulations and land development codes were vetted to
expose potential obstacles or opportunities in implementation of a particular
BMP in the design strategies and scenario visioning. Also of note, the
project team created a plant palette of native, naturalized and salt-tolerant
species to be deployed within GI and LID infrastructure. This is critical when
proposing particular plant species in locations that will be saturated longer
term by sea water over the next 50 years.
Objective 3 - “Imagine:” Adaptation Design Visioning for North Beach
Village
Utilizing “Soft Defense,” “Strategic Retreat,” and “Land Adjustment”
scenarios, asset modeling results and the matrix of soft and hard
engineering technologies and techniques from above were explored
through design visioning for North Beach Village. Four design studios at
three schools of architecture collaborated to envision future adaptation
scenarios for North Beach Village. A robust set of strategies emerged
that link ecological and urban design thinking. The proposals re-think
preconceptions about conventional infrastructure since most architecture
students are unaware or have never designed for these complexities.
Students generally feel uneasy about designing for things they are
unfamiliar with, but the project, at times, positioned them in a state of
unease. Although some radical proposals were produced, they were
plausibly comprehended by stakeholders because students were able to
embed datasets from the previous objectives. The following is a general
assessment and description of design outcomes within scenario thinking
compared to a “Business-As-Usual” scenario (“Business-As-Usual” is a
fourth alternative that will also be modeled to show the effects of sea-level
rise if nothing were implemented and will serve as basis to compare the
other scenarios) (Fig. 7).
Scenario 1. “Soft Defense” can be defined as combining strategies of both
hard and soft engineering employed to mitigate impacts of rising sea levels
and non-point source pollution from urban runoff within development that is
allowed to remain unaltered (Fig. 8). An example would be the installation
of living shoreline along the Intracoastal Waterway and bioswales and
rain gardens in the street rights-of-way (Fig. 9). Streets typically represent
35% of urban development - in North Beach Village, however, streets
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Figure 7. “Business-as-Usual:” Three feet of projected sea level rise in North Beach Village if
no further investments were implemented.

Figure 8. Axonometric of Soft Defense Scenario showing “Green Jacket,”
and green and blue streets.
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Figure 9. Perspective of living shoreline along Intracoastal Waterway with integrated
ecological pest management system.

are oversized and make up about 40% of the urban development thus
providing greater advantages in showcasing solutions. The defend strategy
proposes a new green and blue street system combining high-tide gardens
with salt-tolerant landscapes and pervious paving systems with new
“complete street” roadway solutions (Fig. 10). These saltwater landscapes
become “biopumps” with phreatophytic - long-rooted trees that transpire
significant amounts of water for hydraulic control - to reduce the time
saltwater inundates the streets during king-tide flooding. At the coastal
ridge, landscapes mimic through reconciliation ecology principles, those of
hardwood maritime hammocks where stormwater is allowed to seep back
into the freshwater lens, recharging vulnerable groundwater. Essentially
designed as a garden, streets become a productive ecological system
rather than a net generator of pollution and exacerbated flooding.
Streets as gardens also reduce heat island effects while providing new
pedestrian amenities that leverage neighborhood and property value
(important to developer acceptance). The design strategy will be to
minimize encroachment on private property and alter only public land uses.
Scenario 2. “Strategic Retreat” can be defined as gradual removal of urban
development through relocation to higher ground on the coastal ridge
(Fig. 11). Thus naturalizing low-lying areas and intensifying urban
development on higher ground. This includes soft-engineered solutions that
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Figure 10. Before and after of street retrofit illustrating rain gardens and bioswales that act as
“biopumps.”

Figure 11. Axonometric of Strategic Retreat Scenario where re-development efforts and
integration of green infrastructure are concentrated along highest elevation at coastal ridge
and rewilding of lower elevation areas with natural landscapes.
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Figure 12. Amphibious buildings and breakwater/walkways with floating “biomats” and living
shoreline elements consisting of mangroves and oyster reefs.

can be implemented over time as a “rewilding” design approach in both
public and private property to the western areas of North Beach Village
(Fig. 12). The design strategy may be that removal occurs after natural
disasters or when a structure has reached its lifecycle or amortization rate.
The coastal ridge is further densified with known legal frameworks like
“transfer of development rights” through the implementation of a potential
resilience easement or utility. Furthermore, enhanced dunes and sand
engines are implemented along the beach as a way to further build robust
ecological edges along both shorelines of the neighborhood (Fig. 13).

Figure 13. Enhanced beach dunes and sand engine along coastal segment.
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Scenario 3. “Land Adjustment” can be defined as the reformatting of
urban buildings, blocks, and streets to integrate soft and hard engineering
solutions in an idealized design approach (Fig. 14). Unconventional and
perhaps somewhat radical redesign of infrastructure, streetscapes and
buildings would be undertaken and speculate on a range of adaptation
options. New building types that showcase raised platforms for habitation
as well as submerged living units with a transition to more water-based
transportation systems were explored (Fig. 15). The approach engaged a
number of design and planning challenges, such as property rights, historic
architectural styles, and the integration of unconventional infrastructures
that challenge existing zoning. Additionally, the scenario suggested food
and energy production, waste and water recovery and pollution remediation
as essential systems to be integrated in living formats. This scenario
provides radical thinking and addresses issues beyond just sea level rise.
The scenarios are being further refined and modeled within ecosystem
assessment tools to analyze their capacity and quantify ecological services
outcomes. This will be essential in providing the City of Fort Lauderdale
the data and proof of concept to establish implementation of one of the
scenario visions within the neighborhood. Furthermore, analysis will give
cost-benefit information to serve continued community engagement and
eventual implementation.

Figure 14. Axonometric of Land Adjustment Scenario, which shifts development into atolls
and islands for greater flood protection.
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Figure 15. Amphibious structures and living shoreline that remediate pollution and produce
food and energy.

Objective 4 - “Sustain:” Community Engagement through Shared Visioning
and Education
“Salty Urbanism” will be formalized into a design manual for dissemination
of project outcomes and will serve as a transferrable model for
implementation regionally. Several workshops educating the public and
neighborhood stakeholders have already occurred. A public gallery
exhibit of design visioning from student and faculty adaptation plans was
opened in North Beach Village to promote dialogue on the issues facing
the neighborhood. Continued outreach is critical in transferring novel and
complex solution-based strategies.
CONCLUSION
The complexity of interacting issues and methodologies establishes urban
design and architects as the primary vehicle to navigate substantial barriers
and establish common ground within a more collaborative framework - one
that places architecture and planning as relevant fields in solution-based
approaches to environmental challenges related to climate change. The
design-based research highlights the potential integration of GI and LID
to address climate and environmental threats, while considering the social
fabric of the neighborhood relative to economic, recreational and cultural
factors. The research goes beyond simple stormwater management
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infrastructure engineering and design to create a unique comprehensive
strategy that links isolated research into a meta-disciplinary platform - one
which leverages feedback from stakeholders, engineering, ecological and
social sciences, and urban design to reward greater resilient planning
while enhancing livability.
The City is poised to utilize project design visioning as it begins intensive
investment of adaptation infrastructure in North Beach Village over the
next decade. The City is encouraged by its partnership, valuing the team’s
expertise in living infrastructure research, reconciliation ecology design, and
community design visioning and engagement. The City also acknowledges
the added benefit of working with the institution within politically neutral
research and visioning activities that avoid current NIMBYism that can
impede implementation. “Salty Urbanism” will be disseminated regionally
to stakeholders, municipalities, county metropolitan planning organizations
and councils, and application of results will be synthesized into a design
manual for national audiences to demystify the concepts of climate
adaptation design and planning.
The North Beach Village demonstration project will serve as a platform for
reforming municipal codes and permitting regulations to be more hospitable
to urban adaptation models. The framework and design projects presented
herein remain part of an overarching research effort to quantify the design
decisions made within the collaborative project. The goal is that the project
becomes a model for other “Adaptation Action Area” pilots around the City
and region. The City sees the University, having two campuses located
in greater Fort Lauderdale, and specifically the School of Architecture,
as a politically neutral entity able to convene productive conversations
on politically-charged topics. Phasing strategies will be developed that
articulate schedules of recommended public and private investment,
beginning with the easiest to implement. Ultimately, this project serves
to enable the envisioning of alternative urban models to accommodate
changing environments and engage the potentially taboo topics
of current political discourse - something for which the architectural
studio is particularly primed.
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ABSTRACT - This paper originates from a Louisiana State University
School of Architecture Research Studio. Charged by the organization’s
Director, the students investigated the Louisiana Universities Marine
Consortium (LUMCON) facility and environment, and re-imagined both
the building and landscape as a cutting-edge (albeit remote) research
and educational destination. “The SEA Is Coming” Integrative-Design
Studio proposes adaptation to climate change as a means to investigate
the transformative capacity of a site. Going far beyond the boundaries
of current (and future) building program, the studio method provoked
profound rethinking of current conventions about coastal change and
occupancy, design, community, the environment, and land use. LUMCON’s
facility sits at the nexus of deltaic land, freshwater, brackish wetland, and
salty ocean and provides access to all these systems. It has withstood
the volatility of this environment: flooding, hurricanes, oil spills, the Gulf
dead zone, salt-water intrusion, etc. Now over thirty-years-old, the building
must adapt to changing conditions. The studio investigated LUMCON’s
ability to continue functioning in its changing environment and further its
indispensable research capabilities of the rapidly changing coastal landscape.
Keywords: adaptive reuse, aquatic structures, coastal resilience, climate
change, sea level rise
The global ramifications of sea level rise are much greater than merely
changing coastlines. The rising seas will not only require populations
to retreat but will cause ecosystems to shift, storm proofing to change,
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constructed landscapes to go to ruin and/or require remediation, and
coastal building sites to be addressed. It is also important to remember
that with the sea comes salt, which will require structures to resist
corrosion and that settlements’ notions of permanent ground will have to
change. Historically and currently, humankind has inhabited the coastal
environments of the Earth (39% as of 2010).1 Sea level rise and global
climate shifts continue to exert changes upon these environments. These
conditions all demand a rethinking of how one builds, environmentally,
structurally, systematically, and architecturally.
THE CHANGING COAST AND LUMCON
All over the world, coastal building sites are being transformed by rising
seas. How long can such sites remain viable? As they transform, what is
their future when what made them occupiable sites will become something
else (from land to water, fresh to salt). In Louisiana, all coastal sites exist in
a fragile state: the Mississippi river that fed the coast has been bound, the
Gulf of Mexico is rising, and the sub-tropical climate creates more intense
storms. Coastal sites are increasingly vulnerable places to build - yet
coastal occupation is critical to the state, country, and planet. The Louisiana
coast serves as a protective barrier to the largest populations in the state,
as the operations base for more than 1/4 of US energy resources, a billiondollar fishing industry, and 40% of the continents wetland environment. If
coastal ecosystems, infrastructures, and society are to continue to thrive,
their intertwining must be studied, monitored, and cared for. At the physical
and literal forefront of this research lies LUMCON.
“The Louisiana Universities Marine Consortium (LUMCON)
was formed in 1979 to increase society’s awareness of the
environmental, economic and cultural value of Louisiana’s coastal
and marine environments by conducting research and education
programs directly relevant to Louisiana’s needs in marine science
and coastal resources and serving as a facility for all Louisiana
schools with interest in marine research and education.” 2
LUMCON’s role as both a coastal research and educational facility is
critical as the climate changes within a generation. The values, benefits,
and challenges that the ocean offers (especially in ecotone sites) must be
constantly investigated for and presented to human populations. If not,
as humans generally occupy the land, the ocean and all its relevance
to humankinds’ survival can be forgotten or seem remote. The facility is
designed to sit at the physical edge between land, freshwater, brackish
wetland, and salty ocean and to provide access to all the aforementioned
conditions. It has withstood the volatility of occupying the ecotone: flooding,
hurricanes, oil spills, the dead zone, salt-water intrusion, etc. Now, over
thirthy years old, it is time to revisit the facility; not its purpose or even its
location, but its ability to transform for both its changing environmental
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context (as the sea is actually coming) and its research capabilities (more
imperative than ever). The advancements in technology and science allow
the research of these changes to have no bounds but the limits of one’s
investigative inquiry and access to the necessary materials to research.
The LUMCON facility has and desires to continue to provide the physical
needs that foster such research in the rich petri dish of Louisiana. To
do so, effectively and in the future, requires a facility investigation.
How does a building transform from a sub-saturated to super-saturated
environment? How does one build to handle the dynamics of water (static
and volatile)? How does one occupy, access, research in a building that
was once on land but is now surrounded by the sea? How does a building
designed for sporadic, short, term, environmental change be reformed
to handle long-term changes? How can community (a fundamental
component of LUMCON) engage with a facility that gets more and more
remote? How can one recycle a building instead of throwing it away?
What does it mean to change site but not actually physically relocate?
This paper will present the design research developed by a Louisiana
State University (LSU) School of Architecture Integrative-Design Studio.
Charged by LUMCON’S executive director and sponsored by the LSU
Coastal Sustainability Studio whom advocates projects “to envision
and design sustainable systems that reduce vulnerability associated
with increased storm strength, land subsidence, habitat degradation,
and global environmental change,” 3 graduate students and honors
undergraduate students investigated the facility and the environment,
and re-imagined both the building and landscape as a cutting-edge (albeit
remote) research and educational destination. “The SEA Is Coming”
Integrative-Design studio proposes adaptation to climate change as a
means to investigate the transformative capacity of a building site. Going
far beyond the boundaries of current (and future) building program, the
studio method provoked profound rethinking of current conventions about
coastal change and occupancy, design, community, the environment, and
where buildings can (and should) be (Fig. 1).

Figure 1. Louisiana Universities Marine Consortium (LUMCON), the W.J. DeFelice Marine Center.
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THE CASE STUDY SITE
A Building in Water
Approximately 90 mi. [145 km] southwest of New Orleans in Terrebonne
Parish, Louisiana (terrebonne means “good earth” in French) lies the smallunincorporated ﬁshing, shrimping, weekender, and crabbing community of
Cocodrie. This is where the Louisiana State University Marine Consortium
facility is located. Owned by the State of Louisiana, LUMCON currently
possesses a 99-year land lease with the Louisiana Department of Natural
Resources.4 In 1979, “a proposal to form the Louisiana Universities Marine
Consortium was endorsed by the Louisiana Board of Regents and enacted
into law by the Louisiana legislature in 1979. Architectural planning for the
Marine Center began in 1980 and ground was broken for construction in
April 1983.” 5 Immediately following this endorsement, ﬁve trailers were
placed at the site to facilitate research: a library, the administrative offices,
the zooplankton lab, the benthos (ﬂora/fauna found on the bottom of a body
of water) lab, and the kitchen/dormitory. These trailers were the facility until
the completion of the building in 1987.6 The project was awarded through a
public bidding process to the design ﬁrm O’Rourke, Gossen & Associates
and contracted through The Merlin Group. This was not a typical site for
a building and proved to be very challenging. Throughout its construction,
it encountered four hurricanes: Danny 1985, Elena 1985, Juan 1985, and
Bonnie 1986, which slowed and complicated the construction process.7,8
The Ground Condition
In order to construct the building, the site required modifications. The
existing conditions of the ground were not conducive to building such a
large structure (75,000 sq. ft. [6.968 m2]). The community of Cocodrie
is located on two overlapping deltaic lobes, the most recent being the
Lafourche lobe which formed 2,500 to 500 years ago (a delta lobe is
the formation of sediment deposits at the terminus of a river where their
current slows and sediment particles drop to the bottom).9 The newness
of the site’s ground is documented in the soil borings taken prior to the
building’s construction. The borings (Fig. 2) indicated that between the
depths of 0 to 50 ft. [15 m] the ground consisted mostly of clay, silt, and
some organic soils, which are described as very soft to soft.10 There were
also fragments of wood, which were found but primarily the ground, was
clay. The British Soil Classiﬁcation System11 classifies soil types “consisting
of grains (mineral grains, rock fragments, etc.) with water and air in the
voids between grains.” The soil types are distinguished according to size,
the groups are then further divided into course, medium, and ﬁne subgroups. According to these classifications, clay is classiﬁed as the ﬁnest
soil, followed by silt. Clay soils are ﬂaky and have a high surface value that
can carry a small negative electrical charge that attracts water molecules.
Possessing this characteristic means clay soils tend to expand and contract
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with the swelling and contracting of water.12 This dynamic unstable ground
is where LUMCON’s occupancy originated and its evolving condition is
extremely relevant to the facility’s future.
To negotiate the 1980’s found ground condition, multiple strategies were
employed. First, eight hundred 120 ft. long [36,6 m] steel piles were driven
to provide a stable foundation for the building. This foundation work was
coupled with a cut and fill topographic manipulation in order to complete the
necessary harbor for the marine research fleet. The harbor was dredged
to a depth of -15 ft. [-4,6 m] mean sea level (MSL) to accommodate the
vessels. The dredge spoil stabilized the bulkhead around the harbor wall
also was used throughout the site to provide elevated compact fill and level
site conditions for the construction of the building. The third strategy towards
site development and stabilization was the creation of a 5 ft. [1,6 m] high spoil
levee around the perimeter of the building site. This site work, completed in
stages, created a new, constructed ground for the facility’s site.
The Building Condition
The design for the LUMCON facility (named the W.J. DeFelice Marine
Center) required the building be prepared for challenging and dynamic
environmental conditions. The most obvious design decision relative to
the environmental conditions is that the first floor is 14 ft. [4 m] above
ground, which at the time of construction placed it about 19 ft. [5,8 m]
above MSL. This elevation protected it from storm surge and the harsh,
salty climate. The second most obvious design decision lies in the buildings

Figure 2. Soil borings diagram and location plan as determined from the 1982 original
construction documents.
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Figure 3. Louisiana Universities
Marine Consortium (LUMCON)
figure ground.

overall form. Shaped like an eccentric X or a spread eagle, it spreads
itself across the site, holding on at multiple points (Fig. 3). No side is very
long in any global direction, preventing hurricane force winds from gaining
too much momentum on any one side of the building. The third design
decision employed was the use of reinforced concrete for both the above
ground structure and the cladding. As LUMCON was sited in an estuarine
environment, water, and especially brackish water, was a concern. The high
corrosiveness of salt to the built environment was well known and thusly,
the decision for the superstructure and cladding to be concrete which has
resistive qualities to the salt.
The superstructure is composed of poured-in-place columns and waffle
slabs (both floor and roof). The columns are many and robust, and create
a labyrinth of space under the mass of the building. The 2 ft. [61 cm] deep
waffle-slab (a reinforced-concrete ﬂoor and roof construction employing
a square grid of deep ribs with coffers in the interstices)13 is a two-way
waffle slab which distributes the building loads in two directions. This is an
important initial design decision for LUMCON because the environment
around the building required the ﬂoor slab to be able to withstand stronger
than normal, unpredictable, external forces. The slabs also must carry the
heavy dead load of the concrete structure and precast concrete exterior
panels, and the live loads of all the equipment located within the building
being utilized by the researchers. These live loads are more excessive
than a typical research building as they not only include large mechanical
equipment but also large water tanks for marine life. Finally, fastened to
these robust slabs, are the ribbed, precast concrete panels. Together, with
the superstructure, they compose the fortress of LUMCON.
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The Current Condition
A gravel road leads off Route 56 and onto the LUMCON site. The
building truly sticks out from the surrounding landscape of mostly natural
marshlands and elevated ﬁshing camps. The facility now sits outside of
post Katrina/Rita/Ike/Gustav infrastructure, outside the wall and gates
installed to protect the northern side from storms. Here water and land have
a complicated relationship. It is difficult to decipher where the land ends
and the water begins. This is blatantly apparent as everything built in this
environment is built in consideration for the water. Even on the LUMCON
site, there are ponds around the building, marsh, and a navigable channel
for research vessels.
The site now is comprised of the elevated main building and large
ﬁber-glass containers scattered around the property. These containers
hold water and ﬁsh that researchers utilize for outside experiments.
The maintenance building located southeast of the main building near
the harbor, houses much of the mechanical, electrical, and plumbing
components for the main building and the maintenance facility for the
marine research vessels. Much of this equipment is elevated. Also evident
on the site is the presence of a large amount of laboratory equipment and
the equipment needed to sustain a functional building. Couple this with a
parking lot and harbor full of boats (there are more boats on the site than
cars) and it is clear water is omnipresent (Fig. 4).

Figure 4. A flooded day at LUMCON.
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The aforementioned design decisions have clearly enabled LUMCON to
persist in the environment, as it was determined in 1980. Unfortunately,
however, climactic changes have modified said environment. Coastal
Louisiana now is affected by subsidence in its deltaic lobes and global sea
level rise as well as increased salinity and more intense storm systems. In
a student interview with the architect, they asked O’Rourke if the design
team had considered subsidence and sea level rise. He responded by
acknowledging that there was no consideration taken to address these
conditions: “They were not even recognized as concerns.” 14 The firm did
acknowledge hurricane strikes, and since the building was completed, the
site has weathered multiple storms including Andrew (1992), Ike (2008),
Katrina and Rita (2005), although not without effect. Andrew took all the
gravel off the flat roof, smashing the windows, and covered the site with
sediment. The others have covered the site with up to 8 ft. [2,4 m] of water,
which of course has marred any materials and equipment not at the 14 ft.
[4 m] level. These events led to window and roof replacement, the addition
of balcony to ceiling hurricane shutters, and the complete replacement
of all the materials in the entrance lobby. Originally, the materials used
were not resistant to flooding (sheetrock and carpet): now they are (brick,
concrete, and wood). As for the effects from subsidence, they clearly
are present and documented. Shortly after the building was constructed,
coastal researchers placed a measuring pole in the site. It shows a 15 in.
[38 cm] drop in the ground and this is clearly evident at all ground level slab
conditions where the underside of the slab is now exposed in many places
and regularly gravel is added to fill the voids and raise the parking areas to
re-meet the sidewalks.
As for sea level rise and increased salinity, the students witnessed multiple
effects. In the research, they documented the site’s current conditions.
This included an interview with LUMCON’s Marine Superintendent, Joe
Marlborough who has worked at LUMCON for 17 years. He is responsible
for overseeing the building facilities. As the site faces increasing challenges
associated with rising sea levels, Joe constantly tries to stay ahead of the
water. It is becoming increasingly difficult. He must now monitor the winds
and lunar cycle daily, in order to be ready to mitigate as much damage to
the building, their equipment, and the site as possible. A strong high tide
can put as much as 6 to 12 in. [15 to 30 cm] of water on the site. If there
are southeastern winds associated with the high tide, as much as 18 in.
[45,7 cm] of water can accumulate on the site as well. If there is 12 to 18 in.
[30 to 45,7 cm] of water on the site, once the water subsides a thick layer
of salty silt is left behind on the ground, which needs to be removed from
the site. Joe must manage the equipment on site to ensure that none of it
will be damaged by water or the left behind silt.15 There is also mechanical
equipment that runs underground between the maintenance building and
the main building. The swelling and contracting of the clayey ground as it
absorbs the high tides has created complications for this equipment as well.
Finally, the regular inundation of saltier water is rapidly corroding any
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non-stainless metals that become wet. Stair door and elevator sills, exposed
rebar, and exterior stair treads throughout the facility are rusting through
and now have become part of the replacement maintenance. These repairs
and maintenance are an expense of time and money for LUMCON. “Where
previously LUMCON was dealing with the acute effects of tropical storms and
hurricanes, presently, they have to battle the chronic long-term effects of the
rising salt water on a day-to-day basis.” 16
THE DESIGN RESEARCH STUDIO
“The SEA Is Coming” LSU School of Architecture Studio’s purpose, as
requested by the Executive Director Craig McClain, was to create a design
environment that would truly think beyond limits to reimagine the future and
adaptive reuse of an existent building fundamentally transformed by climate
change. The director also asked, as it is part of his five-year master plan,17 to
expand the facility to address the growing demand for marine research space
at the facility. This design research studio was envisioned (by the author)
to challenge the students in a multi-disciplinary environment in the fields of
architecture, preservation, landscape architecture, conservation, engineering
and other cross-disciplines, and to rethink the adaptive reuse condition at the
climate change condition instead of the program typology. The studio asked
the students to preserve and interpret the extant facility and environmental
fabric and to re-imagine the site as a relevant research and educational
destination. Design research encouraged the exploration of issues of access,
the relationship between adaptive reuse and design (both architectural,
structural, and landscape), off-grid energy consumption, changing climate
patterns, water management, land use, and habitat protection. Participants
investigated how the transformative ability of a building site can provoke a
profound rethinking of our current conventions about coastal change and
occupancy, design, community, the environment, and where buildings can be.
Three strategies were employed to begin “The SEA Is Coming” studio, and
to engage the students’ imagination and give them a platform to approach
the design challenge. The first strategy was the provision of questions (see
the section The Changing Coast and LUMCON above) and occupational
requisites for them to address in their design resolutions, which read as
follows:
Requisites for a Future Continuum
1. The major components of the program can and should be
combined uniquely.
2. A position regarding “building in water” must be determined.
3. The multiple occupancies/programs that occur on the site will
demand thresholds/transition points: between types, between
scales, between actions, between amounts of action.
This is a design opportunity.
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4. The relation between land and sea and sea and land is a
critical juncture. It is at the foundation of this project.
5. Tectonics that provide resistance to salt must be applied.
The building’s structure must be modified to resist the corrosion of
changing salt levels.
6. All facilities must be off the grid. This includes the lodging and
any spaces for the research.
7. All additions to the site must be able to handle storm systems
and surge.
8. All lodging spaces must have direct access to the exterior.
9. Lodging/Research can be a component of any other
part of the program.
10. All facilities must do no harm to the nature of the site
and its surroundings.
11. All facilities must adapt to the Americans with Disabilities Act 		
Accessibility Guidelines (ADAAG).
12. The Public Dock should be close to the facility’s dock areas
but not interfere with facility operations.
13. The entire site must be designated. This includes but is not
limited to under building areas, nature experiences,
designated planting areas, etc.
14. How will land dwellers and students engage the site in conjunction
with researchers? A visit to LUMCON will change if the ocean 		
surrounds the facility. How the facility receives visitors, educates, 		
and engages them in their environment must be questioned. Now 		
visitors arrive by car, walk around, and leave land to get into boats.
How does those activities happen in the future?
Terrebonne Bay Site Variables
1. Erosion, sea level, salt escalation, storm, and flooding must be 		
designed for as an existing and continuous condition.
2. The site is in a Federal Emergency Management Agency (FEMA) 		
Flood Zone and the Base Flood Elevation (BFE) will need to be
addressed. This is not to say elements of the project cannot fall 		
below but if so, must do so responsibly.
3. The act of construction is destructive. This is not an option at this
site. What is constructed must make up for its destruction and 		
actively rectify any destruction it causes daily. This site is to be
one of positive healthy growth for all components (visitor access, 		
healthy estuary, protected research etc.).
4. The site is flat and exposed. It exists in rawness. The weather
and the water take advantage of this rawness and wreak havoc.
A position on how to negotiate exposure must be taken.
5. What is land in the open sea? Can this project be the land?
How can one provide an advantage of land with an architectural 		
research facility and do so without interruption to the condition?
It will change the site but how will it participate in the change?
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The students had to address these questions and statements, distributed
on the first day of the studio, in their final design resolutions and their
research documentation. Each student had to have a response to each
point and by mandating their response, they could formulate clear concise
positions to the greater overarching challenge of building in water (Fig. 5).
World Building
The second strategy employed “world building” and amphibious
constructions. To initiate this strategy, students watched ten environmentally
specific science fiction films and were instructed to focus on the films’
contextual environs. The films included The Lorax (1972), Dune (2000 Sci Fi series), Alphaville (1965), The Matrix (1999), Silent Running (1972),
Mad Max 2 (1981), Waterworld (1995), The Road (2009), Star Trek: First
Contact (1996) and Blade Runner (1982). Then, to begin the process
of designing in water, they had to investigate amphibious constructions,
plants, machines, animals, etc. The goal of this investigation was to gain
a composite understanding of the workings that allow the amphibious
to move between land and water successfully and to look at different
precedents that acted as the future facility demands. Amphibians were also
selected because of their relationship to environmental change.

Figure 5. Analytical study model.
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“Amphibians are considered ecological indicators, as they are
sensitive to pollutions and environmental changes. The global
population of amphibians has seen a dramatic decline with many
species becoming critically endangered or even extinct. A lot of local
populations have also vanished and the situation is similar all over
the world. Scientists are not sure as to the reason for this dramatic
decline, but according to the main hypothesis water pollution is the
worse culprit. Other reasons for the dramatic decline in amphibian
populations around the world are habitat loss, climate change,
invasive species, over exploitation, disease and the destruction of
the ozone layer.” 18
The assignment brief instructed them to troll the world of the amphibious
and analyze their selections for the salient characteristics that enable it to
act amphibiously. What is it made of, how does it stand up, what are the
parts, what is the whole, what is the assembly? How does it hold on to land,
to water? What is its temporal occupancy, and is it seasonal? How does it
negotiate the environment? What does it mean, what does it do? Does it
transform, and can one document that? Does it operate differently depending
on its location? What are its defenses? What are its weaknesses?
Once this research analysis was completed, each student had to compose
the salient characteristics into a new Amphibious Construction. They had
to use two and three-dimensional collage methods, and the constructions
created had to be occupiable and illustrate systems of assembly (parts,
components, joints, etc.) and materiality (Fig. 6). They also had to illustrate

Figure 6. Amphibian constructions and the built worlds they occupy.
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an occupancy of both land and water. To achieve this the author instructed
the students in the design act of “world building.” World building is the
process of constructing an imaginary world, sometimes associated with
a completely fictional universe.19 The term “world building” appeared as
early as 1965 in science fiction criticism, and is used in relation to sciencefiction or fantasy stories and games.20 The resulting world may be called a
constructed world. Developing an imaginary setting with coherent qualities
such as a history, geography, and ecology is a key task for many science
fiction or fantasy writers. World building often involves the creation of maps,
a backstory, and people for the world. Constructed worlds can enrich the
backstory and history of fictional works, and it is common for authors to
revise their constructed worlds while completing its associated work.21
This was a critical learning objective for “The SEA Is Coming.” To develop
the LUMCON facility for its future and address its dynamic environment,
a future must be determined. Current climate change however, does not
allow for that determination. It is too unpredictable, too rapid, and the data
is conflicting. Thusly, to respond to the design questions asked of them, the
students would have to propose a future environment. They would have
to construct an environment (build the world) where the future LUMCOM
would reside (Fig. 7). This objective, illustrated by the science fiction films,
the students practiced with the amphibious investigations. Each amphibious
construction occupied an environment and that environment determined
and/or was determined by the amphibious construction. The students had
to create both simultaneously. The overall goal of this assignment, which

Figure 7. Amphibian construction and the built world it occupies.
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had multiple reiterations, was to remove the students from the typical
building typological analysis, which was in no way applicable, and to teach
them how to imagine and to occupy unpredictable futures.
Field Immersion
The third strategy employed to enable the students was site immersion. In
the first part of the semester, the studio engaged in a continuous seven-day
field excursion into all of Louisiana’s coastal ecosystems: the purpose
to immerse fully into LUMCON’s immediate site and expanded research
field. They began with an extended stay at the facility where they occupied
the facility the same way the marine researchers do, toured the facility,
interviewed various users and the director, and conducted a visual site
catalogue. From LUMCON, which lies in the center of the state’s coast,
the studio then travelled from the western border to the eastern border and
then back to the center (ending at Grand Isle.) The field excursion, guided
by the closest parallel east-west coastal road, took every access, dirt,
gravel, mud, or asphalt, to the coast (Fig. 8). The route travelled passes
through three distinct landscapes: the East Gulf Coastal Plain (the Florida
parishes) the Mississippi Alluvial Plain (deltaic plain), and the West Gulf
Coastal Plain (Chenier plain). The roads traversed and the environments
experienced stayed in the 0 to 5 ft. [1,5 m] above sea level topography
which characterizes 90% of the natural lands below Interstate 10. Even
though the topography is relative between the plains, the environmental
conditions vary greatly and is discernable through physical engagement.
The relationships between land and water consistently change at each

Figure 8. Field excursion map as followed by the studio in January 2017.
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stop, sometimes subtly, sometimes dramatically, and the linear and
continuous excursion makes these changes more apparent and relevant
to the observer. At each stop, the students engaged and then documented
the ecosystem, physically experiencing both land and water conditions.
Sometimes that was with their bare feet, sometimes with their tongue
(tasting water for varying salinity levels), and always with their eyes, ears,
and noses.
Example Stop 1: The Mississippi Alluvial Plain, Cypremort Point.
At Cypremort Point, the students find an active sediment deposit from the
Mississippi River outflow. The constructed park beach lies directly in the
deposit field of the westerly currents and thusly, when the studio arrives to
document, they find no beach. Instead, they find a shore of black 2 ft. [61 cm]
deep silt. They walk and sink into the silt until their toes hit sand. This is the
land? As they stand on human made ground knee deep in silt deposited by
water, the studio discusses the impermanence of the experience.
Primary observation: ground is not guaranteed and if it is constructed,
nature will modify it. (Fig. 9)
Example Stop 2: The West Gulf Coastal Plain, Holly Beach
At Holly Beach, the students experience a gulf shore community constructed
immediately on the narrow strip of plain that has been covered with sand.
To the south is the wide expanse of the Gulf of Mexico, to the north,

Figure 9. Field
excursion-site section
sketch and photo
of Silt Beach at
Cypremort Point.
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four parallel roads lined with houses on stilts 20 ft. [6 m] in the air followed
by subsiding wetlands. It is so flat that there is salt water from the sea
puddling on the roads and seeping into the wetlands. Some 50 ft. [15 m]
from the Gulf shoreline, marching like soldiers east to west, lie constructed
breakwaters, identical in form, shape, and position. There are no wetlands
to protect this exposed condition.
Primary observation: flatness and the sea is treacherous for humans and
requires elevation (Fig. 10).
Example Stop 3: The East Gulf Coastal Plain, Fort Pike
At Fort Pike, the students tour a historic building that now sits in an
estuarine lake. It used to sit on compacted fill in a marsh, 100 ft. [30,5 m]
from a small access channel that passed between Lake Borgne and Lake
Pontchartrain. Repeated storm action over the last 150 years, rises in
salinity, and subsidence have resulted in a building in the water, accessed
by a bridge, and precariously protected by a rock jetty. Throughout the
structure, the effects of existing in such a condition are present.

Figure 10. Field excursion-site section sketch and photo of Holly Beach.
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Figure 11. Field excursion site section sketch and photo of Fort Pike.

The 7 ft. [2 m] thick walls are now pinioned together with steel braces, the
floors are slippery with mud from daily tide action, and salt crystals drip
from the vaulted ceilings.
Primary observation: the sea has arrived and maybe buildings can engage.
The students have optimism. (Fig. 11)
The field excursion also included many waterborne experiences, both
motorized and manual, that took the students out deep into the Gulf of
Mexico and into the inner waterways. All these sensorial engagements
were documented on-site with camera, recorder, and field guides and then
transcribed later in their research books. These strategies and events
occurred in the first month of the project. The initialness was both strategic
and necessary. Getting the students fully entrenched in the coastal edge
condition was needed for their comprehension of LUMCON’s environment:
both the immediate (where the building lies) and the remote (which defines
the marine research field). It was strategic in that from the onset of the
design investigations, the students were analyzing the design challenge
through a land and water environmental lens and using said lens to imagine
and construct a future. If these strategies had not initiated “The SEA Is
Coming” studio, the director of LUMCOM’s challenge to imagine the future
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for the facility, would not have occurred. The students would have merely
tried to solve the problems that exist now and with what they could quantify
instead of utilizing adaptation to climate change as a means to investigate
the transformative capacity of a building site.
CONCLUSIONS
Following the initial investigations, analyses, and research, the studio
moved forward with the actualization of the initial work into design
constructions. This included not only the future of the building facility but
also the future of the site and how LUMCON would operate as it moved
toward and into the future. Since this was an integrative design studio,
defined by the National Architecture Accrediting Board as the “ability
to make design decisions within a complex architectural project while
demonstrating broad integration and consideration of environmental
stewardship, technical documentation, accessibility, site conditions, life
safety, environmental systems, structural systems, and building envelope
systems and assemblies,” 22 the students’ final projects had to present
a developed architectural response. This pedagogical combination of
the imaginings this challenge necessitated and the realities a complex
architectural project demands led to innovative solutions and suggestions
for LUMCON.
The course concluded with the students presenting their design research
to a critical panel including the Executive Director. Each student also
prepared a self-authored book of his or her research development. These
comprehensive books were written throughout the entire semester as their
designs developed and they record all the data, investigations, analyses,
etc. that support their design decisions. They all conclude with their
final project determinations. These books are now part of the LUMCON
library and the Director and his team plan to utilize the student’s work,
especially the graphic investigations, as they move forward with LUMCON’s
development.
This is not a polite gesture. Since the studio completed in May of 2017, the
author has had to present the findings of the research studio to Grapple.
Grapple23 is LUMCON’s Growth & Planning Panel and is composed of
coastal scientists, planners, engineers, state politicians, designers, levee
administrators, building maintenance, and emergency responders. Just as
it was for the students, it is difficult for the panel to look far into the future
and thusly the inclusion of “The SEA Is Coming” studio research. The studio
acts as the bridge between the highly conceptual and the practical and
serves as a think-tank for the facility’s planning future. At Grapple’s May 23
opening meeting, the agenda began with three presentations, a politician,
a sea level scientist, and a designer (the Author). As stated on the agenda,
“the presentations are to facilitate discussion […] to help us understand
what we need to think about as we plan for sea level rise, how changes
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Figure 12. Diagram of Future Themes for development presented at the GRAPPLE meeting.

in the operation of LUMCON’s Marine Center may impact you, and how
we can utilize the changing landscape as an opportunity to expand our
operations.” 24 For the panel, one of the first responses to this discussion
was flight; for LUMCON to abandon its current location and facility and
move inland, behind the flood wall as far away as Houma (31 mi. [50 km]
north), the closest city. This is the practical, unimaginative, and non-adaptive
response. The studio findings presented three alternate responses. In
summation, LUMCON could develop in the following ways (Fig.12):
1. Augment.
Because of the spread-eagle siting of the facility, a portion
of the students developed future schemes that augmented and 		
extended the wings. This required the existing column structure to
be treated for a saturated saline environment and that all the
extensions modify how the facility engages the entrance surface
(be it water or ground). The augmentations reworked the entire 		
relationship between inside the raised facility and outside on an 		
indeterminate surface, and provided flexible augmentations that
could adapt to changing conditions. Most of these schemes also 		
modified the site to allow water to be present to release some of the
pressure and effort it currently takes to hold it back (Fig. 13).
2. Elevate.
Because of the structural system and the resistance the 			
elevated facility has already presented, a portion of the students
added vertically to LUMCON and proposed new programming
strategies that allowed for LUMCON to continue operations as
it and the sea rises. These schemes saw the vertical development
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Figure 13. Augment: final images of design proposal by LSU BArch student, Jacob Thevenot
illustrating wing extensions that negotiate the changing surface levels and provide new
access for land or sea entry.

as a staged procedure, a slow creep, and imagined the ways 		
current operations would also creep up, opening the ground and the
original level of the facility to the changes in the surrounding 		
environment. Most of these students built worlds where the sea
surrounded the facility but the facility maintained its position (Fig. 14).
3. Mobility.
The third response that most of the students developed
was one of mobility. This was not a mobility that abandoned the
facility, but one that enabled the existing facility to stay in 		
operation as long as possible. This response, as all the others,
began with treating the existing the facility for more salinity.
Modular construction, boat building, and oil-and-gas industry
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Figure 14. Elevate: systems axonometric and final model of LSU MArch student Kim Breaux.
Her resolution proposed a slow retreat vertically, where the future occupancies used the
existing facility as its new ground, and her additions not only created occupancy for the facility
but also for the environment with constructed wetlands.

sea operations heavily influenced these projects. The existing
facility in all these schemes became the docking station for a
myriad of new vessels that could plug into LUMCON. Depending 		
on the project, these vessels presented a spectrum of options
Some were high performance laboratories similar to the
research vessels the students had visited, some focused on
lodging allowing the existing facility to utilize that space for
research, some took over all of the system infrastructure (water,
energy, was, etc.), and a few of them acted as a mobile LUMCON.
An entire system that could float or be hauled away and remain
operational after the existing facility is determined obsolete (Fig. 15).
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Figure 15. Mobility: final render image and early process model of LSU MArch student Ana
Orosco. The resolution proposes reusing the facility for storage and infrastructure while
creating a floating dock for a flotilla of research/living vessels. Inspired by the oil and gas
offshore constructions, this future can pack up and move to a new location as needed.

These responses came from the students’ work. As the studio finalized
and the author prepared the presentation for the Grapple panel, the
students’ design projects and their closing observations dictated the
aforementioned classification terms. It is the author’s observation that
these responses were heavily influenced by the studios’ amphibian
analysis and the field excursion experience. The constructed analysis
of how amphibians negotiate both land and water and the experiential
catalogue of how humans engage the coastal edges provided precedents
(both successful and not) for the students to incorporate. The coastal
occupations and the amphibians clearly presented mobility, augmentation,
and elevation strategies of adaptation. As the students consistently
documented their design research and process throughout the course, their
constant analysis of what they were doing and why it was responsive to the
issues, made it easy for the author to codify the responses.
The genesis of these responses were also instilled with the student’s
access and interaction with the original designers, researchers,
maintenance staff, and leaders of the facility. These scientists, boat pilots,
architects, engineers, and wetland specialists, etc. not only imparted
valuable data and statistics, but in their presentations of current issues
they face currently and their future thoughts, they collectively presented
the need for a future to be developed. They did not articulate, in any
way, specific building ideas, but they did speak to continued operations,
adaptation, and resiliency, which directly influenced the methods of
investigation the student had pursued. At a minimum, their appreciation
of both physical structure and the institutional objective guided the overall
studio’s desire to find ways to persist.
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The presentation of these findings to the panel at the beginning of the
first meeting has initiated the same effect that the aforementioned studio
strategies did for the students. The convincing analyses and research
coupled with the graphic resolutions that portray the future of the building
and its world, propelled the discussion away from the problem-solving focus
and towards a more imaginative and opportunistic potentiality. As so often,
the discussions of the changes coastal environments face are despairing
and seemingly hopeless, it inspires the author that in a conference room
sitting above the rising tides, an organization looks to the future differently.
There is a clear understanding that the values and challenges that the
ocean offers (especially in ecotone sites) must be constantly investigated
for and presented to human populations for if not, as humans generally
occupy the land, the ocean and all its relevance to humankinds’ survival
can be forgotten or seem remote. The students, Grapple, LUMCON and
“The SEA Is Coming” Integrative-Design studio hopefully can provoke
a profound rethinking of current conventions about coastal change and
occupancy, design, community, the environment, and where buildings can
(and should) be.
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Cidade Oceanico.
Environment and Urbanization
in Rio de Janeiro
José Gamez, Jeffrey S. Nesbit

ABSTRACT - Using Rio de Janeiro as a case study in urbanization
within the context of climate change, this multi-year urban design
studio examines the challenges of addressing rising sea levels in one
of Latin America’s largest cities. As a coastal metropolis, Rio requires
that heterogeneous networks be woven between ecological and 21st
century urban design processes. Yet, Rio continues to grow in low-lying,
ecologically sensitive areas - and this has been exacerbated over recent
decades by mega-event driven development coupled with inter-dependent
informal urbanization. These forces characterize Zona Oeste, the focus
area of the design initiative. This essay reflects on an international urban
design pedagogy that seeks to integrate strategies to address climate
change, rising sea levels, and unpredictable growth. Inherently, this project
opens up a discussion into many sensitive questions regarding historical
and cultural responsiveness. Filtered through the work of Lucio Costa, his
proposals for Baja da Tijuca, and opportunities to re-engage the legacy of
a modernist plan, students engage this rich context through a discursive
design prompt with implications for both pedagogy and practice within and
beyond Rio de Janeiro.
Keywords: environment, globalization, pedagogy, practice, urban design
In 2014, NASA released research projecting higher than previously
predicted global sea level rise due to irreversible climate changes. By the
year 2100, sea levels are expected to rise by 1 to 2 meters [3.2 to 6.5 ft.]
worldwide.1 Climate change has already contributed to the growing
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frequency of torrential rainfall around the world. As architect and educator
Fernando Lara has illustrated, historic colonial models in the Latin American
context have contributed to a situation in which tropical cities face regular
flooding. Europeans came to the colonial arena having experienced
environments that often received less than 50 cm [20 in.] per year of rain.
However, many regions in Latin American experience more than twice that
amount annually, and the hardscape traditions of the colonial city were
not well equipped for the increased presence of rainfall.2 As cities like Rio
de Janeiro matured, by density, extension of impermeable surface, and
development measures, issues surrounding water management have
become increasingly important.
As a coastal metropolis, Rio is characterized by natural water systems
requiring heterogeneous networks be woven into ecological and twenty-first
century urban design processes. Urban flooding and mudslides continue
to plague the city - thereby raising questions to be addressed regarding
the relationships between “environment” and “urbanization.” This is
compounded by the difficulties of providing potable water to many sprawling
fringe areas and the difficulties associated with providing sanitation
networks and other necessary urban infrastructure and amenities that
support urban expansion. Yet, Rio continues to allow growth in far-flung
areas that are often low-lying and ecologically sensitive. This situation has
been exacerbated over recent decades by mega-event driven development
coupled with inter-dependent informal urbanization. These forces
characterize Zona Oeste, or Rio de Janeiro’s Western Zone, making it a
compelling area for design investigation.
This paper reflects upon a three-year collaboration between UNC
Charlotte’s Master of Urban Design program and the Pontifical Catholic
University in Rio’s Department of Architecture and Urbanism. Through
a discussion of three summer workshops (held in 2015, 2016, 2017),
each four-weeks in length, this essay describes fundamental strengths
and challenges of international collaborations, and particularly a design
pedagogy attempting to integrate ecological strategies within historical and
speculative future narratives. The teams of students (including both US
and Brazilian students) faced considerable challenges within the setting
of design workshops, which were held on PUC-Rio’s campus. Challenges
stemming from historical, cultural, and modernist traditions critically
bounded the studio in both productive and limiting ways. Students aimed
to avoid the trap of Modernism’s grand narratives; for example, instead of
solely relying on the implantation of Euro-centric urban models, the students
explored urban characteristics found within Rio’s local urban conditions
both past and present. This close attention to the local provided a contrast
to past movements focused upon the universal. However, global contexts
were not ignored as teams of students explored ways to face rising sea
levels. Their work illustrates the challenges of implementing environmentally
sensitive strategies that are intended to perform in future scenarios for both
pedagogy and practice within and beyond Rio de Janeiro.
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READING RIO
Unlike many historical urban narratives and design methodologies, such
as modernist visions of idealized city organizations, the studio began by
examining and tracing the existing conditions of Rio while also aiming
to read the past in the present through maps and diagrams. Rio seems
to have been nestled into an iconic landscape often with little regard for
climatic conditions such as hydrology and rainfall. While the city was
established, and has continued to grow, as an impervious urban surface,
we attempted to become acquainted with the city, its inconsistencies and
hybridizations, and its relationships to water. We attempted to introduce
our urban design students to a foreign context without judgment; in other
words, students were tasked to quickly explore the existing fabrics of
the city in order to identify unique characteristics that may drive design

Figure 1. Unpredictable Typologies, Centro Metropolitano.
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integration at a later date. This speedy “deep dive” initially focused upon
normative urban design research (block structures and typologies of
building and open spaces, for example). Further dissections of density and
programmatic complexities revealed other types of urban characteristics
participating in the uniqueness of Rio. Ecological and hydrological patterns,
cultural legacies of Colonialism, and Modernism, played key roles in
the intellectual development of the design interrogation and led to the
identification of typological variations specific to the city of Rio de Janeiro.
This search ultimately led to specific guiding principles, techniques, and
fundamental questions. Described as a form of urban DNA, the unique
cellular qualities of Rio’s various constituent urban elements provided a
way to view basic ecological and urban codes. The search for Rio’s DNA
was intended to prevent students from importing urban ideas rooted in
a prevailing “ism” (New Urbanism, Landscape Urbanism, Modernism,
etc.). Instead, this exercise was intended to provide a useful palette for
engagement with the city on its own terms and through its own language
of form. Then, through edits and revisions, urban transformations could be
introduced. We saw this as offering an ability to reframe the city through
its existing conditions so that Rio may more readily absorb contemporary
patterns of development and their consequences. In this sense, we aimed
to have students understand urban design within the specific context
of cultural elasticity - cultural in the sense that Rio represents a unique
set of social circumstances rooted in a city that has been built through
manipulations (both formally and informally) of a local ecology.
It is important to note that this approach does not posit a singular future
or a singular continuation of what exists through the repetitive imprinting
of urban patterns. Clearly, Rio’s current context (particularly with respect
to water and urban growth) is not ideal; “natural” hydrological patterns
have been altered radically over time and are difficult, if not impossible,
to reestablish. Areas in which new growth occurs are often impacted by
extreme development pressures ranging from the influence of politicallycharged mega events such as the Summer Olympics, the World Cup, or
the Pan American Games. These formal, large scale initiatives tended to
occur in the lesser developed areas of the city - due in part to the sheer
scale of investment - but they were followed by inter-dependent forms
of informal urbanization. This pattern of contrast between the highly
formalized global force alongside an equally impactful localized trend set
the stage for questions that highlighted the fragile ecology of Zona Oeste
and the city at large.
In this sense, the work developed in this multi-year set of studios builds
upon methods that enable designers to understand what “is” in order to
project what “is possible.” As the students diagnosed existing conditions
in various parts of Rio, three specific driving factors of urbanization
were identified: “hydrology,” “housing,” and “transit.” Rio de Janeiro’s
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development patterns have historically followed the water’s edge and
typically involved a manipulation of both topography and coastline in order
to introduce new geographies for transportation networks aimed at opening
up new areas for housing and development. The city’s famous Zona Sul,
which includes the beachside neighborhoods of Copacabana and Ipanema,
was a result of large-scale intervention along hydrological space. In fact,
the city has developed over time from the historic colonial center southward
through expanded engineering efforts that involved the removal of hillsides
and the creation of artificial coastlines throughout areas of Botafogo
and Urca (the location of a small neighborhood at the foot of Sugar Loaf
mountain). This southern march of development also marks different eras
of formal housing construction from the late 1800s through the early to mid
1900s and coincides with the rise of the Brazilian nationalism, during which
Rio served as the capital city.
Zona Oeste: Environment and Urbanization
Barra da Tijuca is a coastal area west of Rio’s famous Zonal Sul where
the wealthy areas of Leblón, Ipanema and Copacabana can all be found.
Barra da Tijuca lies within the larger Jacarepaquá Basin, a “double barrier
systems” watershed bounded by the Atlantic Ocean, lagoons, marshes,
and mountains.3 This kind of geographical area is particularly susceptible to
climatic changes and sea level rise given its geological formation over time
and its location along the coast. Storms and heavy rainfall can cause strong
tidal shifts and flooding, which contribute to canal blockages and lagoons
overflowing natural edges onto adjacent lands. As sea levels rise as a result
of rising global temperatures, Barra da Tijuca will likely become increasingly

Figure 2. Residential Density, Zona Oeste.
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exposed to these kinds of climatic events.4 Thus, urban development
patterns in Barra da Tijuca amplify the need to re-evaluate and integrate
infrastructure across multiple scales.
Our multi-year studios concentrated on Zona Oeste because it represents
the current challenges facing the city. Although the area has remained
under-developed, more recently rapid development has moved westward,
formally encroaching on its land. Barra became the primary site of the
2016 Summer Olympic Games; and, therefore, a decade prior to the
games development efforts focused on and intensified investment in the
area. Interestingly, Barra represents only 4.7% of the city’s total population
and only 13% of the city’s overall geographic footprint but it accounts for
approximately 30% of the city’s overall tax base. Rapid growth and luxury
residential developments have fueled the local economy. The areas’
resulting affluence, perceived safety, and its proximity to the coast all
contribute to the zone’s allure making it the fastest growing area in Rio.
The allure is also tied to the area’s relative newness. The construction of
the 1970s Lagoa-Barra Highway sparked development along the coastline
characterized by private and gated high-rise communities, including luxury
condominiums, pools, athletic courts, private groves, and private lakes.
These communities were specifically imagined as neighborhood-condo
developments with each high rise residential tower serving as a private
suburban neighborhood complete with active security personnel, gates, and
fences. The result is a coastal area now resembling a vertical form of the
North American suburban cul de sac.
Three unique urban circumstances exist within the greater region or zone of
Barra da Tijuca: Vargem Pequena, Centro Metropolitano, and Recreio dos
Bandeirantes. While quite different, they all share the fact water levels will
rise, land is soft and often sinking, and a fragile ecosystem is threatened.
These specific conditions produce urban forms deriving from “struggles
of economics against nature” - struggles shared by many global postmetropolitan regions.5 While envisioned as a modernist oceanic utopia by
Lucio Costa in the late 1960s, Barra da Tijuca fell prey to global market
forces and residential development patterns that essentially privatized and
divided the entire zone into vertical gated communities connected through
auto-oriented networks and interspersed with monumentally scaled nodes.
This, of course, coincided with the military-government sponsorship and a
legacy of nation-building movements in which urbanization was deployed
(both in physical and social form) as a symbol of modernization and of
a modern nation state. In order to promote growth, policies were put in
place that enabled privatization of the Barra da Tijuca region and allowed
a handful of development interests to dominate. In hindsight, this has
resulted in development patterns that today resemble a series of what
Lars Lerup has called “stims” (points of stimulation) floating within a field
largely dominated by “dross” - or uninspired “economic residues of the
metropolitan machine.” 6
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Lucio Costa’s Barra
Barra da Tijuca, at the time of Costa’s planning efforts, was geographically
remote and largely rural despite having been settled in the mid-1600s.
In the cases of Vargem Grande and Vargem Pequena, which date to
approximately 1667, the agrarian settlement patterns that continue to
dominate were established by Benedictine monks. Their large landholdings
persisted over time as private agri-businesses grew in later eras. A number
of factors have worked to slow development since that time: unstable soils,
large private agricultural land-holdings, and marshlands. However, by the
1960s, and as the country sought to modernize, Barra da Tijuca became
a focus for national interests. With the introduction of the Lagoa-Barra
Highway, this became a more accessible area adjacent Rio de Janeiro’s
wealthiest neighborhoods in Zona Sul. Zona Oeste was imagined as a new
regional center for both the city and the state of Rio de Janeiro. Economic
development and a new regional metropolitan center in Barra were seen as
such important challenges that the country’s most prominent architect and
planner, Lucio Costa, was commissioned to create a vision and plan for the
area in 1969. Inspired by the same modernist principles as those used in
the design of Brasilia, Costa outlined development in Barra using separated
land-uses, monumental axial boulevards, and a system of open spaces
intended to free the ground plane to public access and views to the ocean.
In his words, the new regional center would become the world’s most
beautiful Cidade Oceanico, or Ocean-side City.7
The diagrammatic framework established by Costa’s pilot plan for the area
introduced a new urban pattern unlike any other characteristics in the city
at that time. The proposed morphology in the plan was so radically different
from anything previously built in Rio de Janeiro that it has been described
as a rupture in both the physical and social forms of city overall. For
example, his plan excludes pedestrian scaled spaces and neighborhood
destinations such as corner cafes or bars.8 Instead, the area was organized
around two parallel primary axes, Avenida de las Americas and Avenida
Sernambetida (now Avenida Lucio Costa), that framed coastal areas for
urban growth. These two axes were intersected by a perpendicular axis,
Avenida Ayrton Senna, which stretched from the oceanfront to the base
of the mountains, thereby forming one edge of the new regional central
district known today as Centro Metropolitano. The figure-ground of Barra
was similar to that of Brasilia: one dominated by the isolated vertical towers
spaced approximately one kilometer apart, which intentionally allowed large
green spaces to flow freely between them.
While the morphology of the region is different from that of other iconic
areas in Zona Sul such as Leblon, Ipanema or Copacabana, what Costa’s
plan offered - in combination with architectural piloti-based typologies, was
a new way of occupying the ground plane. Particularly interesting was the
fact that this schematic approach to the organization of this new expansion
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zone essentially framed the ground-plane as an open public space; the
proposal formed an “open space parti.” Radically imaginative, Costa
ultimately proposed a city whose public spaces were virtually extended
from the hillsides to the beachfront by lifting all buildings off the ground
and up onto piloti. While the individual elements of this urban architectural
typology (elevated urban housing combined with open ground plane) were
not unique, the combination of the two in a geographic condition like that of
Barra da Tijuca provided potential innovative opportunities, which fostered
student design speculation during our three summers in Rio. Costa’s
vision was of a green city dominated by natural landscapes. Vistas to both
mountains and the coast, democratic access to a new, and extended, public
realm opened the city up for social, political, and cultural revolution. It is
crucial to keep his utopian goal of balancing the natural with the developed
in mind; Costa’s vision involved an inter-woven pattern of landscape,
infrastructure and architecture that, in many ways, is less like Corbusian
“towers in the field” than it is a precursor to environmentally driven urbanism
that we see in the work of many twenty-first century design practices.
Centro Metropolitano
While Costa had been commissioned in 1969 to design a master plan
for the Barra de Tijuca, only fragments of his plan are visible on the
site of Centro Metropolitano today. The few traces of Costa’s plan that
do exist within this area provide evidence of his larger mega-block
urban structure and a road network that connects to the larger region.
Centro Metropolitano, which is located immediately North-East of the
2016 Summer Olympic site, is now emerging as a mixed-use private
development spurred by the economic activity and investments of the
Olympic games. However, mixed-use in this context translates to mixes
of building uses within a development, rather than mixed programs within
a single building (as might be more typically seen within North American
contexts or other parts of Rio).

Figure 3. Lucio Costa’s schematic section for Barra da Tijuca (top, based upon conceptual
sketches) and student conceptual sectional strategy below.
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In many ways, Centro Metropolitano came to represent the most pressing
development challenges facing Ozona Oeste and the city at large such as
large scale infrastructural development, speculative development driven
private investment and a need to address increasingly difficult challenges
presented by water in its many forms. One of the prominent developers in
the area engaged our second student group and actively entertained design
ideas that proposed development patterns differently than convention
might dictate. While his needs differed from our studios’ initial interests,
this developer was struggling with two ideas that seemed in keeping with
Costa’s vision for Barra da Tijuca, which drew us in: the struggle to create
a robust public realm through new neighborhood open spaces and to mix
housing typologies (market rate and affordable) in an effort to break down
social and class divisions that characterize so much of the urban fabric in
Rio (walled boundaries between formal and informal neighborhoods, for
example).
The two other sites that our studios explored over the three-year
studio sequence, Vargen Pequeña and Grande and Recreio dos
Bandeirantes, represented other unique challenges but each predate
current development pressures. However, each of these sites face
similar challenges relative to water: Vargen Pequeña and Vargen
Grande are both down slope along hillsides and, thus, face hydrological
pressures posed by water moving from the hills to the ocean. Recreio dos
Bandeirantes is located adjacent to a national coastal rainforest preserve
and bounded by coastline on the southern edge. As the topography
slopes, downward towards natural waterways and the ocean, these areas
also face challenges from flooding, run-off, and associated sanitation
needs. However, for the purposes of this paper, we focus upon Centro
Metropolitano as it represents a largely undeveloped site, it provides a
direct connection to current development forces, and it resonates with a
global historic legacy (Modernism) and a local cultural history.
Unfortunately, Centro Metropolitano itself is not suitable for conventional
development. Due to a high-water table, the soft soils of the basin in
which it sits, and the sensitive ecological systems that it is a part of,
standard construction and economic models are weakened. Given the
presence of water, both in the soil below and above ground (in the form of
canals, lagoons and the ocean), it is easy to understand why larger site is
unstable. This unstable ground has required contractors to raise the level
of construction sites by two meters. Thought of as the solution, soils are
imported and compacted to prevent future sinking. Once the new soil has
been laid down, each construction site sits vacant for approximately two
years so soils will fully settle before foundational construction can occur.
The larger surrounding area to the south and west, much of which has
been built upon, now resembles a series of gated vertical communities
contrary to the open ground plane as imagined earlier by Costa.
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Interestingly, Centro Metropolitano is controlled by four different major
developers, each of whom owns approximately one quadrant of the overall
site. The general goals of the overall development have been characterized
by new high-end office and residential developments offered as a contrast
to aging and congested areas of the historic city. However, the developer
involved in Centro Metropolitano who engaged our studio in 2016 is
actively seeking to challenge those conventional market-driven patterns
as described previously. By seeking to find ways of breaking down the
mega-block scale of his quadrant and by attempting to mix social housing
models, the developer struggled to incorporate more pedestrian and
environmentally sensitive forms of urbanism. Given this context, Centro
Metropolitano represented the friction of contemporary development,
which seemed to superficially follow Costa’s effort in plan (mega-block grid
outlined by Costa), while many of the ingredients of urban form -specifically
those associated with public space - were rejected. Given Costa’s vision for
this site to become a new centralized regional district, Centro Metropolitano
in its contemporary incarnation represented an opportunity to reinvent
architectural typologies, to integrate landscape, and to weave legacies of
Brazilian Modernism into a hybrid form of flexible urban outcomes.

Figure 4. Photograph of Centro Metropolitano and a view down one of Costa’s proposed
axial boulevards as it appeared in 2016.
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RESEARCH AS SPECULATION
In order to initiate the studio pedagogy, research focused upon uncovering
three specific topics that would ultimately lead to a series of design
speculations. While studying micro urban conditions through DNA
studies aimed at uncovering the elements of a local urban code, regional
explorations were performed utilizing the lenses of “hydrology,” “housing,”
and “transportation.” These larger regional network studies provided the
context for understanding existing ecological constraints including the
damaging impacts of development since mid-twentieth century to the
present. These three thematic research modules guided the process of
identifying both challenges found across Rio, and documenting outcomes
of existing urban behavior. In other words, our students sought to identify
urban consequences of the past and present by carefully tracking evidence
of planning pressures within Rio’s regional geography, urban forms, and
lines of infrastructure. In this sense, the aim was to begin with the existing
DNA of the city itself and carefully edit in order to introduce new patterns
and typologies that could be implemented in Barra da Tijuca in ways that
simultaneously remained consistent with local histories and potentially
served as a transition into new forms of coastal urbanization (or into a
twenty-first century version of a Cidade Oceanico).
“Hydrology.”
The geological conditions of Barra da Tijuca have been shaped
by the region’s centuries old hydrological systems. Despite Lucio
Costa’s vision of an ocean-side metropolitan center in which the
landscape would figure prominently, a serious study of Barra’s
geography, geology and hydrological networks was never
conducted. One consequence has been largely unchecked growth
that has ignored hydrology and natural water systems in an area
marked by marshlands and lagoons. For the studio, hydrology
became a primary lens through which to foreground the roles that
large-scale natural systems must play. If this part of Rio de Janeiro
is to grow into a more sustainable set of neighborhoods, such
illumination must be met. One paradox, however, was that global
climate change projections will impact this region in catastrophic
ways: much of Barra da Tijuca will likely be underwater due to
rising sea levels by the end of the century. This impending future
bracketed all design studies; in many ways, the question of why
this zone would be developed at all haunted the students. Best
practices and global consciousness would suggest that Barra da
Tijuca should be left un- or under-developed. However, market
forces and political realities are such that the zone is being and
will continue to be developed. That meant that the studio must
play a role in illustrating how the area might grow in a slightly more
productive way - but only for a limited time. Rather than attempt to
engineer the region to survive 2 m [6.5 ft.] of sea level rise, students
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were encouraged to engage existing water systems in order to
enable the area to continue as an urban center until the year 2050.9
Understanding hydrological systems, therefore, meant mapping
the presence of water, planning for flooded areas, and proposing
an expanded network of canals, open spaces and floodable areas
that could sponsor new forms of public space and architectural
typologies.
“Housing.”
As a result of regional hydrological studies, micro strategies for
architectural typologies and localized public spaces emerged that
were intended to address Rio’s current need for affordable and
adequate housing while simultaneously providing much needed
public space. Geographically constrained, Rio de Janeiro’s urban
development has spread to virtually every available undeveloped
area. Informal settlements cover hillsides that were previously
viewed as too expensive, difficult or unsafe for conventional
development. Years of economic recession have depleted the
middle classes - many of whom have chosen to leave their
apartments in areas like Zona Sul for less expensive areas in the

Figure 5. Hydrological Layers.
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city’s many favelas. Those apartments in more expensive areas
then became sources of income as familial residences have been
rented out in order to augment declining household budgets. In
some ways, the declining middle class has now contributed to
the growth of informal settlements, or favelas, which have been
established over time. Through self-organized processes, the favela
has been built out of socio-economic and political need. These
low-scale, high density, urban forms are interwoven with Brazil’s
art, culture, and urban behavior. In many ways, the favela, while
not romanticized, is a spatial expression of the cultural hybridity
and innovation found in Brazil’s complex post-colonial history.
Candidly, the students did not aim to “fix” the dilemmas that spawn
favela neighborhoods. Instead, they sought to implement spatial
opportunities for self-organizing systems that could populate and
blend numerous scales of public space and architectural forms
while attempting to provide additional options for urban living.
The combination of limited land for new development,
declining economic environments and the explosion of informal
neighborhoods presents the city with significant challenges: how

Figure 6. Linhas de Rio: Fragmented Urbanization in plan.
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and where to grow and how to integrate affordable housing within
larger development patterns that are typically dominated by
high end, luxury apartments. For the students, housing came to
represent development generally - in this sense, the term housing
encompassed forms of architectural and urban typologies that
carried various economic elements: mixed-income housing, spaces
for work and play, infrastructure such as cultural facilities, and
new forms of public space in which water played central roles.
Architectural typologies drawn from Brazilian Modernism exploited
piloti while the garden city visions of mid-century Modernism
became multi-programmed infrastructural landforms. In this sense,
the cultural legacies of Brazilian Modernism - with their deep
connection to notions of national identity and a utopian promise influenced the students (both North American and Brazilian) in
unexpected but understandable ways.
“Transportation.”
Transportation became the lens through which to view threads of
movement that could weave together the proposed diverse built
and ecological networks in Barra da Tijuca with those that currently
exist. The students did not limit transportation to roadways; both

Figure 7. Agricultural typological diagrams across Rio.
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roadways and hydrological systems were viewed as regional
networks that could combine the movement of both people, animal
life and water. The two systems were viewed as tandem elements
linking the coast to the hillsides, concentrations of development to
agrarian productivity, and housing and development with natural
and recreational spaces. For example, using this design strategy,
students performed careful studies of “informal” agricultural spaces
found in Rio often within easements, left-over open spaces, or other
forms of space lacking clear ownership boundaries. This search
provided clues and contextual relationships, patterns of form, and
opportunities for the integration of open space, programmatic
use and much needed utilities. A wide range of outcomes from
this search included: existing canal networks that produced
formal agricultural activity; informal (and illegal) agricultural
fields integrated into power utility right of ways; and small-town
networks of urban form all characterize this area. The diversity of
productive and performative landscapes makes this region of the
city fertile ground for potentially innovative agriculturally-based
industries. These speculative forms of engagement promoted
landscape as a productive tool for generating patterns and
behaviors of urbanization that both addressed economic needs
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(agriculture and employment) and programmed spaces that
could potentially incorporate water in productive ways. Rather
than importing idealized notions of community gardens or vertical
farming, for example, the agricultural operations found across Rio
and Zona Oeste served as a catalyst for integrative networked
systems involving transportation, water, open space, and more
environmentally sensitive hybrid urban forms.
By diagnosing and documenting hydrological, housing and transportation
networks, frameworks for future ecologically-driven interventions
could be explored. Using these thematic lenses to research Barra da
Tijuca’s landscape in concert with a carefully developed set of urban
DNA samples, students then speculated upon potential interventions.
Their quest became one to reconcile the contrasts between the utopian
visions of Brazilian Modernism and built reality of gated vertical suburbs
or the contrasts between sensitive landscape networks and destructive
development practices. Purposefully, students explored strategies and
design frameworks rooted in combinatory, ecological and cultural modes of
urbanization.10
REFLECTIONS
While Centro Metropolitano has an historic legacy tied to icons of Brazilian
Modernism, its relatively recent development (limited to the site’s southern
edges) represents common denominator commercial construction. In the
years between Costa’s proposal for Barra da Tijuca and the 1990s real
estate boom - fueled by mega-event driven infrastructure improvements little growth took place in or around this site (a noteworthy exception is
both informal and formal low-income housing development). However,
much of the site was undeveloped. As a result of the favela removal and
relocation policies of the previous military regime in the northern edges of
Centro Metropolitano, public housing districts were established in the 1970s
and 1980s. For example, the infamous Cidade de Dios borders the northwestern edges of the Centro Metropolitano site. This contrast between
formalized relocation of previously informal settlements and the grand
visions of Lucio Costa for a high density commercial and governmental
district provided a spark for design considerations. The apparent complexity
of these design movements held the promise of potential resolutions to
the challenges of radically dense environments and expanded scales of
development in each of their case study sites.
The geographic, economic and cultural conditions of Barra da Tijuca and
Centro Metropolitano contribute to the poly-nucleated urban fabric of Zona
Oeste overall. In fact, Barra da Tijuca represents a large ex-urban zone
still isolated by geography and only loosely connected to the city by weak
transportation networks. These disparate urban conditions can be found in
microcosm in the favelas, artificial grounds, and hydrological features that
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Figure 8. View of proposed development as planned demolition, Centro Metropolitano.

are distributed across a landscape that includes lagoas, protected habitats,
and concentrated pockets of urbanization. The combination of topography,
hydrology, regional networks, and unpredictable market forces all contribute
to a fragmented landscape that has resulted in pockets of highly privatized
and isolated nodes. This failure to produce contiguous urban space and
an apparent lack of hydrological management became a starting point
for many student conversations regarding the city’s future. By pairing
the consequences of urban fragmentation with connective ecological
and infrastructural strategies, the students sought a model of “productive
fragmentation.” Highly concentrated developments, such as Centro
Metropolitano, were imagined as concentrations of resilient development
linked through open space strategies involving regional hydrological
networks, canals and floodable open spaces aimed at mitigating the initial
stages of rising sea levels.
One danger of this approach was that it may inadvertently resist the
questions raised by environmental change and contemporary patterns
of failed urban infrastructure; in other words, by seeking to perpetuate
development (albeit in differing ways), student proposals were unable to
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fundamentally fend against a warming climate. But, and most importantly,
questions of urban consequences of growth in places like Barra da Tijuca
remain valuable. Therefore, and despite their limitations, the student
proposals did help illuminate challenges to conventional urban development
and enable a wider range of meanings to enter into conversations of
environment and urbanization.
Various techniques emerged over the three years that helped students
gain a foothold in order to act and focus attention on the hybrid, and often
varied, characteristics of local places that broaden understandings of
authenticity and urbanity as well. For example, the high modern practice
of placing buildings on pilotis, which can be found in both Europe and
Latin America, presented evidence of two interpretations: a post-colonial
translation of European Modernism (an authentic local interpretation), and
an outcome that produced vernacular variations informed by architectural
forms and socio-spatial zones of influence. In this sense, hybridity is an
authentic expression and it can be found in both physical and social space.
Studies into local neighborhood DNA samples provided our students with
a point of entry into a broader discussion. Students found themselves
focused upon design strategies that could be sensitive to place but openended enough to allow transformation through future adaptive practices
(see Figure 1).
The DNA studies went beyond conventional precedent analysis and
maintained a focus upon socio-spatial conditions. By documenting,
analyzing, and cataloging samples taken throughout the city of Rio de
Janeiro, students created a spatial vocabulary inherently about
micro-urban conditions found in a range of unique local physical settings.
These DNA, then, represented a set of codes that illustrated social
and spatial interactions in site-specific areas of the city. In the process,
simple understandings of mixed use development, for example, were
quickly challenged; social spaces in Rio (as they do throughout Latin
America) represent a range of “mixed-up uses” that go beyond the simple
organization of spatial programs that can be found in most conventional
North American urban planning. Additionally, informality in both social and
physical form presented new ways of understanding the inter-dependent
relationships between people and places. These typologies represent
varying degrees of socio-spatial behaviors - of people, of place-based
occupation and transformation; and of physical form, hybrid structures and
informal patterns. The work of the students illustrates states of possibility,
or rather speculations, of how Zona Oeste “could be,” not how it “will be.”
As a result of the complex urban networks and the equally complex
challenges presented by Barra da Tijuca’s ecological contexts, design
strategies emerged that enabled students to build upon local fabric.
Students borrowed strategies from one theoretical camp to augment
those found in another: pedestrian scaled increments were layered over
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mega-scaled urban blocks and then infused with ecologically driven
forms of infrastructure. The simultaneous scales allowed for new public
spaces, distributed resources through regional networks, and provided
concentrations of dynamic housing typologies. Following general transit
oriented development models in the west, the most intensely programmed
districts were often located in areas near transportation hubs while large
areas of each site were often dedicated to new forms of low-density but
high performance spatial uses (innovative agricultural industries, landforms
aimed to provide both recreational and ecological management spaces).
Other strategies involved the use of complex landscape and ecological
systems aimed at stitching together each of the three case study sites
through regionally scaled three-dimensional land and water-form
frameworks. Still other strategies emerged that attempted to address
historic legacies through the use of transformed typologies that were
rooted in cultural traditions, which aimed to root themselves in a sense
of local identity while also extending those identities to include future
transformations.
In a sense, the students took a combinatory approach to urban design
in an effort to develop a tool set appropriate to their sites (the local) and
their professions (the global).11 The two-fold technique that the sampling
represented provided a knowledge of cultural place, ecological and
urban conditions with an eye towards an integrative approach to urban
design interventions. Students used these DNA samples as a way of
understanding and designing micro-urbanisms that could scale up and
combine to address a macro set of metropolitan or ecological conditions.
The ever-present wetlands and mangroves in the region could enable
a healthier, safer environment. The blending of form along with the
incorporation of wildlife, water-based agriculture, and protected wetlands
fostered innovative forms of public spaces in the students’ work while

Figure 9. View of Terra Que Desce: A new use for Costa’s grid, Centro Metropolitano.
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remaining rooted in local character of place. Water represented one of
the major challenges of the area both now and in the future, which were
demonstrated by urban flooding, sinking soils, sensitive ecosystems of
lagoons, marshes and tidal waterways in Barra. However, water was also
an opportunity for the students; impending climatic changes forced a
renewed emphasis upon ecology and the need to “design with nature.” 12
Water, therefore, became a basic ingredient for productively creating a
new set of urban spaces. A vision of a naturally enhanced, porous, and
locally fragmented yet regionally connected mode of urbanization operated
through an ecological approach, across scales and time. These strategies
focused on the impacts of climate change while acknowledging the obvious
failures that development has wrought on fragile environmental systems.
While the work was developed within a series of three-year urban design
workshops/studios, it parallels what Dana Cuff has called a “fourth phase”
of urban design curricular models marking a “major shift in the conception
of cities, but with a relatively coherent architectural aesthetic and a
professional agenda rooted in design practice’s larger political economy.” 13
This essay illustrates design research in Rio de Janeiro focused on
integrating systems of ecology and landscape through design processes
focused upon urbanization in the face of climate change. Driven by
typological and morphological investigations, the work offers responses
to specific topographic and climatic contexts that demonstrate new forms
of urbanism. Illustrated through speculative programs ranging from the
establishment of research facilities, affordable housing, and cultural
centers, to agriculture, eco-tourism, and protected habitats - the
pedagogical research integrates opportunities for the use of water
systems and management as an urban design agenda. Rather than
defending against storm surge, landslides, and rising sea levels, we sought
speculative models rooted in the DNA of Rio de Janeiro and embrace
strategies for resilient coastal regions across the globe.
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ABSTRACT - Climate change puts the edge between land and sea in
sharp relief; sea level rise is essentially a condition of drifting littoral edges.
As rising seas threaten to encroach on land-based territories, cities and
nations have responded by attempting to fix the edge at a moment in time,
blocking the sea’s insidious creep. Atolls formed by coral reefs are mobile,
living geographies, which resist attempts to harden their perimeter through
structures such as seawalls. We explore how ideas and imaginaries
associated with the “edge” between sea and land in the atoll-nation of
Tuvalu illustrate competing “riskscapes” and objectives associated with
the actors involved. This essay explores this interplay between politics,
aid, technocratic solutions, media representations, global aspirations, local
ambitions, and climate risk in Tuvalu through an examination of past/future
seawalls and other proposals (realized and unrealized) for controlling atoll
edges. Through the cases, we seek to re-politicize the edge, unpacking
the difficulties surrounding adaptation issues in small-island states, and
explore alternative models of “resilient edges” for atoll-dwellers living with
climate changes.
Keywords: atoll ecology, climate adaptation, climate change, riskscape,
seawall
Tuvalu is one of the five nations in the world composed entirely of coral
atolls: low-lying, sandy islands typically only a few meters above sea level.
Atoll nations have been framed by global media as “sinking islands,” the
first nations to disappear entirely as a result of rising seas. Tuvalu is one of
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the smallest nations on the planet, home to around 11,000 people across
nine atoll communities,1 though today more than half the population is
squeezed on to the capital at Funafuti (Fig. 1). With little in the way of local
industry, the majority of the nation’s economy comes from aid, remittances,
and sales of fishing licenses to international vessels.

462

Interrupted Atolls:
Riskscapes and Edge Imaginaries in Tuvalu

Elizabeth Yarina, Shoko Takemoto

TUVALUAN CLIMATE RISK
Climate change is already a concern on such low-lying islands, and rates
of sea level rise in recent decades have been over three times faster in the
area surrounding Tuvalu than the rest of the world.2 However, disentangling
climate change impacts from other natural and human caused processes

Figure 1. Tuvalu Atolls map: Atolls in the Pacific, and
Pacific Exclusive Economic Zones, with Tuvalu’s atolls
and oceanic territory highlighted.
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is tricky. King tides - extra high tides caused by the gravitational pull of the
full moon - now cause inundation across Funafuti, especially in the area
surrounding the airstrip. However, reconstructed cartographies suggest
that this flooding may be caused or amplified by increasing construction
in low-lying swamps (Figs. 2,3).3 Similarly, the salinization of fresh
groundwater is linked to over-extraction from delicate freshwater lenses
as well as from rising sea levels and inundation.

Figure 2. Transformation of Funafuti atoll over time, adapted from Yamano, Hiroya, et al.

Figure 3. King Tides flooding on Funafuti.
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Climate change is also associated with increasingly frequent and severe
cyclones, and past storms indicate just how damaging these can be for
Tuvalu’s atolls. Cyclone Bebe in 1972 flattened 90% of Funafuti, though this
was likely amplified by the low-grade clapboard housing stock built following
the decimation of the settlement during WWII bombing runs. At only a few
meters above sea level, Tuvalu is extremely vulnerable to storm surges; this
was illustrated on March 14, 2015, when an elevation in sea level caused by
Hurricane Pam, tracking 500 mi. [805 km] away, caused severe flooding on
the outer islands and displaced 45% of Tuvalu’s inhabitants. Not only is there
no high ground, but only one structure in Tuvalu - the government building on
Funafuti - reaches three stories.
This risk to the physical ground of Tuvalu is made more complex by the
dependence of national oceanic territory on the ground’s continued existence
above sea level. The United Nations Conference on the Law of the Seas
(UNCLOS)4 stipulates a 200 nautical mi. [370 km] Exclusive Economic Zone
(EEZ) offset of the shoreline of coastal nations. This allows nations such
as Tuvalu rights to explore for and use marine resources including power
production from wind or water, oil reserves, and most importantly for Tuvalu,
fish stocks. For Tuvalu, the EEZ amounts to about 900.000 km2 [350,000 sq.
mi.] of territory; more than 30,000 times as much as Tuvalu’s ground area (26
km2 [10 sq. mi.]). In order to claim an EEZ, an “island” must be “a naturally
formed area of land, surrounded by water, which is above water at high tide”
5
and oceanic territories are usually measured from a baseline established by
the low-water line. When islets or even entire atolls no longer emerge from
the seas at low tide, these baselines will disappear and submersion may
eliminate a state’s claims to oceanic territory. While some have suggested that
submerged islands may form a special (but not yet defined) category, we can
imagine the possibility - particularly given the current territorial contestations
in the South China seas - of remaining dry nations attempting to claim that
territory in cases of prior overlapping maritime boundaries, particularly given
the limited political capacity of small island states. If all of the islands making
up a nation are submerged, island states may furthermore lose their status as
sovereign states, since they no longer have sovereignty over land or seas.6
Preserving land for both inhabitation and sovereignty is a primary concern
for Tuvalu and its benefactors, and these difficult implications of rising seas
contribute to Prime Minister Enele Sopoaga’s visceral representation of
Tuvalu’s risks:
No national leader in the history of humanity has ever faced this
question. Will we survive or will we disappear under the sea? I ask
you all to think what it is like to be in my shoes. Stop and pause for a
moment. If you were faced with the threat of the disappearance of your
nation, what would you do? 7
However, as the interplay of climate risk and other factors above suggests,
reductionist climate change narratives may obscure the complexity of
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the forces at play, and in doing so may also obscure possible adaptive
strategies which effectively navigate the interplay between climate change,
atoll systems, and Tuvaluan livelihoods. Unpacking Tuvalu’s fluid context
is a necessary step in shedding the media’s fetishized representation of a
sinking island nation.
Climate adaptation is inevitably a contested process where different
stakeholders and experts vie for the best outcome within their worldview.
Structural measures such as seawalls, which define coastal edges, are
often presented as “solutions” to rising seas, a dubious claim in Tuvalu
where the future impacts of climate change are decidedly complex and
uncertain. Suva-based geographer Patrick Nunn describes the “...‘seawall
mindset’ in the Pacific Islands, whereby community leaders, following
advice from ‘experts’ and observing urban solutions to shoreline erosion,
believe that hard artificial structures are the only possible adaptation option
in rural areas. The result has been that millions of scarce funds have been
poured into constructing seawalls that invariably create new, unanticipated
problems and collapse after a year or two.” 8 His observation speaks to
how imaginaries of risk and resilience, or “riskscapes,” inform the scope of
desirable adaptation responses by particular groups and individuals.
Müller-Mahn defines riskscapes as a “multi-layered” landscape of
actual spatial risk superimposed upon “the perceptions, knowledge,
and imaginations of the people” who inhabit that space. A seawall - or
any adaptation activity - is a response to real risks combined with the
perspectives and lived experiences of actors involved.9 We argue that
key to understanding the selection of adaptation projects in Tuvalu is
understanding the diverse, even competing, riskscapes and resilience
imaginaries of the actors involved.
FLUID CONTEXT
Coral atolls are dynamic, living geographies. They are built from the fringing
reefs of subsiding volcanoes, which accumulate sediment and form barrier
islands. As the volcanic cone submerges entirely, the reef continues to
grow, leaving the surrounding ring-shaped atoll formation (Fig. 4). Atop

Figure 4. Atoll formation diagram, adapted from multiple sources.
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these delicate structures, which evolve based on currents, storms, and sea
level, resources are scarce and habitation is vulnerable to the whims of the
sea. Cyclones can easily cause sea swells that inundate entire settlements.
Atolls are highly vulnerable to climate change and sea level rise, but the
issue is more complex than the “sinking islands” narrative suggests. Rather,
atolls can (and throughout history have) grown upwards in response to
sea level rise, as the coral reefs and that compose them grow towards the
sun’s rays. During rapid ice melts following the last glacial maximum, atolls
compensated for sea level rise at a rate of up to one meter [3 ft.]/century
(similar to mid-range predictions for sea level rise today). However, this
process makes the islands increasingly unstable as new coral sediment
and foram sands are deposited, growing the islands. Furthermore, risks of
ocean acidification and coral bleaching could kill off coral reefs and other
calcareous species, halting this process altogether (Fig. 5).
Atoll-dwellers have developed flexible models for inhabiting their fluid
geographies.10 Traditional Tuvaluan architecture and settlements are
characterized by transformability and mobility that allow their inhabitants
to adapt to fragile atoll ecosystems. The traditional Tuvaluan house is a
post and beam construction with a thatched roof and coral-rock foundation,
ranging in size from 2,5x5 m [8x16 ft.] to 5x10 m [16x33 ft.]. The structures
are built without walls to allow for through-breezes in the tropical climate,
but woven coconut frond mats can be attached to the eaves to keep out
rain during storms.11 Roofs were also demountable, and during violent
cyclones could be removed and placed to the leeward side of the house
for shelter.12 Master builders (tufuga fai fale) sometimes developed unique
typologies, including the fale poutasi (post house) from the atoll of Niutao

Figure 5. Atoll dynamics diagram, adapted from multiple sources.
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which was supported by a single central post and could be rotated to allow
for maximum wind capture on hot days.13 One citizen observed, “We are
like nomads... We don’t want to be enclosed in something.” 14 Flexible
structures accommodated hot, dynamic tropical climates.
Prior to the influence of missionaries and colonists, settlements were
organized around extended family clan compounds, with people
moving between different function-specific structures (sleeping houses,
cookhouses, storage structures) throughout the day. Not only were
these hamlets loose aggregations that encouraged movement, but the
settlements themselves were mobile, with families relocating to different
sites around the lagoon “to allow the coconuts to grow up and to give
the fishing grounds a rest.” 15 The “bush,” where coconuts, pandanus,
and bananas were cultivated and collected, surrounded original hamlets.
Beyond, the ocean and lagoon served as an extension of living space,
used for bathing, recreation, and fishing. Settlements were sited based on
access to fishing grounds, in areas protected from reef waves and wind
(Fig. 6).16
This history of mobile adaptations extends to inter-atoll and cross-Pacific
migrations/resettlements necessary for the very survival of atoll denizens:
In historic times atoll dwellers were extremely mobile and far
from insular; men and women moved readily between islands in
search of new land, disease-free sites, wives, trade goods, and so
on. In this way some islands were populated, depopulated, and
later repopulated. Mobility itself was responsible for demographic
survival; without mobility, adaptation and change were impossible.17
The Tuvaluan community is very much defined by being “fluid, multiple
and complex” 18 from the time of its original settlement, and this historical
narrative extends into the present as Tuvaluans migrate following
destructive cyclones, or in search of work, education, and opportunities.
However, the mobility of all atoll-dwellers has been interrupted by colonial
sedentarization, post-colonial nation-state boundaries, and nationalist
politics. Though many Tuvaluans independently obtain work and education
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Figure 6. Fluid Tuvaluan vernaculars.
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visas to migrate abroad (primarily to Fiji or New Zealand), the possibility of
adaptation via migration for residents of independent atoll states has been
severely restricted.
Similarly, Western building-models adopted in the colonial and post-colonial
era lack sensitivity to local climatological conditions. Enclosed concrete
block houses, which connote status due to their aesthetic of permanence,
soak in the tropical sunlight all day and radiate heat through the home
all night. Metal roofs similarly capture heat, though they have become
increasingly essential for rainwater capture as freshwater lenses become
contaminated. The destruction associated with Bebe, discussed above, as
well as damage from more recent storms, can be in part attributed to the
inappropriateness of cheap Western-style housing.
The “deterministic” view that Pacific Island nations “too small, too poor,
and too isolated to develop any meaningful degree of autonomy” and as
such require outside benefactors in order to adapt to risks is rejected by
Oceanic scholars, in particular Epeli Hau’Ofa. The Tongan-Fijian writer
and anthropologist emphasizes that prior to European intervention, the
Oceanic “universe comprised not only land surfaces, but the surrounding
ocean as far as they could traverse and exploit it, the underworld with its
fire-controlling and earth-shaking denizens, and the heavens above with
their hierarchies of powerful gods and named stars and constellations
that people could count on to guide their ways across the seas.” Instead
of “islands in a far sea,” Hau’Ofa proposes conceptualizing the Pacific as
a “sea of islands;” a fluid space not bounded waters, but expanded by
oceanic connections.19
FIXING THE EDGE
Atoll Interventions
Tuvalu’s current processes for adapting to climate risk often do not allow
space to address the archipelago’s fluid context. Tuvalu’s primary plan
for dealing with climate change is the National Adaptation Programme(s)
of Action (NAPA).20 The development and implementation of NAPA was
led by the Government of Tuvalu, together with multilateral organizations
and foreign consultants - namely Secretariat of the Pacific Regional
Environment Programme (SPREP) and the United Nations Development
Programme (UNDP) which provided technical support, and the Global
Environment Facility (GEF), which provided funding.21 Because of their
participation as one of many island nations in the broader United Nations
Framework Convention on Climate Change (UNFCCC) climate adaptation
program, Tuvalu’s adaptation plans look much like their island cohort’s,
and even share similarities in structure and content with urban and
national climate change adaptation plans from around the world. These
multilateral systems attempt to normalize Tuvalu into standard development
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frameworks, failing to acknowledge the distinctly fluid nature of the nation’s
components (Fig. 7).
A lack of attenuation to the conditions of atoll flux is articulated with
particular clarity in the NAPA I project document through the analysis of
Fualefeke, an uninhabited islet on Funafuti atoll. Since 1984, the coastline
of this islet has migrated such that two parcels were eliminated, and
additional land was accumulated on the lagoon side of the inlet (a formation
typical of spit-generation processes). This island migration is cited as
evidence of risk through which “the stability of the marine and terrestrial
ecosystems will also be adversely affected,” illustrating “coastal erosion and
its cost on Tuvalu landowners and families.” 22 However, the document fails
to acknowledge that this is perhaps more evidence of the problematics of
Western property ownership structures overlaid on fluid islands rather than
of climate risk.23 In fact, these processes are inherent to atoll marine and
terrestrial geographies, directly contradicting high-ground logics where land
is understood as a fixed and permanent commodity 24 (Fig. 8).
The living geographies of the Tuvaluan archipelago and associated cultures
of mobile adaptation suggest that climate resiliency projects in this context
should accommodate or even work with fluid atoll systems. However,
adaptation through attempting to “fix” or “solidify” atoll perimeters emerged
in the colonial era, and is an increasingly popular model as Tuvalu’s profile
(and urgency) as a “sinking” nation grows.
Seawalls do not sit easily in this context of fluid geographies and mobile
populations. The same NAPA document that chastises Fualefeke for its
natural transformations is critical of hard-edge solutions to rising seas: “Sea
walls cut off the landward supply of sand during storm events, resulting
in waves attacking unprotected areas to a greater extent than they would
have done prior to the sea wall construction.” The hard surfaces of smooth
sea walls reflect waves back out to sea with little loss of energy, doubling
wave heights as they meet incoming crests.25 The extracted material
used to build seawalls, often sand or coral rock collected or dredged from
surrounding waters, can further disrupt sedimentation/erosion processes.26
While seawalls attempt to solidify one portion of the edge, the introduction
of hard infrastructure disrupts atoll hydrodynamics, often creating new
problems elsewhere. For example, in Tarawa, the capital atoll of Kiribati,
the introduction of a causeway is blamed for the erosion and eventual
extinction of Bikenman islet across the lagoon.27 A harbor constructed in
Vaitupu, Tuvalu in the 1990s caused erosion and worsened damaging
waves.28 Similarly, a past seawall in Nukufetau, Tuvalu on one end of the
island resulted in the complete erosion of the opposite.29 Seawalls not only
disrupt sediment flows, causing shifts in erosion/accretion processes, and
accelerate erosion around/behind/underneath the structures by speeding
up the flow of water, but they also disrupt nutrient flows necessary for
the survival of coral reefs. Given the essential role of corals in atoll
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Figure 7. Tuvalu climate adaptation and governance actor-network diagram. This necessarily
incomplete diagram attempts to capture the relationships involved in Tuvaluan climate-change
adaptation, in particular flows of money and expertise.

construction, the starvation of reefs could be devastating.30 Writing about
the use of seawalls by the US Army Corps of Engineers on American
coastlines, Pilkey and Dixon note: “A heavy price is exacted for using
engineering structures, however […] hard stabilization has proven to be
irreversible.” 31 In the context of coral atolls, this may mean a permanent
inhibition of an atoll’s capacity to self-adjust to rising seas. The introduction

Figure 8. Fualefeke Islet. “Coastal erosion and its cost on Tuvalu landowners and
families,” sourced from Tuvalu’s National Adaptation Programme of Action.
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of hard edges amounts to the permanent creation of an iron (concrete) lung
around the islands, with its life-essential ecosystem irrevocably disrupted.
In his book Seeing Like a State (1998), James Scott describes the
reliance of modern government on systems for controlling, measuring, and
regulating. In order for a state to understand, manage, and tax its territory,
it must map a simplified version of it, lacking the rich socio-ecological
complexity of reality. Scott uses as an analogy scientific forestry, which,
though it creates a measurable and extractable system of production
through monocultures, the model problematically eviscerates habitats and
local economies which rely on forest products, and eventually makes the
land unproductive through the clearance of underbrush and deadfalls which
return nutrients to the forest floor.32 Similarly, attempting to fix the edge of a
fluid atoll is associated with imposition of Western state-building worldviews
in a dynamic Pacific Islands context. While dramatic interventions in Tuvalu
will likely be necessitated by climate change, these should not emerge from
a simplified, frozen conception of atolls and their denizens.
Seawalls, berms, and dykes are often part of the vocabulary of global
“climate-proofing” plans, which self-advertise as “solutions” to climate
change. Just as seawalls amplify erosion on other parts of a coastline,
dykes and berms amplify flooding for those outside of the walls, and can
sometimes worsen flooding inside due to the “bathtub” effect.33
Seeing Like a State and associated solutions-oriented mindsets may fail
to account for the complex systemic outfalls of rigid interventions, creating
new problems in the process. Timothy Morton describes climate change as
a hyperobject,34 acting at a scale that can no longer be physically sensed
by our bodies, or, borrowing from Levin et al., a “super wicked problem [...]
a wicked problem for which time is running out, for which there is no central
authority; those seeking the solution are also creating it, and policies
discount the future irrationally.” 35 The conflation of solution and problem is
perhaps illustrated by the Taborio-Ambo seawall, constructed as part of the
World Bank and GEF funded Kiribati Adaptation Project II (KAP II),
in Tarawa, which ultimately exacerbated erosion and exposed water
infrastructure; KAP III is now working to address this new problem.
One is reminded of Ulrich Beck’s notion of “reflexive modernity,” where
society is constantly mediating risks of our own creation.36
This “super wicked” framing of climate change cautions against pathdependent trajectories that lock-in approaches that cannot successfully
cope with the uncertainties associated with global climate risk.37 In this
context, drawing on Amory Lovin’s seminal framing of “soft” vs. “hard”
paths for energy production, it is useful to consider approaches to climate
adaptation also in terms of both “hard” paths (heavy, inflexible, and
expensive technocratic solutions) and “soft” paths (lightweight, ecological,
adaptive and bottom-up approaches).38 By framing current approaches to
climate adaptation in Tuvalu through this lens, this paper seeks to explore
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the limitations of various approaches for securing Tuvalu’s fluid edges, as
well as the climate change imaginaries (or “riskscapes” 39) associated with
different interventions.
Hard Solutions
Even prior to concerns about global warming-related sea level rise in
Tuvalu, twentieth-century British colonists began to introduce seawalls as
part of their toolkit for managing the atoll archipelago (at that time governed
alongside Kiribati as the Gilbert and Ellice Islands Colony). Walls were used
to expand space for agriculture, particularly copra, or dried coconut flesh,
which was “the staple product of the South Sea Islands” according to a
1920 account.40 By the 1960s, land reclaimed using seawalls on Maiana in
the Gilbert Islands (Kiribati) for copra production prior to World War II had
“gradually reverted to bare salt flats” 41 and housing built on the reclaimed
land had to be abandoned. The agricultural report goes on to note that
“tidal canals are constantly moving material by scouring and depositing
elsewhere”; 42 attempts to fix ground were being negated by the atoll’s
fluid geography. However, the resident colonial land use officer saw this
simply as a technical failure, and in his recommendations proposed to rereclaim the land using sturdier walls.43 Remnants of failed seawalls litter the
coastlines of the former Colony.44
The almost comedic failures of a midcentury seawall project on Nanumanga
atoll, Tuvalu suggest a similar lack of contextual understanding. Following a
1949 analysis on the practicability of a concrete seawall (a similar proposal
for Nanumea was found infeasible) to protect agricultural space, 243
bags of cement were shipped, but the vessel ran aground in Nanumea,
and only half of the cement (110 bags) was able to be salvaged. The
salvaged bags, stored under canvas and thatch, were largely destroyed
by heat and humidity waiting for transfer to Nanumanga (a small amount
was appropriated for local construction). The 257 bags that were never
shipped from Tarawa (now the capital of Kiribati) due to inadequate boats
were similarly lost. A 1954 analysis wrote off the entire project, noting that:
“the construction of a wall is unlikely to prevent seepage of saltwater into
garden pits which was the original aim of the scheme.” 45 Both materials
and methods of the colonial authorities failed to “understand islands in their
own terms.” 46
Not only did the colonists “see like a state,” but they also saw specifically
like a Western high-ground, colonial, “fixity-oriented” state non-acclimated
to dynamic coral atolls and Tuvaluan spatial practices. This is also visible in
other forms of paternalist management undertaken by the Gilbert and Ellice
Islands Authority, and prior to that, missionaries in positions of power. Early
Samoan pastors encouraged a shift into a village structure, which allowed
them to keep a closer watch over the inhabitants and encouraged the
destruction of existing buildings and rebuilding of Samoan style architecture
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with raised platforms.47 A rule was introduced banning travel from one
island in the archipelago to another; abruptly, Tuvaluan society transformed
from mobile to fixed. Colonial projects in the Pacific with benevolent
intentions sometimes attempted to encode cultural systems into Western
laws; for example, in Fiji clan (maataqli) lands were carefully mapped and
measured in part to prevent their appropriation by European capitalists
(a Gilbert and Ellice Islands Native Lands Act similarly prevented the sale
of “native” lands). However, in doing so, they fixed in place a system, which
traditionally evolved dynamically as a process of negotiation - as maataqli
expanded or contracted, or as the productivity of landscapes shifted, these
clan boundaries had been redrawn. The paralysis of property lines meant that
even if a family line died off, or if a meadow became a swamp, parcels could
not be adjusted to accommodate these changes. As rising seas threaten
coastal perimeters, this lack of negotiability will become problematic for lowlying maataqli needing to migrate upwards as sea levels rise.
The managerial colonial ethos tended to create a cycle of solving problems
of their own making. A component of this “reflexive modernity” is described
at length in a 1967 colonial report on health and water:
It is rather surprising that the atoll populations, numbering nearly
90,000 in the Pacific region, have lived for centuries without
realizing they have water supply problems. They cleaned their fish
in the sea, boiled their taro and breadfruit in brackish water, and
bathed in the sea. They wrapped their fish with leaves and cooked
it in a heated coral oven, without making use of any water. They put
their food on leaves and ate with their fingers, which they can wash
in the sea. To quench their thirst they chewed pandanus fruits or
drank coconuts, but more often, they made do with very brackish
water from wells. They did not have to wash their simple garments
made of locally available materials, but always replaced them with
new ones. When rain came they took their natural shower and
drank some freshwater for a change. 48
Based on the description above, there was no historic water problem.
Rather, water as a resource was conserved based on the scarcity of
supplies; the necessity of laundry was only created by the introduction of
Western garments. Similarly, when colonial schools were seen to erode
indigenous traditions, a “Vernacular Education Committee” was formed
to reintroduce traditional stories and practices.49 When the banning of
traditional population control (i.e. infanticide) produced overpopulation,
resettlement schemes including sites in the previously unpopulated
Phoenix Islands chain were implemented. These settlements met their own
complications and largely failed.50
Contemporary solutions for atoll edges may similarly be seen in the light of
this reflexive framework. As we saw on Fualefeke, the application of rigid
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private property boundaries on fluid atoll geographies politicizes natural
coastal fluctuations. Similarly, the construction of permanent, expensive
(and often donated) architecture and infrastructure near-shore necessitates
coastal fortification; seawalls are built to protect these investments. Below,
we examine three recent “hard” coastal infrastructure projects in Tuvalu;
notable not only for their attempts to “fix” a fluid edge, but also for the role
of competing “resilience imaginaries” of the actors involved in the creation
of these projects.
In Nukufetau, a three m [9.8 ft.] tall, 500 m [1,640 ft.] long seawall was
constructed in 2016 as part of the NAPA I project, implemented as a
partnership between the Tuvaluan government and UNDP with financing
from GEF Least Developed Country Fund (LDCF) (Fig. 9). The seawall,
made of sand packed in geomembrane bags replaced an older, crumbling
seawall made of concrete blocks. The technical assessment, consultation,
design, and construction process took place over several years. As part of
the technical assessment process, various designs were identified including
nature-based solutions. Proposed design options were developed by an
international consultant, who traveled for ten hours by ship to the atoll and
was able to complete a site analysis within the few hours before the ship
returned to Funafuti. This sort of extreme time and travel constraint is a
common challenge that foreign development efforts face when engaging
external experts for technical design and community engagement in
remote communities. Follow-up consultation processes with the Nukufetau
kaupule (village council) and residents resulted in a rejection of the naturebased designs, based on perceptions that these solutions might not be
able to withstand and protect them from strong waves. The community
instead requested a “hard,” structure-based solution to provide the sense

Figure 9. Seawall construction on Nukufetau atoll.
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of security they sought from a seawall.51 This sentiment grew stronger
after residents experienced the strong storm surges that swept across the
islands during Cyclone Pam. The final geomembrane bag seawall design
emerged as a result of mediation between being “hard enough” to provide
the sense of security the islanders desired and being simple, modular, and
transportable enough so that it was physically possible to construct in a
place only accessible by sea.52
Tuvalu Coastal Adaptation Project (TCAP), a US$36 million project financed
by the Green Climate Fund (GCF), aims to scale Nukufetau’s example of
fixing an edge, fortifying a larger portion of Tuvalu’s coast.
The project plans to increase protection works from around 570 linear m
[1,870 ft.] of coverage currently to 2.780 m [9,121 ft.] at completion,
across three different islands.53 Given the large scale of the initiative, both
financially and geographically, the Tuvalu Government and UNDP aim to
capture and integrate the lessons learned from previous coastal protection
efforts by applying a range of measures - including ecosystem-based
initiatives, as well as geo-textile and rock revetments.54 However, the
funding proposal for the project only accounts in its intervention list (and
pricing) for rigid measures and beach nourishment, largely influenced by
the Fund’s project templates that reflect organizational funding strategies
and priorities. However, in the proposal descriptions, the importance of
soft measures is incorporated. For the Funafuti project, the document
also states that “a combination of rock armor revetment and pre-cast
concrete revetment options is considered most cost-effective” which can
be “complemented” by “softer” options.55 A large focus of the initiative will
also entail development of a cohort of local experts in Tuvalu who can lead
a more participatory community consultation as well as technical design
process that focuses on both awareness raising and more meaningful
dialogue, consensus building, and participation over a longer period.
While speaking towards soft-interventions and participatory processes,
this large-scale climate adaptation project is still largely anchored around
fixed-edge solutions. With this funding, Tuvalu and its benefactors have
an opportunity to reframe coastal intervention approaches, going beyond
tokenistic participation and considering alternative strategies that work
with the human and ecological systems of the atolls long-term. However,
project leaders and stakeholders would require tremendous commitment
and courage to challenge norms and to carry this out. The training of
“local experts” could well serve this end; however, this would likely require
transcending the Western-style training they will receive.
Soft Approaches
A critical approach to adaptation in the context of the atoll archipelago
would explore alternative soft-edge strategies drawing on the existing
knowledge and ecologies of Tuvalu’s atoll systems. However, former “soft”
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solutions have had their own set of limitations induced by techno-scientific
approaches, lack of visibility, lack of context-specificity, and slow pace.
With the commonly cited assumption that Tuvalu may become
uninhabitable as soon as the next 25-50 years (though futurology in this
context is widely uncertain) speed is clearly an important characteristic in
adaptation planning; likewise, relying on foreign aid, projects which a donor
cannot easily point to in a photo may lack incentives for funding.
Queen Elizabeth II Park, framed as a beach nourishment project on
Funafuti’s lagoon, can be seen as a combination of hard and soft. It is termed
by the project contractors (Hall Pacific, also engineers of the Nukufetau
seawall) as a “reclamation” project, emphasizing the new 40.000 m2
[430,556 sq. ft.] space it will create - suggesting it may serve as a model for
possible future land reclamation to accommodate the capital’s expanding
population. The contractors also emphasize the rocky (rather than sandy)
nature of Funafuti’s lagoon coast; though scientific research suggests that
this is the result of a causeway constructed between two islets on the atoll,
which has cut off sediment flows along the foreshore.56 This reclamation
has been achieved by dredging 115.000 m3 [150,414 cu. yd.] of sand and
limestone from the atoll’s lagoon, likely disturbing corals and sedimentation
regimes. The new land is retained by “two strategically placed groins made
out of 2,5 m3 [88 cu. ft.] sand containers.” 57 Google earth photos show that
the beach has already migrated significantly since its April 2016 completion.
Less than a year later, at a February 2017 meeting regarding the Tuvalu
Coastal Adaptation Project, the park is already described as “highly eroded”
and mitigation efforts are requested.58 So while this intervention is “soft”
in that it is primarily constructed from sand and gravel, the anticipation
of fixity suggests the project’s interface with larger atoll systems was
underdeveloped.
Another primary “soft” approach on Tuvalu has been led by Japanese
scientist Hajime Kayanne, through a process he terms “geo-ecological” 59
or “eco-technological” management.60 Borrowing Sovacool’s definition
of “soft” adaptation paths, it is worth noting that while materially soft, the
project lacks a community-driven, bottom-up approach.61 Drawing on the
ecological and geomorphological processes that drive atoll formation and
growth, the project works to amplify lagoon production of foraminifera, small
star-shaped protozoa whose shells produce foram sand, which with coral
rubble form the primary sediment components of coral atolls. By incubating
foraminifera production, the project seeks to increase lagoon sediment,
growing a natural beach-nourishment system.62 The team’s research also
highlights how current hard edge interventions, such as the causeway
connecting two islets at the southern tip of Funafuti atoll (Fig. 10), has
starved the capital’s lagoon beaches, causing erosion now typically
attributed to climate change.63 This “Eco-technical Management of Tuvalu
against Sea Level Rise” was a five-year research project initiated in 2008
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Figure 10. Funafuti Causeway.

supported by Japan’s Science and Technology Research Partnership for
Sustainable Development (SATREPS) program, a Japanese government
program that promotes international joint research.64 A pilot site for
foraminifera propagation has been sited along Funafuti’s lagoon, and
tank-grown forams have been planted onto mats and inserted along
the beach. While the early tests have been successful from a scientific
perspective, the plan met resistance from the community, who perceived
the scope of the intervention as too limited and slow relative to the large
and urgent risks they face. The project perhaps saw the island’s ecology
“on its own terms” 65 but failed to understand the community in which it was
engaged.
It is also worth acknowledging Japan’s own interest in atoll growing.
Okinotorishima is a submerged reef island claimed by Japan with only two
small rocks that peek above sea level at high tide. Closer to Guam than to
mainland Japan, their claim to Okinotori allocates a huge oceanic territory
per the 1982 UNCLOS discussed above.66 However, their claims to the
island and associated seas have been threatened by Chinese contestations
over whether the rocks fit the UN’s definition of islands: according to
UNCLOS, “Rocks which cannot sustain human habitation or economic
life of their own shall have no exclusive economic zone.” 67 Furthermore,
sea level rise and erosion threaten the two existing above-water rocks.
In response, Japan has sought to both call into question the definition of
rocks (as compared to reefs), erecting structures to protect the rocks, and
incubating transplanted corals and foraminifera with the goal of accreting
bona-fide islands.68
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Around the world, spin-off reef-growing technology companies have become
their own start-up niche. Kayanne’s research spans to Okinotori as well, and
he is quoted as saying: “Right now, no one can live on Okinotori... But we
have examples around the world where people live on atolls made of coral
gravel. We know it can happen. Island formation is possible well within a
human generation.” 69 While having additional motivations does not preclude
doing effective and locally sensitive work in Tuvalu, it does suggest that
coral- and foraminifera-growing science there may be an incubation for
projects with national-scale Japanese interest. Given the contested territorial
claims currently being ignited in the South China seas, the ability to grow
national territory could become a hot commodity.
Other “soft” strategies in Tuvalu include the mangrove nursery developed
on Nanumea atoll in 2008, sponsored by the California-based nonprofit
Seacology in collaboration with the Tuvalu National Council of Women.
Mangrove rehabilitation is a common tool in green or ecosystem-based
adaptation projects, and in this project, a kilometer-long [0.6 mi.] planting
was intended to curb erosion and buffer the primary settlement against
storms.70 However, in spite of multiple re-plantings, the seedlings were
continuously washed away by storms and high tides.71 While the Seacology
website notes some difficulties with the plantings, its ultimate failure is not
acknowledged online - perhaps calling into question the long-term impacts
of other projects listed on their website. Photos of the mangrove project
are often used in more optimistic portraits of Tuvalu’s risk and resilience,
while without a personal connection to Tuvalu it takes significant digging to
find documentation of the project’s failure. Of course, like larger-scale aidprojects, Seacology relies on the image of the work, presented to donors
for funding. Other mangrove-planting projects, including those planted
in Niuatao and Nukulaelae as part of the NAPA I project, were similarly
washed away.
Historic evidence shows that in past eras of sea level rise, mangroves
have migrated inward, suggesting that while they provide an important
buffer against wind, waves and erosion, their capacity to mediate against
higher seas may be limited.72 Planting schemes must accommodate space
for migration if mangrove projects are to have long-term impact. Coastal
scientist Bregje van Wesenbeeck suggests that many well-meaning
mangrove projects can ultimately be maladaptive, disturbing ecosystems
and wasting community resources with projects that will ultimately fail as a
result of monoculture planting, use of inappropriate species, and/or improper
site selection. This helps to explain the high rate of failure of mangroveplanting projects; in the Philippines, the long-term survival of rehabilitated
mangrove forests was found to be only 10-20%. The report authors further
note that monitoring of mangrove planting projects is often poor, and few
project documents identify survival rates.73
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RISKSCAPES AND (RE)FRAMINGS: IMAGINARIES OF RESILIENCE
Aid/Development Riskscapes
With a limited local economy, Tuvalu must look outside its boundaries to fund
adaptation initiatives of any significant cost. Donor-funded organizations
have multiple motivations: creating a successful project for their beneficiaries;
capturing the image of a successful project to deliver to donors and taxpayers
evidence of impact and sustainability; and securing future projects to scale
successful results. As with the mangroves above, a project with a successful
image may not be an effective intervention in the long-term. A focus on
creating many projects across the globe results in a technical approach,
and “donors frequently construct discourses of capacity in terms of technical
and socio-cultural deficiencies able to be remedied.” 74 Standards about
what constitutes a “resilient” space likely come from Western or “universal”
imaginaries, and solutions similarly will come from an accepted toolkit of
approaches. These “portable solutions” supplied by mobile experts are part
of an ethos emerging from the Cold War era’s technopolitics, which prioritized
the global expert over “place-based knowledge.” 75 Even if community
participation is typically one of those tools, its buzzword-ization has reduced
its legitimate use. Leal notes that: “Reduced to a series of methodological
packages and techniques, participation would slowly lose its philosophical
and ideological meaning.” 76
Thus, the aid organizations and foreign technical experts play a primary role
in defining the scope of both problem and intervention. Coming from highground nations, these technocrats are likely to see fluid edges as a problem,
and fixed perimeters as a solution.
Aid organizations and its donor agencies must also consider their own
reputations and survival. Projects with visual products and tangible solutions
that can occupy glossy brochures help to communicate and illustrate
“development,” “climate change,” and “adaptation” in a simple way, putting a
face to the familiar story portrayed by the media. Rather than contesting this
“fetishization,” compliance is desirable for all parties as it can secure further
funding. Furthermore, “saving” a “sinking” island nation brings additional
prestige. Bilateral, multilateral, and regional organizations compete for
projects and sometimes donors, often leading to poor coordination across
multiple projects. Donors also often bring with them their own agendas,
and recipients who lack leverage become “policy-takers.” 77 The seawalls in
Tuvalu are constructed by this complex interplay of imaginaries, riskscapes,
development finance, media, and politics at various levels, rather than being
based wholly upon local needs and desires.
Researcher/Scientist Riskscapes
Tuvalu’s dramatic climate risk makes it a popular research site, as attested
by its selection as a case by the authors.78 As well as for donors, incentives
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for scientists or other types of researchers choosing to work in a particular
site may be multiple. The imaginary of Tuvalu as a “sinking” island may
help researchers secure grants as they engage with the “front lines of
climate change.” We have also seen that a site like Tuvalu might be seen
as a lab, developing science and technology with applications elsewhere,
of national interest to other states. Researchers are also likely to visualize
risk primarily within their disciplinary boundaries; an environmental scientist
will likely be preoccupied with the physical conditions of sea level rise,
coral reefs, temperatures, or ecosystems, while a social scientist will be
more concerned with human factors such as housing quality, health, and
cultural practices. This is visible in the foraminifera project, which although
it was technically, academically, and internationally successful, it was not
perceived or experienced as such by many locals. Similarly, a much-cited
paper by Webb and Kench documents an average overall increase in
area in atolls over recent decades, suggesting that sea level rise perhaps
will not inundate atolls79 - prompting a slew of news articles with titles like
“Shape-shifting islands defy sea-level rise” 80 and “Not So Much Trouble
in Paradise: Are Coral Islands Really Doomed?” 81 Acknowledging that
“Persistence of reef islands does not necessarily equate to geomorphic
stability,” 82 it is outside the scope of their research to address whether
and how an increasingly dynamic atoll might be inhabited, and what
this fluctuating condition means for current adaptation approaches. An
increasing trend towards commercializing climate science further blurs the
incentive structure for providing equitable, locally specific adaptation.83
Tuvaluan Riskscapes
Tuvaluan imaginaries of climate risk and adaptation are likely the most
complex. On the ground, short-term concerns surrounding overpopulation,
resource scarcity, freshwater supplies and waste disposal can be seen as
more urgent than long-term climate risk,84 although the flooding associated
with Cyclone Pam in 2015 heightened climate change sensitivity for many.
Religion also plays a role in shaping riskscapes, and until recently, the
Christian narrative of Noah’s flood prevented many from seeing future
inundation as a possibility. As suggested by Nunn, remote Pacific Island
communities may seek to emulate solutions that have been successful
elsewhere including seawalls and land reclamation. While being
interviewed, Funafuti residents often cited island-building projects in Dubai
as a precedent for reclaiming ground in the atoll’s lagoon.85
Some researchers have argued that for politicians and other leaders,
aid-related projects are not a distraction, but rather a primary economy:86
a form of “microstatecraft” where tiny nations like Tuvalu leverage their
international position as an independent, yet threatened state. As of
the 2007 census, 40% of employed Tuvaluans held government jobs;
beauracracy forms an important part of the Tuvaluan economy. On a global
stage, atoll nations have further “capitalized on their victim status” as
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“canaries in the coalmine” 87 to attempt to influence global climate policies
and agreements, to at least partial success. However, as Farbotko crucially
observes, the canary must die in order to fulfil its role as warning signal.88
The primacy of the aid/development regime in Tuvaluan climate-change
adaptation has left little room for bottom-up local models to develop, in spite
of the deep local knowledge surrounding the inhabitation of fluid, resourcescarce atolls. Tuvaluan and Pacific researchers suggest that perhaps instead
of portable technical experts bringing their models to the islands, they
should instead learn from indigenous knowledge for inhibiting environmental
uncertainty:
Pacific Islanders have extensive experience living in these small
and isolated islands for generations and have formulated worthwhile
local survival knowledge, skills and practices that offer useful
lessons to contemporary societies on how to address climate
change and sea level rise.89
Interest is emerging surrounding the role that indigenous and place-based
knowledge might play in climate adaptation; living in close relationships
with their environments, these communities are often more closely attuned
to adapting with conditions of climatic flux. Customary, cyclical practices
regarding resource use and protection has helped groups such as the
Miriwoong in Australia respond to fluctuations in resource availability
and protect from over-extraction.90 Similarly, in Tuvalu, fish stocks were
traditionally protected by various prohibitions and tool restrictions, and
important tree species had a protected status. Learning from adaptive
indigenous knowledge in Tuvalu might mean drawing upon housing,
settlement and migration vernaculars that accommodate atoll dynamism
over time. As the world faces a wetter, more uncertain future, inhabitation
of flux will become an increasingly valuable skill.
Contested Resilience?
These various stakeholders are not only motivated by different
considerations, but also potentially by different timescales that shape
perceptions of appropriate proposals. Tuvaluan politicians may be
motivated by timescales associated with election cycles; international
agencies with targets and timelines set forth by global climate change
treaties; donor governments by timescales associated with moving forward
international political agendas; NGOs or multilaterals by project timelines;
and everyday citizens by both immediate risks and long-term concerns
about the future of their families and communities. Researchers may be
interested in short-term study results and/or long-term research implications
(or longer phase studies). While a seawall may help buffer against erosion
or flooding in the short term, in the long term it is likely to exacerbate
erosion elsewhere. Furthermore, hard infrastructure requires costly ongoing
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repair and maintenance: Nunn observes that “the cost of maintaining such
structures is often beyond the means of such countries, so they often fall
into disrepair and their original function is thereby negated,” ultimately
resulting in a maladaptation.91 As the Tautai Foundation (based in Tuvalu)
puts it, “when humans alter [atoll] systems they can quite literally pass the
job of maintenance out of the hands of nature (who does it for free) and
into their own hands.” 92 This is a long-term consideration that some groups
may put off to be addressed by someone else in the future. Similarly,
geographic scopes may vary as well; while a homeowner may prioritize the
protection of their dwelling, others may define the problem relative to the
scale of the settlement or entire atoll. The “canary” politics of the Tuvaluan
prime minister suggest that not only the entire nation, but (perhaps
circumstantially) also the denizens of all low-lying climate-threatened
geographies, may fall into his sphere of engagement.
ALTER-ADAPTATIONS/POLITICIZED EDGES
What type of climate change adaptations might be appropriate in the
context of any site is not merely a technical question, but also a political
one. Blok, in his dissection of the urban riskscape assemblage in Surat,
India, shows how those engaged in resiliency projects in the city frame
urban risks relative to their own worldviews or agendas. The relationship
between technocracy and democracy is called into question. He also
emphasizes that contestation over various approaches may arise not only
as a result of varying interests, but also as a result of varying ways of
knowing, understanding, and seeing the world.93 Through its “fetishization”
in the spheres of media and politics, climate change becomes depoliticized,
“placing Nature outside the political, that is outside the field of public
dispute, contestation, and disagreement” in the words of Swyngedow.94
Climate change is accepted as a technical problem, and for the
liberal-leaning public, climate change projections and “climate-proof”
solutions are generally accepted as universals. Relegating climate change
adaptation to a technical sphere disallows radical reconceptions of what
climate change might mean for our society, and obscures the worldviews
and riskscapes of those on the ground.
Many motivations and perceptions make fixed edge solutions such as
seawalls an attractive solution for Tuvaluan stakeholders. More importantly,
they are highly visible, representing a concerted action against rising
seas - significant for organizations and politicians with responsibilities to
justify and/or explain clearly their actions to their voters and taxpayers, and
seek funding and re-election (or future projects). This may also be important
for local residents, as with those in Nukufetau, who would like hard and
immediate physical evidence of their protection against cyclones and floods
rather than a softer, nature-based solution. Infrastructural solutions may be
perceived as faster than natural ones. Hard solutions may also help atoll
dwellers embody global aspirations, aligning Tuvalu’s atolls with Dubai’s
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designer islands. Fixing the edges of atolls also aligns them better with
fixed notions of property, housing, and infrastructure by reframing ground
as a permanent commodity rather than a transient medium. Tuvalu suffers
from a fetishized climate-changed image: its visibility on a global stage
comes almost exclusively from media portrayals as “sinking islands;”
nations “in danger of disappearing” entirely. This narrative of catastrophe
too may shape the toolkit of perceived available strategies - if you are
constantly being told you are about to drown, fortification may seem like
the only solution. These different motivations for hardening atoll edges can
be seen as part of different imaginaries of resilience: collections of ideas
and practices surrounding what constitutes a secure and hopeful future for
atoll-dwellers. What constitutes resilience will not be the same for all
groups, or over all time/spatial scales.
Various proposals for counterplans and alter-atoll-adaptations may
provide alternative frames for understanding Tuvalu’s climate risk and
resilience. For example, the NGO Tautai Foundation, which provides a
critical take on coastal engineering projects underway on the islands,
produced in 2013 an unsolicited, locally developed “Funafuti Masterplan
Concept Video” 95 (Fig. 11) including proposals for a porous breakwater
system, a sewerage overhaul, and a halt to infrastructure works that fail
to analyze impacts on atoll systems. The foundation, which is led by a
European woman who has been living in Tuvalu for many years, proposes
comprehensive development of simulation models of coastal processes
and wave climates to better understand how interventions will impact
the atolls 96 as well as “natural resilience” and “augmented resilience”
strategies that work with dynamic atoll systems, reminding us that “atolls
are different!” than continental geographies.97 This proposal is developed
over time through iterative analysis of local context and technical solutions
rather than developed for a specific donor-funded “project.” While
these propositions have not manifested in any large-scale works yet,
as suggested in the Masterplan Concept, the foundation does work as

Figure 11. Video still,
Funafuti Masterplan
concept video.
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a consultant on other projects, and the work is important in providing the
conceptual framework for an alternative approach.
The award-winning “Borrow Pits Remediation Project,” funded by NZ Aid,
also contrasts the normalized edge-fortification approach. The “borrow pits”
on Funafuti are a series of large holes dug by the U.S. Army on Funafuti
to construct the airstrip during WWII, when Tuvalu was still part of a British
colony. Filled with polluted and stagnant water, these were considered
a health hazard and associated pollution contaminated the island’s
freshwater lens and exacerbated degradation of coral health. Migrants from
outer islands built informal housing around the pits, and children swam in
the stagnant pools. Tuvalu had previously sought donor funding from the
U.S. to fill the pits, suggesting that this is a locally-originating project, rather
than a solution handed down by an aid agency.98 By working to restore a
disrupted geography (albeit with material dredged from the lagoon), this
project created much-needed ground without disrupting coastal edges,
while also solving a long-term health risk.
In Kiribati, Tuvalu’s Micronesian cousin to the north composed of thirty-three
coral atolls, several projects are worth consideration. Kiribati’s emphasis on
“migration as adaptation” is part of a national policy that emphasizes training
and preparing citizens for future migration. Former President Anote Tong has
prioritized planning for the future inhabitability of the islands, purchasing land
in Fiji towards that end. These preparations toward migration counter the
prevailing resiliency discourses, which emphasize staying put and adapting.99
At US$8.77 million,100 this purchase hedges against radically uncertain
futures at a fraction of the cost of the Tuvalu Coastal Adaptation Project. To
further facilitate the self-directed migration of i-Kiribati to other countries,
President Tong sought partnerships with countries where trainees could fill
positions made available by aging populations.101
As a bottom-up model which stems from indigenous knowledge, the village
of Aonobuaka on Abaiang atoll has come together to ban the use
of seawalls, choosing rather to use the te buibui technique which
uses woven fences built of local, porous materials such as fronds and
branches to capture sediment and rebuild coastal beaches. Buibui are
also incorporated as a “soft coastal protection measure” in the Kiribati
National Biodiversity Strategies and Action Plan 2016-2020.102 Instead of
being imposed by an outside group or individual leader, the decision by
Aonobuaka to forgo hard fortifications in favor of this traditional method
was made collectively by the community.103 This was the result of a process
by the Secretariat of the Pacific Regional Environment Programme with
funding from USAID, to facilitate a “whole-of-island integrated approach to
climate change adaptation” 104 which emphasized training local community
members, and bringing the entire community (including women) together
to identify problems and solutions.105 The role of experts in this case was to
build local capacity and empower/support locally-determined adaptations.
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Global climate change finance timescales do not provide sufficient time for
similar processes, which emphasize local leadership; while lengthier in the
context of the urgent crisis of climate change, the importance of developing
projects that work with the community and the geography cannot be
understated.
Okinotorishima’s island-growing project described above provides a case
for geopolitical framings surrounding atoll resilience in its attempt to grow
a “rock” into an “island.” The survival of an atoll may be important as not
only habitable ground and culturally significant space, but also as a lever
for national sovereignty. As Tuvalu’s atolls are threatened with submersion
and an associated loss of oceanic territory through UNCLOS regulations,
alternative approaches to defining and capturing land with an eye to
territorial ramifications may be required.
Re-Imagining the Edge
By unpacking edge-hardening approaches for keeping Tuvalu “afloat”
in face of climate change, we strive to understand why hard solutions
such as seawalls continue to be adopted as climate adaptation solutions
despite various, well-known challenges, especially in the context of unique
Pacific atoll geographies. Limited and simplified representations of atoll
communities and systems can result in approaches which fail to negotiate
the levels of complexity inherent to the islands. Competing riskscapes and
resilience imaginaries further impact the toolkit of approaches perceived
as available. Critical adaptive methods should seek to understand this
complexity and these worldviews, placing adaptive options into the sphere
of debate. In the context of Tuvalu’s fluid atolls, we advocate for reimagining
the notion of an edge by expanding associated edge imaginaries. Resilient
atoll edges cannot derive from continental technical toolkits alone.
In this exploration, we seek to not only critically reframe adaptation in
Tuvalu, but also suggest broader re-conceptions of static “climate-proofing”
and “solution-oriented” approaches to climate change adaptation. The
lock-in of rigid approaches can be particularly inappropriate for the unique
contexts of small island states such as Tuvalu. As designer/planners,
we are particularly interested in how this limited conception of resilience
within our disciplines influences the way we shape our physical and social
environments. When design conversations become increasingly insular,
or focus on best-practice solutions, we actively depoliticize our work in the
built environment, seeking refuge in technocratic discourse - even while
celebrating apparently radical frameworks including landscape or ecological
urbanism. As de Block notes: “Although current rhetoric formulates an
urbanism ‘against’ engineering, one could state [ecological urbanism] is
even closer to what is narrowly defined as technocratic, problem-solving
engineering projects.” 106 We can see this in the proliferation of berms, dikes
and walls (often decorated in green) in the creation of “resilient” coastal
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cities. Like Tuvalu’s seawalls, which disrupt atoll systems and exacerbate
erosion elsewhere, dikes protect flooding in one zone while amplifying
water levels outside of their perimeter. Current development models for
climate change adaptation which revolve around problem-solving best
practices are problematic not only in their lack of cognition of the politicized
sphere in which they operate, but also for the application of one-size fits
all framings of issues and strategies to address them. Rigid “portable
solutions” are particularly inappropriate in the realm of complex and entirely
new problems, not to mention the diversity of cultural and social contexts
in which these models are applied. Notably, the single-minded focus on
fortifying the Tuvaluan coast eclipses the possibility of projects that hedge
against future displacement, through land purchases, political agreements,
or diasporic architectures. For the Tuvaluan diaspora in New Zealand,
which hosts half of the population of the archipelago,107 many would like to
see the vast funds being directed towards coastal “resilience” redirected
to planning atoll communities in greater Auckland.108 The “conspicuous
sustainability” 109 (or conspicuous resilience) of the seawall perhaps
supersedes this sort of ex-situ alter-adaptation.
While atolls are in an accelerated state of flux, all landscapes are migratory.
Instead of treating Tuvalu as a repository for high-ground adaptation models,
we suggest that others seeking to adapt their cities and settlements might
do better to learn from the extreme interconnectedness these geographies
and communities illustrate. Approaches to climate adaptation must recognize
and negotiate the various values, motivations, and riskscapes at play. We
seek here to open up the conversation on climate adaptation in Tuvalu and
beyond by couching it in these broader discourses.
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Climate Change Adaptations
for Coastal Farms: Bridging
Science and Mātauranga
Māori with Art and Design
Martin Bryant, Penny Allan, Huhana Smith

ABSTRACT - Indigenous coastal farming communities need to address
future climate change impacts, yet many communities are slow to respond,
due to lack of adequate information, economic pressures, the abstract
nature of climate change science and poor communication between what
science knows and what indigenous farming communities need to know.
Art and design can address these issues by synthesizing broad scientific
principles with local place-specific culture and their visual language can
effectively communicate short and long-term benefits to local communities.
Art and design are thus both generative research methods and media
for representation. This research uses art and design to provide a bridge
between the Māori culture of a local farming community in coastal New
Zealand and climate change science. It provides a framework of strategies
for new farm practices. Underpinned by the qualitative awareness of
thresholds and an open-ended toolbox of land-based strategies, the role
of the framework is to catalyze adaptation. The framework is responsive to
both the Māori worldview and scientific knowledge, and has the potential to
provide a model for other coastal communities.
Keywords: climate change, coastal communities, coastal farming,
exhibitions, indigenous methods
This essay discusses the outcomes of a research project, “Adaptation
Strategies to Address Climate Change Impacts on Coastal Māori
Communities,” which was funded by the New Zealand Government’s
Vision mātauranga (knowledge) strand of the Te Kōmata o Te Tonga (Deep
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South) National Science Challenge, and undertaken with Māori coastal
communities in the Horowhenua - Kāpiti rohe (region). The research team
included experienced kaupapa Māori researchers, landscape architects,
architects, climate change scientists, and ecological economists.1
The research builds on a research partnership established to investigate
the potential of working between cultures and with different worldviews to
solve site specific, environmental problems in culturally appropriate ways.
At the heart of this partnership was a protocol designed to provide a third
space at the interface between cultures, affording each system its own
integrity while encouraging approaches that might incorporate aspects
of both.2 The protocol has informed all subsequent research, which has
continued to explore the implications of the protocol for art and design.
The current research project focuses on two parallel but interdependent
research activities. One was intent on drawing links between mātauranga
Māori and the science of climate change; and the other was an applied
design research that identified options for adaptation to climate change
for coastal Māori communities and their farming practices. Both looked
at the potential for culturally specific methodologies and values to create
a framework for collaboration: developing a set of culturally aligned
research practices, bridging the gap between worldviews and facilitating
productive research with local Māori communities. Both used art and
design to challenge thinking and to generate and communicate solutions.
Our research posed the following question: how might art and design
productively bridge the gap between science and mātauranga Māori, and
catalyze a coastal farming community to adapt to climate change?
THE PROBLEM: THE THREAT OF SEA LEVEL RISE TO MĀORI
COASTAL FARMS
Many coastal Māori farming lands located on lowlands beside the New
Zealand coast are at risk from climate change. The Horowhenua region
north of Wellington is a prime example (Fig. 1). Māori hapū (family
shareholders), continue to work tracts of ancestral coastal farming land in
Horowhenua between the Ōhau and Waikawa Rivers in the south-western
coastal region of Te Ika ā Maui (North Island). In the past, diverse resource
gathering activities such as tuna (eel) fishing, inanga (whitebait), harakeke
(New Zealand flax), harvesting for production of muka (silk-like thread)
and horticultural activities such as vegetable growing were commonplace
here. Now, dairy farming is the most profitable and most prolific land use.
However, at some point in the next century, because of climate change,
most of this land is likely to be permanently inundated (Fig. 2).3
Not surprisingly, compelling solutions are complex. Climate change
science, geomorphological, archaeoseismological, hydro-ecological and
ecological research can provide quantifiable and factual data as a valuable
guide. But the uncertainty of climate change predictions and the complexity
of climate change science make farmers reluctant to prepare for and work
toward long-term solutions. The challenge is less about providing certainty,
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Figure 1. Birds’ eye view of the farm showing the Ōhau River, parabolic dune landscape
and Tararua Ranges in background.

and more about finding ways to persuade economically-conservative and
culturally-aware Māori farmers and their whanau (family) of the exigencies
associated with climate change and the opportunities that adaptation might
offer for short-term and long-term well-being, cultural health and economic
viability.
THE CASE STUDY: THE TAHAMATA INCORPORATION FARM
This research project looks specifically at the Tahamata Incorporation farm,4
a five hundred ha [1235.5 acres] tract in the Howowhenua rohe which lies
between the waterways of the Kuku Stream, the banks of the Ōhau River at
Te Rauawa, and the Kuku Ōhau estuary.
The farm is part of a long coastal plain fed by multiple rivers from the Tararua
Ranges, that once supported one of New Zealand’s most significant
stretches of wetlands. When rivers meet the sea, contrary forces confront
each other, both above and below ground. The tidal seas force the rivers
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Figure 2. Drawings indicating impacts of sea level rise on the farm over time.

to spread across the land, to change their courses, or to push water up
from the ground to the surface. In the past, these rivers regularly spread
rich alluvial soils across the plain and charged extensive wetlands and
aquifers, creating an abundant and biodiverse environment for Māori who
have lived here for centuries. Today, there is still strong Māori presence on
the farmlands, in the marae-centered community settlements and at iwi-run
kura or wānanga (Māori schools and university).
Farming has been highly productive because of the rich soils and plentiful
water. But increased settlement and productivity-driven dairy farming in
the last fifty years have had significant environmental, social and cultural
impacts. Rivers have been channelized, wetlands reclaimed, and the
remnant natural ecosystems now lack connectivity and biodiversity. And
yet, the low-lying land is still wet, so famers revert to “proven” practices
like draining the most arable land, while dairy cattle continue to destroy
the fragile soil structure and pollute waterways and the demand for higher
yields on less land has resulted in elevated concentrations of nutrients in
the water systems.5 Unfortunately, the financial difficulties associated with
farming marginal land encourages resistance to change and a perpetuation
of the status quo.
Iwi (tribes) and hāpu are concerned with the resulting disassociation
between land and culture. The farming activities deplete mauri (vital
essence) and devalue ecosystem services and the broad acre practices
make farms inaccessible on a day-to-day basis for many of the
shareholders, resulting in the diminishing of resource gathering traditions.
Only interested ahi kā (those who live in the region) can uphold and
maintain land-based customs and values.6
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Because of the shallow gradient of the coastal plain, sea level rise over
the next hundred years is likely to dramatically decrease the area of arable
land on the farm, increase ground water salinity, erode the coastal dunes,
increase the frequency and severity of flood events and threaten the habitat
of the remnant wetlands behind the dunes.7 Current farming practices will
exacerbate these impacts because rather than recognizing the inherent
benefits of wetlands and dunes as climate change buffers, farmers tend see
them as antithetical to efficient farm management and actively seek their
removal.
NEW METHODS FOR CREATING RELATIONSHIPS BETWEEN
SETTLEMENT, FARMING AND ECOLOGY
Some macro-economists argue that globalization with its economies of
scale opens up possibilities to solve large environmental problems (like
climate change) with macro-economic legislation, top down policy-based
solutions (like carbon taxes) or large scaled infrastructural solutions
(like building higher levee banks to minimize flooding impacts).8 This
protectionist, defensive and mechanistic model perpetuates the primacy
of economics in decision-making and, for farming, justifies an approach
that reinforces the demand for maximizing yield. What is often missing in
this equation is, firstly, the importance of communicating the urgency of
climate change science to these communities and, secondly, the potential
of communities and place to play a role in site specific and culturally
appropriate adaptations to climate change.
This research project was as much about a search for new culturally
appropriate methods to challenge thinking and help communicate the
urgency of climate change as it was about finding solutions. To develop
new methods, we investigated customary Māori knowledge and western
scientific knowledge concurrently and used iterative art and design
methods as a bridge between them. For example, we looked at the critical
relationships between atmosphere, land, water and people identified by
mātauranga Māori and western science and interpreted these through
mappings and exhibitions to shed light on each knowledge system. We
used the alignment in both worldviews regarding indicators, thresholds and
human agency to experiment with visual techniques for communicating
the urgency of climate change more effectively. We synthesized, through
design, the complexity of global and local influences in order to address
local land and culture-based issues at a human scale. We developed a
suite of adaptive solutions that could empower the local community to adapt
in their own way and their own time. And we communicated, through hui
(meetings), wānanga (workshops) and exhibitions, the potential for Māori
farming communities, in the short and long term, to regenerate a culturally,
environmentally and economically prosperous future.
Each step in developing art and design was thus framed by mātauranga
Māori values, and underpinned by scientific knowledge. Together, these
methods allowed us to create new, culturally appropriate place-based
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relationships between settlement form, culture, farming and an enhanced
ecological environment. Some of these processes are described in more
detail below.
MĀTAURANGA MĀORI
Mātauranga Māori is a contemporary Māori term for an indigenous worldview that has changed, adapted and been developed, due to impacts of
colonization over generations. Mātauranga Māori not only draws on key
themes and ideas from a traditional knowledge base, but also acknowledges
that the changes inform new paradigms. The research team are well
aware that there is a crucial need to re-engender the role of human
interdependencies and inter-relationships to each other, to the natural,
spiritual and cultural in landscape, and to allow dynamic movement
between them. This thinking is central to a Māori environmental worldview,
founded on a spiritual dimension to land, waterways and being, and
operating in a way that transcends analytical science. For example,
kaumātua (elders) of Ngāti Tūkorehe and Ngāti Wehiwehi have often
spoken of narratives of occupation and settlement on these lands, of
inter-tribal contest that customarily changed land tenure, of the cultural
importance for sacred and natural areas within the inland coastal
waterways and of the many coastal areas that were restricted from human
access and activity. Such kaumātua accounts recall long observed and
consistent protocols that relate to land and waterways, which draw upon a
mātauranga Māori knowledge base.
The research investigated the potential of three mātauranga Māori
knowledge-creation methods for this project that embrace the ideas of the
interconnectedness of all knowledge and the way knowledge is collected
and dispersed. Whakapapa describes the interconnection between all
things, Hīkoi is about observing knowledge, sensing it and feeling it
especially through a journey across lands and along waterways and kōrero
tuku iho (oral traditions) provides the language and moments that connect
things and place, with the nature of being. In order to address more fully the
interconnection processes of these methods, we focus on two - whakapapa
and kōrero tuku iho - in more depth in the following section.
Whakapapa
Iwi and hāpu in this coastal region historically negotiated a diverse range
of meanings between customary and contemporary Māori environmental
world-views and aspirations for change.9 Whakapapa is the definitive
genealogical reference system for hapū and whanau, where the
adept recite their connections to each other, to their lands, waterways,
ecosystems and areas of spiritual importance. To this day, particular
kaumātua and knowledge holders in the region have a mandate to retain
a high level of whakapapa understanding, and disseminate it accurately
and accordingly from the paepae (main speakers’ row of seating) at local
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marae, across marae (meeting grounds) of the region and the country.
As a fundamental aspect of Māori customs, values and attitudes,
whakapapa encapsulates potential, creativity and the promise of wellbeing to come. It is a way of looking at whenua or land as interconnected
and interdependent layers of histories, interactions or activities. While the
cycles of change occur over time, memories remain embodied in lands and
waterways through these many historical and cultural layers. The forces
of whakapapa are also embedded in the cycles of moons and tides that
make change every day, whereby we adapt to these cycles for our food and
sustenance, water and well-being.
Kōrero Tuku Iho
Kōrero tuku iho (oral narratives) are ways of telling narratives of the
past, the present and the future orally within a mātauranga Māori way of
knowing. These narratives build upon whakapapa understandings, which
establish the spiritual and physical association between lands, waterways
and people. Oral narratives expand on the sequences of the hīkoi, and
illuminate moments experienced during journeys through whenua. And they
can highlight key moments where practices changed. For example, when
a catch of tuna was landed in a full tide after a dry season, a new practice
for fishing was instigated, or when a harvest was ruined by flood and
hapū needed to move cultivations to higher ground. These moments are
thresholds: when people go through an uncertain period and then adapt to
a new way of living.
BRIDGING MĀTAURANGA MĀORI AND SCIENCE
Mapping Cycles
Scientific data on climate change is often presented in graphs over known
time periods to show trends that can be projected into the future. For
example, recent climate change graphs in IPCC reports show an alarming
projected rise of temperatures in the next 100 years.10 Typically, climate
change graphs are shown as representations of linear time, with a gradual
increase over the last two hundred years followed by a steep gradient
projecting towards a future that is all the more frightening because it is
unpredictable.
We interpreted the scientific data on global sea levels through a process
of mapping, to describe the cyclic interdependencies between water and
atmospherics over hundreds and thousands of years. We showed the
cycles of sea level in flux over 400,000, 10,000 and the last thirty years,
and overlaid these with the influence of El Niño and La Niña, the annual
cycle of the tides caused by the earth’s orbit around the sun, the monthly
influence on the tides when the moon and sun are aligned, and finally
the diurnal cycle caused by the gravitational pull of the moon as the earth
spins on its axis. In representing the map as a field of influences, we were
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recognizing the current change in climate as part of a much bigger, more
complex and interdependent system of atmosphere, land and water. In
our first exhibition, we positioned the graph cycles on glass in front of
a powerful image that portrays the stillness and shifting qualities of the
mouth of the Ōhau River. In this exhibition, we were attempting to highlight
the interdependence of qualitative and quantitative methods - what looks
still is nevertheless in flux and abstract representations have a qualitative
dimension - and that western science tends to rely on one over the other
(Fig. 3).
Finding Indicators
The maramataka, or Māori lunar calendar (Fig. 4), was mapped from data
found in New Zealand’s national archives. Its embedded knowledge is
based on direct experience, transmitted through kōrero tuku iho, remains
relevant to today’s descendants of the Metera Te Ao Marere of Ōtaki, who
was the originator of this version of maramataka. It charts the relationship
between the rhythms of the land and sea, climatic events such as storm
surges governed by the moon and cycles of the tides and associated daily
rituals relating to the gathering and management of resources.
Like the graph cycles in the first exhibition, the maramataka is based
on interdependencies between water and atmospherics, but it is also
specifically about culture and agency. It records cyclical change, and the
opportunities that result from that change, clearly setting out what one can
do in response to very specific environmental indicators. For example,
each night of a lunar month was named and described according to how
favorable or unfavorable it was for fishing, eeling or planting.
The difference between the mappings also reflects Fikret Berkes’ view of
the difference between scientific and indigenous knowledge systems: the
first about content, the second, process. It reinforces the importance in any
site-specific climate change solution of a knowledge system drawn from the
land. As Berkes suggests, indigenous farming community can
Actively build a knowledge base of climate change because they
use the land and resources, and (have developed) the sensitivity
to “read” critical signs and signals from the environment that
something unusual is happening. If they were not constantly
interacting with the land, they would not be able to respond
effectively to what they were observing.11
Thresholds
While we were designing the maramataka, we were also working with the
science team to understand the long-term climate change impacts for the
farm. Recent research in Hawai’i reveals that all low-lying coastal plains in
the South Pacific are at risk of inundation, not just from the sea, but from
a combination of sea level rise and groundwater,12 and that the pace of
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TIDAL CYCLES TWICE A DAY
As the Earth spins on its axis,
gravitational pull by the moon
causes a continually moving
bulge in the oceans which
appears locally as tidal cycles of
rising and falling sea levels.

THE LUNAR MONTH
The sun has a similar but
smaller effect on the ocean and
as the moon goes around the
Earth in about 27 days there is
a larger tidal cycle when both
of these are aligned.
ANNUAL CYCLES
Because the Earth’s orbit
around the sun is an ellipse,
our distance from the
sun has an annual cycle
which also modifies its
contribution to tidal sea
level rise and fall.
EL NINO
Sea level is also affected
by ocean currents and
ocean temperatures so that
natural climate cycles, such
as the El Nino-Southern
Oscillation, influence
regional sea levels.
THE LASY 30 YEARS
Over the last three decades,
global average sea level
has risen at a rate of about
3 mm / yr as a result of
human induced global
warming causing expansion
of sea water and melting of
glaciers and ice sheets.
THE LAST 10,000 YEARS
The global climate warmed
at the end of the last glacial
period and sea level rose
about 120 m to reach the
present level in the North
Istand of New Zealand
around 7500 years ago.
THE LAST 400,000 YEARS
Variations in the earth’s
orbit around the sun have
caused periodic fluctuations
between cold glacial and
warm interglacial climate
and sea level changes of
over 100 m.

ACTUAL
SEA LEVEL

7 DAYS

LUNAR
PHASES

1 MONTH
LUNAR
EVENTS
HIGH TIDE
AVERAGE

6 MONTHS
LOW TIDE
AVERAGE
HIGH TIDE
AVERAGE

2 YEARS
LOW TIDE
AVERAGE
EL NINO
LA NINA

2 YEARS
AVERAGE
SEA LEVEL

AVERAGE
SEA LEVEL

10,000 YEARS
AVERAGE
SEA LEVEL

400,000 YEARS

(a)

(b)

Figure 3. Cycles of weather and
water (a); Ōhau river mouth (b);
first exhibition at the School of
Architecture, Victoria University of
Wellington, showing graph cycles on
window and image of river mouth by
Martin Manning behind (c).

(c)
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Figure 4. Maramataka prepared for second exhibition. Each entry on the right represents a
lunar day, for example: “Huna” means “bad weather, food products suffer;” “Ari-roa” means
“favourable for spearing eels;” “Maure” means “a fine, desirable day;” “Māwharu” means
“crayfish are taken on this day;” “Ohua” means “a good day for working.” For a full key,
refer to: https://teara.govt.nz/en/maramataka-the-lunar-calendar/page-.

inundation can be separated into slow and fast phases. Water from the sea
slowly inundates the land, but when hydrostatic pressures start to impact
groundwater levels, this process accelerates and is much more difficult to
manage. Importantly, these phases are separated by a threshold. During
the slow phase, the length of which can be approximately calculated, there
is time for management plans to be prepared to anticipate the loss of critical
wetland habitat and to strategize either protection or relocation to higher
ground.
With this in mind, we identified five site specific ecosystem thresholds for
Tahamata farm that would not only signal a tipping point for habitats and
ecologies (for example, a collapse of coastal dunes would be one indicator
that might signal the shift from river mouth to estuary), but were defined
as such because of their long-term impact on the farm practices and
economic viability. In an important conceptual shift inspired by our mapping
interpretations, we described the thresholds, much like the indicators in the
maramataka, as qualitative signs in the landscape that when recognized
would demand an adaptive response. This represents a shift away from
typical quantitative scientific monitoring, useful but expensive and requiring
specific training in analysis and interpretation, toward a qualitative approach
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based on everyday reading of landscape signs that could be immediately
understood. We communicated the five thresholds, through images and
stories (in the third exhibition’s kōrero tuku iho shed), describing a series of
narrative scenarios.13 The intent was to embed the idea of thresholds into a
knowledge framework for future climate change events.
The process of mapping cycles and finding indicators allowed us to identify
key productive differences between both world views. Once we identified,
through science, the nature of site-specific thresholds we looked for
similarities between mātauranga Māori and science knowledge systems
to develop culturally appropriate ways of framing and communicating the
urgency of climate change, and imagine possible adaptive responses. Art
and design were critical in this process (Fig. 5).
INTERVENTIONS: ADAPTATION PROJECTS
The second, parallel research activity was based on a collective vision
established by the community in wānanga (workshops) and hui (meetings):
• “Whanaungatanga ki te whenua”: bring whanau (family) back to the
whenua (land).
• “Puāwaitanga o te whenua”: ensure the farm is economically viable.
• “Whakahokia ngā Kai o te awa”: practice traditional resource 		
management.
• “Kaitiakitanga mō āpōpō”: protect the farm for future generations.
• “Tiakitanga o ngā wāhi tapu”: acknowledge and protect cultural/		
ancestral sites and burial areas.

Figure 5. Diagram showing the methods employed to develop a bridge between
mātauranga Māori and science.
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The research activity involved the synthesis and development through
design of cultural, economic and environmental influences, a “toolbox”
of nine site-specific, strategies or adaptive responses (Fig. 6).14
We saw each of these possible strategies as the response to a threshold.
Because the coastal dunes had eroded and most of the wetlands - which
absorb flooding and prevent salt-water intrusion - had been drained, the
first design responses dealt with protecting and restoring these first lines of
defense. A second set of responses related to imagining an adaptive future
based on the vision, working out what was core, and then thinking about
how, once constructed, that core might catalyze a series of adaptations.

6

8

7

3

6

2

1

4

5

Figure 6. The toolbox strategies: 1. Protect coastal dunes; 2. Protect wetlands; 3. Protect
the most arable land; 4. Protect habitat and biodiversity; 5. Make room for water;
6. Diversify farming practices; 7. Develop adaptive infrastructure; 8. Prepare and settle the
high ground.
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For example, to bring “whanau back to the whenua,” an infrastructural
intervention might be all-weather tracks, tank water, temporary power and
platforms to support cultural festivals. This intermittent use might signal and
support the development of future longer-term settlement.
A third set of responses promoted diversification as a way of keeping
options open. Monocultures like dairy farming close options down,
destroying the potential of long-term environmental solutions in favor of the
short-term fix. For example, draining wetlands will create more arable land,
but in the process, it destroys the landscape’s capacity to buffer climate
change impacts such as flooding and salinity. These responses showed how
farmers might begin to experiment with alternative agricultural practices, for
example the harvesting of freshwater and marine species and the cultivation
of harakeke or New Zealand flax, thereby developing a range of options to
choose from should dairying ultimately fail in a wetter, coastal region.
WHAKAPAPA, KŌRERO TUKU IHO, HĪKOI, DESIGN, ART AND SCIENCE
EXHIBITION
The research team, together with the local community, held four exhibitions
spanning 2016 and 2017. The third exhibition took place in a cluster
of disused dairy sheds on the Tahamata Incorporation farm in Kuku,
Horowhenua, on a site renowned for its cultural importance (Fig. 7). This
exhibition did not only brought interdisciplinary work in art, culture, design
and science together from an indigenous perspective, but it was also
curated to express our experiments with multiple methods and forms of
knowledge and our efforts to communicate Māori values in a more spatial
and visceral way. For example, there were three sheds and each focused

Figure 7. The dairy sheds, with the whakapapa shed on the left, the hīkoi shed in the
center and the kōrero tuku iho shed on the right.
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on a particular Maori creation method used in the research: whakapapa,
kōrero tuku iho and hīkoi. This technique gave us an opportunity to explore
our research process more deeply as well as communicating content and
describing outcomes.
The Whakapapa Shed
As the oldest building in the former dairy shed complex, featuring intact
original matai timber beams and structural supports, and the first building
one encounters on entering the complex, it was fitting that this shed house
significant cultural knowledge pertaining to the land. Five banners hung in
the center of the space: on one face describing the vision and on the other
the nuanced Māori words pertaining to water. Nearby was the maramataka,
the graph cycles and the very large and powerful river-mouth image. The
shed was kept deliberately simple, with a precise alignment of the hangings
carving a space out of the atmosphere of the room to communicate a
powerful sense of whakapapa: of being grounded and connected at the
same time (Fig. 8).

Figure 8. Whakapapa shed, showing the vision banners on the back of which are lists of
the nuanced definitions of water in Te Reo Māori language, and to the left, the large photo
of the Ohāu river mouth.

The Kōrero Tuku Iho shed
The kōrero tuku iho shed was our first attempt at embedding the story of
thresholds on the farm as a stimulus for action. Towards the front of the
building, visitors physically navigated a sequence of threshold spaces
510

Climate Change Adaptations for Coastal Farms:
Bridging Science and Mātauranga Māori with Art and Design

Martin Bryant, Penny Allan, Huhana Smith

created by hangings, with images from the farm of the thresholds-in-action,
captured in real time initially as infrequent events but ultimately resolving
into permanent features in the landscape. Each image was framed by a
question “What would you do if…?” Once the thresholds were crossed,
in the dark recesses at the back of the building, a series of light models
described the possible land based adaptive responses to those thresholds
(Fig. 9).

Figure 9. The kōrero tuku iho shed.

The Hīkoi Shed
A large milking shed encapsulated the key findings of hīkoi (the series of
walks across lands) that gave rise to speculative design work and visual
devices that offered the toolbox of solutions to farmers.
The exhibition gave us a chance to develop our ideas around the
methodologies as key drivers for the work. Using the buildings as vehicles
for whakapapa, kōrero tuku iho and hīkoi allowed us to explore the idea
of each as spatial as well as conceptual, communicated through the body
as well as through narrative. This gave more weight and depth to the
interdisciplinary work and made the communication of climate change
related ideas visceral and potent.
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DOWSE EXHIBITION: “THIS TIME OF USEFUL CONSCIOUSNESS:
POLITICAL ECOLOGY NOW”
The final exhibition in this series arose from an invitation to exhibit as part
of This Time of Useful Consciousness: Political Ecology Now from April 13
to July 31, 2017, at the Dowse Art Museum, Wellington, New Zealand
(Fig. 10). Useful consciousness is described as “those few moments
between being deprived of oxygen and passing out, a period in which
the full extent of the danger is known, but it is still possible to act.” 15
The exhibition showed a generation of contemporary artists’ works that
addressed the urgency of global environmental issues and the relationship
between climate change, personal agency, and economic, political and
social factors.16
In this exhibition, we edited the content of the previous exhibition,
reinterpreting the physical experience of critical thresholds as a call to
action at “the last moment of useful consciousness” and offering a strategic
view of the future in the light box installations. The exhibition also included
a series of talks, with discussion about the roles of exhibitions, the potential
of mātauranga Māori, and the strengths of interdisciplinarity. The talks
raised the significance of the exhibition to a political level and discussed
the cultural importance of adaptive shifts in behavior and practice. For
example, the exhibitions aroused awareness through the graph cycle
and maramataka mappings, and immersed people in the experience
of whakapapa and the narrative of the kōrero tuku iho, suggesting how
these values as embodied experiences might be shared across cultures,
to effect lasting climate change adaptations on coastal lands. In both
exhibitions, scientific data was not presented alone, but framed through its
interconnections with other matters: how we see cycles happening; how
adaptations are linked to thresholds; how they can reinforce rather than
change traditional cultures; and how they can be made relevant.
The curation of the exhibition thus showed the potential to draw on cultural
perspectives and cultural knowledge to enrich the practice, culture and
politics of issues relating to climate change.
The exhibition also raised discussions on the potential of more productive
collaboration between disciplines. The outcomes in this project were
complex, and the exhibition displayed a mix of methods, strategies and
solutions, which were distinct but also interconnected. It showed the
power of interdisciplinarity to develop knowledge and shift practice, while
maintaining the distinctiveness and integrity of each contribution, whether
that be western science, traditional knowledge, art or design practice.
The final question that arose out of the discussion at the Dowse was related
to the concept of indigeneity. As one person said, “I feel connected to this
way of thinking, but I am not Māori.” Mātauranga Māori, in its capacity
to see the world as holistic and interconnected, allows us to embrace
change that respects both cultural and scientific forms of knowledge.
This kind of holistic worldview has implications for everyone beyond
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coastal Horowhenua, and beyond New Zealand. The drawing of bridges,
in exhibition, between culture and between worldviews and knowledge
systems is a particularly powerful and important way of developing land,
culture and technology based climate change solutions.
DISCUSSION
Overview
Climate change related to transformative change for indigenous coastal
communities can be, at best, a modest and slow-moving process that
relies on the values of community ownership and the capacity local selforganization. This kind of change happens from the ground up. It requires
a closer, more intuitive reading of what is happening, the relationships
between dramatic ecological shifts - occurring in human time quite slowly
and described in this essay as thresholds - and possible action. It also
requires the will to act, difficult to muster when impacts seem distant, but
remarkably present when one’s life and livelihood are under immediate
threat. Although the adaptive process will need to continue across
generations, coastal communities need to start thinking about climatechange adaptation strategies, plan for them, and act now.
Adapting with, rather than in spite of, the landscape acknowledges the
potential of landscape’s abundance and complexity as a source of future
options. It facilitates the agency of landscape and encourages adaptability,
making a difference to communities and settlements now, as well as

Figure 10. The Dowse exhibition with the river mouth photo on right and thresholds and
light box strategy models on the wall behind.
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enhancing effective adaptive responses to climate change. Research into
current farm practices and how those relate to the landscape of which the
farm is a part illustrates how the response to climate change on coastal
lands might be seen as part of a whole of environment and whole of
community imperative.
Methods: a Framework for Collaboration
The research was framed around two key agendas: the first to explore a
variety of methods that might facilitate cross-cultural and cross-disciplinary
collaboration, the second to find productive ways for the community to
move forward.
This project was the stimulus for a deeper exploration of the use of art
and design in the bridging of indigenous and non-indigenous methods
and values as the foundation for cross-cultural collaboration. The
research provided a vehicle for us to extend our thinking and experiment
with strategies that might accommodate two different worldviews. The
interpretation, through mapping, of the shifting relationships between land
water and atmosphere over time from different cultural perspectives, shed
light on the subtleties of both perspectives. Essentially, in response to the
research question: how might one catalyze the capacity of a place and its
people to adapt to climate change? The mapping encouraged us to look at
the “when,” as well as the “what” and the “how.”
The design - the “what and how” - was based on the long-term vision
established by the community, and informed by both scientific data about
geomorphology and weather patterns, and stories about the relationship
between the land and its people told during hui and wānanga. It was based
on a holistic vision, not complete in the nature of a master plan but rather
conceived of as a series of land based strategies, an open-ended toolbox
that allowed the community to decide what to do when they were ready. As
a technique, the toolbox acknowledges and accommodates the importance
of decisions made on the ground, over time as necessary, and is enabling
and adaptive. As well as the toolbox being open ended, each individual
strategy is open ended too, creating opportunities if implemented, for
sustainable growth, rather than closing them down.17
But because each strategy represents an investment of time and money,
and the farm board is relatively conservative and not convinced about the
science or urgency of climate change, the real challenge for this research
project was to give them some sense of “when” to act - when to make that
critical decision. This research takes the “when” out of the hands of the
unpredictability of climate change science and government policy and puts
it in the hands of the community. It connects acting with noticing.
This qualitative rather than quantitative approach feels significant because
another challenge of the research has been how to communicate
something that seems distant, as something present, real and threatening.
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Doing this through art and design is powerful and ultimately enlightening
because art and design are direct and immediate. This then may be the
most important role for art and design: not only to devise and communicate
spatial solutions, but also to generate new ways of communicating the
personal impact and the urgency of climate change.
CONCLUSION
The research suggests a guide for much-needed innovative approaches
to climate change issues. It offers a number of design strategies for
considering coastal settlement in conjunction with traditional scientific
methods. We do not suggest that art and design or cultural knowledge
replace science. Instead, we suggest a synthesis of knowledges that
complement and enlarge each other. In this project, art and design
provided a framework for cross cultural and interdisciplinary research.
Exhibitions make interdisciplinary knowledge accessible to communities by
translating and embodying complex environmental science data enhanced
by mātauranga Māori or local knowledge of place. But the power of art or
design lies also in its capacity to crack open binaries (science/indigenous
knowledge, process/content, etc.), generating of new ways of thinking,
challenging assumptions and devising solutions.
Our conclusion therefore is that instead of science preceding art or design,
each should act concurrently and collectively with specific benefits that
relate to the integration of nature-based and socio-cultural influences,
acknowledging risks, vulnerabilities and the adaptive capacity of a place.
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GLOSSARY
Source: Māori online dictionary. Accessed at http://www.maoridictionary.co.nz/.
Ahi kā: those who live in the region.
Hapū: kinship group, clan, tribe, subtribe - section of a large kinship group.
Hīkoi: to step, stride, march, walk.
Hui: gathering, meeting, assembly.
Iwi: extended kinship group, tribe, nation, people, nationality, race - often 		
refers to a large group of people descended from a common ancestor.
Kaumātua: elders.
Kaupapa: policy, matter for discussion, plan, scheme, proposal, agenda,
subject.
Kaitiaki: trustee, minder, guard, custodian, guardian, keeper.
Kōrero tuku iho: oral traditions.
Marae: courtyard - the open area in front of the wharenui, where formal 		
greetings and discussions take place. Often also used to include the 		
complex of buildings around them.
Ngāti: prefix for a tribal group.
Papa kāinga: original home, home base, village.
Mātauranga: knowledge, wisdom.
Mana whenua: territorial rights, power from the land - power associated with
possession and occupation of tribal land.
Mauri: life principle, special nature, a material symbol of a life principle, 		
source of emotions.
Wānanga: forum, onference, workshop.
Whanau: extended family, family group, a familiar term of address to a 		
number of people.
Whakapapa: genealogy, genealogical table, lineage, descent.
Notes
1. The team included Dr. Huhana Smith Research Leader Māori, Aroha Spinks and Moira
Poutama from Te Rangitāwhia Whakatupu Mātauranga Ltd, landscape architects Professors
Penny Allan and Martin Bryant, and Professor Martin Manning. The latter was Director of
the IPCC Working Group I Technical Support Unit, which produced the fourth Assessment
Report on Climate Change, and Dr. Jane Richardson, whose research is focused on fluvial
geomorphology, and the influence of climate change on river systems and catchments in New
Zealand.
2. The protocol was inspired by Mason Durie’s work on the Treaty of Waitangi House.
Refer especially to Mason Durie, “Exploring the Interface Between Science and Indigenous
Knowledge.” Paper presented at the 5th APEC Research and Development Leaders Forum
Capturing Value from Science, Christchurch, New Zeal., 2004. The protocol suggests that
research “at the interface” should be preceded by an apprenticeship in culture, history,
cosmogony, customs and language; be characterized by a fundamental shift in method;
lead to innovation, greater relevance, and additional opportunities for the creation of new
knowledge; have active Māori participation as researchers and respondents; use mainstream
and Māori tools for analysis; include Māori values and concepts as a basis for assessing the
relevance and potential benefits of the research; have a code of ethics; and not make liberal
use of mātauranga Māori in a manner which runs the risk of distorting both context
and content.
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3. Part of this research process was to analyze the impact on the farm of a 1-3 m
[3.3-9.8 ft.] sea level rise, using LIDAR data and a simple, two-dimensional assessment of
the relationship between sea and ground levels. The drawings generated suggested that
with a 3 m sea level rise up to 40% of existing arable land would be inundated.
4. Tahamata Incorporation is a shareholder, collectively owned coastal farm with a Board of
Directors governed by the Incorporation clauses within the Te Ture Whenua Māori Act 1993.
5. Environmental data for the farm was compiled during previous research on which
Smith’s PhD was based. For more information see Manaaki Taha Moana: Enhancing
Coastal Systems for Iwi: State of Ecological/Cultural Landscape Decline of the Horowhenua
Coastline between Hokio and Waitohu Streams, 2014. Available online at:
http://www.mtm.ac.nz.
6. Penny Allan and Huhana Smith, “He Whakawhiti Kōrero: A Conversation about a
Collaboration in Art, Design and the Environment,” in Colonial Gothic to Māori Renaissance:
Essays in Memory of Jonathan Mane-Wheoki, ed. Conal McCarthy and Mark Stocker
(Wellington, New Zeal.: Victoria University Press, 2017), 238—48.
7. Huhana Smith, Penny Allan, Martin Bryant, Derrylea Hardy, Martin Manning, Murray
Patterson, Moira Poutama, Abdallah Richards, Jane Richardson, and Aroha Spinks,
Adaptation Strategies to Address Climate Change Impacts on Coastal Māori Communities
in Aotearoa-New Zealand: A Case Study of Dairy Farming in the Horowhenua Coastal Zone
(Palmerston North, New Zeal.: Massey University, 2017).
8. Dieter Helm, Natural Capital: Valuing the Planet (New Haven CT, USA: Yale University
Press, 2015).
9. Susan (Huhana) Smith, “Hei Whenua Ora and Iwi Approaches for Reinstating Valued
Ecosystems within Cultural Landscape” (PhD diss., Massey University, 2007).
10. Climate Change: Synthesis Report. Contribution of Working Groups I, II and III to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change, ed. R.K.
Pachauri and L.A. Meyer (Core Writing Team) (Geneva, Switz., 2014).
11. Fikret Berkes, “Indigenous Ways of Knowing and the Study of Environmental Change,”
Journal of the Royal Society of New Zealand 39, no. 4 (2009): 153.
doi: 11.1080/03014220909510568.
12. Haunani H. Kane, Charles H. Fletcher, L. Neil Frazer and Matthew B. Barbee, “Critical
Elevation Levels Due to Sea-level Rise in Hawai’I,” Regional Environmental Change 15
(2015): 1679—87. doi: 10.1007/s10113-014-0725-6.
13. In the third exhibition, these were installed as physical thresholds through which one
navigated in order to reach the adaptive solutions shown at the back of the shed. Banners
of image and text ask “what would you do if?”: coastal dunes erode during storms and high
tides; you have trouble getting pasture species to thrive; you lose arable land to riverbank
collapse; floods restrict access to the property for several days; you notice standing water in
paddocks normally dry in winter.
14. The toolbox comprised nine strategies: Protect coastal dunes, Protect and establish
dunes as the first line of defense; Protect wetlands Establish wetlands as a buffer against
sea level rise and flooding; Protect the most arable land Establish and plant embankments
to protect the most arable land; Protect habitat and biodiversity; Restore existing and
regenerate new habitats with links between ecosystems e.g. salty, brackish, freshwater
wetlands, dune habitats, terrestrial vegetation; Make room for water Anticipating areas
for expansion of water will reduce ecological disturbance and protect arable land from
inundation. Activating the loop will prevent erosion, slow the river down and improve
hydrology; Diversify farming practices Minimise economic risk by maximising diversity into
endemic agricultural techniques e.g. aquaculture, forestry, manuka etc; Develop adaptive
infrastructure Adapt existing farm buildings for an extra revenue stream. Establish robust all
weather connections: (bridges, boardwalks, roads connecting high ground) to serve as the
foundational infrastructure for all future development; Celebrate the high ground; Provide
infrastructure for cultural festivals that might eventually be the basis for new settlement;
Settle the high ground; Establish plans for existing whare and new papakainga to be resited
on flat, unproductive, north facing high ground, above the 5 m [16 ft.] level.
15. Melanie Oliver, Senior Curator at the Dowse Art Museum, sourced the title from Ralph
Chapman’s 2015 publication, Time of Useful Consciousness: Acting Urgently on Climate
Change. Wellington, New Zeal.: BTW. Available at: http://bwb.co.nz/books/time-of-usefulconsciousness.
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16. Mark Amery, “Staying Conscious,” The Big Idea (2017), accessed 31 July 2017.
https://www.thebigidea.nz/stories/staying-conscious.
17. The wholesale draining of the regions network of wetlands in the nineteenth century
is an example of closing down options: a short-term solution with disastrous long-term
ramifications.
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Resilient Edges:
Exploring a Socio-Ecological
Urban Design Approach
in Metro Manila
Stephen Gray, Mary Anne Ocampo

ABSTRACT - With the notable uptick of natural disasters impacting
densely-populated areas, attention to the subject of urban resilience has
increased among ecologists, economists, engineers, social scientists, and
designers. But despite an extraordinary cross-disciplinary interest in a
single subject, the urban resilience discourse has remained largely siloed
by discipline. This essay builds on concepts of resilience from ecology and
social science and positions urban design (in itself at the intersection of
architecture, planning, and landscape architecture) as uniquely situated
for integrating and operationalizing various concepts of urban resilience.
The authors propose a socio-ecological urban design approach that
bridges natural, human, and spatial systems and is empirically grounded in
historical research, field observations, and interviews with informal settler
families (ISFs) living along the shoreline of Laguna de Bay in Metro Manila.
The findings revealed that while many were affected by regular flooding
and issues of housing security, these were not necessarily deciding factors
when determining where to live. In response to programs which emphasize
out-of-city relocation, authors developed three principles of urban resilience
that instead spatially integrate formal and informal communities.
Keywords: informality, Metro Manila, socio-ecological resilience, urban
design, urban resilience
Since 2013, the World Risk Report has consistently ranked the Philippines
among the top three countries at risk of extreme natural disasters. Its
geographic location also places this archipelago nation within one of four
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“global hotspots for a high disaster risk… [where] a high level of exposure
to natural hazards coincides with very vulnerable societies.” 1 For those
living in a country defined by 36.289 km [22,549 mi.] of coastline and an
intricate network of streams, rivers, and lakes, the urban poor are the
most susceptible to and least protected from the impacts of recurring and
intensifying flooding. In this context, the concept of “edge” takes on multiple
meanings. In Metro Manila, a mega city characterized by overlapping
vulnerabilities, the “edge” is a dynamic water-land interface, a socioeconomic delineation, and the spatial distinction between the formal and
informal city (Fig. 1).
Until the latter half of the twentieth century, the vast majority of Filipinos
lived in rural areas, but from 1975 to 2010 the population of Metro Manila
ballooned from 5 million to nearly 12 million. This dramatic rate of growth
contributed to the nearly 3 million informal urban dwellers (600,000 informal
settler families), living in the metropolis today.2 Many of these migrants
were attracted by opportunities to make higher-wages, but they arrived with
limited education, training, or support to transfer their agricultural skills into
higher-paying jobs.
In 2013, Typhoon Haiyan (nationally known in the Philippines as Yolanda)
became the strongest tropical storm ever recorded at landfall, killing
thousands and displacing hundreds of thousands. Although Typhoon
Haiyan did not center on Metro Manila, an average of 11 to 20% of
typhoons and tropical storms pass directly over the capital annually,
amplifying an already growing focus on disaster preparedness.3 Four
years prior to Typhoon Haiyan, the Philippine government established the
Climate Change Commission and Climate Change Act of 2009 “to afford

Figure 1. Informal settlements are constructed on edges between water and land.
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Figure 2. Typhoon and tropic storm routes in the Philippines move from the southwest
toward the northeast, sometimes making their way through the National Capital Region of
Metro Manila. With increasing frequency and severity of storms events in the last fifty years,
Metro Manila’s low-lying coastal location continues to be vulnerable to extreme flooding.

full protection and the advancement of the right of the people to a balanced
and healthful ecology… to fulfill human needs while maintaining the quality
of the natural environment for current and future generations.” 4
Acknowledging the interconnectedness of human and natural ecosystems,
the Philippines became a global leader on resilience and climate change
policy. However, despite their progress, government programs aimed
at protecting communities from the adverse impacts of natural hazards
continue to emphasize out-of-city relocation, largely ignoring the preexisting vulnerabilities faced by certain impacted communities; those which,
when left unaddressed, can exacerbate the already devastating impacts of
climate change for the city’s most vulnerable populations.
Conceptual Framing: Urbanism as Society, Nature, and the Built Environment
An average of twenty typhoons touch down in the Philippines each year,
with fifty of the worst typhoons and tropical storms in the country’s history
having occurred since 2000. These storms pose especially high risks to
informal urban dwellers living within the boundaries of the metropolis along
waterways and shorelines (Fig. 2).5 With the notable uptick of natural
disasters impacting densely-populated areas, attention to the subject
of urban resilience has increased among ecologists, economists,
engineers, social scientists, and designers. But despite an extraordinary
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cross-disciplinary interest in a single subject, the urban resilience discourse
has remained largely siloed by discipline. Literature that bridges design and
resilience has mostly responded to a critique of design as being overly “in
the service of narrowly defined human interests but having neglected its
relationship with our fellow creatures.” 6 And while this ecologically-based
critique of urban design is important, it has resulted in an overemphasis
on ecological environmental considerations at the expense of socio-spatial
factors which also determine resilience for complex and ever-changing
societies.
Cities are palimpsests. They are the spatial manifestations of a layering
and re-layering of social and environmental systems over time. While
urban design has been described as “an incompletely theorized project”
and conceptualized in terms of “urbanistic action” by Alex Krieger and
“operational taxonomy” by Joan Busquets and Felipe Correa, at its most
basic level, “the function of urban design, its purpose and objective, is
to give form and order to the future.” 7 In this essay, the authors explore
an intellectual space that geographer Matthew Turner describes as “the
complex interactions of history, human livelihood practices and ecological
response in particular places” in order to gain a deeper understanding of
the latent potential in working at the intersectionality of human and natural
systems and to design more resilient urban places.8
With Metro Manila as a backdrop, this essay aims to address a gap in
urban resilience literature by building on concepts of resilience that come
from both ecological and social science perspectives, and positioning urban
design (which itself is rooted in the synthesis of architecture, planning, and
landscape architecture) as a uniquely situated discipline for integrating and
operationalizing various concepts of urban resilience.9
In an attempt to establish urban design’s role as a bridge between
disciplines that can comprehensively address resilience issues, the authors
propose a “socio-ecological urban design concept of urban resilience”:
• The ability to overlap place-based and sector-specific urban
networks, systems, and communities that operate across
temporal and spatial scales such that they can anticipate and
absorb disturbances and either persist as they are, or rapidly
transition or transform to more desirable states.
The development of this concept is empirically grounded in historical
research, field observations, and interviews with informal settler families
(ISFs) living in Metro Manila. When discussed in this paper, “sector-specific
vulnerabilities” refer to the socio-economic stressors on ISFs (including
network fragility, land insecurity, and social and economic isolation).
“Place-based vulnerabilities,” which traditionally refer to ecological
environmental hazards (such as earthquakes, volcanoes, typhoons,
tsunamis, and regular flooding), are expanded by an urban design lens to
also include spatial liabilities (describing built environments characterized
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by chaotic patchworks of development from decades of laissez-faire and
unregulated planning practices, and rooted in a socially and spatially
exclusive design legacy). The authors were particularly interested in new
forms of urbanism that could be imagined at the intersection of:
1. ecological environmental factors related to the impacts of
environmental degradation;
2. socio-economic factors related to the interface between formal and
informal economies; and
3. morphological factors related to spaces that physically separate the
urban poor from other sectors of society.
Grounded Theory: Qualitative Research, Spatial Analysis, and Conceptual
Design
Cities are only as resilient as their most vulnerable citizens. In Metro Manila
the most vulnerable citizens are the urban poor who occupy the social
and spatial edges of society between development and infrastructure, or
along rail lines, riverbeds, easements, or flood zones.10 Challenging past
assumptions that out-of-city relocation is the most resilient solution for
ISFs, authors researched the morphological underpinnings of social and
spatial divisions in Metro Manila, directed field studies to better understand
legacy and emergent vulnerabilities, evaluated failed relocation policies
and programs, and explored alternative vulnerability-reducing strategies
in four barangays in Muntinlupa City - barangay is the native Filipino term
for neighborhood, district, or ward and the smallest official administrative
division used in the Philippines (Fig. 3).
The authors used snowball sampling techniques to identify and interview
forty informal urban dwellers living along the shoreline of Laguna de Bay as
well as representatives from community-based organizations, government
agencies, designers and developers, and International NGOs. Findings
revealed that while many ISFs were affected by regular flooding and
issues of housing security, these were not necessarily the deciding factors
when determining where to live. These findings were supported by the
investigations of Dr. Emma Porio and Benvenuto Icamina (discussed later
in this paper) who have also explored the intersectionality of informality and
resilience in Metro Manila.
The authors synthesized data gathered from field research, interviews,
and spatial analysis to develop three principles for resilient urbanism
that address the intersectionality of natural, human, and spatial systems.
These principles aim to illustrate the virtues of bouncing forward through
transformation and innovation rather than bouncing back to the realities of
what Dr. Lawrence Vale describes as an increasingly “diatonic equilibrium,”
which does nothing to remedy pre-disaster vulnerabilities.”11 These include
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the following:
1. Ecological environmental principle: Design with nature, not against it
2. Socio-economic principle: Support a shared economy
3. Morphological principle: Break down development silos
Urban design concepts were developed to illustrate the latent potential
in integrating formal and informal communities living along the shoreline

(a)

(b)

Figure 3. Shifting across the regional and city context, Muntinlupa is situated between
dynamic geographic forces: (a) Muntinlupa is the southernmost city in Metro Manila and
sits between Manila Bay and Laguna de Bay, the largest freshwater lake in the Philippines;
(b) four barangays investigated for the World Bank’s Citywide Development Approach for
Informal Settlement Upgrading include: Sucat, Cupang, Buli, and Alabang. Located between
the Philippine National Railway and Laguna de Bay, many informal settlements rely on the
railway and fishing for their economic wellbeing.
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of Laguna de Bay in Muntinlupa City. Concepts (or “imaginaries”, as they
are described in this essay) were intended to be contextually specific
and at-the-same-time more broadly applicable frameworks for reducing
vulnerability and imagining more ecologically, socially, and spatially resilient
edges.
URBAN RESILIENCE AND URBAN DESIGN
Urban resilience generally refers to the abilities for those living in cities
(areas with 50,000 or more people) to persist, transition, or transform
in the face of disruptions.12 It is a concept that draws from a wide range
of disciplinary perspectives, and describes the stable intersection of
“governance networks,” “metabolic flows,” “built environment[s],” and
“social dynamics.” 13 Theoretically, urban resilience relates to any one
system as much as it does to the dynamic interplay of multiple systems;
but in practice, overly simplistic interpretations have tended to focus more
on protecting city-wide physical, cultural, or economic infrastructures
against the threats and impacts of natural hazards than on sector-specific
human considerations. This raises two critical concerns. First, it situates
vulnerabilities to natural hazards as those most worthy of our attention.
Second, it fails to distinguish among the wide range of other vulnerabilities
impacting different communities.
In “Climate Change Vulnerability and Adaptation in Metro Manila,” Dr. Emma
Porio connects social vulnerabilities that are specific to informal settler
communities living in Metro Manila to ecological factors related to
environmental degradation, arguing that without consideration for both
sector-based and place-based factors, projects aimed at reducing
vulnerabilities can actually hurt more than help the urban poor.
In a sense, government initiatives towards enhancing the
environmental, economic and social security of its cities also pose
contradictory challenges to the environmental security of informal
settlements and the human security needs of its most vulnerable
population, the urban poor.14
Designing for resilience begins with identifying and distinguishing among
vulnerable communities. In 2015, Dr. S. Atyia Martin developed a Social
Determinants of Vulnerability Framework which “focuses on the social,
community, and (household) economic social factors… of resilience.” 15
Her research mapped and analyzed the characteristics of vulnerable
communities living across a city, identifying hotspots where certain
populations experienced high coincidences of overlapping vulnerabilities.
Martin found that the most socially vulnerable communities were often
more spatially and geographically isolated as well, and she concluded that
successfully addressing any one vulnerability required tackling them all.
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Distinct from the concept of sustainability which assesses a system’s
capacity to persist over time, resilience is a value-based proposition
which requires acknowledging that not every future scenario is ideal (nor
even possible). Deciding what is right, best, or worth sustaining means
asking questions like “resilience for whom and from what to what?” and
working with a fully integrated cross-systems perspective.16 However, most
concepts of resilience are positive (as opposed to normative), describing
measurable conditions (rather than imagining alternative futures).17
Ecologists measure resilience with primarily place-based metrics related to
nature, while social scientists rely more heavily on sector-specific metrics
related to people. In the context of the Philippines, where natural hazards
directly and disproportionally impact vulnerable communities, both views
are necessary but neither alone is sufficient.
For urban designers responsible for “[giving] form and order to the
future,” urban resilience happens at the intersection of place-based and
sector-specific systems.18 It is both descriptive and operative, involving
procedures that are simultaneously analytic, value-based, and actionoriented. Despite the plural nature of urban design “in scale, time,
property, agency, and form,” few urban design scholars have attempted
to connect both natural and social systems (at the same time) to the
making of urban form.19 In Design with Nature, Ian McHarg overlaid the
values of nature and culture, connecting fluvial performance to human
experience and delineating spaces for either development or nature.20 In
The Death and Life of Great American Cities, Jane Jacobs advocated for
a particular scale and character of urban fabric to support a diverse social
ecosystem of interests, activities, and people.21 Kevin Lynch attributed the
organization of urban spaces to the constant thrust of social, economic, and
political advancement in Good City Form, and in Justice, Nature, and the
Geography of Difference David Harvey defined a “just social order” as one
that results in equitable social and spatial relationships between people and
the environment.22 More recently, in his 2017 manifesto The Largest Art: A
Measured Manifesto for Plural Urbanism, Brent Ryan characterized urban
design as an ongoing process and as the spatial and formal orchestration
of multiple systems.23 Though framed differently, each scholar understood
either ecological or social systems as interrelated and interdependent with
built systems. And while their scholarship collectively empowers urban
design with agency to envision more resilient cities, it also exposes urban
design’s potential culpability in contributing to, even validating, many of the
problems which it now aims to address.
DESIGNING THE EDGE IN METRO MANILA
The Making of a Dual City
Metro Manila’s urban landscape is defined by scattershot developments
and expressed in dialectics of rich and poor, slum and subdivision, formal
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and informal, exclusive and accessible, and always pushing the urban
poor to the edges of mainstream domestic and civic life. These sociospatial separations can be traced back to Spanish colonization, American
occupation, and even more recently in Filipino-directed urban projects.
In the sixteenth century, the Spanish established Intramuros, the colonial
capital for the Philippines codified in the Law of Indies as a grid of streets,
plazas, churches, government buildings, and houses for the elite. Although
informal settlements did not exist as we know them today, there were clear
and deliberate physical, social, and class distinctions between the Spanish
elite living “inside the city walls,” and the Chinese, Japanese, and Filipinos
of Extramuros (arrabales) living “outside the city walls.” 24 In many ways,
the design of Intramuros marked the origin of many of the formal and
informal distinctions that we can see in Metro Manila today. Following 333
years of Spanish rule, the 1898 Treaty of Paris ceded the Philippines to the
United States, and by 1905, Daniel Burnham had already developed a new
vision for Manila in the tradition of the City Beautiful movement. Further
fortifying the sectoral divisions established by the Spanish, Burnham’s
design laid the groundwork for replacing a moat with a golf club, allowing
the new American occupiers to substitute physical barriers with economic
ones.25
Gated Communities, Exclusive Malls, and Private Infrastructure
Although more ubiquitous today, the divisive edges of contemporary Metro
Manila are no less pernicious. Post-World War II private development has
produced securitized islands in the form of gated communities, walled
off from the greater metropolis and designed to limit access. An evergrowing demand for private housing and exclusive malls in urban and
peri-urban areas has far outpaced the building of the infrastructures and
services necessary to support them. This has led many public works
departments to rely even more heavily on private sector actors for public
infrastructure, making it increasingly harder to effectively regulate new
developments (Fig. 4). The result has been a growing privatization of
public streets and throughways, and developments characterized by a
“network of elite spaces, with proliferating citadels (e.g. gated subdivisions,
luxury condominiums, high-rise office buildings) linked to spaces of elite
consumption (e.g. exclusive malls, recreational areas that are fencedin or simply forbidding to the poor) through toll-highways and flyovers,
equipped with high-technology telecommunications, and power and water
infrastructures, that hardly extend into the public city.” 26 This geographically
sprawling version of the Intramuros-Extramuros dyad has ultimately
relegated the urban poor to areas with high exposure to flooding and limited
access to even basic services.27
The negative impacts of spatially separated developments are both
economic and ecological. Benvenuto Icamina’s chapter entitled

527

The Plan Journal 2 (2): 519-561, 2017 - doi: 10.15274/tpj.2017.02.02.17

www.theplanjournal.com

NATIONAL CAPITAL REGION
ROAD NETWORK
Primary roads
Private roads
Local roads

37 km

Tollways
865 km

National roads
2.366 km

City/barangay roads
1.369 km

Private/subdivision roads

(a)
SLEx/Skyway
PNR Railways
Manuel Quezon
Road

(b)

Figure 4. Private and public transportation:
(a) the privatization of road infrastructure
reduces mobility options and contributes to
incredible traffic congestion along primary
public roads, further fragmenting connectivity
within Metro Manila; (b) jeepnies, the
popular mode of public transportation, are
often not allowed in private enclaves and
roads, contributing to more congestion.
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“The Economics of Informal Settlements” revealed that that most informal
urban dwellers are self-employed, working either in or near their homes.
Many own sari-saris (neighborhood variety stores), work in transportation
or construction, or operate home laundry services (Fig. 5). Between this
patchwork of domestic enclaves, large and often exclusive malls have
become prototypical centers for both commerce and public life. But with
as many as 75% of all workers in the Philippines employed informally,
these centralized and highly controlled urban spaces have hurt more than
helped the urban poor.28 For those relying on more spatially dispersed
and economically diverse networks, even the most beautifully designed
malls come at a high social price, limiting the chances for many small and
medium sized enterprises to survive. From an ecological perspective,
privatized water, drainage, and sewage infrastructures that protect malls

Figure 5. Informal settlers often work within an informal economy that includes: makeshift
transport, laundry services, construction, food prep and vending, and other small-scale
economic ventures.
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from flooding can increase flood vulnerability for surrounding areas.29
Impermeable footprints of big-box typologies, paved parking lots, and the
siting of buildings on or near waterways often constrict the flow of streams,
creating problems associated with flooding in other locations (Fig. 6).
Informal Settlements: Living on the Edge
The World Bank organizes informal settler families (ISFs) into three
categories:
1. those living on government land;
2. those living on private land and in threat of eviction; or
3. those living in danger zones.30

(a)

(b)
Figure 6. Commercial development poses major challenges: (a) Festival Alabang, a large
mall with surface parking lots, is constructed on the Alabang River in Muntinlupa; while
one kilometer to the east, informal settlements reside on the Laguna de Bay marge,
selling goods along the north-south corridor of Ilaya Street; (b) Existing development
patterns contribute to environmental hazards by encroaching on river edges and adding to
impervious surfaces.
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In 2014, approximately 18% of the 600,000 ISFs in Metro Manila were living
both without legal claim and in primarily high-risk areas. While there is no
direct translation for the term “slum” in Tagalog (the official language of the
Philippines), the term iskwater refers to squatters living in semi-permanent
dwellings (Fig. 7). Other terms such as estero (estuary, creek), looban
(tightly-packed inner blocks invisible from the street), dagat-dagatan (flood
prone land), and eskinita (narrow lane) are also often used to describe the
physical geographies of informal settlements. There are six typical informal
settlement typologies in Metro Manila.

Figure 7. In Muntinlupa City, informal settlements are located along the shoreline of Laguna
de Bay, the esteros, and the West Valley Fault, making communities vulnerable to flooding
and earthquakes. In 2009, Tropical Storm Ondoy would devastate Muntinlupa with flooding
along the lakeshore; however, many informal settlements have continued to make their
homes on this high risk land today.
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These include the following:
● Coastal or lakeshore settlements (Tabing-Dagat).
Water-based settlements are home to rice farmers and fish
harvesters who often rely on water for their livelihoods. They are
commonly found along the edges of Laguna de Bay in Muntinlupa
City and are often subject to the most intense flooding.
● Esteros and riverbank settlements (Tabing-Ilog).
Settlements along esteros (estuaries or creeks) and riverbanks
are also common throughout Metro Manila. They occur within a
ten-meter [32.8 ft.] easement along both sides of major waterways,
where development can constrain water capacity and flood during
heavy rains and storms, endangering the lives of residents.31
● Vacant land and railway settlements (Along the riles).
Some settlements occur on land that is either held by an absentee
landlord or earmarked for future uses. In some cases, such as the
Philippines National Railway right-of-way, these spaces functions
as a main streets but can be narrow and unsafe for human
settlement.32 Other settlements such as those in the Cristo
El Salvador Cemetery, encroach on spaces that are designated
for other uses.
● Inner block settlements (Looban).
In the densest sections of Metro Manila, such as Intramuros and
parts of Alabang, settlements crowd in the inner courtyards of urban
blocks. They are often invisible from the street and only accessible
through narrow lanes and passageways.
● Settlements near exclusive villages (Gillages).
These settlements emerged after the 1920s when elite families
moved out of Intramuros to suburban enclaves and villages.
“Gillages” (from the colloquial merger of the words gilid meaning 		
“side,” and village) collocate alongside elite villages to provide 		
domestic services.33
● Settlements near the dump (Barangay Basur).
Many settlements are located near dump sites which serve as
resources for scavenging and recycling.34 The infamous Smokey
Mountain, an unplanned dumping site from the 1950s, grew to a
city of 30,000 people by the 1980s, with scavengers relying on
selling and recycling goods found within the site. Though Smokey
Mountain was leveled and 20 ac. [8 ha] were redeveloped with
housing by 2001, several settlements in Metro Manila still rely on
dump sites as sources of income.35
Discussion: The Challenge of Resettlement as a Strategy for Resilience
In Metro Manila, approximately 6.000 tons [6,613 US tons] of trash goes
into waterways, landfills, or streets every day. This trash leaches into soil
and the sub-basin of Laguna de Bay resulting in “Worse than Class D”
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water quality along the shoreline of Muntinlupa City on a level of toxicity
which is considered unsafe for human contact of any kind.36 Overfishing,
invasive species, and decreased saline levels from over-damming have
also had negative impacts. Trash removal strategies such as dredging
aimed at improving water quality have actually had adverse effects,
exacerbating ecological damage by stirring up silt which harms fish
populations (Fig. 8).
To make matters worse, these flood-impacted areas in Metro Manila are
projected to increase to 42% by 2050, and affecting nearly 2.5 million
people living in low-lying areas by 2100.37 All of these issues pose serious
health risks for lakeshore and estero communities, but despite the known
risks, local fisheries remain major sources of food and income for these
communities, and so informal dwellers continue to live in basket-like
bamboo houses stilted above the contaminated water and closer to their
social networks and sources of income.
Prior to 2011, the Philippine government was moving aggressively to
reduce the prevalence of informality in Metro Manila, primarily by relocating
urban poor communities from hazardous areas in the city to the outskirts
where land was cheaper and more readily available. Many were relocated
with little to no meaningful community engagement, leading dislocated
families to experience unsustainable mortgage debt, increased travel time
and loss of productivity, and fragmented social and economic networks.
In extreme cases, distant relocations have precipitated breakdowns in
traditional family units, where breadwinners live apart from their families
for extended periods of time in order to be closer to their places of
employment. In his 2015 post-Typhoon Haiyan visit, Pope Francis vocalized
this issue:
The pressures on family life today are many. Here in the
Philippines, countless families are still suffering from the effects
of natural disasters. The economic situation has caused families
to be separated by migration and the search for employment, and
financial problems strain many households.38
Learning from failures of the past and leaving out-of-city relocation as a
measure of last resort, the Philippine government launched Oplan Likas in
2011 to move 104,000 ISFs out of ecologically hazardous areas and into
safer and higher density urban housing. From 2011 to 2016, P.50 billion
(approximately US$1.5 billion) was allocated for land acquisition and
construction. But the pace of implementation has severely lagged behind
demand, leading to a backlog of approximately 1.7 million shelters in
2016, as estimated by The Housing and Urban Development Coordinating
Council. Oplan Likas not only failed to resettle hundreds of thousands
of urban poor residents, but also fell short of successfully engaging with
those who were resettled in order to understand their aspirations for an
improved quality of life . During the same period, some Local Government
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Units (LGUs) demonstrated more sensitive approaches to resettlement, but
they were limited by land constraints, affordability issues, and institutional
challenges.39 Examples of community-driven upgrading projects led by
NGOs have occasionally won government support, but even those have
subsequently failed to scale up due to resource constraints. Private sector
participation in the low-income housing market has also been limited to
date, though some developers are beginning to recognize an “untapped
market opportunity” and to tacitly express interest in expanding their
business models to include in-city medium-rise buildings for the urban
poor.40 For those living on the social, economic, and physical edges of
society, barriers to traditional financing have made it extremely difficult to
gain secure housing. This is particularly true for those that primarily depend
on the informal economy for their livelihoods.
When considered together, these failures amount to a compelling
case against vulnerability-reducing strategies that rely too heavily on
flood risk reduction as a primary measure for resilience. Without more
comprehensive approaches, such solutions, well-intentioned as they may
be, will continue to disconnect vulnerable communities from their social
and economic networks and reinforce existing socio-spatial divisions that
define Metro Manila as a dual city.41 Acknowledging a need to invest in
community-driven decision-making and a financially sustainable model, the
World Bank launched the Metro Manila Citywide Development Approach
to Informal Settlement Upgrading (CDA) in 2014. The CDA program was
created to explore new models for in-city relocation, and more importantly,
prioritize community engagement throughout the process. The three pilot
projects were: Caloocan City (neighborhood scale), Muntinlupa City (district
scale), and Quezon City (city scale).
TOWARDS A MORE RESILIENT URBANISM: THE CASE FOR
MUNTINLUPA CITY
Taking the World Bank’s CDA brief as a point of departure, in this section
authors explore a socio-ecological urban design approach to resilience in
Muntinlupa. The City of Muntinlupa is the southernmost city of 16 LGUs
that make up Metro Manila. In 2015, the Muntinlupa City Planning and
Development Office estimated that nearly half of the 504,509 residents
belonged to the urban poor sector, which is defined by the 1994 Social
Reform Agenda as those living under the poverty line and with less than the
“Minimum Basic Needs (MBN)... in terms of a three-tier needs hierarchy:
survival (food/nutrition, health, water/sanitation, and clothing); security
(shelter, peace, income, and employment); and enabling (basic education/
literacy, people’s participation, family care, and psycho-social indicators).” 42
In 2007, over 27,000 informal settler families (according to the government
definition, there are 5 informal settlers per informal settles family) were
living in 241 communities in Muntinlupa; and in 2014, roughly 30% of
these were either situated along creeks/esteros (where approximately
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Figure 8. Lake contamination and pollution contribute to the ecological environmental
vulnerabilities of Informal Settler Families: (a) Laguna de Bay’s “Worse than Class D” status
has lake pollution attributed to domestic, agricultural, and industrial sources, which has
depleted fish to only 6 species remaining of the original 23; (b) two major sources of flooding
include obstructed waterways caused by intense rain fall during storm events and storm surge,
and urban development, waste, and runoff. A historic timeline of landfill events show that waste
production is accelerating, though there are also increasing regulations to curtail pollution.
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5,000 ISFs live), or along the 11 km [6.8 mi.] lakeshore of Laguna de Bay
(where approximately 4,000 ISFs live).43 The four most prevalent informal
settlement typologies observed in Muntinlupa were: lakeshore settlements,
esteros and riverbank settlements, vacant land and railway settlements,
and looban or inner block settlements (Fig. 9).
Research Methods
In order to better understand the factors affecting the choice for residential
location by the ISFs, authors and researchers conducted in-person
interviews with 40 informal urban dwellers living along the edge of Laguna
de Bay in barangays Sucat, Cupang, Buli, and Alabang (Fig. 10). They
were particularly interested in understanding the relative importance of
flooding to ISF decision-making processes when determining where to live.
Respondents were asked to complete the following sentence: “I want to

(a)

(b)

(c)

(d)

Figure 9. Four major informal settlement typologies found in Muntinlupa included: (a)
coastal and lakeshore settlements along Laguna de Bay; (b) vacant land and railway
settlements situated along the Philippines National Railway; (c) esteros and riverbank
settlements throughout the city; (d) looban or inner block settlements nested within formal
development.
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(a)

(b)

(c)

Figure 10. Engagement with informal settlement communities included: (a) interviews with
40 Muntinlupa residents; (b) conducting stakeholder interviews; and (c) group interviews by
University of the Philippines students and researchers from MIT.
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live in a place where__________” with 10 pre-selected answers that they
rated on a scale from 1 to 5 based on significance to their lives. Of the
interviewees, 17 were female, 17 were male, 2 were married couples, and
4 were children (surveys with children under 14 were not included). The 36
tabulated interviews included representation by nearly 1% of the estimated
4,000 lakeshore ISFs in Muntinlupa City. Survey results (Table 1) revealed
three consistent themes:
1. Proximity and Network.
Community members emphasized the importance of living close
to their jobs, schools, sources of food, and transportation options.
2. Housing.
Despite expressing dissatisfaction in their current housing 			
conditions, issues of housing stability and land tenure were still
ranked lower on their list of concerns.
3. Flooding.
Very few interviewees described flooding as more than a nuisance.

Table 1. Summary of the 2015 surveys rating importance of pre-selected answers in
barangays Sucat, Buli, Cupang, and Alabang. Ratings are on a scale of 1 to 5 (low
importance to high importance). High priority is 4-5; medium priority is 3-4; low priority is
less than 3.
Pre-selected Answers

Barangays
Sucat

Buli

Cupang

Alabang

Averages

1

I can buy goods and
food near my home

5

4.66

5

4.33

4.75

2

I can walk, bike, or take
transit to important
destinations

5

4.33

5

4

4.58

3

My children are close
to their schools

4.66

4.66

5

4

4.58

4

My cost of living is low

4.33

4.33

4

3

3.92

5

I live near my parents,
siblings, children, etc.

3.33

3.33

5

3.33

3.75

6

I am safe from flooding

5

4

3

2.33

3.58

7

I can live in a diverse
community

2.66

3.33

4.66

2.33

3.25

8

There is a park near
my house

3

4.33

2

2.66

3.00

9

I can build a house
wherever I want

3.33

4.33

1.33

2

2.75

10

My community exactly
the way it is today

2.33

0

4

2.33

2.17
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As found in Icamina’s investigation in the book chapter “The Economics of
Informal Settlements,” most interviewees worked in or near their homes,
reducing travel time and cost, and making it possible for them to spend most
of their time close to their families, friends, and community networks.
Most striking was the relatively lower levels of concern about housing quality
and regular flooding. While respondents described these as a unpleasant,
they consistently ranked the importance of living in proximity to resources
and employment higher. In Dr. Emma Porio’s 2014 research entitled
“Climate Change Vulnerability and Adaptation in Metro Manila,” she also
noted that although informal settlers recognized the risks of floods to their
homes and communities, a majority of respondents were more concerned
with economic problems related to unemployment and a loss of income.44
Principles of Resilient Urban Design
Although respondents in all three studies (Icanmina’s, Porio’s, and this
investigation) consistently ranked flooding below other concerns, these
findings in no way diminish the seriousness of health and safety risks
associated with regular flooding and standing water. In this section, authors
explore three urban design principles aimed at reducing vulnerabilities
for ISFs living on the “edge” in Muntinlupa City by asking the following
questions:
• How can integrated resettlement strategies balance considerations
for natural systems, city form, and socio-cultural dynamics?
• How can ISFs in Metro Manila be better prepared for future storm 		
events?
• How, where, and for whom should future development occur?
• What are the benefits of public, private, and nonprofit sector 		
collaborations?
Responding to stakeholder interviews (Table 1 and Appendices A, B, and C)
and vulnerabilities assessments, three principles of urban resilience were
developed and illustrated by urban design concepts (“imaginaries”) that
operate across scales, time, and disciplinary boundaries (Table 2).
They intentionally blur the boundaries between ecological, social, and
spatial phenomena and aim to demonstrate the latent potential in taking a
socio-ecological urban design approach to resilience that imagines more
efficient, equitable, and integrated urban environments.
Ecological Environmental Principle: Design with Nature, Not Against It
Interviews with vulnerable populations living along the lakeshore of Laguna
de Bay revealed that regular and recurring flooding can take as long as
six months to completely recede. In this context, flooding is as much a
social problem as it is a natural process, and informal fishing communities
continue to live in areas surrounded by polluted water due to their reliance
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Table 2. Resilient imaginaries summary.
“IMAGINARIES”
Scale

Strategy

Morphological

Socio-Economic

Ecological
Environmental

Neighborhood Strategy 1:
Intelligent
Infrastructure
Addressing
Permanent
Temporariness

Target in-situ and
cost-effective shared
infrastructure to
meet basic needs
with community
amenities (plumbing,
trash, electricity,
refrigeration)

ISFs are not relocated and remain
in place with proximity to existing
social networks and sources of
income

Flood-resistant and easily
maintained;
Human activities are spatially
concentrated for easy clean-up
and reduced pollution in and
along Laguna de Bay

District

Strategy 2:
Connected
Communities
with Higher
Ground for
Lower Income

Designate temporary
flood-emergency
evacuation areas on
nearby vacant land;
Incent private
sector participation
with targeted upzoning and special
development
allowances

ISFs remain proximate to homes
and near public transportation
during flood emergencies;
Limited social and economic
disruption;
On-site educational and vocational
facilities as pipeline to permanent
housing;

When developed, vacant land
retains pervious areas for storm
water recharge

City, Region

Strategy 3:
Landscape
Infrastructure
and Sustainable
Landfill

Reconfigure landmaking strategy
for planned C-6
Expressway Dike
as controlled bioremediation pond
from Manggahan
Floodway in the north
to San Pedro to the
south;

Local fisherfolk retain water access
for lake-dependent livelihoods;
Integrates spaces for small scale
fish markets and large scale fish
processing, connecting informal
and formal programs with spaces
to buy, sell, or process the daily
catch

Restores a healthy hydrological
system by aligning with inland
stream outlets, mitigating
inland flooding, and cleaning
Class D lake water;
Reduces stormwater
contamination from trash
dumping as well as leaching
from sewers and landfills

City, Region

Strategy 4:
Environmental
Zoning and
Planned
Informality

Plan and zone
for ecologically
sensitive land with
low development
value to support
environmentally
responsive and
socially inclusive
growth and
development

Rural-urban migrants are directed
away from the fringes and into
developments with opportunities to
capitalize on agricultural expertise;
Provides live/work economic
opportunities in local (farm-totable) and regional (chain supplier)
food production and sale;
Reduces household expenditures
by 60%, by reducing food costs

Environmental Zoning adds
value to and protects
underutilized land;
Ecologically sensitive
development patterns integrate
storm water, open space,
agriculture, and built space

City, Region

Strategy 5:
Integrated
Economies
Towards
a Future
Vernacular

Reconfigure landmaking strategy
for planned C-6
Expressway Dike as
indigenous landmaking (pilapil)
designed to respond
to fluctuations in
water level

New developments connect and
blend informal and formal sectors
with physical spaces that support
productive social and economic
exchanges;
Local fisherfolk retain water
access for lake-dependent
livelihoods;
ISFs are not relocated and
remain in place with proximity
to existing social networks and
sources of income

Restores a healthy hydrological
system by aligning with inland
stream outlets, mitigating inland
flooding, and cleaning Class D
lake water; Ecologically sensitive
development patterns integrate
stormwater, open space,
aquaculture, and built space
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on the lake (Table 2). Lakeshore communities also face the imminent threat
of displacement from the construction of seven landfilled islands planned
in order to finance the construction of the C-6 Dike Expressway. Here, the
barriers to resilience for ISFs are the limited (often agrarian) skillsets; high
cost of food (often greater than 60% of household income); lack of safe
and affordable housing alternatives; and the threat of development and
displacement.
Environmental zoning and planned informality (Fig. 11): With a growing
number of rural migrants moving to Muntinlupa each year, the city has
an opportunity to explore socio-ecological land-use and development
strategies; protecting and preserving the natural environment and
connecting rural migrants to urban employment opportunities. By building
on the agricultural skills of migrants and taking advantage of wetter,
cheaper land at the edges of the city, an environmental zoning and planned
informality strategy could create dense development clusters surrounded
by floodable farms and a system of environmental corridors that support
ecological health. A shared economy approach developed around urban
agriculture could divert rural-urban migrants away from hazards and
informal developments and towards new clusters of mixed income housing
surrounded by agricultural land. Development patterns would then respond
equally to the flow of water and an increasing demand for the production
of food. In this scenario, new developments and open space systems
perform dual roles as flood-reducing landscapes and social infrastructures,
supporting both economic productivity and social development.
Landscape infrastructure and sustainable landfill (Fig. 12): The plan to
construct seven manmade islands along the shoreline of Muntinlupa City
not only disconnects the fishing communities living along the shoreline from
their sources of income and food, but it also threatens to create of a giant
moat with “worse than class D” water. However, if constructed responsively,
the new lakeshore, landfill, and expressway could form an integrated
system for cleaning polluted water. By positioning the islands between
existing stream outlets with controlled openings, the moat could instead
become a regional-scale stormwater retention and bioremediation area
and a system of soft edges within the most contaminated areas of the lake.
Stepped filtration terraces could provide redundant flood protections against
breach, reduce inland flooding, and become platforms for shared public
space with open air markets and fishing access for existing communities.
This socio-ecological infrastructure could become a literal and figurative
bridge between the informal fishing villages and the formal development
which would otherwise displace them.
Socio-Economic Principle: Support a Shared Economy
The integration of formal and informal economies could dramatically
improve the lives of urban poor residents in Muntinlupa City. Paying close
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Figure 12. Landscape Infrastructure.

attention to the structural conditions that shape informal settlements, the
livelihoods they support, and the social capital that exists within them,
informal communities could be improved through tactical and shared
infrastructures. Interviews revealed that many informal dwellers rely on
proximity to resources and community for their livelihoods (Appendix A),
making out-of-city relocation programs largely unsuccessful. Based on
conservative 2011 Philippine census estimates for Muntinlupa City, figures
showed that at least half of residents lack refrigerators, stoves, clean
water, and other basic household amenities. The poorest 15% of residents
also lack flushing toilets and adequate trash collection services. Here, the
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barriers to resilience are a continuous influx of rural migrants to Muntinlupa
City; lack of basic household utilities and amenities; insufficient public
resources to address informality; and many failed relocation strategies that
disconnect families from social and economic resources.
Intelligent infrastructure addressing permanent temporariness (Fig. 13).
Formalizing a few basic services for informal communities along a new civic
spine could begin to blur distinctions between formal and informal sectors.
Rejecting a false dichotomy and exploring ways to ensure a healthy and
fulfilling future for all residents, a multifunctional adaptive infrastructure
could provide centralized amenities within existing informal communities.
A shared infrastructure could also provide basic services of power,
plumbing, refrigeration, and community amenities that reduce vulnerability
to flooding, enhance access, improve health and safety, reduce cost, and
ultimately incorporate informal neighborhoods as integral parts of the city.
Morphological Principle: Break Down Development Silos
Metro Manila has undergone rapid economic expansion over the past
two decades, and this growth has amplified spatial inequities in housing
and transportation, environmental deterioration, and the expansion of an
informal economy and settlement pattern. The result has been an urban
environment which is both physically and socially disconnected and unable
to collectively respond to ecological hazards. Here, the barriers to resilience
are political, social, and spatial silos among communities; unenforced
and uncontrolled zoning and development patterns; uncoordinated
public agencies and decision-making; and development that does not
accommodate natural systems.
Integrated economies towards a future vernacular (Fig. 14). Borrowing
from traditional planning and design technologies and adapting them
to the needs of twenty-first century cities, there is an opportunity to
reimagine built-up areas to support aquaculture, new forms of inclusive
housing, ecologically performative open space, and shared mobility
options through culturally rooted land-making. By adapting indigenous
construction techniques already visible along the Laguna de Bay shoreline,
new patterns for living with water in urban communities could be imagined
through morphologies that are both more authentic to Filipino culture and
more resilient to Filipino hazards. Development practices such as the
pilapil or rice paddy dike (Fig. 15), could inform contemporary construction
techniques to be more responsive to regular flooding. Civic projects such
as the proposed landfill islands associated with the C-6 Dike Expressway
present near-term opportunities to explore new spatial and infrastructural
development paradigms. Through new incentives, enforcement of existing
regulations, and the design of new edge typologies, the private sector could
establish productive relationships between water and land use, as well as
between formal and informal developments (Fig. 16).
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Figure 13. Intelligent Infrastructure.
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Figure 15. Pilapils, indigenous embankments, demonstrate a resilient interplay between
fluctuating water levels, the economies of agriculture, and a formal and spatial infrastructure
for human settlement, commonly found in the provincial countryside of the Philippines.

CONCLUSION
The coincidence of hyper-urbanization, informality, and increasingly severe
natural disruptions has drawn broad public attention, triggered the release
of large injections of capital, and presented an opportunity (and urgency)
to reimagine cities as more connected, adaptive, and resilient. Just as
no single strategy can be a silver bullet for resilience, solving for climate
change-related vulnerabilities cannot be our only measure for success.
Cities are assemblages of deliberate, if uncoordinated, spaces and places
embedded with the complexities and contradictions of the communities
that occupy them. They serve as both platforms for and expressions of
the social life of people and our relationship with nature. Overly simplistic
definitions of urban design which emphasize any one system (ecological,
sociological, or morphological) over another system will inevitably fall
short of achieving a state of resilience that is both socially inclusive and
ecologically responsive.
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In Aseem Inam’s paper “Meaningful Urban Design: Teleological/Catalytic/
Relevant,” Inam describes urban design in the architectural tradition as
having “an over eagerness to be unconventional and spectacular” and that
it is often taught and practiced as an aesthetic, morphological, novel, and
superficial exercise.45
He continues:
Unfortunately, much of this recent interest in urban design repeats
the familiar deficiencies of the past: a focus on the superficial
aesthetics and the picturesque aspects of cities (instead of what
role aesthetics play, say, in community development processes), an
over-emphasis on the architect as urban designer and an obsession
with design (instead of a more profound interdisciplinary approach
that addresses fundamental causes), an understanding of urban
design primarily as a finished product (instead of an ongoing longterm process intertwined with social and political mechanisms) and
a pedagogical process that is comfortably rooted in architecture and
design (rather than in the rich experiences, processes and evolution
of cities). 46
Jianguo Wu’s paper “Ecological Resilience as a Foundation for Urban
Design and Sustainability” references Van der Ryn’s book Ecological
Design where he describes urban design as disconnected from nature:
In many ways, the environmental crisis is a design crisis. It is a
consequence of how things are made, buildings are constructed,
and landscapes are used. Design manifests culture, and culture
rests firmly on the foundation of what we believe to be true about
the world. Our forms of agriculture, architecture, engineering, and
industry are derived from design epistemologies incompatible with
nature’s own. It is clear that we have not given design a rich enough
context.47
Humanist critiques of urban design such as Inam’s that call for greater
emphasis on social issues, and ecologically-based critiques such as Van
der Ryn’s and Wu’s which argue for a more deliberate foregrounding of
nature in the design of cities are, in their own right, important critiques.
But when taken together they expose the inability for urban design, as it
is currently understood and practiced, to effectively take on many of the
complex and overlapping challenges of urban resilience discussed by other
disciplines. They also signal the need for a new approach to the way we
spatially code our cities; one that supports coexistence, synchronicity, and
the transformative potential of both humans and nature.
Designing for resilience within a plurality of systems transcends the
expertise of any one discipline. While C.S. Holling’s research is cited as
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the origin of contemporary resilience theory, it was developed by observing
communities of insects.48 Urban communities are made up of far more
complex social, economic, political, cultural, and spatial ecosystems; and
when the impacts of natural hazards involve humans (as they do in cities),
the metrics for success expand beyond basic survival to include issues
of equity, opportunity, and general well-being.49 Recent advancements
in resilience planning (also known as adaptation planning), promise a
greater intersectionality of systems by combining hazard identification,
asset mapping, vulnerability assessment, goal setting, scenario modeling,
implementation, and monitoring. This involves a range of strategies
including protection (engineered infrastructure that protects already builtup areas), accommodation (project by project modifications of existing
buildings and other assets to accommodate occasional flooding in already
built-up areas), avoidance (restricting new development in potentially
vulnerable areas), and retreat (moving human and built resources out of
potentially vulnerable areas). But while resilience planning theoretically
balances consideration for ecological, socio-economic, and morphological
vulnerabilities, in practice many so-called “resilience planning” efforts in
informal contexts more commonly resort to a combination of protection
through highly engineered solutions and retreat by mandatory resettlement.
Exploring the intersectionality of urban resilience and urban design
presents an opportunity to intellectually and operationally advance both;
extending the concept of urban resilience from one of observation to one
of action, and expanding the disciplinary domain of urban design from one
based in architecture to one that balances considerations for ecological,
sociological, and morphological systems. For cities like Muntinlupa, at
the crossroads of hyper-urbanization, informality, and climate change,
designing with nature, not against it; breaking down development silos;
and supporting socio-economic integration for growing and increasingly
vulnerable urban populations can reduce vulnerability, increase resilience,
and ultimately result in new and exciting forms of urbanity.
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APPENDIX A: Summary of interviews with informal dwellers on lakeshore flooding.
Eric and Anican
Quote
“As a boy, I used to wade knee deep in the water to collect shellfish to sell.
The water level in Laguna de Bay is much higher today.”
Interview Highlights
Eric is a cellphone technician originally from Sucat. His father was a fisherman.
He remembers when the landscape in the area was completely different, with far less
pollution. Eric’s son, Anican, attends a private school in Cupang and likes to spend
time with his friends and family in the Sucat People’s Park.
Tiangco
Quote
“When I was a kid, the water was so clean; I could drink it and collect mussels
and snails.”
Interview Highlights
“When I was a kid, the water was so clean: I could drink it, and collect mussels and
snails. We used to do more subsistence fishing and watercress farming, but there
are now fish pens everywhere. However, the watercress still grows. Now, I’m a traffic
enforcer; I work the night shift at the airport. It’s a one hour journey by two jeepneys,
but I can’t move because my councilor nephew got me this job. Plus, it’s only 20 minutes usually, there
is just construction traffic right now. When it floods, we all go to the school for refuge. The last time, it
took four months to subside. I would like to move to the Baguio highlands, not just because of the flood,
but because there is less traffic and it is cleaner and calmer.”
Carlos
Quote
“The flooding came all of a sudden, but didn’t subside for six months.”
Interview Highlights
Carlos works along Laguna de Bay. He is a fisherman, and spends his days catching
fish and repairing watches to make ends meet. His livelihood and shelter is extremely
vulnerable to flooding. His home is made of weak materials that could easily be swept
away. He does not see many other options to survive in the city, and looks forward to
a day when he will be able to earn more and be less vulnerable to rising waters.
Ferdinand
Quote
“When it floods, I move to the second floor of my house. Sometimes, it can be months
before the water completely subsides.”
Interview Highlights
Ferdinand is a tricycle driver. In between rides, he rests at the main tricycle hub in
Muntinlupa, which is located near the railroad track between Don Juan Bayview
subdivision and Dona Rosario Bayview subdivision.
Trinidad
Quote
“To prevent flooding during the next storm, I believe that the government should be
more strict when it comes to trash disposal and collection.”
Interview Highlights
“My friends and I all work as street-sweepers employed by the local government. We
all have several children at home, and some of us are single mothers. I (Trinidad) live
nearby in Cupang, but some of us come from further away: Bonoy Avenue in Manila,
Luzon, four miles from here. Although we live in different neighborhoods, we’ve all
been impacted by the flooding. For me, the effects were not too bad, just one or two feet of flooding
that subsided quickly. To prevent flooding during the next storm, I believe that the government should
be more strict when it comes to trash disposal and collection. Clogged canals cause and worsen the
flooding. Although it floods, I’m not interested in moving. I’m satisfied with what I’m earning, and really
just grateful to have a job, one that I stick with because of the wages. I’d even work further away, if it
meant a higher wage.”
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Concepcion
Quote
“We are used to flooding, but I worry about my family’s health when the waters don’t
go down.”
Interview Highlights
Concepcion and her family have been fortunate enough to upgrade their house from
bamboo and wood to cinder block. Their home is only a few meters from the water
and is susceptible to flooding. With their material upgrades, they do not have to
worry about damages as much some of their neighbors. They work outside of their
community and have planned for their future to be able to invest in their child’s education and their
family’s health.
Renato
Quote
“Because we live on higher ground, our home is usually not affected by flooding.
What we really need is a safe place for our children to play.”
Interview Highlights
Renato has lived along the railroad tracks in Buli for 20 years. This area is located on
higher ground and is generally not affected by flooding. Instead, Renato is concerned
about the safety of the children who play along the rail line. He hopes for more public
space in the future so the neighborhood kids can have a safe place to play. Renato
works as a luggage porter at the Airport. He has a one-hour commute.
Alejandro
Quote
“In the end, I believe that this place can be cleaned up.”
Interview Highlights
“I was born in Bikol, son of an American father, but have lived here in Cupang for
31 years. I’m the father to 6 children. The youngest is 23 and works at a Jollibee
at the fringe of the city, and the eldest is 36 and lives at home. Typically, I work as
a bookbinder in the Muntinlupa City Hall, but I have work off today because of the
Pope’s visit. On days like this, I go fishing with my friends for tilapia and milkfish. I
live nearby, at the border of Alabang and Cupang. During times of flooding (like 2009, when flooding
was bad and didn’t subside for 5 months), I go to my brother’s house, who lives nearby but in a higher
place. Because I work in government, my income isn’t affected by the storms and I’m satisfied with
the work that I am doing. To get to work, I take one trike and one jeepney, for around 30 minutes.
Because I know the people here, I wouldn’t move, even for a better paying job. Many of my neighbors
have moved since the last storm, though, including a friend who moved to the province, only to be
hit by Hurricane Yolanda. In the end, I believe that this place can be cleaned up, and that it’s the
responsibility of the MMDA to do so.”
Marikor
Quote
“During storms, the water can come up as high as I am pointing, so our family raised
our house to slightly above this height.”
Interview Highlights
Marikor is unemployed and has lived next to the Alabang river for four years with
her husband and young daughter. She is originally from Quezon Province, six hours
to the south. She and her family could not find work there, so they moved to Manila
for better paying jobs. She worked at an airbag manufacturing company in Santa
Rosa Laguna (30 minutes away) until recently, when she ended her contract because it paid provincial
wages. She knew that she could access better pay elsewhere. At her previous job, a free shuttle would
pick her up and drive her to work. Her husband works in Pasay City (one hour away). He does not
make much, but they are able to make ends meet. Their daughter is not in school yet, so she stays
at home with her grandmother. Between floods, the family stores its belongings under the house.
Unfortunately, because of their home’s location, there is rarely enough time to purchase food and water
in preparation for storms. Despite flooding, Marikor’s family wants to stay where they are, because
they are close with their neighbors. Since water flows toward the lake, homes upstream from Marikor
are not affected.
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Susan
Quote
“The people here are hard-working and down to earth. We live very simple lives.”
Interview Highlights
Susan worked for many years as an administrative officer for Muntinlupa City. She
is now retired. One of Susan’s concerns is the new C-6, a dike highway that the
National Government plans to construct in Laguna de Bay, several hundred meters
off the coast of Muntinlupa. Susan worries that there will not be enough room for
fish pens if too much land is reclaimed. She tells us that local fishermen are already
struggling to make ends meet. The government currently assists the community by restocking fish twice
a year and controlling invasive species such as the Knife fish.
Asunción
Quote
“We will always find ways to cope.”
Interview Highlights
Asunción works as a clerk issuing business permits for Barangay Buli. Asunción’s
family has lived in the same compound in Muntinlupa for five generations; the family
constructs a new house following each marriage. Though Asunción does not travel far
for work, all of her children attended universities in Manila City - a commute of around
one hour. Distance is not an issue when it comes to education. Unless there is an
evacuation order, her family simply stays on the second floor of their home during floods. The worst
flooding she can remember occurred in 2009 during Typhoon Ondoy. She reports that the water took
nearly two months to fully subside.
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APPENDIX B: Summary of interviews with informal dwellers on livelihoods and community.
Melvin
Quote
“This neighborhood is everything to me. My friends and extended family all live
nearby.”
Interview Highlights
Melvin works as a tricycle driver in Alabang. He walks a mere 20 meters to get to his
vehicle and takes passengers around Muntinlupa from dusk to dawn. He lives and
works in this area because this is what he knows. He was born a few blocks away
and depends upon his family and friends for help if there is a flood.
Adelina
Quote
“My husband’s livelihood is along the railroad tracks. After we were relocated we had
to come back –this is his work.”
Interview Highlights
Adelina is an Informal settler who lives in a narrow space at the edge of the
Philippines National Railways track. Her husband runs a railroad cart for a living.
They returned to the area after being relocated several years ago. Given the
opportunity, she wants a better life for her family.
Mark Antony
Quote
“I drive a rail trolley because there is no cheap, direct transportation through our
community. But, when it floods, everything stops and I have no way to make money.”
Interview Highlights
Necessity sometimes leads to innovation. Mark Antony pushes a homemade rail
car between heavily populated areas along the railway in Muntinlupa. His mode of
transportation works only in the window between trains but provides an important
mode of transportation for pedestrians who need a more direct route to their
destination.
Fey
Quote
“Even though our home is safe, when flooding happens we lose our source of income
since we can’t work.”
Interview Highlights
Fey moved to Buli when she was 19. She and her husband used to live in a selfbuilt house, but they have since upgraded to a formal, three-story home. This house
is raised and rarely floods. When it does, it is because waters drain down from the
highlands. For this reason, Fey largely experiences flooding as a financial loss. She
and her husband run two businesses (an Internet café and school bus company), both of which they are
unable to operate during storms.
Lucy
Quote
“Flooding is not bad here - no more than a foot, so we have never had to evacuate. In
fact, everyone comes here to eat during typhoons.”
Interview Highlights
“I was born here; this carinderia is in my mother’s house. My husband was a
policeman, but he is retired now.
Our four children are all married - the oldest is 40 - but they still live here. The
Geremillos are one of the oldest family names in Cupang. This barangay used to not be
so busy, but it is crowded and chaotic now. Flooding is not bad in here, no more than a foot, so we have
never had to evacuate. In fact, everyone seeks refuge in the school across the street, and we sell them
food. Flooding is much worse near the bridge, but it only floods every seven years.”
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Susan
Quote
“After the floods of Typhoon Ondoy, we decided as a community to rebuild our houses
higher.”
Interview Highlights
Susan has served as the President of the Sucat’s Sitio Playa informal settlement for
the last seven years. As President, she has lobbied for funds to convert some of the
worn bamboo pathways into concrete near the roadside entrances of Sitio Playa.
When new settlers attempt to build houses and join the community overnight, she is
in charge of asking them to register with the Barangay Home Owners Association.
Jay
Quote
“I’m happy here. I don’t see any reason to get away.”
Interview Highlights
Jay has lived in Cupang his entire life. He values living close to his family and enjoys
having multiple transportation options to his job at a law office, which is a 30-minute
Jeepney ride away. During severe flooding, water in his home stays around a foot
high for nearly a month. Jay and his family stay in their houses during this time
and, despite the water, experiences only slight disruptions in water and electricity. Jay is not afraid of
flooding.
Fhiemie
Quote
“I dropped out of college because I couldn’t afford the tuition. I am now working 14
hour days with the hope of going back to school soon.”
Interview Highlights
Fhiemie works in a small clothing shop in a Gillage near the highway. She travels
for at least 30 minutes to and from work. She was a student a few months ago
and is slowly adjusting to this new lifestyle. She is young and hopes for brighter
opportunities to come.
Renato
Quote
“I was jobless in Quezon province. We moved here when my wife found a job in
Muntinlupa. I stay home with the kids.”
Interview Highlights
Childcare, employment and hope for the future have created a unique situation for
Renato and his family. With two children and a wife that works, Renato heads the
household. He does laundry, takes care of a sick child, and makes sure his children
have a brighter future.
Aileen
Quote
“We moved here because of the flood; it went up to our necks! Eventually I would like
to move somewhere without flooding.”
Interview Highlights
Aileen is a sari-sari (convenience store) owner in Cupang.
Eddie
Quote
“Ten years ago, the tracks were filled with houses, but most were demolished. Mine
was not, so I stayed.”
Interview Highlights
“I’ve lived along the railroad tracks for a long time, more than ten years. About ten
years ago, the tracks were filled with houses, but most were demolished to make
way for railroad improvements. My house was not, so I stayed. For day-to-day work,
I drive a cart along the railroad tracks between Alabang and Cupang, taking people
to market, to their homes, and to school. On off days, I rent the cart out to other drivers for a rate of 40
pesos; sometimes I’ll also take work in construction when it’s available. To eat, my family also grows
bananas and cassava. The flooding isn’t terrible in my area; we’ve only really been impacted once, in
2009. Then, the flooding came up to our knees, but subsided after a few weeks.”
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APPENDIX C: Summary of interviews with informal dwellers on flooding, livelihoods, and
community.
George
Quote
“There used to be other families here, but they moved away because of the rising
water. We decided to stay because we grew up fishing.”
Interview Highlights
When George moved to Cupang 42 years ago, he built his house next to a baseball
field along the shores of Laguna de Bay. Back then, his family could drink the water.
Today, George’s house is surrounded by water and is only accessible via boat or on
foot along a series of precariously connected logs. George believes the water rose
because nearby factories were constructed in the 1970s. George experiences flooding around three
times per year. In the worst storm events, the 17 families that live in the area go to the local evacuation
center. If flooding is minor, those who can’t swim retreat to land while George and other older fishermen
stay, despite the fact that houses get washed away every few years.
Jocelyn
Quote
“I have no time for leisure. To make ends meet, I sell vegetables until 10:00 pm seven
days a week.”
Interview Highlights
Jocelyn has lived in Buli since she was eight years old. To make ends meet, Jocelyn
sells banana fritters in front of her house, her husband sells corn in Parañaque,
and her father works as a fisherman. Jocelyn and her family live in a stilted house
along the lakeshore. During flooding events, water levels rise up to eight feet. They
evacuate once every two years due to flooding. Despite this, she does not want to move, as her family
would lose their main source of income.
Virginia
Quote
“The neighbors help each other during floods by building temporary bridges to pass
through to the main road.”
Interview Highlights
Virginia is a janitress in Makati. She prizes proximity to public transit, good schooling
for her children, and having access to food. Virginia has lived in Sucat for 22 years.
She lives in a two story concrete house in an informal community along the lakeshore
of Laguna de Bay, where floods can trap her family on the second floor.
Resureccion
Quote
“Working in Manila allows us to send money home so that our two children can go to
college.”
Interview Highlights
Resureccion moved to Muntinlupa so that she could earn income to help support her
family. She and her husband send their extra money from fishing and construction to
support their grandchildren’s education. They live a few meters from the water’s edge
and do not expect to be able to stay in this location permanently because of the risk
of severe flooding.
Myla
Quote
“I came to Manila so that my children could get a better education. It takes them 1
hour to commute to school each way.”
Interview Highlights
Myla came to Muntinlupa from the province of Samar and lives in the informal
settlement of Daang Hari. In exchange for her son’s scholarship, she sweeps the
church of Our Lady of the Miraculous Medal every Friday.
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Marcello
Quote
“After each typhoon, new people move to Cupang, but they leave quickly for better
areas that are closer to schools and major roads.”
Interview Highlights
“I was born here, am a retired well builder, and I own this lot and house. When it
flooded last time, it went up four feet. We went to the evacuation center in the school,
although we usually just repair the house and stay here. We make makeshift bridges
to get from place to place, and before the flood we stock up on food and repair the
house to prepare. I have no interest in moving, especially since I own this property and rent some units
to neighbors. I would like to elevate the house though. When I worked, I made pumps and wells for
groundwater. Groundwater is free, but it’s less popular now that the official water utility has come in.
Fishing is not so popular anymore; my only relative here who fishes is my nephew After every typhoon,
new people move to Cupang, but generally they leave quickly for better areas that are closer to schools
and major roads.”
Jhary Ann
Quote
“I’ve only experienced flooding once. I’m not afraid of floods because I live on the
third floor.”
Interview Highlights
Jhary Ann moved from Novatas to Cupang in 2007 to live with her husband. Here,
she primarily works as a public school teacher. Since moving to Cupang, her family
has only needed to evacuate once due to flooding. Jhary feels extremely safe,
especially because her bedroom is on the third floor.
Jonnel
Quote
“I prefer living in a gated community because I think it is safer there.”
Interview Highlights
Jonnel has been a security Guard at the Church of Our Lady of the Miraculous Medal
for one year. Originally from a rural province, he today lives in a barracks in the gated
Posadas Village.
Ronalyn
Quote
“I like that everything in the barangay is within walking distance.”
Interview Highlights
Ronalyn is a high school student who works at her
cousin’s roadside snack stand on Manuel Quezon road.
Jason
Quote
“With climate change, this place is going to be like waterworld.”
Interview Highlights
Jason is an IT Engineer who runs a local bike shop out of his own garage. He lives in
the Don Juan subdivision of Sucat. He has lived in the area for his entire life. Jason
values the convenience of Muntinlupa, which, he says, is easily accessible by rail and
by bike, as well as close to the airport. He fears the consequences of climate change
and the relative lack of concern that many area residents have expressed towards its
dangers.
Vic
Quote
“In my neighborhood, people are open, know each other, and interact on a daily
basis. We are not divided by walls like in the gated subdivisions.”
“The main livelihoods in Sucat in the past were farming in the rice fields and fishing in
the lake.”
Interview Highlights
Vic is the Barangay administrator of Sucat. He is a retired electrical engineer who
values the community resources in the area.
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Hilda
Quote
“I have no time for leisure. To make ends meet, I sell vegetables until 10:00 pm seven
days a week.”
Interview Highlights
Hilda’s livelihood relies upon vibrant street life to sell her produce. She benefits from
streetlights to sell vegetables later than most grocery stores would be open. She
rarely has time for leisure activities and works from 7:00 AM to 10:00 PM at night,
with only a short afternoon siesta.
Eduardo
Quote
“Since I moved here in 1998, the number of people living here has tripled.”
Interview Highlights
Eduardo’s occupation is flexible and adaptable. He sells food from bins and can
modify his route should a flooding event occur. He came from his rural community to
the city over 15 years ago looking for better prospects. He has made a stable life for
himself in Muntinlupa.
Theresa and Carlito
Quote
“We’re retired and watch after this property for the land owners.”
Interview Highlights
Although not landowners themselves, Theresa and Carlito have built trust with the
landowner over time and built a life for themselves and their family. In exchange for
looking after a few hectares of land near the railway in Muntinlupa, they secured
reduced rent and have been able to save money. They are both retired and receive a
pension from the government. As a result, they have been able to invest in incomegenerating activities and raise chickens, perform basic mechanic repairs, and sell produce.
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An Eco-Leap Forward:
Shifting Agriculture
Xinyu Xiao, Hai Anh Nguyen

ABSTRACT - Human activity has been changing the surface of the earth
for several thousand years. In recent decades, the rate of change however
was accelerated in the Yangtze River Delta, propelled by China’s rapid and
continually chaotic process of urbanization and industrialization. How can
our cities eventually face haze, water pollution, soil contamination, and
natural disasters caused by climate change? The challenge is indeed to
explore how to achieve an ecological resilience by enhancing biodiversity
and by reviving and revising productive landscape.
Keywords: biodiversity, productive landscape, resilience, Yangtze River
Delta
The concept of “resilience,” which helps to describe system responses to
change, has been increasingly attracted more and more attention. Within
that term, biodiversity is often thought to be a key feature, underpinning
the resilience of ecosystems (Mori, 2016). Nonetheless, current species
loss considerably affects ecosystem function. Thus, nature in cities, and
biodiversity in particular, may need to be employed to address these
unprecedented challenges (Ahern, 2016), and could play an essential
role in providing the ecosystem services that every city relies on to be
sustainable and resilient. Very much linked to that is the story of the
countryside. The development of the agricultural sector is among the most
efficient implements to bring about the conservation of valuable and diverse
landscapes, especially in the Yangtze River Delta, which possesses a huge
amount of rich land.
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YANGTZE RIVER DELTA: WATER-SCAPE TERRITORY UNDER THE
CHALLENGE
The alluvial plain of the Yangtze River Delta is a land with a hydrological
structure. Its hydraulic civilization has a long history and a fruitfully
productive landscape. An ancient Chinese proverb stated that “when the
crops in the regions around the Taihu Lake of Suzhou ripe, there is enough
food for the people across the country.” However, in the same way as
other Chinese cities with an expeditious development process, after the
“Great Leap Forward” - the 1958-62 economic and social campaign of rapid
industrialization of China led by the Communist Party and Chairman Mao
Zedong - the Yangtze River Delta has been undergoing rapid urbanization
and industrialization. Simultaneously, the incompatible modern road system
embedded in this urban hydrological tissue disrupted the original cultural
landscape structure.
Moreover, urbanization and industrialization in the Yangtze River Delta
have significantly impacted the farmland and generated severe pollution
that essentially destroys environments and ecosystems (Fig. 1).
For example, because of the expeditious industrialization and substandard
regulation of the disposal of chemical products, more than 70% of lakes
and rivers in China are contaminated, and approximately 40% of them
are seriously polluted. Taihu Lake, for example, has been terribly tainted,
leading to the lack of access to safe drinking water for so many people
in the area (Huang, 2013). Apart from that, a 2011 analysis organized
by Nanjing Agricultural University showed that 10% of rice sold in China
contained immoderate amounts of cadmium, and some researchers
calculated that as much as roughly 70% of Chinese farmland is adulterated
with toxic chemicals (Huang, 2013).
Meanwhile, there is an increased shift from rice paddies to vegetable crop
farming since water bodies and soil in the area are highly contaminated.
Besides, certain crops and fishing farming have higher profits, which result
in the one-sided pursuit of interests, and this is also one of reasons to make
an obvious adjustment of the structure of rural production in this region.
Thus, there has been a shift from rice, fish and mulberry cultivation to a
large number of mega-fishponds and intensive greenhouses.
Consequently, water pollution is a major issue in the area not only because
of current industrial practice and domestic water dumping into water
bodies, but also intensive agriculture. Farmers have been overloading
soil with nutrients, causing excess organic and chemical waste from fish
and rice/vegetable farming that find their way into water sources (Fig. 2).
Moreover, climate change will increase flood risks and further aggravate
the water pollution problem. The erosion and water waste caused by
intensive agriculture, as well as water, land and air pollution caused by
industrialization and urbanization (Fig. 3), has been making the area
confront serious problems, including food safety (Chen, 2007). The vicious
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Major settlements 1984

Industries located in planned industrial zones
Started before 2003
From 2003 to 2009
From 2009 to 2016
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Urbanized area equal to the lost of agricultural land

Industries located in proximity to infrastructure
Started before 2003
From 2003 to 2009
From 2009 to 2016

Industries layout for 2030
Reduced industrial land
Newly added industrial land

Figure 1. TOP: transformation of the Yangtze River Delta (Occupation = early settlements in a
moving delta (2000 BCE to 600 CE) + river and canal towns in a polder landscape (610 to 1850) +
port of Shanghai on a consolidated coast (1850 to 1949) + rural densification in a productive delta
(1949 to 1978) + towards a metropolis in an engineered delta (1978 to 2014).
CENTER: urbanization of the corridor. The YRD area has been facing a drastic agricultural land
reduction due to a rapid urbanization and industrialization.
BOTTOM: industrialization of the corridor. Industrial building in the corridor are divided
into two types, industries evolving in planned industrial zones and industries evolving
in the landscape using the infrastructural or other local assets of the site.
565

The Plan Journal 2 (2): 563-583, 2017 - doi: 10.15274/tpj.2017.02.02.14

www.theplanjournal.com

circle between agriculture and pollution forces this area, once known as the
“land of plenty,” to rely on imports to meet the growing demand for food.
Food and nonfood processing industries have been implemented in
medium and big cities, leaving rural or production areas with numerous
abandoned industrial buildings. This delocalization, together with the
low-income conditions of farming, have had an important socioeconomic
impact on the population. Those factors have led to the migration of rural
inhabitants towards big cities looking for more lucrative opportunities. At
the same time, a large inflow of migrants from poorer regions of China
have taken over farming activities. Remaining rural farmers now depend
on those migrants by lending their farmland and renting their rooms. This
has become an additional or, in some cases, the main source of income

Figure 2. Top: water pollution in Taihu Basin. From green to black, which is the worse
situation of the pollution. Water quality is very poor, with no water body having the purest
“level I” quality (drinkable without treatment) and a large majority having a quality level above
III (outside drinkable range). Bottom: influence factor of water waste. The water pollution of
Taihu Lake is characterized by the severity of eutrophication and high frequency of algae
bloom, which is mainly due to the domestic waste from rural and agricultural pollution.
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for remaining rural farmers. In fact, rural areas have been at the core of a
profound social transformation of the local population.
Under the risk of rapid urbanization, dreadful pollution and climate change,
how could the Yangtze River Delta develop? Despite such drastic
transformations, one cannot ignore that the main asset of the delta is still
rich land with high potentials for agriculture and aquaculture. Within this
context, the main issue is how to provide a new sustainable paradigm of
productive landscapes that allows not only to halt the current biodiversity
crisis, but also to ensure imperative production. Moreover, how can the
landscape be organized to interact with the social, economic and cultural
dynamics of the region?

Urbanization area

Problematic areas

Low soil quality area

High soil erosion level area

Low healthy level area

Water waste conditions

Figure 3. Soil conditions in the corridor scale (low soil quality area - assessment according
to potassium, phosphorus, PH, soil thickness and organic matter; high soil erosion level area
related to low vegetation cover, less rainfall and intensive agriculture; low healthy level area
caused by rapid urbanization and industrialization - assessment according to heavy chemical
elements; water waste conditions).
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DESIGN STRATEGY: SHIFTING AGRICULTURE
The design strategy (Fig. 4) is to shift the paradigm of agriculture, from
mono-nature and intensive agriculture to a diversified and naturalized
landscape by restoring the delta’s natural properties and hydrological
rhythm as well as rearranging natural dynamics including water and land.
The shift to a resilient agro-economic landscape is an “eco-leap” that is
definitely possible to be imagined for the future.
In order to achieve this productive landscape, local and fecund vegetal
species, identified to be promoting integrated systems based on
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eco-systems, will be introduced, and embedded within a sustainable
economic development strategy (Fig. 5). According to a research on
species to be used for this design intervention, the productive species
chosen to be introduced with the project are predominantly native, for
example: Taxodium distichum, Castanea mollissima, or Ilex cornuta. These
species could be definitely well grown in the area. In parallel, some local
species, and even some protected species, which used to be planted in the
region, but taken down during the process of urbanization, to be replaced
by some typical types of street trees (e.g. Cinnamomum camphora), will be
re-established to bring back a diverse urban environment.
Moreover, these local species could contribute to the ecosystem and
economic system of the region by providing many uses and benefits.
For instance, Taxodium distichum is not only an urban tree that could
be cultivated as an ornamental one, but it could also be considered
as a woody tree used for afforestation and prevention of soil erosion.
Furthermore, the wood is widely used in buildings, ship construction, and
furniture manufacture. Another example is Juniperus virginiana, which is
not only cultivated for ornament and planted for afforestation, but also plays
a vital role in preventing soil erosion, soil salinity, air pollution (together with
bamboo); additionally, it helps attract birds and pollinating insects, including
beneficial parasitic and predaceous wasps, and helps decrease the number
of harmful insects for the area.
“OPPORTUNITY MAP” - CONTINUOUS PRODUCTIVE LANDSCAPES
The ecosystem needs to be understood at multiple scales - from
microscopic to metro-region. At broader scales, connectivity is important
because many ecosystem services depend on corridors to form networks
(Ahern, 2016). In the case of the Yangtze River Delta, it is very far-sighted
to coordinate the comprehensive utilization of nearby infrastructures as well
as of rural agriculture, and to take advantages of any space with uncertain
uses such as open spaces, old buildings and brownfields; in other words, to
combine top-down and bottom-up strategies to build continuous productive
landscape networks.
In terms of the bottom-up perspective, the crop planting structure has
been found to be undergone tremendous changes because of the onesided pursuit of high production. There has been a huge number of
mega-fishponds, while the dikes between ponds have been shrinking.
The uncultivated dikes were covered with weeds, and some of them even
collapsed, leading to an adverse impact on the ecological environment of
fishponds.
Given both the ecological agriculture advocated by the Chinese government
in recent years, and the tradition of indigenous mulberry-fishpond
pattern, the DNA structure of agricultural pattern in this region should be
regenerated. Besides, similar to many rapid-developing industrialized cities,
also the delta saw the generation of many brownfield lands.
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Figure 5. Plant palette. The (re)introduction of local and protected-productive species is
implemented into spatial conditions according to a seasonal cycle.
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As far as the top-down perspective is concerned, taking into consideration
climate change, urban-rural integration, etc., Suzhou put forward an ambitious
“green corridor strategy,” integrating green infrastructures with the water
system, to form a blue and green network. Nevertheless, the mono-species
street network, the wide underused area of the greening program and the
lack of integration of different urban tissues make this excessively general
plan look unconvincing. This strategy indeed provides an ideal site for
multi-functional productive landscapes. (Figs. 6, 7)
METHODOLOGY: MUTUAL MANAGEMENT AND CONTROL OF LAND
AND WATER DYNAMICS
It is obvious, but it needs to be emphasized, that the delta’s fertile land has
the potential to carry out productive landscapes, including agriculture and
aquaculture, as a result of the interaction between land and water, and more
precisely: topography, water depth, and soil quality (De Meulder, Shannon,
and Rojas Bernal, 2015). At this time, as the delta is out of balance and order,
different agro-ecological regions are separated and corresponding planting
strategies are adjusted by a re-evaluation of the soil condition under the
delta surface. Therefore, this strategy can balance the ecological impacts
of urbanization and intensive agriculture in the region, and re-clarify the
productive landscape of the delta’s dynamic ecology. (Fig. 8)

Figure 6. Collage of potential space for productive landscape. The top image represents
abandoned industries, with the space for agriculture and fragmented agriculture in the
village next to it; in the middle, there is an eco-infrastructure; the bottom image represents
fishponds.
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Potential space for productive landscape

Figure 7. Potential space for productive landscape. The top-down (eco-infrastructure) and
bottom-up (fishponds as DNA of agricultural units) strategies are integrated to create the
productive landscape network including water, forests, and farmland.

ECO-STRATEGIES IMPLEMENTATION
The different agro-ecological zones (Fig. 9) seem to be spread all over the
region, but when focusing on individual sectors, distinct spatial distribution
becomes recognizable. The marked red areas, which suffered from low soil
quality due to the quality of the water, are highly concentrated at the edge
of water bodies. The blue areas, with high level of soil erosion, are mainly
concentrated in districts of rapid urbanization and intensive greenhouses.
The orange areas, with low-level healthy soil, are more concentrated in
towns and villages next to industrial districts. Compared with the above,
the green areas with a broad distribution have quality soil and water
conditions good enough to grow diverse crops. All these zones can be
sub-categorized into three types: farmland, fishpond and open green
spaces. Hence, our choice, to sample within this project, of the three most
representative sites in the corridor to be analyzed and implemented: “Edge
of Fishponds” (fishponds in four agro-ecological zones), “Edge of Industrial
Areas and Settlements” (fishponds, farmland and green spaces in orange
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Figure 8. Section showing the situation combined with soil conditions and topography.

areas), and “Edge of Waterbodies” (open green spaces in red areas).
According to the existing agricultural ecosystem conditions, the intensive
agriculture patterns on these different locations change, and multi-vegetal
species identified to be promoting integrated systems are re-introduced, as
embedded parts in a sustainable economic development.

Potential space for

productive landscape

Problematic space

Strategic typology

Figure 9. Different strategic typologies or agro-ecological zones are identified to implement
different eco-strategies to shift agriculture by overlapping potential space for productive
landscape and problematic areas defined by topography and soil conditions.
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Strategy for the Edge of Fishponds		
As mentioned before, the fishpond is one of the most basic units of
agriculture on site which used to be implemented in the mulberry-fish
model. However, these fishponds have consolidated in the past few
decades, while the dikes between ponds have been shrinking and
decaying. In fact, this cultural landscape, the so-called mulberry fishpond,
once found in the Yangtze River Delta, is one of the earliest examples
of eco-agriculture. Based on a deep understanding of natural waterrelated characteristics and ecosystem performances, this traditional
model creates a sustainable, closed system in which the waste products
from one process are utilized in another (Fig. 10). Moreover, a dike-pond
system is also a small artificial wetland system. By virtue of the interaction
between land and water, flora and fauna, the ecological and economic
benefits of pond farming are maximized. Under the contemporary
challenges, this indigenous water-based productive landscape seems
to provide an example to the decaying basic agricultural unit on site,
intensive mega-fishpond, to become a sustainable productive landscape.
In order to balance between land and water and to create an active
connection between each other, the dikes between ponds have been
broadened. The dikes are high and safe, and they could help prosper
functional and productive crops to co-develop. Likewise, these dikes are
divided into four types, according to the specific soil conditions. Healthy

Figure 10. Traditional fishpond operation and garden plots on adjacent lands, showing
energy and nutrient flows in a closed system, in which waste from one function is used in
other functions.
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Figure 11. Strategy for fishponds with healthy soil. Top: before implementation; middle:
after implementation; bottom: the mulberry cycle after implementation. The berries
produced ensure food security and could be processed in the abandoned industries on the
site, whereas the production of silk could be partially or totally processed in the Wujiang
industrial park. Meanwhile, it can create about 15 million jobs in a decade. Moreover,
as a substitute for titanium, the silk could be used by the spacecraft industry for plane
engine, desalination plants, medical purposes (prostheses and orthopedic implants), sports
products and mobile phones.
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and productive dikes will support the growing of mulberry trees that could
enrich the soil, various crops, and fruit trees. The edge space between the
dike and the pond could be seen as a micro-wetland, where local aquatic
species are scattered. The interaction between ducks, aquatic plants,
fishes, mulberry trees, and crops could come up with a sustainable and
closed cycle. Intensive fish farming would be replaced by a self-regulating
organic system that can increase lake biodiversity. The local plant mulberry - could be one of the main species to be re-introduced, because
of its ecological benefits and cultural identity, as well as its new economic
uses (Fig. 11).
Other types of dikes that suffered from soil pollution would have the
productive and functional landscapes selected according to their soil
conditions, and at the same time, they could help repair land problems.
For example, dikes with low-quality soil would have the species that could
enrich the soil planted; concurrently, the ponds are prone to be transformed
to plant inter-cropping cereals.
Strategy for the Edge of Industrial Areas and Settlements
The land is located mainly in the transition areas between villages and
industrial zones that suffer from chaotic spaces (Fig. 12). Accordingly,
abundant domestic sewage pollution has threatened sensitive productive
areas including mega fishponds, decaying wetlands and farmlands.
Creating buffers around sensitive areas could contribute to lessening
negative edge effects, a useful conceptual basis for maintaining
biodiversity, ecosystem function, and ecosystem resilience in production
landscapes (Fischer, Lindenmayer & Manning, 2006).
The strategy is to cultivate the buffer zone, or micro-forest represented by
bamboo and ginkgo, stitched up the crack between the industrial area and

Figure 12. Strategy for brownfield. Top: before implementation; bottom: after implementation.
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the village. It would help protect and connect the fragmented farmlands and
wetlands, purify the water run-off and fertilize the soil, which could make
the whole eco-system more adaptive to the pressure of human industrial
activities.
This strategy provides a fundamental point for the integration between
conservation and production. Transforming sensitive areas and
implementing buffers will play a vital role to put an end to the current
biodiversity crisis. The transformation of the rich productive landscape
could as well benefit the ecosystem and ameliorate living standards for
people.
Strategy for the Edge of Water Bodies
The land near water bodies is mostly problematic, as lowlands suffered
from soil erosion and low productivity (Fig. 13). At the same time, it is
easily influenced by heavy rainfall and flooding in wet seasons. Therefore,
a more natural and multifunctional adaptive system, such as the wetland,
is introduced through a cut-and-fill strategy that balances the earthwork on
site.
The strategy creates a flood resilient zone that develops multilayered
productive landscape. The topography will be reshaped to create a slope
that could create diverse productive species and wildlife habitats. The local
species re-introduced to the wetlands need very little maintenance. For
instance, reed is one of the local aquatic species that can clean the water
and provide better living conditions for other species - various types of

Figure 13. Strategy for the land near water bodies, as well as for fishponds with low soil
quality. A micro-eco-system: Taihu Lake + Wetland + Micro forest + Farmland. Top: before
implementation; bottom: after implementation.
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Figure 14. Strategy plan.

fish could in fact be attracted to the area again. Besides, it could also be
harvested as a Chinese medicinal herb and used in everyday life as pillow
and broom. Additionally, within the constructed wetlands, micro-topographic
alteration generates flexible spaces that are not only productive of local
species for high-valued industries, but that could also allow people to enjoy
the multi-layered landscape adaptive to the seasonal floods, and protect
the farmlands behind it.
In the whole delta region, the micro-eco-systems and nature will be merged
and susceptible to work together across scales. (Fig. 14)
Interaction and Co-Benefits: Industrial Platform, Land and Water
Transportation
There are two principal benefits from these eco-strategies. Firstly, the ecoagricultural system increases the resilience of the agriculture as well as the
industry. The transformation of the planting structure including mulberry,
peanuts, bamboo, ginkgo, etc. could build a more diversified industrial
economy. Besides mulberry, Arachis hypogaea or peanuts, for example, in
addition to being used for food, is used as a source of oil, soap, cosmetics,
green fertilizer, fodder, and paper. Therefore, there will be a big demand for
processing industry once Arachis hypogaea is introduced to be cultivated
widely in the area. Another example is the ginkgo biloba, whose wood is
used in furniture making, the leaves are medicinal and used for pesticides,
the roots are used as a cure for leucorrhea and the seeds are edible.
Hence, ginkgo biloba will also generate a new era of processing industry
for the whole region of the Yangtze River Delta. These productions could
meet the needs of everyday life and simultaneously provide a high potential
to extend the production and processing chain to build high-end products by
collaborating with cultural entrepreneurship and research institutes (Fig. 15).
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Meanwhile, this strategy would create a relationship between the productive
landscape and the drosscape, leading the development of the agroindustry.
As it can be seen from Figure 1, there are two types of industries, and the
second one concerns old traditional industries that are in the process of
being transformed. Besides, a revised plan about moving some industrial
areas out of the corridor has been proposed by the city of Wujiang, with the
aim to conserve the water landscape.
On one hand, the present industries could become brownfield after
the removal, leading to the creation of new open land to organize the
productive landscape according to soil conditions - although the soil of
sites once occupied by factories should be examined - and giving the new
appearance to these former industrial areas. On the other hand, given
the lack of food-processing system within the corridor, these empty and
abandon factories will be transformed into high-valued production industries
to store and process agricultural products.
Thanks to high accessibility along the infrastructure, more complex space
combined with institutes, public space, and recreational services, can be
created. Thereby, this combination could not only meet the demand of
local people but also attract all aspects of “talent” such as highly-educated
farmers, outgoing farmers, researchers, and young people to achieve
sustainable development.
The strategy will blend with the surrounding area on both local and regional
scale not just by continuous productive landscape but also by social
and economic activities to reach a holistic urban-rural continuum without
boundaries between urban, rural and industrial areas.
Secondly, the region with a dense water network does not have a
systematic land transportation, even if the government keeps building new
roads. Moreover, the desolate water transportation makes remote villages
inaccessible. The development of agriculture and industry could become
an opportunity to revive the waterways, which are much cheaper and more
environmentally friendly, reaching the balance between land and water
transportation. It provides excellent opportunities to form a multi-level
ecological and efficient public transport system, as well as strengthen the
exchange of the flow of goods, people, and information.
BACK TO THE FUTURE
Traditionally, the production and life of people living in the Yangtze River
Delta depend on the hydrological structure. Engineering, modernization,
and strong economics-driven policies have significantly changed the
relationship between life and water. Climate change and acute pollution
force people to rethink this area, which could be clearly seen as a rich
low-lying alluvial plain with dense water networks. Returning back to the
past, back to the delta’s indigenous civilization, also means moving forward
into the future.
The major strategy is to revive diverse productive landscape to support
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Figure 15. From top
to bottom, the bamboo
cycle, the peanuts
cycle, the ginkgo cycle.
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urban sustainability and resilience by creating the optimal interaction
between water and land in spite of contemporary environmental pressure.
Meanwhile, the interventions on the landscape dynamics are applied across
scales, interacting with economic, social, and cultural aspects. Finally,
these continuous productive landscapes, integrated with brownfield,
eco-infrastructure and farmland, will also interweave with nature.
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Connecting Water Resources
across Political Borders:
A Pearl River Delta
Special Ecological Area
Jason F. Carlow, Ivan Valin, Stefan Al

ABSTRACT - Situated between several interdependent political and
economic zones of southern China’s Pearl River Delta, the Pearl River
Delta Special Ecological Area (PRD SEA) project explores the possibility
that regional administrative boundaries could be softened and redrawn
along ecological boundaries. With the advent of global sea level rise and
its impact on the fragile fresh water ecology and huge population of the
Pearl River Delta, the project proposes novel ways to share fresh water
and wastewater across political zones to better administer and profit from
the distribution of water resources.
Climate change, urbanization, and pollution from industrial and agricultural
development threaten the steady supply of fresh water to the Pearl River
Delta and its cities, while population growth in the region only increases
demand. At the same time, Hong Kong, Macau and Shenzhen’s increasing
economic, political and cultural interdependency presents the possibility
to tackle these challenges holistically. Layering a regional water resource
infrastructure onto existing and new industrial, residential, agricultural
and transportation armatures would transcend borders and create new
economic markets through ecologically sustainable practices.
Keywords: delta ecology, ecological infrastructure, Pearl River Delta,
resilient infrastructure, wastewater treatment
Situated between several interdependent political and economic zones of
southern China’s Pearl River Delta, the Pearl River Delta Special Ecological
Area (PRD SEA) project explores the possibility that regional administrative
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boundaries could be softened and redrawn along ecological boundaries.
With the advent of global sea level rise and its impact on the fragile
fresh water ecology and huge population of the Pearl River Delta, the
project proposes novel ways to share fresh water and wastewater across
political zones to better administer and profit from the distribution of water
resources.
The PRD SEA proposal was one of six projects initiated and funded by
the curators of a special exhibition, entitled Counterpart Cities, within the
2011 Shenzhen/Hong Kong Bi-City Biennale of Architecture and Urbanism.
Counterpart Cities curators Jonathan Solomon and Dorothy Tang designed
the exhibition to raise local and international awareness of the challenges
and opportunities that climate change and human intervention will bring to
the unique ecology of the Hong Kong and Shenzhen region.1 The exhibition
brought together multidisciplinary design teams from both sides of the Hong
Kong and Shenzhen border to research challenges and propose solutions
to systemic changes in the fresh water infrastructure, shore ecology,
and port systems of the two cities. The PRD SEA project team worked to
address the problems of fresh water infrastructure. Rather than focusing
narrowly on the Hong Kong and Shenzhen territories, the PRD SEA defined
the project site more broadly to look at the ecosystem and infrastructure of
the larger Pearl River Delta region.
Climate change, urbanization, and industrialization threaten the steady
provision of fresh water to the Pearl River Delta and its cities. Most of Hong
Kong and Shenzhen’s fresh water comes from the Dong River, which is
impacted by increasing salt-water intrusion because of decreased stream
flows and higher sea levels, pollution from industrial and agricultural
development and extreme conditions of drought and rain as a result of
climate change. On top of environmental issues, high population and GDP
growth rates will continue to pressure the demand for fresh water.
However, a series of opportunities arise within this dynamic context as
well. China’s planned political reunification with Hong Kong in 2047 and
Macau in 2049 presents the possibility to tackle environmental threats
holistically and to exploit the interconnectedness and interdependencies
in the Delta landscape related to the allocation of potable water. New
high-profile infrastructure projects such as the 50 km [31 mi.] Hong KongZhuhai-Macau Bridge (HZMB), allow for potential synergies with the
everyday infrastructures like the fresh water production, supply, and storage
infrastructures across the region.
The Pearl River Delta, that low-lying basin born of sediment carried from
inner China, is a constantly shifting environment of agriculture, critical
wetland and lowland habitat, and - recently - nearly continuous urbanized
landscapes. As this region consolidates through infrastructural planning and
economic development, we propose that an “ecological” term is needed:
the Pearl River Delta Special Ecological Area.
The PRD SEA is a zone of interconnected water resources encircling the
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estuary (Fig. 1). To address the challenges of fresh water provision and
wastewater treatment in the region, the PRD SEA proposes a zone of
interconnected water resources. The proposal adopts four water resource
strategies: move from a centralized to a decentralized system of water
supply and recovery; link independent systems to enable resource sharing;
piggyback new systems on defunct, existing and planned infrastructure;
and finally treat wastewater as a resource.
The proposal imagines a fundamental realignment of water resources
from a centrally managed source-to-user system, to one that is dispersed
and interdependent, relying on a distributed, user-as-source network.
Traditionally, the collection and storage of fresh water, the distribution
of potable water, and treatment of resulting wastewater are found in
independent systems. Within the PRD SEA, systems would be networked
into a continuous loop of fresh water and treated wastewater conduits,
allowing shortage and surplus in local systems to be absorbed and
resources between the municipalities of Hong Kong, Shenzhen, Dongguan,
Guangzhou, Zhongshan, Zhuhai and Macau to be shared. Along its length,
the Loop could store water like a reservoir, but distribute it like a pipe.
Effectively, the network is a water equivalent to the “smart” electricity grid.
This integrated system includes water distribution networks, water
reservoirs, wastewater treatment plants, desalination plants, levee systems,
and constructed wetlands. They will occupy parts of future and existing
infrastructure, such as the new Hong Kong-Zhuhai-Macau Bridge, existing

Figure 1. A masterplan of the Pearl River Delta Special Ecological Area depicts the water
supply loop connecting various resources distributed throughout the various political entities
of China’s Pearl River Delta.
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highways, dykes, pipelines, water reservoirs, factory complexes and
residential estates. This unlocks a number of synergies. For instance, water
reservoirs will not only store water but can also be turned into pumped
storage-hydroelectric power facilities that power the new water distribution
network. Constructed wetlands will not only treat water but will also
environmentally remediate contaminated land, serve as recreational space,
and increase biodiversity.
Wastewater, no longer simply a waste, is reclaimed and distributed as a
resource for sustaining development and reducing demand for treated
fresh water. While such water-reuse strategies are best practice at the site/
development scale, they are not often harnessed as a larger infrastructure.
Considering that a large percentage of buildings in Hong Kong use
seawater for toilet flushing and water-cooling, the city will be able to export
treated wastewater that could be distributed to industrial areas on the east
side of the Pearl River estuary. At the same time, fresh water flowing from
constructed wetlands on the east side of the Pearl River Delta or from new
desalination facilities along the HZMB could be distributed to Hong Kong.
The project is unique in that it looks at not only ecological systems
but architectural, economic, transportation and political systems for
opportunities to integrate into a comprehensive infrastructure. Layering a
regional water resource infrastructure onto existing and planned industrial,
residential, agricultural and transportation armatures would transcend
borders and create new economic markets through ecologically sustainable
practices.
PROJECT COMPONENTS
Residential Zones: Vertical Wastewater Treatment
Hong Kong’s extensive new town developments and their counterparts in
the PRD areas are largely residential developments. The housing estates
and private developments commonly feature high-rise residential towers.
These towers hold enormous potential for providing large vertical surfaces
that can be used for water filtration and treatment. This natural, gravitydriven process will reduce the burden on costly new centralized systems
as population centers expand and grow in the coming century. Treating
wastewater at the source will help to preserve limited fresh water resources
for drinking.
The vertical water treatment system can be designed in parallel with new
buildings, which are increasingly incorporating modular BIM technologies.
Likewise, upgrades can be integrated into facade systems of existing
buildings as part of regular upgrading works. Since plumbing systems
in Hong Kong and Shenzhen are generally located on the exteriors of
facades, the potential for onsite treatment is relatively simple and cost
effective, as they required no structural alterations. In addition to providing
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treatment of wastewater into reusable grey water, the facade systems
would sustain planting, establishing vertical green zones on facades to
provide air-pollution absorption, solar shading and passive cooling on south
and western facades (Fig. 2). The overall system will reduce energy costs
through decreasing air-conditioning costs and reduce overall fresh water
consumption. Housing estates with vertical treatment systems plug into
the overall PRD SEA loop to contribute this pre-treated wastewater for
use in areas needed throughout the delta. Incentives for facade treatment
systems may include reduced taxes or increased Gross Floor Area (GFA)

Figure 2. Wastewater collection and vertical water treatment systems are layered onto the
facades of residential towers to take advantage of gravity-driven purification systems.

Figure 3. This diagram illustrates the various components of vertical wastewater treatment
systems attached to residential tower facades.
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allowances for developers. Vertical wastewater treatment systems feature
slow, gravity-driven flow. Wastewater is pumped to storage facilities on the
top of the building where initial sedimentation occurs. From there, water
moves down through a series of sand filters, aeration systems and solar
disinfection zones and is ultimately captured in the PRD SEA wastewater
loop (Fig. 3).
Industrial Zones: Phased Water Remediation
The northern sector of the Pearl River Delta is an expansive zone of
industrial sprawl known informally as the factory of the world. It is a
landscape of making and distribution driven by the Special Economic
Zone (SEZ)/Special Administrative Region (SAR) pairing of Shenzhen
and Hong Kong and the Pearl River Delta itself: a resource rich landscape
with direct connections to the world’s markets. As urbanization in the
PRD continues to expand and develop, the region’s legacy serves as an
obstacle to sustainable growth. Vast swaths of industrial and manufacturing
sites surrounding cities like Guangzhou, Dongguan, and Shenzhen are
brownfields with extremely contaminated soil and groundwater. These
sites are a threat to human health and an impediment to sustainable urban
growth as developers choose instead to build on less capitally intensive
agricultural or green-fields. Furthermore, these sites - many of which
are located in low-lying areas alongside waterways in the Delta - pose
a threat to the environment as sea-levels rise to predicted levels. Their
contaminated soils will leech into the water and prevent the formation of
ideal intertidal habitat.
By incorporating these sites into the SEA’s greater network of water
cleaning and distribution infrastructures, these sites can once again
become vital and productive landscapes enabling safe and sustainable
urban environment.
The strategy for the first phase for the industrial zones is centered on the
reuse of outdated manufacturing districts. Abandoned factories throughout
the industrial zones of Shenzhen, Guangzhou and Dongguan may sit
idle but remain as physical collections of large structures connected to
a robust and multi-layered infrastructure of water supply, electricity, and
transportation that can be leveraged in the first step of their transformation.
The need for wastewater treatment in the PRD is immediate and growing.
Most of the waterways are already polluted to unacceptable levels. Small to
medium wastewater treatment cells might be inserted into these abandoned
spaces to meet some of this immediate demand, reusing as much of the
structural and distribution infrastructures as possible to insure a rapid
deployment (Fig 4).
The second phase of the proposal for the industrial areas involves
remediation. Working first in conjunction with the wastewater treatment
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cells, landscaped components such as settling ponds, living machines, and
pond wetlands can be implemented to pre-treat or polish water coming into
or leaving the treatment cells (Fig. 5). These natural systems will reduce
the energy demands and costs of the treatment plans while increasing
their flow-rates. Individual species within these productive ecologies can be
chosen for their capacity for phyto-transformation and phyto-stimulation to
take place and directly improve the quality of the land and groundwater of
the site. Gradually, the intensive wastewater treatment processes could be
phased out by more extensive natural systems and living machines.
As sites are remediated, they can then be safely developed for residential
or commercial use, thus funding the next round of cleanup in other regions
within the PRD SEA.

Figure 4. Variations of wastewater treatment and ground remediation systems layered onto
and between existing industrial zones of the Pearl River Delta.

Figure 5. An illustration of how wastewater treatment systems may be integrated into
Pearl River Delta industrial districts.
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Levee Network: Coastal Farming and Filtration
The lands most threatened by sea level rise and rapid urbanization in the
Pearl River Delta are the low-lying agricultural areas that ring the estuary,
especially along the less developed western edges. Reclaimed from
the mud flats and marshes of the delta, these landscapes are important
sites of food production and a critical habitat for endemic animal species
and migrating birds. Squeezed between tidal zones and expanding
urbanization, agricultural zones and remaining habitat fragments will shrink
and eventually disappear. Also lost will be the buffering function of these
wide swaths of farmland, lowland and wetland - replaced by seawalls,
floodgates, and storm sewers, as sea levels rise. In re-imagining our
potable water cycle, we must consider this important, if unrecognized,
link in the system. We propose to integrate landscape-planning strategies
into the SEA’s water network by protecting and reinforcing these sites as
zones of important ecological services such as water treatment and flood
protection.
The levee is the most critical element in the delta landscape. In affording
the reclamation of land behind, the raised mounds also function as a
road network while their steep slopes are narrow shelves for littoral plants
and animals to survive. Yet levees are often weak and ad-hoc, poorly
maintained and monitored, and implemented without any larger organizing
framework with which to capture the advantages of scale and distribution.
Agricultural and low-lying areas within the SEA will be augmented and
maintained as a single system. The role of flood protection and food
production will be strengthened, while functions of habitat, recreation,
and water filtration are greatly expanded (Fig. 6). Working with existing
patterns of land use and hydrology, the edge will be constantly surveyed
and evaluated to ensure a best fit for an ever-changing environment.
The project proposes that the components of a levee face, backslope
and crown, are applied at a regional scale to construct a more resilient
landscape.

Figure 6. Diagrams for three strategies of flood protection and water treatment to be
integrated into coastal agricultural areas of the Pearl River Delta (PRD).
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Figure 7. A rendering of various flood protection and water treatment systems to be
integrated into coastal agricultural areas of the PRD.

The backslope is composed of protected agricultural land within a matrix
of water filtration zones. These terraces are stacked sequentially to induce
natural water flow across their surfaces for both agricultural and ecological
benefit. The high point, or crown, that keeps out the highest waters, is
organized around the most critical regional infrastructures and the new
water delivery system proposed at the heart of the SEA. This wide ridge
will be too broad for under-seepage or overturning associated with typical
levees, and breaches will cease to be a possibility. The expanded
water-free zone will also allow more possibilities for development, and
the safe, waterside land can be leveraged as a funding tool. Levee faces,
fronting on the tidally-effected estuary waters, will benefit from planned
linkages to expand and connect tidal marshes with intervening halophytic
agriculture or recreational development (Fig. 7).
HZMB: Linear Desalination
The Hong Kong-Zhuhai-Macau Bridge is a 50 km-long [31 mi.] bridge and
tunnel system being built to link the east and west sides of the Pearl River
Delta. The level of investment necessary to complete the bridge is so large
that it makes little sense for the bridge to act as only a vehicular link. This
proposal for the HZMB weaves new water resource infrastructure onto the
viaduct in the form of a linear desalination plant and new water storage
facilities (Fig. 8). The bridge is an integral part of the PRD SEA water
resource loop for the connectivity it provides and its proximity to seawater.
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Figure 8. A diagram of five components of energy generation and water desalination systems
built onto the Hong Kong-Zhuhai-Macau Bridge (HZMB).

Figure 9. A rendering of the HZMB with linear arrays of solar panels and water storage tanks.
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The proposal makes use of the bridge deck to hold water tanks and
desalination equipment that feed fresh water directly into the SEA loop.
The bridge structure supports the pipelines for potable and treated
wastewater along its length (Fig. 9). The structure also supports solar panel
arrays and a pumped water hydroelectric system. These systems for creating
cleaner energy are positioned to collect electricity to power the overall loop,
while excess energy can be fed back into the regional electrical grid.
Newly built, artificial islands at either end of the HMZB tunnel will be utilized
for larger scale parts of the desalination process and fresh water storage.
Passengers in vehicles passing over the bridge are able to see the water
and energy systems on display to help visually embed the water system
in the public conscience.
PROJECT PHASING AND TIMELINE
Given the scale and the scope of the overall project, a phased deployment
of the infrastructure is necessary (Fig. 10). However, the decentralized
nature of the system makes incremental activation and operation of
pieces of the system possible even during a phased construction process.
Individual municipalities could begin work on building the pieces of the
infrastructure that fall within their territories. As the mainland China territory
of the Pearl River Delta region approaches the a more complete political
unification with Hong Kong and Macau in 2047 and 2049, the wastewater
and water supply loops could begin to close. A fully connected water
interchange could be in place by the year 2050.
CONCLUSIONS AND OPPORTUNITIES
A strategy for piggybacking a water resource loop onto existing vehicular
networks could pave a path for weaving other types of connective
infrastructure together as the PRD continues to transform and develop.
If designed with care and attention, the PRD SEA loop could attract a
wealth of public amenities and investment opportunities.

Figure 10. A phasing diagram of how the Pearl River Delta Special Ecological Area water
resource loop may be developed over the coming decades.
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Projects like New York City’s High Line is an example of a reconditioned
piece of defunct infrastructure that has paid for its initial investment
multiple times over when considering the extreme increase in value
of the real estate market it has generated and the leisure and cultural
amenities it has attracted in the years since its redevelopment. The first
phase of the High Line, a 1.5 mi. long [2,4 km] linear park that runs on a
raised viaduct through New York City’s Chelsea and Meatpacking District
neighborhoods, used $152 million in public funding and more than $300
million in private donations.2 It draws more than six million visitors per year
and has established itself as one of New York’s premiere tourist attractions.
The High Line’s economic impact on its surrounding neighborhoods has
been profound. To gain support for the park from property owners, the city
created a special zoning district that allowed property owners to sell their
air rights above the High Line to be reallocated to selected areas within the
neighborhood, allowing densification of the area surrounding the park and
justifying the city’s investment. The New York City Planning Department
in 2011 estimated that twenty-nine new projects built since 2006 around
the High Line accounted for 2,558 residential units, one thousand hotel
rooms, and 423,000 sq. ft. [39.298 m2] of office space and drew more than
$2 billion in private investment and twelve thousand new jobs.3 One study
calculated that the High Line increased property tax receipts within
one-third of a mi. [536 m] of the park by $100 million in 2010, nearly
repaying the city’s investment in just one year.4
Another precedent is the Atlanta BeltLine, an ambitious project to build a
22 mi. loop [35 km] of rail transportation, 33 mi. [53 km] of multiuse
trails, and 1,300 acres [526 ha] of parks on (mostly) abandoned railways
surrounding the core of Atlanta, Georgia over 25 years.5 When complete,
this so-called “Emerald Necklace” (borrowing a term from Frederick Law
Olmsted) will connect forty-two neighborhoods through high-quality public

Figure 11. An unwrapped, linear drawing of the Pearl River Delta and Pearl River Delta Special Ecological
Area loop that visually reconstructs the urban geography in relation to the new infrastructural loop. The
drawing reimagines actual political and geographical boundaries around ecological connections.
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transportation and 20 ft. wide [6 m] pedestrian and bicycle superhighways.
First proposed in a 1999 graduate thesis by Georgia Tech student
Ryan Gravel, the project broke ground in 2006 after an extensive public
engagement and planning process, and the first trail section of the project
opened in 2008. The initial portions of the project were funded using a
special tax-allocation district agreement between the City of Atlanta, Atlanta
Public Schools, and Fulton County, wherein the jurisdictions agreed to
dedicate future property tax revenue increases along the BeltLine corridor
over the next 25 years to construction on the BeltLine. In 2016, Atlanta
voters approved a sales tax referendum worth an estimated $2.5 billion
over the next 40 years to fund public transportation, including $66 million to
complete the BeltLine. Although to date only a few stretches of the multiuse
trail portion of the project are complete, the project is already having a large
economic impact on surrounding neighborhoods. Since 2005, more than
fifty projects and $1 billion in private investment have taken place in the
BeltLine corridor.6 As with the High Line, however, critics of the BeltLine
point to displacement of low-income residents associated with rising land
values as a sign that the economic gains realized by the BeltLine are not
universally enjoyed across the economic spectrum.7
In addition to potable and wastewater facilities, the loop could also host and
link recreational zones, nature preserves and critical habitats for migratory
species. Bicycle, walking and hiking paths could be integrated to link
communities on all sides of the delta. Increased residential development
along the loop could take advantage of potable water sources and
wastewater treatment possibilities while positively affecting the value
of land and quality of life for residents.
Maintenance is a challenge for cross-boundary infrastructures, but the
PRD SEA could be managed in a similar way to transportation infrastructure
between states and municipalities. Interdependent organizational entities
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like port authorities, interstate highway departments, energy grids and
rail networks could provide managerial and institutional models for an
SEA loop. The fact that China generally controls and will eventually totally
control most of the territory in the PRD is beneficial in this delta scenario.
Transportation links that are presently under development such as the
Hong Kong-Zhuhai-Macau Bridge and Beijing-Guangzhou-Hong Kong
high-speed railway (Jingguangshengang Railway) are evidence that
separate administrative entities in the PRD region are capable of
cooperation when there are future economic gains to be created.
The scope of other projects in mainland China such as the Three Gorges
Dam or the New Silk Road demonstrate the nation’s willingness to take on
huge engineering projects in the name of long term growth and development.
Ultimately, the project proposes to obscure political boundaries in favor of
ecological ones. An unfolded delta network diagram (Fig. 11) visualizes
the PRD SEA fresh water and treated wastewater loop as a linear form.
It highlights border crossings, water bodies, and reconstructs the urban
geography in relation to the new infrastructural loop. In doing so, the
delta is understood as a continuous network organized around shared
water resources, rather than a series of zones divided by political and
geographical boundaries.
With the introduction of a shared water infrastructure, the political
and economic relationships between the municipalities and special
administrative regions along the PRD SEA become more sophisticated in
their capacity for exchange. As of now, the Special Administrative Regions
of Hong Kong and Macau are creating demand for potable water in a
unidirectional resource supply chain. The multilateral exchange of valuable
potable water for re-valued wastewater would lead to a more equitable
resource trade platform for the various political constituents.
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Challenges of Disaster Relief
Housing: Evaluating Coastal
Domestic Typologies
in Eastern Sri Lanka
Kira Bre Clingen, Mark Robert Bavoso

ABSTRACT - In the aftermath of the December 2004 tsunami, an
unprecedented natural disaster that disproportionately affected the
impoverished and conflict-ridden eastern coast of Sri Lanka, the
outpouring of disaster relief and support for housing reconstruction was
primarily led by international aid organizations for the erection of capitalintensive dwellings to allow for immediate habitation. Three case studies
representative of significant housing typologies deployed since the tsunami
are investigated: two global prototypes sponsored by foreign aid, and
one informal, vernacular construction. We argue that in Sri Lanka the aidhousing-as-commodity paradigm - which in its specificity and immutability
disregards the robust tradition of integration between natural and built
environments and between individual and community - represents an
increasingly and unsustainably risky expenditure of capital resources due
to the likelihood of more frequent disasters in coastal zones. We argue
for a shift toward spatial frameworks, not static prototypes, which take
into account that the longer temporal dimension of rebuilding community
and housing after a natural disaster is not necessarily synonymous with
expensive, structurally robust building practice.
Keywords: coastal vulnerability, community, disaster housing, disaster
reduction and relief, foreign aid
The December 26, 2004 Indian Ocean tsunami caused by the SumatraAndaman earthquake was an unprecedented natural disaster that severely
affected fourteen countries, including the island nation of Sri Lanka. Across
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Sri Lanka, the death toll surpassed 31,000, with 516,150 people displaced
by the initial tidal wave or ensuing flooding.1,2 The financial need for housing
reconstruction was estimated at US$487 million, which was primarily
contributed by international agencies mobilized after the disaster and
distributed through owner-driven and donor-driven housing reconstruction
programs.3,4
BACKGROUND
Ethnic Conflict, Natural Disaster
The 2004 tsunami occurred after two decades of civil war between the
Sri Lankan military and ethnic Tamil separatists, known as the Liberation
Tigers of Tamil Elam (LTTE).5 From 1983 to 2009, ethnic strife segregated
the island nation, whose population is majority Sinhalese buddhist and
approximately one quarter Tamil.6 On the East Coast, the population has
historically been majority Tamil and prior to the tsunami, uneven power
relations between the two groups provoked violence, destruction, and
human displacement to these rural areas.7,8 During wartime, derelict
roadways and infrastructure inhibited supply chains from reaching the
coast, public services were inadequately funded and administered, and an
estimated one million internally displaced persons (IDPs) were left without
homes.9,10 The Sri Lankan Civil War created an outsized vulnerability in
the country’s East, where marginalized civilian populations inhabiting a
degraded landscape faced a diminished capacity to provide food, security
and shelter. Against the sectarian violence wrought legible across the
geography of the nation, the 2004 tsunami landed on the East coast and
inordinately affected the impoverished region, destroying 50,450 homes.11
The natural disaster immediately superseded the Civil War in determining
spatial distribution and usage along the eastern seaboard; it temporarily
halted the armed conflict as the LTTE ceded political and spatial control
to the Government of Sri Lanka, foreign donors, and non-governmental
organizations, before the war ended in May 2009.12 However, the
geographic isolation of the East Coast has endured, particularly with
regards to a lack of infrastructural improvements to extend supply chains
from the capital city of Colombo and connect the coastline of the East
Coast with the rest of the country.
Initial Government Response and the Coastal Buffer Zone
In the immediate aftermath of the tsunami, the Sri Lankan government
endeavored to construct 57,000 transitional shelter units to house 98,525
IDPs across the nation.13 Permanent reconstruction was estimated to
be completed within five years by coalitions of donors and government
agencies. International and local NGOs would contribute capital,
construction materials and skilled labor, while the government would
redistribute land. The Sri Lankan government determined two qualifications
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for reconstruction priorities: the creation of a coastal buffer zone, to provide
for future disaster resilience, and proof of former housing ownership for
disbursement of housing reconstruction funds. Demarcated in January
2005, the buffer zone served as a boundary beyond which housing
reconstruction programs were initially required to operate. Affected
residents were to be reallocated land outside the buffer zone by the
government on which to rebuild, and those without claims to land could
apply to receive houses constructed by NGOs outside of the zone on
specially allocated plots.14
The Sri Lankan Government’s buffer zone represented a difficult
compromise: the tsunami penetrated in some places along the coast up
to 2 km [1.2 mi.] inland, but local geographic features and settlement
patterns ultimately determined which areas were the most affected by
the disaster. Unfortunately, upon its introduction, no formal rationale or
research for the buffer zone was properly communicated to the general
public.15 In the absence of government communication as to the role of
buffer zones - namely to promote public safety and deter against the loss
of life in the face of future coastal disasters - the differences in buffer
zone areas seemed politically charged, and appeared to be designed to
disenfranchise the livelihoods of East-coast fishermen and their families.16,17
Thus the buffer zone on the East coast was initially set at 200 m [656 ft.]
before being revised to 50 m [164 ft.].18 The government, largely absent
in the region until the tsunami’s landfall, supervised the redistribution
of land and housing construction beyond the buffer zone, but revisions,
ambiguity, and weak enforcement in the buffer zone complicated needs
assessments undertaken by international NGOs to distribute housing, and
introduced challenges for housing projects whose funding was contingent
on the original buffer zone stipulations.19 The buffer zone is emblematic of
the country’s broader failure in enacting a distributed project of enhanced
spatial resilience to achieve environmental protection along coastal regions
to protect the population from future disasters.
Building Resilient Housing: The Crux of Aid
The resilience of a socio-ecological system was seminally defined by the
ecologist Brian Walker and his colleagues as “the capacity of a system to
absorb disturbance and reorganize while undergoing change so as to still
retain essentially the same function, structure, identity and feedbacks.” 20
In the event of ecological, social, or economic conditions that degrade a
system to the point where it cannot recover, a fundamentally new system
must be created, or transformed to sustain human settlement.21 Because
humanitarian aid’s most accessible and longitudinal contributions are
spatial in nature, housing built after natural disasters disproportionately
informs the social, economic, and ecological landscapes of vulnerable
zones. At best, aid housing enhances physical and psychological security
and helps rebuild localisms and place-based affinity, but when poorly

603

The Plan Journal 2 (2): 601-628, 2017 - doi: 10.15274/tpj.2017.02.02.24

www.theplanjournal.com

planned and executed it can compound inequality and inaccessibility.
Across cultures, the house acts as both a social center and form of
identity, simultaneously material and symbolic while articulating identity
and power.22,23 Seminal works, including Clare Cooper Marcus’ House as
a Mirror of Self (1995), Carole Despres’ “The Meaning of Home” (1991)
and Amos Rapoport’s House Form and Culture (1969), expand on the
house as a complex entity defined by cultural, social, demographic and
political factors beyond spatial composition. Compared to all other forms
of dwelling, the house has a greater impact on the social, economic and
political realities of individuals as an indicator of resource ownership.24,25
As such, it requires a greater amount of contextual sensitivity than any
other physical infrastructure, both in architectural characteristics and
construction through distribution.26,27
When international donors, consultants and organizations are involved in
the construction of the home, the highly personal politics of housing collide
with geopolitics. This can create reconstruction patterns which reflect,
sustain and reproduce patterns of inequality and exploitation when there
is unequal agency between donor and recipients.28 Sri Lanka utilized two
models in housing reconstruction: a donor-driven and homeowner-driven,
or sometimes called cash-based or community-based approach.29,30 In the
donor-driven approach, housing reconstruction is entirely conceptualized,
built and given to recipients by the donor agency, while the owner-driven
approach offers funding, technical assistance, troubleshooting, training and
supervision by the donor agency, while the recipient maintains full control
over the physical housing reconstruction process, including the design of
the home.31,32 This is an increasingly popular methodology among the donor
community, and was used extensively in the reconstruction of Sri Lankan
homes after the 2004 tsunami, in which the International Federation of the
Red Cross constructed 68% of their pledged homes through this approach,
though the donor-driven approach was used by a majority of donors across
the country.33
After the tsunami, the lack of a national construction industry with the
appropriate number of contractors, equipment, skilled workforce and
modern management practices and access to finance was debilitating
to reconstruction work.34 Community-based development which trains
the workforce and stimulates the regional economy, spurring trade, local
markets and supply lines, provides manual labor and enhanced livelihoods
after the immediate rebuilding process has completed.
If housing aid is an in-kind instead of cash gift, and attempts to introduce or
define specific new models or constructions of home, the local agency of
vulnerable places may be challenged and eroded by poorly-adapted global
construction practices, materials, and conventions.35 This erosion is striking
in post-tsunami Sri Lanka through a peculiar iconography of aid projects:
every aid-sponsored house, school, road, and bridge carries a tile or sign
attributing the source of its funding, many bearing prominently the flags
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of Japan, Canada, or the United States (Fig. 1). In isolated communities
that did not have roads until post-tsunami construction, these symbols are
tangible reminders, over a decade after the event, of the brief intersection
of rural Sri Lanka with international aid. In the present day, there is no
accountability, either from the organizations to beneficiaries or inhabitants
to donors, regarding ownership or occupation of these dwellings.
Furthermore, external reviews found the Government of Sri Lanka relaxed
the stipulations and requirements of donor-driven housing as compared
to owner-driven housing for international NGOs completing reconstruction
work.36
Traditionally, beneficiaries are formally accountable to the organizations
who provide aid funds, while attempts to create standards of accountability
from organizations to beneficiaries beyond roughly quantifiable statistics
are overlooked.37 The metrics of accountability - numbers of dwellings
constructed, miles of road laid, fiscal commitment to projects - mask
the nuances that could be provided through qualitative and longitudinal
evaluation, particularly in the form of surveyed feedback from users. This
is particularly crucial in housing reconstruction projects, in which buildings
can become empty within months of their completion. Qualitative data from
users is crucial in extending the lifespan of these projects, enacting cultural
preferences in spatial layout and organization and generating knowledge of
best practices to carry forward.

Figure 1. The iconography of Aid, a Canadian-sponsored aid project in Pottuvil bearing the
Canadian flag.
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Reconstruction is generally referred to as an approach that attempts
to “build back better,” even from the limited information available in the
immediate aftermath of a crisis.38,39 Yet in the aftermath of a tsunami or
similar natural disaster, physical devastation may be so traumatic that
preexisting vulnerabilities, including social and economic variables that
contribute to degraded resilience in the most affected areas, may not be
taken into account. Furthermore, studies suggest that an influx of foreign
non-governmental organizations reduce vulnerability only as long as their
external support remains available to the affected community. After this
support is withdrawn, the vulnerability of the community returns to the
pre-disaster level, regardless of the physical assets delivered.40 Thus,
community-based redevelopment allows for adaptation to vulnerabilities
beyond those made evident in the period immediately following a natural
disaster, and a longitudinal relationship between NGOs, government
and local communities and reduces vulnerability. In Sri Lanka, promoting
conflict sensitivity and negotiating conflict resolution while planning housing
schemes and shared community infrastructure were imperative, but were
largely neglected both by international organizations and local officials
for the sake of timely reconstruction of physical homes, proof of capital
spending for donors.41 This disproportionately affected the East Coast,
where consultation and engagement by international NGOs was generally
more ad hoc and informal than in other areas of the country, leading directly
to inhabitants’ diminished involvement in the production of housing and
inability to address longstanding issues of national inequity.42,43
Here, we evaluate the design, materials and process of construction behind
two typologies of internationally donor-driven housing projects in Sri Lanka,
as well as one vernacular typology. These case studies highlight challenges
with the common method of donating abstractly conceived formal
prototypes in geographically isolated, disaster-stricken territories.
ENVIRONMENT
The landscape of Sri Lanka’s East coast is largely homogenous. Long
swaths of the coast are sandy beaches with steep, three-foot vertical drops
in sand that denote the high and low-tide markers. Fishing vessels and
mariculture activities are primarily launched from and return to sheltered
harbors with sandy bottoms that offer protection from the fierce waves
and near-shore coral reefs elsewhere along the eastern coast. Chains of
shore-parallel, elongated lagoons form a barrier between the barren sandy
beaches and inland rice paddies, and serve as biological hotspots for
migrating birds, reptiles and larger mammals, including elephants.44 Both
the lagoons and surrounding rice paddies occasionally become
hyper-saline, particularly along the southeastern coast, disrupting the
fishermen and farmers whose livelihoods depend on the freshwater
inflows.45 The tsunami, which penetrated up to two kilometers inland across
the east coast, extended to and salinated rice paddies, many of which
lay fallow during the Sri Lankan Civil War. Low-lying scrub vegetation
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dominates the landscape, which lies in the country’s dry zone. Shrubs
and trees are characterized by thick bark and interlacing canopies for
water retention. The vertical landscape is dominated by coconut palms,
particularly around the coastal freshwater lagoons. Additional fruit and
vegetable species adapted for dry climates, including pineapple, banana,
chilies, maize and mung bean can be successfully grown across the east
coast, and have traditionally been grown in sustenance gardens adjacent to
homes to supplement diets.46
CASE STUDIES
Methodology
The interpretive fieldwork for this research was undertaken over the course
of one month from May to June 2017 in Pottuvil, a town of roughly thirty-five
thousand residents on Sri Lanka’s eastern coast (Fig. 2). Here we
investigated three local projects emblematic of different delivery systems
for architectural and urban design principles in disaster relief housing
assistance. Pottuvil was severely afflicted by the tsunami and due to its
size, it was a site in which NGOs constructed homes in close proximity to

Figure 2. Districts
affected by the
December 2004
tsunami and areas of
study. Darker shaded
areas reflect greater
death tolls.
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owner-driven and informal reconstruction efforts using drastically different
models, and therefore proved a productive site for comparative study.
The research was conducted through informal, semi-structured interviews
and three site visits to the developments investigated in this paper, as
well as sketching, photography and observations of the three housing
typologies. Interviews were conducted based on accessibility to target
populations, namely five fishermen within each housing development, each
of whom acted as the head of household within their family. The sites for
case studies were based on the accessibility of information regarding the
schemes and the knowledge of an NGO worker who facilitated translation
and had familiarity with the projects. Interviews were used to collect
qualitative information on living arrangement, habitation and improvements
within each housing scheme. In addition, expert interviews were conducted
with NGO leaders by phone, primarily regarding the lessons learned
through post-tsunami housing reconstruction and applied to current building
projects.
The interviews were conducted with a Tamil translator working with a
local NGO, who also facilitated photography of homes and other sites
constructed after the tsunami. Thus, the methods used were impacted by
the language barrier and necessity to translate questions from English to
Tamil. It should be noted that inhabitants of the East coast, and in some
cases within single housing schemes, sometimes speak only either Tamil
or Sinhalese, leading to situations in which neighbors and community
members cannot communicate in a common language. These barriers to
communication are heightened by the aforementioned history of strong
cultural conflicts between Tamils and Sinhalese which prevented interviews
from being undertaken with both populations over the course of individual
site visits.
An Architectural Prototype: Monolithic Domes
The Ecoshell system, developed by the Monolithic Dome Institute, a
commercial organization based in Texas, has been deployed by various
organizations as aid housing across the world. Monolithic’s domed houses reinforced concrete erected using inflatable formwork - are emblematic
of a type of formally and technologically distinctive bespoke architectural
prototype given as donor-driven in-kind aid. The town of Inspector Eatham,
on an elevated plain on the northeastern edge of Pottuvil, is the site of
one such relief housing development in Sri Lanka constructed by the Solid
House Foundation (SHF), a Dutch NGO. Following the tsunami, some
60 domed ecoshell homes were built by SHF within an existing fabric of
agricultural property ownership and small homes and developments (Fig. 3).
Construction of the concrete shells begins with the excavation of a circular
foundation, into which a reinforced concrete slab or ring beam is poured.
When initial curing is complete, inflatable formwork using air pumps is
inflated on top, and a cage of rebar is erected around it. Finishing layers
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of concrete are either troweled onto the formwork or propelled as shotcrete.
Community meetings were held and a common prototype, 9 m [29.5 ft.] in
diameter, was drawn by SHF to guide the construction process (Fig. 4).47

Figure 3. Site plan of Inspector Eatham village, the site of approximately sixty Solid House
Foundation dome houses.

Figure 4. Site plan and
section of 9 m [29.5 ft.]
diameter prototypical domed
dwelling unit planned by SHF
for Inspector Eatham.
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Towards A Flexible Framework: U.N. Habitat & JICA Spec Homes
Three and a half km [2.2 mi.] north of Inspector Eatham on a second
elevated area, abutting the low-lying rice paddies, is a freestanding
housing development of 200 conventional homes sponsored by the
Japan International Cooperation Agency (JICA) (Fig. 5). These homes
were built from a series of prototypes and specifications from the United
Nations Habitat as part of the Indian Housing Project, sponsored by the
Government of India to aid in tsunami reconstruction in Sri Lanka.48,49
This freely available technical documentation represents a move toward
transparency in housing construction, and a shift toward providing the
information required to occupants who may choose to modify the existing
construction. However, the availability of these schemes in a common
language to inhabitants - namely Tamil or Sinhalese - is critical. These
prototypes were used as part of an owner-driven reconstruction scheme
in the Northern provinces, but deployed as donor-driven in the east, built
without the input of the community in an urban grid structure that is foreign
to the typical informal layout of villages along the coast. The grid in this
project imposes rigid site boundaries that make alternate forms of land use,
such as gardens or an informal building to use as a commercial space,

Figure 5. Site plan of the Japan International Cooperation Agency (JICA) development
near Pottuvil. The 200 homes are constructed around an artificial grid with rigid perimeters
separating each dwelling.
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impossible to accommodate on the plot. The opportunity for the community
to engage during the design process to discuss the physical layout of the
individual homes and arrangement of the greater scheme might have led
to alterations in the construction to better suit the needs of the inhabitants,
and extend the useful lives of delivered assets.
Local Vernacular: Cadjan
Palmyra palm tree leaves - which have a rigid central spine from which
long, lancelet leaves extend from either side - woven into mats, termed
cadjan in the local vernacular, have been used as a building material
across Sri Lanka and greater Asia since antiquity, particularly along the
poorer east coast, where geographic isolation and poverty demands the
use of easily obtainable, repairable building materials.50 Cadjan huts near
the coastline in Pottuvil are generally occupied by fishermen, whose boats
can be pulled up the beach next to their homes, providing immediate
access to the sea and secure storage for vessels. The rectangular, singlestory structures are generally entered only from the side opposite seaward
breezes, and the space inside is partitioned by divisions made of additional
woven cadjan mats (Fig. 6). Their structural integrity decays over one
to three years, after which they must be replaced with additional leaves,
which can be sustainably sourced from the area. There is generally no
flooring constructed, particularly in fishermen’s dwellings built directly onto
the sandy beach.

Figure 6. Vernacular cadjan beachfront home along the beach in Pottuvil, with an access
road located on the inland side of the home.
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Through interviews and observation, it became clear that the erection of
cadjan buildings is generally undertaken by communal groups rather than
solely the inhabitants of a house. The roof of a traditional home can be
assembled using cadjan by three to four able-bodied men in two days.
Generally, the main structure is erected by community members, while
secondary considerations not required for shelter, including fencing, are
added at the discretion of the family. In times of heavy winds, the buildings
must be weighted down unless a framework of timber is secured to a
concrete foundation, which has not been common practice along the
beach in Pottuvil. Cadjan buildings are especially vulnerable to flooding
and require barriers of sandbags, vegetation, or walls to keep water from
reaching the structures. These houses offer limited physical security, and
rely on the social fabric of the community to ensure privacy, which has
historically been tenuous along the east coast.
Evaluation
At both donor-driven housing sites, we observed high levels of vacancy
and widespread disrepair (Figs. 7, 8). In revisiting the specific architectural
and urban models deployed in the projects, we posit that their marginal
sensitivity to the social and economic needs of the inhabitants of Eastern
Sri Lanka’s coastline likely contributed to their abandonment. In addition,
we argue that they have perpetuated low levels of resilience to the
challenges of housing in tropical climates, and to future natural disasters,
which are likely to increase in frequency and intensity in the future due to
climate change.
Previously in Sri Lanka, the Tsunami Evaluation Coalition found serious
problems in housing relief stemming from supply-driven approaches,
inappropriate housing designs and an over-reliance on the donor-driven
process.51 Introduced by international NGOs, the housing typologies we
investigated were pre-established generic prototypes that have specific
advantages in durability and standardization under idealized circumstances.
However, localized site-specific concerns were largely ignored in favor of
schemes that position houses as isolated single-family assets, in contrast
with the strong history of flexible family living in Sri Lanka.52 Furthermore,
these aid projects stand rooted in foreign urban models that neglect the
realities of programmatic integration familiar to Sri Lankans, specifically
the integration of residential and commercial space. In areas surrounding
these housing projects residences commonly have a permeable first floor
with retail space, while families live in the back of the building. This space is
generally used to sell cold water, petrol and pre-packaged foods.
Construction methods and materials were imported and not readily
sourced from the eastern coast, where undeveloped infrastructure was
degraded during the war, and which remains difficult to reach. The relative
isolation of the east coast made the establishment of supply lines more
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Figure 7. Abandoned home in Inspector Eatham with one of many abandoned detached
external toilets.

Figure 8. Abandoned home in the Japan International Cooperation Agency (JICA)
development.
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difficult than in other areas of the island, leading to increasing costs for
materials as demand increased with consistently limited supply. Demanding
technical oversight or capital influx for maintenance and repairs by
international donors or NGOs, these housing typologies indulge in the
rhetoric of participatory and inclusive community projects while making
complete handover to the community untenable. Ultimately, physically
well-constructed housing that does not anticipate cultural, economic, and
environmental needs can become obsolete artificially quickly, long before
weathering or future natural disasters might pose problems.
Foreign Dependence and Construction Issues in Prototypical Units
Static prototypes that prioritize a commodity object-form of the house, even
durable and disaster-proof models, tend to be especially dependent on
international oversight, design, construction, repair, and maintenance. After
the tsunami, NGOs including JICA and SHF selected such prototypical
dwellings before securing details of site or infrastructure.53
SHF suggested that its reinforced concrete prototype, which uses inflatable
formwork imported from the Netherlands that requires the constant use of
strong air pumps to maintain its domed shape during construction, could
be adopted by locals without direct oversight. However, building practice
that depends on internationally imported materials and high-energy
input to operate pumps is poorly suited to the infrastructural realities of
the East Coast, particularly given the difficulty of securing high quality
concrete construction. Other researchers have noted that unsupervised
concrete building in Sri Lanka is often significantly hindered by construction
quality issues, including inappropriate material ratios, insufficient steel
reinforcement, and poor curing.54
Generic prototypes fail to address directly such problems in local cultures
of construction or the practical and financial appropriateness of global
standards like reinforced concrete construction in low-income rural areas
in tropical climates, where cement and steel reinforcement are expensive
imported commodities.55 These projects create a paradigm of unequal
partnership, in which international organizations contributing labor and
expertise have unrestricted agency and are geographically mobile, while
locals - who must adopt foreign dwellings - are tethered in place due to
global inequity, unable to source materials cheaply for management or
repair, and potentially lacking the knowledge and skills to effectively repair
the structure. For this scheme to be longitudinally sustainable, the transfer
of knowledge regarding the use of pumps, best practices for repairs, proper
concrete and scaffolding construction techniques are critical, and must be
given as much importance as the material transfer of the physical homes.
Barriers to Physical Adaptation: Macro- and Micro-Scale
It is critical that occupants are able to alter their dwellings to adapt to
their changing needs. In post-disaster situations, it is paramount that
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housing constructed immediately in the aftermath of a natural disaster
can be altered and reconfigured to the requirements of families after
they have recovered and re-established their livelihoods. We suggest
specific reasons why inhabitants do not easily physically adapt to the
models we investigated: site planning and architectural characteristics.
The site strategy of the JICA project (see Figs. 5, 8) creates small, fenced
lots of approximately 230 m2 [2,476 sq. ft.]. While the house model built
from a UN prototype uses standardized construction methods familiar to
local builders, the small lots and serial arrangement are reminiscent of
conservative western single-family residential developments, on which it
would be difficult to significantly extend or modify a home, and impossible
to construct a second home for non-nuclear family.56
Local authorities who would normally approve sites, infrastructure and
accompanying public services were largely backlogged and bypassed in
the aftermath of the tsunami, leading to poorly planned, paved streets for
vehicular access that restrict possibilities to convert and repurpose outdoor
spaces. While SHF’s domes fit more readily into larger existing plots, with
ample space for extension, their unfamiliar geometry may have proved a
barrier to meaningful modification (see Fig. 7). The beneficiaries themselves
were critical of the one-size-fits-all approach that ignored household
size, age and disabilities, therefore requiring owner-built modifications
and extensions after donor funding had been spent by international
organizations, not the inhabitants themselves.57 Without channels for input
during the design process, any modifications or alterations that happen after
construction are completed when families have the economic means to alter
their homes. Yet the economy of the East Coast is isolated from the rest of
the nation, making economic recovery challenging beyond the initial influx of
aid in the direct aftermath of the tsunami.
Climate Considerations and Site Ecology
The coastal climate of Sri Lanka has wet and dry seasons regulated by
the Indian Ocean monsoon and a generally hot-humid climate year-round.
In the absence of costly air conditioning requiring electricity or gas, both
of which are luxuries on the impoverished East coast, natural ventilation
is necessary for thermal comfort. In the construction of housing, passive
cooling techniques, particularly housing orientation toward the south, from
where wind blows off the Indian Ocean during the dry season, offer an
opportunity to capitalize on dependable natural phenomena for cooling.
The totality of destruction after the tsunami allowed for the wholly new
design and construction of housing appropriately oriented toward the
south and also to avoid the hottest mid-afternoon sun.58 Drawing from
the vast body of literature on design for regional climate, including Victor
Olgyay’s Bioclimatic Approach (1963), Baruch Givoni’s Man, Climate and
Architecture (1969), and Otto H. Koenigsberger et al.’s Manual of Tropical
Housing and Building (1975), devices for passive cooling at smaller scales,
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including extended eaves and cavity walls, should be easily accessible and
incorporated into all tropical housing schemes, yet these basic concepts
were not used in the constructed aid housing.59 The majority of the JICAsponsored homes are oriented along an east-west axis, and by their nature
the SHF domes are non-directional. Neither have significant eaves or use
cavity walls. In the investigated projects, the substantial thermal mass of
reinforced concrete construction is used inappropriately - for example, as
exterior shell - given the mild nighttime temperatures and hot afternoons of
Sri Lanka’s tropical climate.
Furthermore, many landscape features that were commonplace before
the tsunami were not effectively reintroduced into the site strategies
developed for either of the developments. Viable cropland, particularly
near and integrated with small-plot residential areas, is imperative for
the survival of Sri Lanka’s poorest citizens, who often rely on sustenance
gardens for nourishment.60 Yet the available land in Inspector Eatham is
sparsely vegetated and mostly dry, and plots in the project to the north
are too small for residential gardens.61 We saw only one substantial
vegetable growing garden around the remaining occupied home, and three
fishermen interviewed noted the poor soil which has been stripped without
groundcover. Both community members and experts noted the increased
salinity of the soil after the tsunami penetrated inland, which significantly
hindered the rice crop, but which is believed to have had lasting effects on
the soil quality. A water supply for residential gardens could not be secured
in Inspector Eatham because local rice farmers had preexisting claims, and
local authorities and public service departments were not able to mediate
the procurement of water.62 Soil building for individual fruit and vegetable
plots, vegetative cover to improve air quality by grounding dust and sand
particles, and large tree planting to increase shade cover were neglected
by aid agencies in the interest of completing physical infrastructure such as
asphalt roads. Shaded areas provided by vegetation become particularly
critical in housing plots that do not include common indoor spaces and
shared buildings that have traditionally been integral parts of Sri Lankan
communities.63 Interviewed community members complained about the
lack of appropriate space for public outdoor activities, particularly religious
activities. The SHF community has a community space that is built using
the same methods as residential houses but is considerably larger, and is
one of the few projects within the site that was not observed to be littered.
The authors noted that this might be exacerbated by roadways and access
points that were not preplanned, but placed at the conclusion of building
projects wherever space could be found, and have begun to erode during
times of heavy rainfall.
Cultural Considerations
Questions of cultural and livelihood appropriateness were mostly
specifically articulated in reference to kitchen design. Throughout the
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tsunami-affected area, many homes reconstructed by foreign donors
were equipped with ventilation appropriate for gas-burning stoves, not
the traditional biomass-burning models. This design was undertaken
in consideration of the deforestation of the East coast and depletion
of biomass sources, as well as the negative health impacts of burning
biomass for cooking. However, gas is unaffordable for the majority of
families along the East coast, 75% of whom live beneath the poverty line.64
Recipients of these homes added ventilated attachments to their home built
of cadjan mats, or continue to cook using biomass stoves in improperly
ventilated areas. In addition, in homes constructed with only two rooms and
without a chimney, there is no adequate place to designate as a kitchen
(Fig. 9).

Figure 9. Relief aid housing unit with informal kitchen enclosure, used for biomass cooking.
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The close proximity of the kitchen to bathroom in the JICA development
is considered unhygienic culturally, thus requiring the reconfiguration of
the home after the NGO had completed construction using the resources
of the family. We saw few modifications to the homes in the JICA
development, as the concrete structure did not allow for the extension of
the home except for the addition of cadjan rooms on the exterior of the
home, inaccessible through the interior of the house, and none except for
crude repairs of glass windows at the SHF site using discarded cardboard.
Throughout the SHF site, the toilet complexes, located separately from
the home, were in a state of disrepair, with inhabitants abandoning the
elevated toilets.
The abandonment and vacancies we observed in the two projects were
often attributed by community members to a limited understanding
by foreign NGOs for Sri Lankan cultural history and programmatic
distribution. The abandonments were not on the periphery of the JICA or
SHF sites, but within the interior system of streets created for the projects,
suggesting that the gridded urban layout placed families within close
proximity of one another without taking into consideration pre-existing
community dynamics.
Religious and ethnic tensions that arise when Tamils and Sinhalese have
distributed homes within the same developments cannot be diffused with
inventive housing models alone. Tamils have a strong oral architectural
history that also existed in southern India known as “Vaastu shastra,”
which imposes stipulations on land use and planning, particularly
regarding the alignment and direction of principal rooms. Donor-driven
models that provide a single housing layout may not appropriately address
these requirements, resulting in a home that may not be occupied due
to auspicious religious or ethnic concerns.65 Both Tamil and Sinhalese
fishermen expressed concern that bribes paid to government officials
allowed some families to own many homes while other families were left
without shelter. Shifting ethnic dynamics since the tsunami are revealed in
the census conducted by the Government of Sri Lanka, with a decrease in
the population identifying as ethnic Tamil from 40.39% in 2007 to 39.79%
in 2012, and an increase in the Sinhalese population from 21.64% to
23.15% during the same period. This trend is part of a larger trajectory that
has seen the number of ethnic Tamils in the eastern region reduced from
59% in the late 1800s, while the Sinhalese population has dramatically
increased from just 4% of the eastern population.66,67
Whether shaded by extended eaves or vegetation, the outdoor frontal
space in Sri Lankan homes generally serves as an extension for work
during the day and socializing during the evening, as well as subsistence
food production.68 Fishermen interviewed stressed the importance of being
able to complete tasks like weaving nets and repairing lines in or near
the home for fear of theft if items are left on the beach. In both SHF and
JICA’s housing projects, this space was architecturally unacknowledged
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and largely unshaded, making prolonged outdoor work or socializing near
the home impossible in the tropical climate. Extended families commonly
live under one roof, making the small single-family houses, conventional
or domed, unsuitable for many families granted homes.69 The proximity of
family members was not consulted in the allocation of these homes, and
one standard house was granted even in cases where extended families
were previously cohabiting, problems which could have been ameliorated
by more diversity in the size and plan of relief homes. Such ignorance to
familial cultural considerations, in addition to the unfamiliar construction
materials and small lots, may have made the abandonment or vacancy
of houses preferable to modification for families to whom such houses
were allocated. Housing as a deliverable cannot address the structural
issues native to societies without directly engaging the social fabric of
communities, requiring local consultants and longitudinal monitoring and
mediation of completed projects.
Stranded Illiquid Assets
Stranded assets lose economic value well ahead of their anticipated useful
life due to changes in market forces, societal norms, or environmental
shocks.70 Aid housing projects risk becoming this kind of liability when
useful social, environmental, and economic context is ignored in favor of
universal prototypes. In the case of Sri Lanka’s eastern coast, residents
elected to vacate their allocated homes in settlements superficially modeled
on international urban or architectural schemes. Locals identified many
plots and homes within both the SHF and JICA developments that stood
abandoned, and noted that many families owned multiple vacant properties
but inhabited only one. Although expensive, structurally robust aid housing
built with foreign design and construction techniques satisfies an immediate
demand for safety and security, housing in the form of prescriptive giftsin-kind undermines the ability of local families to respond, adapt, or
migrate when facing contingencies in their environment and economy,
such as flooding that may inundate or salinate nearby farmland, or urban
reconfiguration that may result from shifting shoreline topography.
RESILIENCE
Recommendations
The occupants of peripheral rural areas and humanitarian benefactors
must make many difficult choices in the face of increasing environmental
volatility. In the future, there will likely be less aid assistance available to
those living on the coast outside major metropolitan areas, particularly in
impoverished nations. This necessitates a difficult shift in the nature of aid
from the typological towards the systemic - from the long-term expensive
prototype to a low-cost, high-turnover, resilient culture of building.
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Vernacular Materials
Vernacular building materials, particularly those that require minimal labor
such as cadjan mats, offer adaptable, climatically appropriate solutions to
issues of sustainable housing. The disruption of vernacular knowledge in
Sri Lanka has resulted in a proclivity toward inappropriate western building
materials and standards that disregard the realities of the tropical climate,
Indian Ocean monsoon, and ignore needs for low-cost sustainably sourced
housing. The integration of vernacular building materials such as cadjan
with technical specifications that relate to disaster risk prevention - including
rock and cement foundations that elevate living spaces beyond sand or dirt
floors, mosquito nets, and weighted roofs - provides sustainable solutions
that can be adequately transferred to communities after international
organizations have departed. The suggestion that traditional building
materials are primitive or unsafe, and therefore should be disregarded,
must be reconsidered in the context of each housing project.71 Their rapid
turnover, easy adaptation, and low cost would require frequent and robust
local engagement in architecture, planning, and construction practice,
and could help provide a ready framework for absorption of ecological
and economic shocks. The east coast saw dramatic inflation in the cost of
materials in the aftermath of the tsunami due to vastly increased demand
for imported materials via underdeveloped supply chains.
Technical Training
Solutions are found at the nexus of the spatial and social. Frameworks
that provide technical specifications in a common language are useful only
when paired with technical training that allows builders and carpenters
to mobilize locally, offering agency to communities upended by natural
disaster. Critically, during the reconstruction process the National
Housing Development Authority provided a manual based on their
previous successful projects in coastal Sri Lanka, Guidelines for Housing
Development in Sri Lanka (2005), which was largely ignored by both the
Government of Sri Lanka and foreign organizations. The best practices
guide provides a framework for community engagement, technical
specifications, and climatically appropriate design.72 To bridge the gap
between local, tested expertise and foreign skills and knowledge bases,
“train the trainer” seminars offered continuously to at-risk communities,
sponsored and overseen by foreign NGOs but taught by local designers
and organizations might promote experimentation with traditional and
imported forms, and increase both physical and social resilience.
A part of owner-driven housing schemes elaborated on by the United
Nations Habitat Program, training seminars that teach community members
building and technical skills work by harnessing the capabilities of the
community before a disaster, creating a network of community members
capable of proactively sharing their skill set. The Indian Housing Program
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sponsored by UN Habitat in the northern districts of the island capitalized
on this knowledge transfer, and offered specialized training from architects
and designers to homeowners, including troubleshooting during the
construction process.73 On the ground training can work in concert with
technical documentation provided by international donors and NGOs,
allowing for housing prototypes to be offered while homeowners possess
the information to modify them to be culturally and familiarly appropriate.
This kind of training can appropriate foreign knowledge and integrate it
within a community, as a longer timescale for knowledge transfer ensures
that trainers can modify knowledge into best practices that integrate with
existing ones.
Local Landscapes
The resilience of the landscape must be considered immediately following
a natural disaster. The landscape built environment and its surrounding
landscape must not be treated as isolated or opposing phenomena. The
construction and re-building of physical infrastructure must not be divorced
from their ravaged environs. Failing to provide for longitudinal recovery
beyond physical shelter, including the establishment of sustainable
food systems, shade and bioremediation using reeds and other plants,
compound the inability of geographically isolated communities to recover
after disaster. Rural communities may be re-removed from global supply
chains after foreign intervention in the immediate aftermath of a natural
disaster, resulting in a lack of materials to sustain new constructions or
public works systems that use materials found outside of the area.
Dwellings along the beach can be further protected by the establishment
of greenbelts that reduce flooding and the distance that waves travel
inland; planting a dense vegetative understory between dwellings and the
ocean offers defense against inundation, and can be sowed in concert
with coconut palms or other income-generating species that establish new
sources of economic livelihoods for families.74 Small-scale earthworks,
including mounds and berms that can be used to catch water, accumulate
topsoil to plant larger trees that produce shady microclimates, and offer
immediate protection from flooding when built around dwellings, should be
considered integral to the recovery process, and included in community
plans.
Building Agency
A return to primitivism is neither required nor suggested. Instead, support
for localized knowledge that builds agency and the transfer of knowledge
and hard skills, not rigid typologies, offer remote societies the opportunity
to propel forward even when they return to geographic isolation. Best
practices that treat the community as an asset-base for development
and that do not rely on a constant influx of foreign aid help to promote
longevity and sustainability of projects, but treating the construction of
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dwellings as an objective with a clear end ignores the realities of social life
and civil and municipality works that are critical for a functioning, robust,
healthy society. Specifically included within this framework is proper
construction of sewage treatment, roadways, and common places, which
are often neglected by international NGOs or thought of as secondary. On
Sri Lanka’s eastern coast, mitigating ethnic tensions and the sources of
decades of civil war is a critical priority, and should be seen as such, not as
an afterthought to physical reconstruction in the wake of a natural disaster.
Unresolved ethnic tensions and inequity are still legible across the country,
particularly in legislation on the East Coast, and psychological barriers
within communities segregate physical assets, such as the JICA housing
compound. In light of the disproportionate poverty of the coast compared to
predominantly Sinhalese areas, conflicts that arise from unequal distribution
(or aid perceived as such) might be managed better by frameworks for
distributed, bottom-up knowledge.
Urgency
Environmental and economic changes will begin to take place in low-lying
Sri Lanka long before the end of the 50-year projected lifespan of SHF’s
dome houses. The frequency of intense rainfall events is likely to increase
due to anthropogenic climate change, coupled with projected sea level
rise across the globe of up to 1,31 m [4.30 ft.] by 2100, a figure that has
the potential to inundate 25.000 ha [61,776 acres] of Sri Lankan coastline,
including the eastern seaboard.75,76,77 Furthermore, the potential for natural
disasters is greatly exacerbated in the context of climate change, increasing
the likelihood of massive displacement and reconstruction projects that will
be funded primarily through local channels, necessitating the creation of
usable spatial frameworks that provide agency to Sri Lankan households
before, during, and in the aftermath of natural disasters.78
Limitations and Future Research
Limitations of this study included the language barrier between English and
Tamil, requiring a translator who expressed a clear bias for the Sinhalese
population, and restricted access to Tamil inhabitants of the typologies
investigations. Data from the Government of Sri Lanka was accessed
online, and there are clear gaps in information accessible relevant to the
East Coast, which were supplemented, when available, with information
from the LTTE, which must be considered biased due to the history of Civil
War within the country.
There is a clear need for continuing research on disaster relief housing
in the context of global climate change and projected increases in
resource scarcity and growing economic inequality. Future research that
studies differences in vernacular architecture, between the Tamil and
Sinhalese tradition could greatly contribute to best practices in culturally
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appropriate design, and more importantly create a set of best practices and
construction standards to follow in the production of housing. Research
into “Vaastu shasthra,” a traditional Tamil set of beliefs regarding land use
and planning, is very limited, and must be used to further best practices
for housing that will not be abandoned due to ethnic or religious reasons.
Further research that quantifies the number of abandoned houses provided
by in-kind, donor-driven aid across tsunami-affected areas in Sri Lanka will
be useful in determining the role of ethnic conflict in housing allocation, and
suggest where design interventions can be most impactful.
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Mangroves of Maputo,
Mozambique:
from Threatened to Thriving?
Ana Beja da Costa, Luis Paulo Faria Ribeiro

ABSTRACT - Coastal wetlands worldwide are among the most
productive yet highly threatened systems in the world, and are framed
and protected by the Convention on Wetlands (Ramsar, Iran, 1971),
of which Mozambique is a party since 2004 (IUCN, 1971). Maputo city
coastline consists of an ample alluvial plane, where large extensions of
mangrove forests occur within the city, namely the Costa do Sol wetlands,
offering a wide range of ecological and economical services. Here, urban
development pressure is increasing and rapidly changing dynamics are
creating new urban settings, pressing in ecological sensitive areas of
Maputo’s coastline. The functions of the still existing ecosystems and
positive effects that these can have within the urban environment are
relevant to be known and investigated in light of the greenway principles.
Through the landscape architecture lens, insights on the service capacity
of these mangroves in terms of conservation strategies, local perception,
usage and management, and design possibilities are added, which can
contribute to maintain and expand the high urban quality that is historically
attached to Maputo city.
Keywords: coastal ecosystems, mangroves, Maputo, sustainable urban
development
From the very beginning of human settlements, the environment has
shaped the cultural profile of those who inhabit it. On the one hand,
humans have worked and molded the landscape, on the other hand, the
surrounding environment has strongly shaped the way different cultures
have developed (Ribeiro, 1960). Climate, topography, water and distance to
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fertile soil are fundamental features of a territory and dictate how men can
thrive, that is coastal deltas, estuaries and alluvial plains have a large and
accessible fish stock, land is more fertile and the variety of both fauna and
flora species is higher.
Throughout the period of the maritime discoveries, a new form of coastal
settlements was established, based on their accessibility through calm
waters, clear views out to sea for defense purposes and easy access to
the hinterland to secure access to resources for survival and for further
territorial explorations. “As soon as humans started to urbanize and
exploit these regions, and especially when urbanization, navigation,
industrialization and agricultural exploitation intensified during the
nineteenth and twentieth centuries, the territorial conditions of these
lowlands changed fundamentally” (Meyer, 2014). Cities then continued
to evolve as industrial ports, providing significant economic boosts to the
income of cities and countries, yet with increasing urban challenges for the
society, the environment and the economy.
Currently, and well into the twenty-first century, 40% of the world’s urban
population lives in coastal areas (IOC/UNESCO et al., 2011) and thus a
significant amount of goods and services are obtained from coastal-marine
ecosystems. According to Barragán and Andrés (2015), the number of
people living in coastal cities in temperate areas is dropping, while in
tropical and equatorial areas the number of coastal cities has risen from 94
to 795, providing for 614 million people and adding unprecedented pressure
on coastal-marine ecosystems.
In Maputo, the consolidation of the colonial settlement on the northern
margin of the bay began in 1825 with the establishment of the Lourenço
Marques commercial company. Since then, it has developed through
successive plans where the planned city, also known as cimento (concrete),
appeared in opposition to the spontaneity that generated the informal city,
the caniço (reed) (Sousa Morais, 2001). The caniço was initially the place
where natives employed by the Portuguese built their temporary cane
houses. Many parts of this area of the city were organized in an orthogonal
grid, a legacy from the colonial period, and were “managed using part of the
indigenous experiences, knowledge and structures” (Meneses, 2014). The
temporary materials used allowed for the removal of the houses whenever
the formal city needed to expand. Throughout the nineteenth and twentieth
centuries, the city developed in a plateau adjacent to the port, framed
by successive urban plans that shaped the city with still visible marking
features: the quality of the architecture, the openness of its avenues and
the constant presence of trees along the streets that gave Maputo its green
city image.
The post-independence processes and the civil war led to a deep cut with
the colonial way of producing the city. After the 1975 socialist revolution,
serving the population was the main priority. The capital should have
worked as a production mechanism for the country and as a city, the goal
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was to avoid segregation and improve the city’s polycentrism (Mendes, 1980).
Nowadays, Maputo is Mozambique’s most populated city with a projected
population of 1,273,076 people in 2017 (INE, 2014), causing “destruction
and fragmentation of coastal habitat” (Barragán and Andrés, 2015).
Urban expansion towards the coast of Maputo is a known ongoing
phenomenon and the functions of the existing ecosystems and the positive
effects these can have within the urban environment need to be highlighted,
disseminated and integrated into the planning process, in light of the
greenway principles presented below.
STATE OF THE ART
The Role of Mangrove Ecosystems for Global Ecology
Coastal wetlands, such as the ones found in Maputo Bay, are among the
most productive ecosystems in the world. They were described by Odum
(1971) as “high diversity tropical coastal ecosystems,” which given the
small temperature and salinity changes can divert their energy to elevated
symbiosis degrees, hosting complex life cycles and organism adaptation,
as mangrove roots adapt to salt water; as organisms that adapt to intense
luminosity and consequently produce high levels of organic nutrients; as
habitats that promote and support seagrass meadows and coral reefs; and
through all of these “produce disproportionately more services relating to
human well-being than most other systems” (MA, 2005).
Framed and protected by the 1971 Ramsar Convention on Wetlands, of
which Mozambique is a party since 2004, wetlands are the only group of
ecosystems to have their own international convention (Turner et al., 1999).
Since then, they have been generally defined as “areas of marsh, fen,
peatland or water, whether natural or artificial, permanent or temporary, with
water that is static or flowing, fresh, brackish or salt, including areas of marine
water, the depth of which at low tide does not exceed six meters.” Under this
Convention, Recommendation 10 focuses specifically on “African Wetlands”
and the value of African wetlands as habitats for migratory waterfowl in the
winter. Furthermore, it recommends “research on productivity of wetlands
and, possibly with the help of UNESCO, establish an African List of wetlands
of international importance (...)” (IUCN, 1971). Mangrove areas worldwide
play an important role in coastal and marine ecosystems. They are a
nutrient-rich environment and sheltered nursery ground for marine fauna,
they regulate sedimentation, prevent coastal erosion and protect the coastline
from storms and high tide events (Bandeira and Paula, 2014), both by
diminishing water runoff speed and by sustaining the soil.
Within coastal urban contexts, mangrove forests play a relevant role as
regulators of water quality and wastewater filtration. Mangroves provide
important ecosystem services that go beyond mere water security and water
for food security. Other ecosystem services provided by wetlands include
nutrient cycling, food security (provision of crops and nurseries for fisheries),
job security (maintenance of fisheries, soil quality for agriculture) and “a
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range of cultural benefits, including knowledge (scientific and traditional),
recreation and tourism, and formation of cultural values, including identity
and spiritual values” (ten Brink et al., 2013).
On the crucial issue of climate change (both mitigation and adaptation),
mangroves can be used as indicators of sea-level rise (de Boer, 2002),
mitigating elements for storm and tidal surges (and consequent changes to
river flow regimes and sediment transport) (MA, 2005), and for protection
against erosion. Mangroves can act as resilient storm buffers, reducing
costs of infrastructural works, shifting the construction trend from “hard
engineering works” to “soft engineering solutions” (Kithiia and Lyth, 2011).
Mangrove ecosystems in urban coastal areas should be regarded as
service providers, such as food sources, environmental protection and for
fuel and material for household provisions, as well as for the construction
of boats and houses. Such services have been used over time, with strong
evidence among the original settlements along the coastline of Maputo,
such as in Bairro dos Pescadores and Katembe, where mangroves
supported people in meeting their basic needs and in improving their
quality of life (Roberts et al., 2011); and as service providers, for example,
for waste treatment by recycling waste components (Cilliers et al., 2013),
among others. As Maputo’s land resources are exhausted in the plateau,
where the city was historically developed, and new investments and new
urban and infrastructural projects are putting pressure on the city’s coastal
flood plains, wetland ecosystems need to be considered as fundamental
assets in the planning processes of the newly urbanized areas of Maputo,
stressing their importance in the context of resilient edges for new
expanding urban areas.
International Agreements and Mangrove Ecosystems
The 1970s saw an increase in environmental awareness, as a result of
a greater evidence of the irreversible impact of resource exploitation on
nature. The Ramsar Convention raised awareness on the importance of
wetlands worldwide, as well as on wetlands conservation and management.
In 1971, the UNESCO Man and Biosphere (MAB) Programme was
launched to develop a framework for sustainable use and conservation
of biological diversity, improve relations between people and their
environment and promote research and capacity building for natural
resource management. Protected areas were established as biosphere
reserves to promote sustainable community development and empower
communities to better manage natural resources (UNESCO-MAB, 1971).
There are currently forty-seven biosphere reserves that include mangroves
(ConservationTraining, 2017).
Following the Ramsar Convention, nature conservation and sustainable use
of natural resources unfolded under several agreements, reflecting directly
on mangrove and other coastal ecosystems. Many endangered mangroves
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and/or endemic species can be found in the Convention on the International
Trade of Endangered Species (CITES, 1975), including species that depend
on mangrove ecosystems. The 1983 Convention on the Conservation of
Migratory Species of Wild Animals (CMS) (Bonn Convention, 1979) aims
at conserving migratory animals and their habitats, including mangrove
ecosystems (UNEP-CMS, 1979), and the Agreement on the Conservation
of African-Eurasian Migratory Waterbirds (AEWA, 1996) studies birds that
depend on wetlands for at least a part of the year, where Mozambique is
considered a “Non-Party Range State,” as its wetland habitats are within the
range of migratory routes (UNEP-AEWA, 1996).
The 1992 Rio de Janeiro United Nations Conference on Environment
and Development and the publication of Agenda XXI, saw an increase
in environmental awareness and a greater recognition of the global
impacts of actions taken by the overexploitation of natural resources,
climate change, inequalities and poverty within nations and between
them (UN, 1992). The UN Economic Commission for Africa subsequently
outlined strategies to address some of the major constraints to economic
development, such as “activities of transnational corporation with high
financial as well as ecological costs, the impact of the exploitation of
natural resources, demographic changes and population pressures,”
ecosystems management and conservation, the prevention and reversal
of desertification processes, and securing greater energy self-sufficiency
(UNECA, 1993).

Figure 1. Progressive urbanization of Maputo’s wetlands.
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These gave origin to a set of agreements such as the UN Framework
Convention on Climate Change (UNFCCC, 1994), the UN Convention
to Combat Desertification (UNCCD, 1994) and the UN Convention
on Biological Diversity (UNCBD, 1993). The UNFCCC led to the
development of the Kyoto Protocol in 1997, later the Doha Amendment
(ConservationTraining, 2017) and finally the Paris Agreements in 2014
(UNFCCC, 2017). Relevant to Mangrove conservation, the UNFCCC
established the National Adaptation Programmes of Action (NAPAs) as
important tools to promote mangrove conservation for community resilience
and security facing global climate change. Other relevant mechanisms of
the UNFCCC that can be applied to mangrove ecosystems include the
Reducing Emissions from Deforestation and Forest Degradation (REDD+),
which recognizes the mangrove’s potential as “carbon sink.”
The UNCBD is implemented through the National Biodiversity Strategy and
Action Plan (NBSAP) at national level and it directly implies protection of
biodiversity of flora and fauna in mangroves through its Aichi Biodiversity
Targets (2011-2020).
These agreements are often updated, strengthening goals, yet also
shifting them, making the attainment of results difficult to achieve, as was
the case with the Millennium Development Goals. The new Sustainable
Development Goals have been set as ambitious yet more realistic goals,
where mangroves can be inserted in the goals relating to ending hunger,
achievement of food security and improved nutrition, and promoting
sustainable agriculture (Goal 2); clean water and sanitation (Goal 6);
making cities and human settlements inclusive, safe, resilient and
sustainable (Goal 11); ensuring sustainable consumption and production
patterns (Goal 12); taking urgent action to combat climate change and its
impacts (Goal 13); conserving and sustainably using the ocean, seas and
marine resources for sustainable development (Goal 14) (UN, 2016).
Nevertheless, progress is being made in what concerns ecology and
conservation. A useful tool to measure the intrinsic value of ecosystems
is its translation into economic terms - the valuation of ecosystems.
Ecosystem services - namely food, freshwater, energy, fiber, disease
control, global climate, protection from natural disasters, non-material
benefits to people (UNEP, 2005) - were acknowledged at the Eighth
Conference of the Parties to the CBD (2006), as “overwhelming
contributors to human life and well-being” (UNCBD, 2006). These services
are provided by multi-functional landscapes, often referred to as “natural
capital.” The aim of the definition of the ecosystem services provided by
each multi-functional landscapes is often more beneficial than the value
of the converted systems, but its under-valuation is difficult to express as
most of the benefits are not captured in conventional economic analysis (de
Groot, 2005).
More recently, the 2013 Supplement to the 2006 International Panel on
Climate Change Guidelines for National Greenhouse Inventories: Wetlands
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(the “Wetlands Supplement”) specifically addresses mangrove forests
and coastal wetlands, considering them “blue carbon” sinks in national
GHG inventories, making up for the gaps on wetlands in the 2006 IPCC
Guidelines (ConservationTraining, 2017). As healthy ecosystems are
increasingly being recognized for their capacity in increasing resilience
to climate change and helping people to adapt to changes through the
delivery of many ecosystem services, the Hyogo Framework for Action
2005-2015: Building Resilience of Nations and Communities to Disasters
(Hyogo, 2005) and the Post-2015 Disaster Risk Reduction Framework
provide global guidelines for disaster risk reduction through a series of
priority actions. Coastal resilience to disasters and to global change are
directly linked to mangrove ecosystems, and must be integrated into
coastal planning and management as fundamental elements in coastal
protection and for the development and sustainability of local livelihoods.
Since 1974, the UNEP Regional Seas Programme addresses the
degradation of the world’s oceans and coastal environments through its
sustainable management and use, by engaging neighbouring countries
in actions aimed to protect their shared marine environment. The East
Africa Region is under the scope of the Nairobi Convention (Nairobi,
1985), having entered into force in 1996, and its implementation notes
Mozambique’s vulnerability to interests in exploring potential gas reserves
that may “exacerbate the destruction of critical habitats such as coral reefs,
mangroves, beaches and sea grass meadows” (UNEP-RSP, 2010).
Recently, the UNFCCC reached a landmark agreement in the twenty-first
UN Climate Conference in Paris (COP, 21), hopefully shifting the course
of two decades of global climate efforts. The recent agreements end the
strict differentiation between developed and least developed countries, and
require that all parties report on their emissions and implementation efforts
for review.
Mangrove Management: Good Practices
Many tropical cities across the world are experiencing urban growth that is
compromising the carrying capacity of their coastal ecosystems due to the
depletion of groundwater supplies, aquifer and sea water contamination by
urban wastewater and industrial pollution, and saline intrusion. Moreover,
groundwater extraction and heavy construction load can lead to ground
subsidence, as is the case in some areas of Jakarta (Dsikowitzky, 2016).
Additionally, land reclamation for human settlements, such as in
Lagos (Agboola, 2016), is fragmenting previous mangrove forests into
disconnected patches. This section of the paper presents good practices in
mangrove management and although some of these are not in the urban
context, they offer important lessons learned for coastal cities.
In the Indian Sundarbans, where mangrove ecosystems are in distress,
given pressure exerted by densely populated rural areas, a comparative

635

The Plan Journal 2 (2): 629-651, 2017 - doi: 10.15274/tpj.2017.02.02.21

www.theplanjournal.com

study of soil-plant-water relationships in two sites assessed the level
of success of a restoration process managed by an NGO and of an
unmanaged site (Datta, 2017). During the 1990s, small-scale, but
generalized logging was practiced by the villagers; from 1995 onwards
the NGO and local administration began to involve locals in participatory
management activities and protection actions from illegal logging, such as
monitoring, replanting and building fences for new planted seedlings and
removing litter (Datta, 2017). In return, villagers received a major share of
the income generated by this ecosystem. The study concluded that after
the initial ten to fifteen years, although community-based management had
not been fully efficient in mangrove regeneration, results were better than
in the legally, but non-managed protected reserve (Datta, 2017). It shows
that long-term community-based management, with monitoring, protection
and use of mangroves in a sustainable manner, is more efficient than
not taking action and waiting for natural regeneration as nearby villages
deplete forest coverage for economic and domestic purposes.
The PUMPSEA Project (Peri-urban mangrove forests as filters and potential
phytoremediators of domestic sewage in East Africa) aims to demonstrate
“the ecological and economical service that peri-urban mangroves provide
by mitigating coastal pollution through sewage - filtration, offering innovative
solutions for the exploitation and management of this quality,” (PUMPSEA,
2008) through the means of constructed wetlands in three case study areas
in the following cities: Maputo (Mozambique), Dar es Salam (Tanzania) and
Mombassa (Kenya). The conclusions included that the use of replanted
and rehabilitated mangroves for sewage treatment may have a lower cost
than conventional sewage treatment systems and that such considerations
should be considered in Coastal Zone Management Plans, particularly
in those with multiuse approaches (PUMPSEA, 2008). In Uganda, the
Government launched a policy that focuses on wetlands outside protected
areas, as is the case in urban and peri-urban wetlands. It is the first policy
of this kind in Africa and is a clear response to the recommendations of the
Ramsar Convention (Kabii, 1997).
The best practices here presented all have a common conclusion that legal
protection of mangrove ecosystems is not effective unless there is close
cooperation between government, NGOs and the public; additionally, these
need to be fostered as part of a long-term strategy (Agboola, 2016), for
protection and management of coastal wetlands.
MAPUTO: A CASE STUDY
Methodology for Mangrove Spatial Analysis in Urban and Peri-Urban Settings
To map and analyze land use evolution and the state of coastal
ecosystems in the specific case of Maputo, the Landscape - System
method (Magalhães et al., 2007) was adopted.
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This method feeds on the basic principles of the Ian McHarg’s method
that separates different territorial layers, revealing underlying ecological
systems and the connections between the different elements that compose
them. McHarg’s approach became well established in his book Design with
Nature (1969), whereby through the presentation of several case studies,
he applies the method by overlapping physiographic constraints maps to
identify critical zones for infrastructure construction and urbanization, or
by overlapping different aptitude maps to define the areas that are most
favorable for different human activities (urbanization, industry, agriculture,
etc.), always in an anthropocentric perspective and with the common goal
of “orienting a positive pattern of development” (McHarg, 1969).
Ribeiro Telles defends the Continuum Naturale (Natural Continuum)
principle, based on the concept of structure in its ecological and cultural
terms, “which establishes the connection between urban and rural (or
natural) landscape, bringing rural and urban populations closer in a
balanced inter-relation between people and landscape;” and it adds that
the “global landscape will be subjected to its own biological essence and,
as such, the location of activities, including urban expansion, has to be
subjected to territorial aptitude and the existing landscape” (Telles 1994,
in Magalhães, 2001), thus reinforcing McHarg’s approach, adding to the
notion of balance between rural and urban, and that of man and nature.
This concept is generalized as Greenways, stemming from Forman’s
(1990) ecological principles of “patch and corridor,” which takes into
account the need for linkage infrastructures that “connect isolated natural
areas that remain in an increasingly fragmented megapolitan landscape”
(Ahern, 1995). Though greenways have many definitions worldwide,

Figure 2. Mangroves at Inhaca Island, Maputo.
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Ahern (1995) describes them as “networks of land containing linear
elements that are planned, designed and managed for multiple purposes
including ecological, recreational, cultural, aesthetic, or other purposes
compatible with the concept of sustainable land use.” The Landscape System method takes landscape planning basic concepts, such as the
Continuum Naturale and “Ecological Aptitude,” adding the complexity and
systemic thought notions to McHarg’s method, assuming that the ecological
auto-regulation capacity of the landscape depends on the maintenance of
energy flows through continuous structures (Magalhães et al., 2007), which
set the basis for urban greenways.
Based on the previous concepts, a cartography catalogue was developed
to characterize the Maputo Municipality, compiling existing and new
cartography in a common format so that these may be overlapped, informing
how we can extract information for the delimitation of areas suitable for
potential mangrove establishment, as well as for its conservation. It is also
important to mention that this method can contribute to the definition of
non-aedificandi areas [upon which one cannot build] along the coastline,
intrinsically related to the areas for (and of) mangrove habitats, not only
because of the disturbance to these ecosystems, but also because of
flooding risk, groundwater contamination and public health risks that these
areas are prone to when urbanized. Again, as referred to by McHarg, the
constant basis of these methods is “that nature is an interacting process, a
seamless web, that is responsive to laws, that constitutes a value system
with intrinsic opportunities and constraints to human use” (McHarg, 1969).
As Favaro states in her PhD thesis, “mapping offers a way to deal with
complexity, an opportunity for extracting a synthesis image from a complex
interpolation of different specific knowledges, coming from different fields,
regarding the territory. In this sense, mapping allows designers and planners
not only to reveal contradictions and possibilities in the complexity of the
territory under design, but also to recognize its potential. In unfolding
complexity, mapping is a fundamental tool in urbanism practice” (Favaro,
2017).
[…] historical geology, climate, physiography, the water regimen,
soils, plants, animals and land use. This is the source from which
the interpretation is made although the grain becomes finer.
(McHarg, 1969)
To understand Maputo’s landscape, geology and topography were the first
step for the cartographic interpretation (Momade, 1995). Several maps
were generated from the Aster Global Data Elevation Model (Copyright
METI and NASA) to better characterize Maputo’s landscape, including
hypsometry and slopes. A hydrology map was obtained through the
Cenacarta (National Cartography and Remote Sensing Centre) of the
Ministry of Agriculture in Mozambique. Through these maps, one can
have an overview of the original landscape - topoclimate - and the dry
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and wet systems, in order to understand water behavior that influences
soil formation and the type of vegetation developing. Secondly, how the
areas of natural risk and environmental impact can be assessed in the
development of the city’s infrastructure and urban tissue (Tomás de Oliveira
et al., 2012).
Finally, to obtain an overall analysis of the evolution of mangrove areas
and land use changes in the Maputo Municipality over the past decades, a
comparison between the 1965-1967 Maputo District Military Map (DPSGC,
1967, 1965, 1958b, a) and the 2017 ESRI ArcGIS (Esri, 2017) base map
provided an overview of land use changes over the past fifty years. The
precise analysis of land use variation can support the ecosystems and
urban development evolution trends and identify conflicts by quantifying
and associating each figure to precise locations within the Municipality,
specifically in the coastal areas that are within the research scope.

Mangroves
Closed scrub
Open scrub and agriculture
Open scrub and trees
Sand
Salt pans
Agriculture in flooding zone
Temporary flooding zone

Figure 3. Maputo city location and major roads in relation to hydrography and coastal
ecosystems of Maputo Bay.
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Biophysical Characterization of Mangrove Areas in the Study Areas:
Bairro Dos Pescadores, Katembe and Inhaca
There are several relevant wetland ecosystems in the Municipality of
Maputo, such as mangroves, sand dunes and seagrass meadows. The
mangrove ecosystems of Maputo Bay occur from the northern border of the
Municipality, in the low-lying plain between the Ponta Vermelha ridge and
the sea to the flood plain at the mouth of the Incomati River. The floodplain
holds a considerable area of mangrove forest that has been progressively
fragmented by urban development, namely in Bairro dos Pescadores.
Mangroves reoccur in the southern margin of Maputo’s Municipality, in
Katembe, on the right margin and mouth of the Tembe River; in Inhaca
Island, they occur in the North and at Saco da Inhaca bay (Fig. 3).
A clear cut across Maputo’s coastal landscape shows the geological
fracture between the “Ponta Vermelha” Formation (TPv), with the oldest
geological formations of iron-rich sandstone and red sands. It has a depth
of 20 m [66 ft.] and goes from Maputo to Marracuene, in the North, in a
3 to 4 km [1.9 to 2.5 mi.] wide plateau with a SW-NE orientation (Tomás
de Oliveira, Momade, and Ferrara, 1996). Between the plateau and the sea
there is an accumulation of silty and sandy alluvial soils (QXf and Qa),
associated to the Incomati river terraces (Tomás de Oliveira et al.,
2012:23). This clearly defines the topography and consequently, the
hypsometry and slopes of the area, with heights ranging between 10 and
60 m [33 and 197 ft.] in the plateau, with 5 to 12% slopes, while in the
alluvial plain heights vary between 0 and 10 m [0 to 33 ft.] and slopes are
0 to 5%, almost flat and thus subject to seasonal flooding. In the ridge
between the plateau and the plain there is a steep slope of more than 25%,
where erosion-related problems are often reported.
In the Southern margin of the bay lies Katembe, which is mostly from the
Congolote formation (QCo), of interior fixed dunes. Towards the coastline
the Machava Formation (QMc) consisting of sandy and silty alternations,
it marks the line towards the alluvial deposits of fine sediments of clay and
silt (Saranga et al., 2008). Here, the Machava and Congolote formations
are at a height of 10 to 20 m [33 to 66 ft.], whereas the heights of the
alluvial deposits (Qa) at the mouth of Tembe River and of the seaside range
between 0 and 10 m. Slopes are more homogenous than in the Northern
side of the bay and vary between 0 and 12%.
Inhaca Island, also part of Maputo’s Municipality, is formed from east
to west by the Eastern dunar string, with heights up to 115 m [377 ft.]
(Qmd) and slopes above 25%. The central part of the island has parabolic
dunes and coastal dunes (QDO and QDOr), and the western side of the
island alternates beaches, sandbanks (Qpb), intertidal plains and areas
of mangrove (Qpm) (Tomás de Oliveira et al., 2012), with heights ranging
between 0 and 10 m and slopes between 0 and 12% (Fig. 4).
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By overlapping these maps, one can infer that mangroves (as shown in
Figure 4d) develop in alluvial and/or intertidal plains. They occur where
silty and clay soils deposited by river discharge and where there is a
strong tidal influence. Due to the geology and geomorphological processes
that influence these intertidal planes, the formed flat areas have several
common characteristics, such as very low heights of no more than
5 m [16 ft.] above sea level and slopes of no more than 5%. Figure 4d
also shows the overlap of mangrove areas in the 1967 Military Map
land use interpretation with the 2017 Esri satellite image, in which urban
development is visibly compromising and scattering the original (or future
potential) mangroves at Bairro dos Pescadores (Fig. 4d, square 1) and
Katembe (Fig. 4d, square 2). Inhaca’s mangroves may be seen as a
control case study as urban and tourism developments are yet to generate
pressure here (Fig. 4d, square 3).
For a better understanding of these areas, land use interpretation maps
were made and analyzed, comparing land use in 1967 and its current
situation in 2017. In 1967, the consolidated urban area was the Maputo
colonial city and the remaining territory was occupied by disperse
settlements, agriculture and scrub. In the coastal plain of Costa do Sol, land
use alternated between mangroves, flooding areas and sand dunes, with
only a few disperse settlements (Fig. 5). Katembe had disperse settlements
and along the right bank of the Tembe River, there was a considerable area
of mangrove. Scrub was the main vegetation in the dry plain adjacent to the
flood plains.
Within a period of fifty years, most of the territory of the Northern margin
of Maputo bay became consolidated urban area. In the coastal plain,
urban area with non-consolidated urban tissue can be found, occupying
the former sand dunes and temporary flood areas. The flood areas that
remain free of urbanization are occupied with agriculture and the existing
mangroves have their edges being reclaimed. In Katembe the settlements
remain disperse, but with a greater density, with an increase of agriculture,
that replaced scrubland. Inhaca Island remains stable in terms of land
use when comparing the two maps. Shifts in the location of mangroves
and dunes are related with both natural geomorphological processes
and anthropogenic influence and, of course, due to the precision in the
interpretation of the base maps (Fig. 6).
MAPUTO’S COASTAL ECOSYSTEMS: TOWARDS A POTENTIAL GREEN
INFRASTRUCTURE
By overlapping the 1967 and the 2017 land use maps and crossing
information, we can observe how Maputo’s land use has evolved over the
past fifty years, tracing previous and current uses within Maputo’s Municipal
area (Fig. 7).
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(b)
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(c)

(d)

Figure 4. Mapping a biophysical
characterization of Maputo
Municipality: (a) Hypsometry; (b)
Geology; (c) Slopes; (d) Satellite
imagery with overlap of original
mangrove areas and zoom case
study areas.
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Figure 5. 1967 Land use interpretation based on 1967 Military Map of Maputo.

Figure 6. 2017 Land use interpretation based on satellite imagery.
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In the north side of Maputo, we can observe that the new consolidated
urban areas in the plateau and towards the East coast derive from disperse
settlements (see Figure 5, dark pink), agriculture areas (see Figure 5,
brown) and scrub and trees areas (see Figure 5, light violet). In Katembe,
disperse settlements have remained and the area occupied by agriculture
has increased.
In what concerns its coastal ecosystems, and focusing on the mangrove
ecosystems and temporary flood areas, we can observe how these
areas have changed in relation to each other (Fig. 8), as mangrove areas
deteriorate and become flooding areas; as temporary flood areas are
occupied by other uses, new flood areas appear.
Always in the North, Maputo’s urban development is taking over the Costa
do Sol alluvial plain. There are areas of mangrove lost to consolidated
urban areas (see Figure 8, dark red) at Costa do Sol and at Bairro dos
Pescadores; others have been lost to reclamation but have no current
use (see Figure 8, orange). The temporary flood zones that accommodate
seasonal tropical storm floods and tidal variations are progressively being
used for agriculture, as people cultivate for subsistence and to sell, and are
also being occupied by formal and informal low-density urban expansion
(see Figure 8, dark pink), tourism facilities and infrastructure, as is the case
of the Marginal de Maputo ring road. At Katembe, a large extension of
mangrove area has been lost to infrastructure development, whereas most
of the temporary flood zone remains the same. Finally, at Inhaca, there are
considerable patches of mangrove that have been lost in the Northwest
side of the island (see Figure 8, orange) and flood areas that have become
agricultural areas, possibly due to the progressive population increase
(see Figure 8, olive green) and subsequent increase in demand for food
production areas.
By quantifying areas in percentage of the total area of the municipality,
both in 1967 and in 2017 (Fig. 9), we can observe that mangrove areas
in Maputo’s Municipality have surprisingly decreased by only 1% over the
past fifty years, from 5 to 4% of the global area, lost to temporary flood
zones (where mangrove is degraded) at Katembe and Inhaca, and lost
to consolidated urban areas and urban expansion in Maputo. Temporary
flood zones have decreased from 13 to 8%, whereas agriculture has risen
from 8 to 15% of the total area, contributing to the temporary flood zone
decrease and scrubland decrease (20 to 8%). The main driver of land use
change is definitively urban expansion, with an increase from 4 to 37% of
consolidated urban areas, in part, substituting the dispersed settlements
that decreased from 46 to 17% of the total area.
It was stated by de Boer (2002) that the mangroves in the Maputo
Municipality have decreased by 90% in the Maputo city area, 49% in
the Katembe area, 85% in the Costa do Sol and 22% in the Bairro dos
Pescadores, between 1958 and 1991, showing a clear negative evolution
in the Western margin of the bay, caused by direct use, exploitation,
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Figure 7. Maputo’s land use evolution analysis for the past fifty years.

Figure 8. Maputo’s coastal ecosystems evolution analysis for the past fifty years.
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and urban and infrastructure development. However, in other areas, he
states that mangrove patches were actually increasing, counterbalancing
the overall total area of mangrove (de Boer, 2002). The present spatial
analysis shows a slight decrease of mangrove areas, yet at a lower rate
than expected. It presents different figures that derive from different base
imagery sources and overall area and methodology of analysis.

Figure 9. Land use percentages in 1967 and 2017.

CONCLUSION
Currently, coastal cities in Africa face enormous environmental challenges
related to the sustainable use of natural resources and other global issues,
such as climate change. However, these are not treated as priorities
by local authorities and are thus not addressed in an effective manner,
although there is an awareness of “what should be done.”
Maputo is no exception, but it has unexplored opportunities in what
concerns the state of its coastal ecosystems. The presented spatial
analysis process helped quantifying land use changes, confirming that
the major transformation is from “other land uses” or from “disperse
settlements” being transformed into “consolidated urban area.” The analysis
also demonstrates that mangrove areas are not necessarily decreasing
and that temporary flooding areas and agricultural areas (previously
flooding areas) exist in considerable amounts at Bairro dos Pescadores,
Katembe and Inhaca. There is an opportunity to preserve them as structural
elements of the city and, along with them, preserve a great deal of the
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territorial capacity for auto-regulation in terms of biodiversity, carbon
sequestration, pollution filtering and accommodation of flood and storm
events, i.e. its ecological services. Acknowledging that “wetland value
appears to be maximum when distributed spatially across a landscape
that is not dominated either by cities or agriculture, but one that balances
nature and human enterprises” (Mitsch and Gosselink 2000), there is an
urgent need to educate and change the perception and understanding of
decision-makers, stakeholders and of local communities, on the value of
such ecosystems.
The mangroves and flooding areas, now perceived as leftover spaces or
land waiting for real estate speculation, should be seen as fundamental
assets: as greenways for the expanding city. This requires coherent
strategic planning, design, public participation and awareness raising
campaigns, all of which need to be recognized as priority actions by the
local authorities.
Design wise, to work on the transition interface between natural coastal
areas and the pressing urban areas (see Figure 8, red and orange)
could be an efficient (and economic) way to demarcate and improve
perception of natural areas, maintaining the ecosystems connected and
functioning, while improving living conditions on the edge - between the
sprawling neighborhoods and the mangrove ecosystem. Unhealthy and
neglected areas can become thriving urban parks and agricultural areas,
consequently improving the quality of life of the adjacent communities.
In Maputo, close attention needs to be paid to land use trends as well
as to the need to overcome both the lack of operational means to
implement the abovementioned strategies and the imminent pressure
of property speculation at all scales and at all levels - from the political
class, real estate promoters and private investors to low-income
local community leaders and population. The speed of environmental
sustainability implementation processes is currently far slower than the
speed of population influx to these areas and of land use conversion
into consolidated urban areas, indicating that if action is not taken, these
ecosystems will disappear. In practical terms, the system-landscape
method and further detailing the land use cartography is a rational and
efficient tool that takes part in the future process of urban greenways
delimitation and planning, aiming at the wider context of the Sustainable
Development Goals.
Lastly, future research needs to refer to the need to fill the knowledge
gap in what concerns the inclusion of healthy and productive mangrove
ecosystems in urban contexts, especially in African cities, where they are
being engulfed by urban sprawl and where the greenway principles need
to be promoted urgently. In this context, Maputo represents an outstanding
case study for the establishment of a greenway network in African coastal
areas given its unique urban dynamics and existing natural capital.
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ABSTRACT - The increasing hydro-morphological and environmental
degradation of lagoon systems is an issue shared by many Mediterranean
contexts. A Selective Retreat Strategy could be a radical solution for
these sites, in order to better manage the investments and maximize
the efforts on some specific settings, deliberately omitting others. This
approach comes from a research program developed by Sealine (Ferrara
University) on the delta of the Po River. Such lagoon system is highly
unstable, vulnerable to intense dynamics (coastal erosion, subsidence,
saltwater intrusion, etc.) affecting both its ecological value and the human
activities taking place around it (agriculture, fishing, aquaculture, tourism).
The infrastructural effort to freeze its evolution is no longer maintainable
and increasingly less efficient, given the site dimension and complexity.
Besides these remarks, such proposal is encouraged by specific boundary
conditions like the low productivity of farming areas and the land ownership
arrangements based on few big properties. Therefore, it is possible to
envisage a progressive site reorganization according to its historical
character of evolving landscape shaped, over the centuries, by the
alternation of natural phenomena and human interventions.
Keywords: evolving landscapes, hyper-natural landscapes, scenariobased approach, Selective Retreat Strategy
Delta regions have always been attractive sites for human settlements,
due to their fertility, abundant water supply, proximity to fluvial and maritime
waterways, etc. Deltas are among the most densely populated areas on
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Figure 1. Age of deposition of the different sediment belts now forming the Po Delta coastal
plain, between the Venice Lagoon and Ravenna (Italy).

the planet. According to the International Geosphere-Biosphere Program
(Syvitski, 2008), they account for more than 500 million inhabitants, almost
7% of the world population. Until the last century, life on deltas was largely
subject to natural uncertainty and large floods were ordinary phenomena
to deal with. Through the last two centuries, the fluvial dynamics has been
however largely altered by human intervention, such as land reclamation
and river embankment in most deltas. A raising conflict is taking place
in many delta areas: the human’s will to exploit natural resources within
a stable framework clashes against the dynamic processes constantly
reshaping the delta environment. In the last decades, in the Mediterranean
region, deltas have undergone an increasing environmental degradation.
A rigid and unchangeable framework created by massive human
interventions was superimposed onto natural environments with a very
large mobility. Sharp reduction in the sediment input, large fresh water
consumption, subsidence accelerated by human interventions, delta water
salinization, water eutrophication, global climate change and eustatic
change combine and make the environmental management of delta area
increasingly difficult. Basic morphological elements such as coastal sand
spits tend to wear out, failing in their task to soften the wave impact. Drastic
reductions in flora and fauna population have also often been witnessed.
Without human intervention, many delta areas would be rapidly submerged
by fast marine transgression (Overeem and Brakenridge, 2009).
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THE PO DELTA SYSTEM AND ITS MANAGEMENT STRATEGY
The Po River Delta in Italy is an important example of how such complex
issues have been intertwined over time with urban, social and economic
developments, which have characterised the evolution of the so-called
“Megalopoli Padana” (or “Po Valley Megalopolis”). This geographical notion
(Gottmann, 1978) has been used by Eugenio Turri in 2000 to describe the
peculiar urban growth through the entire alluvial valley of the Po River,
from Turin to the Adriatic Sea. In fact, according to Turri, the whole territory
included between the river and the Via Emilia road can be described as a
continuum, where agricultural fields have today become interstitial areas
incorporated within dense urbanizations across the plain. A system that
has developed following partial and heterogeneous interests at the local
scale, rather than an overall design, resulting in a “vast machine” exploiting
a territory of extraordinary resources, able to offer an amazing variety of
industrial and agricultural products, and profoundly shaped by man to the
needs of anthropization.
In this framework, the Po Delta and its present fragility represent the
outcome and the clear evidence of the major changes that have affected
the whole fluvial system during the last century to say the least.
Anyway, such condition of instability is not new. The current layout of the Po
Delta of Northern Italy is the result of continuous anthropic actions started in
1604 with the so-called “Porto Viro cut,” which enabled the main distributary
channel to flow southward, in order to protect the Venetian Lagoon from
silting (Fig. 1). During the centuries, similar works have been constantly
carried out, in the double effort to defend settlements and reclaiming large
areas from the sea. Nowadays, the Po Delta covers an area of 18.000 ha
[44,479 acres], 8.150 [20,139] of which are occupied by lagoons, 8.600
[21,251] by fishing diked lagoons, over 1.250 [3,089] by wetlands.
The present delta morphology is an over-engineered system in which any
kind of interaction is hardened and strictly mediated and controlled (Fig. 2).
Against this logic, the Retreat Strategy aims to provide a different approach
to environmental management and a long-term vision driven by pragmatic
evaluations. Through the last few years, a certain ambiguity has grown in
the landscape planning of coastal and deltaic contexts. Scientific studies
and planning procedures on deltas have mainly focused on environmental
remediation, ecological restoration and the so-called “re-naturalisation”
processes. According to this approach, the landscape should somehow be
brought back to a previous “natural” state, whose characteristics however
actually belong to a very specific evolutionary phase. Fast evolving
contexts such as deltas have often been considered and managed as if
their dynamic attitudes were something to be fixed or eliminated rather than
being included into planning policies. The European and national regulatory
framework itself, following the same logic, identifies protected areas and
high environmental interest zones (known as “Natura 2000” sites, under
the 92/43/CEE “Habitat” Directive) as permanent in time and space.
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Figure 2. Satellite view of the present day Po Delta configuration.

This is in sharp contrast with the high natural mobility of the deltaic systems.
Littoral zones, dune systems and wetlands need to be identified and protected
through more flexible instruments, assuming their mobility and the chance to
be relocated elsewhere. In a near future, the delta planning authorities will not
be able to manage environmental changes anymore without being allowed to
take more radical and faster decisions. Therefore, environmental protection
instruments, such as the ones mentioned before, need to be updated and
adapted to highly mobile context framework.
The comparison of different generations of aerial photos, taken since 1950,
shows the ongoing process of the sea retaking its space on the delta’s top
plain, re-flooding broader and broader areas and affecting human activities,
settlements and their safety (Fig. 3). At the same time, territorial policies are
still mostly tied to the assumption that there is an ideal delta environment and
that it must be kept “frozen” at any cost. Several environmental emergencies
have however been threatening the Po Delta fragile balance. The relative sea
level rise (subsidence and eustatic change), by boosting the saltwater intrusion,
already affects negatively most of the cultivations. A critical factor is the constant
reduction of fluvial sediment supplies to the sea, mainly due to the extraction
of raw materials all along the river course. From 1958 to 1981, the loss of
sediments to the delta system has been estimated at 90-95 million m3
[117,716-124,225 cu.yd.] (Simeoni et al., 2007). Dramatic subsidence
acceleration started in the ’50s in the Po Delta, due to an intense methane
baring water extraction. Between 1950 and 1980, the coastal Polesine area
experienced a sensational subsidence (Tosini and Colombo, 2009) of up to 40
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Pila Po river branch (1954 - 2003)

Gnocca Po river brach (1954 - 2003)

Maistra Po river branch (1954 - 2003)

Talle Po river branch (1954 - 2003)

Figure 3. Examples of the widespread erosive retreat affecting the Po Delta coastline.

and 60 mm [1.57 and 2.36 in.] per year. Extraction was totally forbidden in
the ’70s, but only during the early ’90s, the subsidence value started to go
back to more natural values of approximately 2-4 mm [0.08-0.16 in.] per
year (Bondesan et al., 1995).
More than four-fifths of the area is already well under the average sea level,
even below -4,5 m [-14.76 ft.] (Fig. 4). The altimetry condition is worsened
by external factors, such as the global eustatic sea level rise predictions
that are to be about 1-1,5 m [3.28-4.92 ft.] by the year 2100, according to
the Intergovernmental Panel on Climate Change.
EXAMPLES OF SELECTIVE RETREAT
The combination of fast subsidence, eustatic rise, climate change,
and sediment input starvation, water pollution, and deterioration of the
infrastructures will soon make maintaining the current delta configuration
very difficult. Even more rigid protection works will be required, causing
a further stiffening of the entire hydro-morphological lagoon system.
Persisting on this course of action implies building in the future even higher
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embankments to protect sunken and unprofitable areas.
The futile attempt to crystallize and fully control such a changeable system
is a losing approach, as events have already shown. In the long-term, such
efforts will not be sustainable, neither environmentally nor economically.
Innovative strategies grounded on the intrinsic dynamism of the Po Delta
system are therefore strongly needed. It is clear that the present rigid
environmental framework will soon become untenable and a retreat of
human activity from the artificially reclaimed areas, well below sea level,
will become unavoidable. A project of Selective Retreat Strategy implies
policies aiming at abandoning to the marine transgression selected delta
areas and at re-organizing the whole delta dynamic landscape.
Various desertion plans have already been carried out in several regions
of the world, yet trying to give an answer to different issues, needs, and
objectives. These examples are mostly the result of powerful economic
interests, but they are also useful to envisage the social and economic
impacts of transferring people, activities and urban services from one place
to another.
It is not so uncommon to relocate entire villages and communities, in order
to allow the construction of highways and dams (Égré and Senécal, 2003).
This is the case of a southern Australian town that has been moved for
about 8 km [4.97 mi.] in the ’50s to make way for the expansion of the
massive Lake Hume Dam. More recently, in 2008, the Hubei Province
of China witnessed the relocation of 1,24 million Sandouping residents,

Altimetry
Bathymetry
Main embankment
Secondary embankment
Figure 4. Po Delta plain elevation model. Note that the vast majority of the area is presently
well below sea level and is artificially kept dry by large land reclamation works.
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due to the construction of the Three Gorges Dam, a major infrastructure
crosscutting the Yangtze River.
In others cases, a crisis resulting from aggressive mining close to urban
areas forced the relocations of entire towns (Speller, Lyons, and TwiggerRoss, 2002). For instance, in the late 1910s, the Minnesota town of Hibbing
was moved about 3 km [2 mi.] southward because of unstable ground
caused by the town burgeoning iron mine. A similar destiny is now affecting
the northernmost town in Sweden, Kiruna, which is currently caving in of
the over-mining in the large Precambrian iron deposit. Officials are now
tasked with moving the town about 4 km [2.48 mi.] eastward, in order to
enlarge the mining site, keep the inhabitants safe, and develop an improved
modern version of the city. Institutions, stakeholders and citizens have been
engaging during this process in several common initiatives, with the overall
objective of building a roadmap for the village transition; such roadmap
is the outcome of several workshops aimed at informing the urban and
infrastructural planning (Leonhardt, 2015) according to different scenarios.
Even though the adopted methods are not exempt from criticisms, and
the whole debate - as pinpointed by the Bo Nilsson’s article (Nilsson,
2010) - has been affected by the ideological bias that characterizes various
opinions in relation to relocation plans, the Kiruna case-study shows how
democratic processes in the context of urban and territorial transformations
could be managed and adopted to inspire a shared vision of the future.
The proposed Selective Desertion Strategy for the Po Delta aims at
integrating such external forces into a long-term sustainable scenario
of growth for the deltaic territories. Such hypothesis explores a retreat
scenario, choosing certain areas to selectively flood or further protect, in
order to develop new landscapes and new socio-economic opportunities.
As evidenced by Ivan D. Correa and Juan Luis Gonzalez in 2000, such
goals, in particular conditions, can be achieved only by taking radical
choices rather than continuous technical compromises. In this perspective,
a deeper awareness of Po Delta dynamics and more flexible planning rules
are however needed. Nowadays, the whole delta territory is still highly
fragmented in terms of planning and management authorities and this is
a notable weakness not only for the proposed strategy implementation,
but also for any kind of policy, even less radical, that will be applied in
the future. For these reasons, a closer cooperation between public and
private stakeholders, investors, enterprises and citizens is needed, as well
as the rendering of more extreme scenarios could be useful to test the
political will in tackling the issue, instead of reiterating the current attitude
at postponing it.
SELECTIVE RETREAT STRATEGY: THE PO DELTA CASE-STUDY
The proposal of a Selective Retreat Strategy is rooted in an ongoing
investigation aimed at the definition of new strategies to landscape,
infrastructural and environmental evolution planning of coastal regions.
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The work is framed within a research programme on Hyper-Natural
environments developed by the Sealine Research Centre of the Architecture
Department, University of Ferrara. This multidisciplinary investigation involves
academics, professionals, and university students into a shared research effort.
In particular, thanks to the master thesis project of Lucia Ferrarini in 2015,
the main hypothesis has been tested in smaller areas of the delta, in order
to better understand and predict the landscape and infrastructural design
implications.
The study started by analysing potential risk scenarios forecasted for the next
decades. Extreme events such as sea storm surges, very high tides, and
river floods were taken into account to highlight the large vulnerabilities and
weakness spots of the Po Delta area. The Po Delta plain was subdivided into
areas showing different levels of vulnerability, according to their propensity
to river and sea flooding. An increasing “porosity degree” level has been
assigned to these areas to subdivide the whole of the delta territory into areas
with homogeneous “prospective retreat levels.” The retreat strategy has been
planned on this basis, aiming at both protecting and boosting the anthropic
system developed in this fragile coastal area.
The analysis takes into account several key parameters:
• Areas below the sea level and coastal morphology vulnerability: given
the severe subsidence affecting the Delta and the lack of sediment input,
it is highly important to safeguard areas still above sea level. It is also
important to describe the areas more susceptible to coastal erosion.
• Ecological habitats quality: it is possible to pinpoint the most valuable
biotopes and foresee their preservation, based on several ecological
studies (Pagnoni et al., 2009) measuring the biodiversity level in the delta.
• Settlements importance: the Po Delta, unlike other deltaic areas in the
world, has a low and further decreasing population density:
93 inhabitants/km2 [241 inhabitants/sq. mi.] (Tosi, 2013). Nevertheless,
some villages have to be preserved due to their consistency and
socio-economic value; due to the extremely recent geological origin and
anthropic colonization, no historic centers are developed in the area.
• Existing economic assets: the most profitability areas, such as fishing
lagoons, have to be preserved, as well as some industrial archaeology
sites, dating to the nineteenth and twentieth century reclamation
projects.
• Future development assets: some dismissed or underused areas
could play, in the future, a central role for the development of tourism,
transports and environmental functions.
Because of these analytical inputs, four successive retreat boundaries
(i.e. desertion lines) have been planned (Fig. 5). These main steps will be
leading to increasingly safer configurations of the delta system.
The planning has been traced to reach a progressive economic balance
in the Po River Delta hydro-morphologic management:
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• Emerging lands are planned to decrease by 13% in the first phase,
and 63%, in the last one.
• The embankments length will decrease by 48%, in the first phase,
and 71%, in the last one. The associated maintenance cost-saving
will be effective from the beginning of the process.
• The delta distributary channels will shorten by 11% and 56% in the
first and last phase, respectively. The channel shortening
will increase the extremely low gradients, supporting
an improved water flux.
• Lagoon area is expected to decrease by 74% in the first phase,
then to increase through the flooding of new areas in the following
project phases.
• The spontaneous wave erosion of the newly flooded coastal area
will mobilize millions of cubic meters of sediment, now stored
beneath reclaimed area, already below sea level. The sediment will
be involved in the reshaping of the coastline, through the sea wave
action, locally matched with artificial nourishment of sandy beaches.
• Inhabitant displacement would involve 2% of the delta region
population at the first stage, up to 11% during the possible next
retreat phases, involving a maximum of about 8.600 people.
The ongoing decrease in population and the incomplete
demographic turnover of the elder component will likely further
reduce the number.

Figure 5. Planned stages of the anthropic retreat from the delta plain.
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In many cases, persisting in the protection of anthropic habitats would be
economically unfavourable if compared to balancing their loss with the
re-design of similar new sites elsewhere; in other cases, flooding an area
would not be economically convenient. For instance, the huge dismissed
thermoelectric plant in Porto Tolle, if flooded, would have to be completely
remediated: an expense far greater than the investment required for
keeping it dry and re-functionalizing it in a touristic perspective. At every
stage of the retreat process, some sites are planned to be preserved
from flooding, to form an artificial archipelago in front of the delta where
several services and infrastructural facilities will be developed. Existing
embankments or harbour works could be saved by becoming marinas or
offshore cruise docks, with the aim of boosting the maritime accessibility
to the area. Small isolated villages, such as Santa Giulia, San Rocco and
Gorino, and other sites below sea level, could be networked and converted
into diving parks. The whole archipelago system, besides its value as a
focal element within the landscape, would probably act as a catalyst for the
development of the delta tourism.
The project is now focusing on two main operative layers: the mobility
infrastructure network and the wetlands system.
The infrastructural system needs to be reset before the starting of the
regulated flooding process. Both existing and new infrastructures have to
be connected to manage the population and economic activity resettlement.
Several interventions are planned for resetting the territory according
to the new scenarios, which would imply, for example, an increase in
population in some areas and function losses in others. Roads will be
designed following short and long-term previsions on rising relative sea
level and catastrophic events. The roads already well under sea level
and exposed to a high flooding risk will be abandoned. The new mobility
network is planned through two types of roads corresponding to an
increasing resiliency level. The first level consists of seasonal connections,
conceived to be flooded under extreme overflow conditions, being just over
the average sea level. They will shape the wetland landscape when the
most advanced protections are dismantled. The second one is designed to
be a long-lasting infrastructural level. This road system is patterned after
existing main roads and embankments, set up to a safety elevation, and
will ensure durable connections between dry lands. Road infrastructure will
become the supporting framework of the retreat process, catalysing new
functions and re-shaping the Po Delta’s identity. Unlike today, the future Po
Delta landscape will lay on a “branched” fruition system, rather than on the
monotonous zoning of single-purpose areas (Fig. 6).
The present territorial layout, as developed from the 1951 Land Reform
planning (Milan, Perini and Tognon, 2004) appears to be a large
and uniform carpet, where rectangular fields and scattered houses
monotonously recur. A few peculiar sites standing out from this uniform,
flattened context struggle to become perceivable and attractive.
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The new mobility network is planned as a recognizable element within the
landscape. Through the retreat process, the road infrastructure is designed
to become a touristic element in itself, offering a unique way to visit the
delta and its “water landscapes.”
In order to control environmental and coastal dynamics, the project strategy
relies on a new wetlands system that will evolve from the deliberate
flooding of lower areas. Such operation will allow to contrast erosion
phenomena both at the local - by dissipating the marine wave energy - and
the territorial scale - by providing a great amount of additional material to
the sediment transport along the littoral limiting the erosion of southern
beaches. Wetlands also behave as expansion basins for river floods
and their importance is associated with biodiversity conservation and
improvement. All these qualities should be measured in the long term and
according to an overall management of the different deltaic habitats.
Along the coastline, after removing a few portions of embankments, the sea
will quickly retake large areas. In inner lands, artificial basins will keep fresh
waters in order to prevent the salt-water wedge intrusion from reaching the
inner delta plain and to improve the productivity of the remaining fields. In
some cases, the flooding process will be achieved just by shutting down a
few water pumps, so that the rainwater could fill the lower lands. It is almost
impossible to predict exactly the final configuration of the coastline and the
way the sandbars will migrate over the years. The persistence of a lagoon
belt and inter-distributary bays between the coastal sand spits and the new
delta borders is certainly the most likely scenario. Within the lagoon belt
“buffer zone,” many activities will be rearranged and enhanced such as the
mussel culture, taking advantage from the increase of the shallow seabed
areas. The controlled marine transgression process will also make available
a large sediment stockpile that will be used for beach nourishments.
A similar approach could be carried out by tapping inland fluvial sediment
by river-regulated floods into expansion basins. In this perspective, one of
the most challenging zones is Porto Tolle, a 10.000 inhabitant settlement
near the Po channel that would greatly benefit from the development of
a sediment trapping overflow basin, protecting its eastern boundary. By
lowering and strengthening the river south bank in a few points, overflow
waters, which are the only ones rich in sediment, can be collected into the
basin raising bottom. The silt up basin will eventually produce a valuable
hydraulic protection against flooding, while generating new farmlands and
building lots that could be assigned to farmers and inhabitants whose lands
are vulnerable to flooding.
All these interventions consider the limit between land and water as a deep
and dynamic space with soft transition borders and consistent resiliency
sectors, devoted to mitigate extreme sea and river events. In such
perspective, these areas are meant to work as biodiversity reserves that
could host the local fauna relocation during the retreat process.
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Figure 6. Some interventions concerning floods protection by wetlands and vegetation
planting to improve the resilience.
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Unlike the current setting of the deltaic zones, featured by a sharp
distinction between different environments, the proposed scenario should
improve the inter-connections of different habitats fostering fauna’s
adaptability to future climate change and extreme events.
CONCLUSIONS
The idea of Hyper-Natural Environments informing the research on the
Selective Retreat Strategy for the Po Delta is an attempt to define a new
conceptual framework for landscape planning policies. In fact, it also aims
at generating a change of attitude in the diverse territorial institutions
involved in the delta management.
The neologism “hyper-natural” describes environments generated by the
strong interaction between human actions and “natural” processes. Within
this framework, the opposition between natural and artificial no longer
applies. Persisting in this opposition could lead to misunderstandings or
paralysis. In the case-study of the Po Delta, the overcoming of such an
antithesis allows to plan a progressive site re-organization of a landscape
shaped over the centuries by the continuous interaction of natural
phenomena and human intervention. Since the effort to “freeze” the
environmental evolution is no longer sustainable, dynamic scenarios should
be planned to manage a soft and resilient transition to future arrangements
(Nicolin, 2014).
The recent declaration by UNESCO of the Po Delta as one of the 651
Biosphere Reserves of the world ratifies the importance of this region
and presents a new challenge. According to the MAB Program (the “Man
and the Biosphere Programme” launched in 1971 by UNESCO), the
proclamation purpose is to recognise and promote a balanced relationship
between human communities and ecosystems. It also promotes the
creation of on-site infrastructures for scientific research, environmental
training and education, as well as experimental hubs for spatial planning
policies. The Selective Retreat Strategy proposal is aimed at supporting a
sustainable delta development, by exploiting its intrinsic changeability.
The strategy supports an effective adaption strategy to climate change,
eustatic sea level rise, fast subsidence, reduced fluvial sediment input
and socio-economic expectations.
Far from being a rigid and definite design, the proposal wants to give
alternative standpoints from which to start rethinking the future of the Po
Delta. In fact, since the political feasibility of such a proposal could seem
to be still difficult to implement, the added value of the Selective Retreat
Strategy consists in being potentially used as a term of comparison: with
the actual more conservative policies, as well as with other less radical
options. Within this framework, the Selective Retreat System can be
considered as an “exploratory scenario” aimed at grounding the debate
around the delta on a more prospective outlook.
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ABSTRACT - Coastal areas are an extraordinary condition for research
and investigation, at a scale encompassing multiple landscapes that
underwent a massive transformation, leading to their current crisis state.
A landscape with different degrees of depth, with complex conditions and
rules of the spatial systems that can be fully understood only through an
accurate selection and study of the elements that concurred to its creation.
The natural cycle that built the different elements of this landscape is
definitely an element to take into account during the definition of the design
strategies: through the alluvial deposit first and marine next, it “built” the
shore, the dunes - a natural protection against the sea-water level rise and the pinewood behind the dunes. Our goal is strategy that, recovering
and recycling the ancient and pre-existing dialogue between the form of
the city and the form of the landscape, recovers and recycles that long and
natural resilience process: a quality those areas always had, considering
also the potential rising of sea levels.
Keywords: centuriatio/centuriation, Domitian coastline, resilience
Resilience is a quality that has to be planned for and one that takes time
to come to the fore. In the long run, it contributes to the safeguarding
of the quality of life and the environment, by means of a balanced use
of resources. Therefore, a project must define a strategy capable of
strengthening the resilience of territories, cities, and people. The changes
of conditions under pressure from the global crisis have led to a senseless
exploitation of our territories, leading to poverty, degradation, inequality
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and social exclusion. The effects have hit cities, large urban areas and
suburban systems and have not spared the natural landscape and the
environment, fundamental resources for human lifecycles and habitats.
This crisis is of great environmental impact when “unlimited growth”
generates inequalities in the usage and availability of the space. The city
and the urban habitat in general are becoming more and more problematic
when it comes to safety and climate change-related risks. Whole
populations, just like natural systems, are becoming weaker and weaker,
and large sections of the territory suffer from structural hazards. For years,
the “unlimited growth” attitude has led to constantly pushing the limits and
to damage the environmental systems and their ecological components,
bearing no consideration whatsoever for the earth’s resources.
Within certain contexts, such as in Italy and the region around Naples
in particular, this attitude has had irreversible consequences on the
environment through building and settlement expansion, where growth has
degenerated into building speculation, unauthorised constructions, and
illegal transformation of the territory. In a short time, this attitude upset the
balance among those long-lasting ecological components of the landscape
system. In this precarious situation, it is necessary to devise a long-term
project that prioritises the collective dimension and the social values of
urban space as the lynchpin of change, by means of a project that fully
considers the limits of our ecosystem, as well as the times and the effects
of its transformation.
DESIGNING RESILIENCE
Under the circumstances briefly delineated above, space starts to lose
its continuity - not only ecological continuity, but also the sign of relations
and forms of accessibility that are turned into obstacles: infrastructural,
constructive, and managerial barriers that are the hallmarks of a deep
and tearing discontinuity. The solution is a strategy that is aware of the
system of relations underpinning the social, economic, and environmental
components of a territory, and it represents “the new urban question.” 1
This implies a return to the definition of a collective dimension, trying to
reduce inequalities starting from public space, imagining new forms of cities
and housing in the relationships with the landscape and the environment.
They have to become “spaces of dwelling,” tools for a resilient project
that is supported by a great awareness and knowledge of the existing
environment, and by the values of a community. Therefore, planning the
future means being aware of the material and immaterial consistence of
territories and cities, of their potential in transformation, of their ability to
introduce actions, and envisioning innovative projects that enhance the
performances of existing spaces in terms of quality, development and
resilience.
Resilience is the ability of an urban environment to react, regenerate
itself, and be sustainable according to a principle that broadens and
puts this well-established concept into practice. The pre-condition
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for novel and more adequate forms of transformation for the city and
for territories lies undoubtedly in making the cities more resilient and
safer. The project transforms itself within the boundaries of a renewed
field of action with materials, forms and functions that, compared to
traditional practices, acquire a new dimension as bearers of new values,
purposes, and objectives. Resilience becomes the goal of the project
for public space, gaining importance and relevance in the process of an
adaptive development, with a constant evaluation of the possibilities of
transformation of its elements and the analysis of its ecologic, economic
and urban systems.
Addressing the issues of resilience, climate change, and natural risks
through a work on the forms of the landscape and those of the city calls for
new materials for a project that cannot be seen as a closed cycle, but rather
as an open project. Public space, architecture, and landscape are arranged
in a recognisable way, following a strategy that, through a selective design
process, encompasses all the available values, keeping an eye on the
collective scale of the process.
The complexity of contemporary territories, therefore, demands a paradigm
shift in the way we observe and gather information, resulting in articulate
responses to the objectives of the investigation and of the strategy to be
pursued. The main theme is the enhancement of the relationships among
different methods, investigation results, and forms of cities and landscape
in order to build a shared knowledge that adopts projects and strategies
as tools to design the resilience of these contexts. The definition of new
paradigms becomes essential, encompassing the traditional public space
and the space of relationship that appears to be characterised by new
landscape and environmental formulas. Together with renewed spatial
concepts, they contribute to strengthen the idea of a collective and
open approach to change and interaction. An active space, more than a
representative one, strives to re-naturalize the dwelling space by promoting
processes of quality, interaction and integration of the new project that
appear well balanced between built spaces and voids. The relationship
with the environment triggers the same processes (quality, interaction and
relationship) between architecture and landscape, creating an adequate
social growth that is aware of the environmental resources. The creation
of new networks of active public spaces with eco-efficient solutions in
designing and retrofitting what already exists outlines new scenarios for
social and cultural gathering. The collective and well-defined public space
leaves its place to an open social space for relationships that oppose
the urban-territorial project to the comprehensive and closed strategies
that led to the crisis and collapse of the systems. The project balances
between environment and landscape, it configures the open space beyond
scale problems, and stresses the awareness of the meaning and value
of resilience to a degree of experimentation on technical research and on
potential uses.
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As Carlo Gasparrini has pointed out:
“[This is] the expression of a much deeper need: the proposal
for an alternative narration of the city capable of interpreting
and representing the dissipative dynamics associated with its
metabolism that is opposed to one of the central issues of the urban
phenomenon, of its functioning, of its pathologies. It is a narration
of the city that chooses to start from the landscape and ecological
outcome of those processes, subverting the traditional generalto-particular approach, the systemic comprehensive reading that
narrows down to the punctual and definite final impacts on urban
spaces.” 2
The Domitian Coastline: A Non-Standard Reality
Analysing the Domitian coastline, north of Naples, Italy, through its
settlements and environmental characteristics, means giving recognition to
the conditions that governed the form of this territory and implies a necessary
definition of the field of operation to identify the relevant questions.
The northern coastline of Naples is a sequence of discontinuous
settlements and territories alongside the Via Domitiana.3 Its study, still
today, unveils the original foundational rules of the countryside of Campania
(the region around Naples) by the coast, between the natural features of
the area and the Roman centuriatio scale.4 Today, it can be defined as a
non-standard reality, with urban conditions originating from the unlawful
town planning of recent years that was perpetrated throughout the entire
Campania territory as a result of criminal activities.
Located 45 km [28 mi.] north of Naples (Fig. 1a), the Pineta Mare district
is by far the most famous and most complex among those realities, as it is
probably the most resounding unlawful development in Europe. Marked by

Figure 1a. The study-area on Italy’s map.

Figure 1b. Aerial survey image of the Campi Flegrei.
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ecological downfall, uncontrolled economic liberalism, organized crime, and
immigration, this territory can be considered as a current example of the
contemporary urban condition of many world regions. The territory belongs
to an area known as Mazzoni, an alluvial plain around the Volturno River
that, at the beginning of the seventeenth century, under the supervision of
architect Domenico Fontana, witnessed the great reclamation operation
encouraged by the Bourbon sovereigns. That operation led to the creation
of a significant water drainage network named “Regi Lagni” that still
operates today and has a fundamental role for a large area of Campania.
This project took into careful account geographical and morphological
matters and its reading can become the reference system to define fields,
roles, themes, and strategies for transformation. The Regi Lagni are
straight channels that collect rain and spring water, draining them from the
plain north of Naples down to the sea, between the mouth of the Volturno
River and Lake Patria in a large fertile area enclosed northwest by the
Campi Flegrei (Fig. 1b).
This drainage network is one of the main patterns that mark the
development lines between the coastline and the inner territories. On this
system, the manmade elements rooted themselves into the millennial cycle
of the creation of the beachside by means of the sediments brought by the
rivers, creating the dunes that protect the pinewood - that used to cover
the whole coastline - behind them. In the early 1960s, the area around the
mouth of the Regi Lagni faced one of the most renowned cases of building
speculation, known as “Villaggio Coppola.” Its construction began in 1964,
when the Castel Volturno municipality granted over 500 building permits.
Thousands of other buildings were added over the following twenty years,
creating a multi-functional touristic center, inspired by those of the Rimini
Riviera on the Adriatic Coast. Villaggio Coppola was built on the stateowned Castel Volturno pinewood, spreading over one million m2 from the
late sixties to the eighties. Villaggio Coppola is a broad operation that
stretches over four km, where the pinewood and the coast dunes systems
stood, meant to become a self-sufficient city only a few minutes away from
Naples. The unlawfulness of this large real estate development was already
uncovered in the early 1970s, when the Castel Volturno municipality issued
several demolition orders that were followed by many legal and judicial
actions. The tragic natural events that hit the region in the eighties hindered
these legalization initiatives, turning Villaggio Coppola into a shelter for the
earthquake-stricken populations.
Over time, this condition brought to an acceptance and recognition of the
existing situation. (Fig.2)
Locals are progressively abandoning this wide and dense urban area,
which is slowly becoming a place of shelter for the constant Mediterranean
migration flows. This complex condition carries contradictions, frictions,
unresolved issues, fragmentation and overlapping at the same time, and
bears a morphological interest for the reading and study of these areas.

673

The Plan Journal 2 (2): 669-683, 2017 - doi: 10.15274/tpj.2017.02.02.07

www.theplanjournal.com

Today, these places have to be reinterpreted to define a better rule for
the spatial and settling systems of the sub-urban informal sprawl. City,
landscape and nature are, in this case, the terms to be related and to be
interpreted within the different aspects of the project: “a new paradigm
[…] a completely different way to look at the residential spaces and their
mutation.” 5
The project has to examine and select the elements in order to give
them a new interpretation and a new scale, to define the place and
arrangement of the works of architecture. The new buildings will be
able to give a new interpretation to the original landscape and its
environmental conditions, giving to the road, the water network, the dunes
and the pinewood the role of main register for the arrangement of a text
that bears new needs and new necessities.
This strategy assigns to the architectural themes an interpretation of the
landscape and its dimension, through the definition of primary roles and
functions to be implemented. One of them is the restoration of the urban
role of the ancient Via Domitiana that dictates the rules of the already built
fabric in a relationship with the broader network of the inland that matches
the ancient Roman centuriatio scale.
The reading process brings to the definition of the narrow coastal
area, the edge of the vast alluvial plain territories, where the usage of
its elements recalls urban characteristics. Their arrangement and the
relationships they create, on the other hand, refer to a broader structure,
the result of urban sprawl.

Figure 2a. The beachside.

Figure 2b. The pinewood.
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The constant accumulation of different systems and logics, usually with a
causal connection between them, gives the landscape that sense of
left-over space, of casual arrangement, of disorder: characteristics that
are often perceived as the expression of the contemporary condition.
André Corboz, on choosing this as an aesthetic condition, provides and
interesting and useful interpretation: “[…] Unregulated accumulation […]
the result of several choices, all rational or aspiring to be such, that obey
to different logics, opposed to one another […] the chaos is more an order
to understand. To get there, we need to investigate more each component,
to understand the circumstances that lead to the current state, and make a
typical-morphological inventory of the different elements.” 6
Understanding a territory such as Castel Volturno implies rebooting
the reflection process starting from the morphological reading and the
understanding of the landscape, to define and make intelligible the different
components that make up the territory. A series of overlapping layers
have to be taken into account without prevailing over each other, creating
a carefully sorted re-composition operation that can restore the role of
the natural systems and tissues through the project interpretation. The
elements of this operation require a strong meaning and role, in order to
foster a dialogue with the long coastline, the shape of the dunes, the dense
pinewood, the ancient Via Domitiana, the water network and the agricultural
patterns. This study, and the concept that supports it, are part of the
different logics that brought to the definition of the various systems that aim
at a simplification of the tools for the project. The consolidated elements

Figure 2c. The built tissue.

Figure 2d. The road network
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and the new ones, the routes, and the overlapping tracks are found with
these tools, and together create the base for a project to be carried out with
a sense of adequacy and recognisability.
Interpreting a Non-Standard Reality
In the case of Castel Volturno, reading and understanding are a
fundamental selective process for those elements that lay the basis for the
interpretation process through the project, starting from a landscape still
recognizable in some parts, and intact in others.
The physical construction of the urban fabric defined its shape and, in
the case of Pineta Mare village, it defies the consolidated rules of urban
planning with a layout that obeys mere land use and speculative rules.
The theme is how to recompose a fabric with new strategic works of
architecture, in a settlement that lacks a logic. This condition complicates
the identification of the elements that assign a new role to the areas of
intervention, giving a new interpretation to the relationships between the
parts, that experiment new orders and hierarchies in the existing tissue.
Assigning a theme to this condition is essential for carrying out the project
as a strategic action able to confront such a complexity. As philosopher
Massimo Cacciari has observed: “the city is everywhere; therefore, there
is no more city. We no longer inhabit cities, but territories. The postmetropolitan territory is a geography of events, a practice of connections
that go through hybrid landscapes.” 7
The dialogue between the form of the city and the form of the landscape
needs to be restored via the creation of new development patterns,
recognising the value of the contemporary city condition as much more
dynamic and subject to more rapid changes compared to the dense,
ancient, and stratified city.
The broad network of the contemporary city requires a scale and a role
to be assigned to the distances: the residential opportunities, the existing
routes, the man-made signs, the overlapping layers: a collection of
conditions that point to the choice of themes, such as collective places and
open spaces, that become the central point for an adequate strategy of
transformation. The project deals with elements and systems to trigger a
change - intended as a tool of research and knowledge - in the assignment
of a thematic interpretation to such complex territories through the definition
of certain figures, landscapes, and reference systems.
The selection of these elements is the key interpretation of the project that
implements the residential, spatial, and volumetric aspects that such a
theme can express in a peculiar place such as Castel Volturno, according
to the significance they are given. Thematic research is essential to the
adjustment and the development of the transformations through a system
of settlement opportunities for those areas considered as strategic points.
This reading leans towards the reality it is oriented to, and finds the
answers to its questions in the territories of architecture, to find belonging
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and recognisability again. Therefore, the project finds its roots into the study
of nature and its dynamics, and tries to create the conditions for the natural
cycle of the coast to continue uninterrupted, providing new spaces and
buildings (Fig.3).
A series of simple and light systems that operate on the existing built fabric
aims at improving the relations between the pinewood, the residential area
and the Via Domitiana. The strategic elements that belong to nature are
examined, interpreted and translated into forms of architecture to restore
the original function of this strip of land enclosed between the beach and
the woods. The creation of new connection elements, new small public
spaces along the coastline and the restoration of some abandoned
buildings is carried out in a balanced operation that consists of adding new
functions and eliminating obstacles. The whole process intends to allow the
recreation of the beach-dunes-pinewood system, recreating those longlost connections and relations among these elements. In this way, the new
needs can be expressed in a definite context where all choices take into
account the different scales and expressions of the territory.

Figure 3a. The connections.
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Figure 3c. Sections.
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Figure 3d. Studio rendering of the beachfront.

The project establishes a fundamental relationship with the forms of
the territory, with its characters and - in the Domitian coastline case - its
extraordinary landscape that deserves recognition and interpretation to
draw adequate elements capable to have a sense today:
GRID - Manmade landscapes abiding to ancient rules draw
attention to the system of routes, streets, natural and artificial water
streams, property limits, and crossings that support the different
depth of the soil, the beachside, the dunes, the pinewood, the
compact built up fabric, and the countryside. A multi-scalar look
that overlaps the physical, material, and visible components of the
space defining a common ground for the several instances that - in
the name of this complexity - can no longer be fragmented. On the
contrary, they have to be recognised as forms of the transformation,
a necessary resilience as reference and strategy for the project to
be adapted and controlled. (Fig. 4)

Figure 4.
Multi-scalar vision:
the centuriatio grid,
modules and
sub-modules.
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INTERACTION - The lifecycle of the dunes and the area behind
them can be considered as a model of natural balance between the
different flows that go through the territory. The landscapes bear the
traces of matter and energy flows: they ensure the development of
the territories’ potential and, at the same time, set out the conditions
for their resilience.
An open interaction as balance point, as well as the dune cycle, will
enhance the living conditions of the spaces with new meanings,
in a system of relations among space, activity, functions and time,
(Fig. 5) that take into account the resources, their replicability and
their correct usage.

Figure 5. A system of relations among space, activity, functions and time.

RELATIONSHIP - The project has to deal with its participatory and
inclusive social role, which should also give importance to local
action, instil awareness and give citizens the ability to act, and
define its collective dimension. The space of relationship shows new
forms (Fig. 6) that enhance its performance in terms of resilience,
meaning the ability of that space to resist the general breakdown
that our cities and territories are currently experiencing, also from
a social point of view.
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RESOURCES - Ecology needs to be the basis for the project and
for an efficient use of the resources, just as the lifecycle of the coast
that has always ensured and nurtured the entire environmental
system. A natural form of recycling that has provided debris, has
eroded them, has given them back, and has formed the dunes on
which vegetation has grown, protecting the pinewood. A new setup
of relations and their dynamics ensuring the logic and the ecology of
the project can no longer be considered mere background matters
but must be regarded as real assets of the landscape and urban
project on mitigation, safety, and resilience (Fig. 7).

Figure 6. New forms of the space of relations.

Figure 7. An urban project on mitigation,
safety and resilience.

CONCLUSIONS
The resilience of the Domitian coastline (Fig. 8) lies within the very nature
of its formation. Recognising the structure that sustains this territory
means evaluating what new actions to implement, to reconvert, recycle,
and regenerate all those unlawful actions that brought to the “breakdown”
of these territories. Some disastrous actions for the environment and its
resources created, in this place, a complex concentration of the results of
“unlimited growth,” of building speculation operations, and of the effects of
waste management and immigration crisis. It is a tangle of problems of our
time concentrated alongside very few kilometres of coastline.
The comprehension and recognition of what lies under uncontrolled
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exploitation means bringing back the focus on land use, values and
resources for a different and multi-scalar action of the project. If we
assume the grid as system of knowledge and structure of the territory, it
is necessary to recompose the material and immaterial interactions that
have always been present in these areas. With a waterfront that is both
natural and urban landscape, the peculiar problems of this territory need
to be reconverted with an additive open action in the long run, in order to
regenerate that gradual transition from natural environments, open areas
and built spaces.
Today’s limits are to be overtaken, turning confines, enclosures and
compounds into thresholds, crossings, open areas and spaces of relation.
This process modifies the contexts gradually, modifies the landscapes and
selects - at different scales - the elements of the modification that, as new
layers, interact and permeate one another in situations such as this long
and often highly stratified part of the coast north of Naples, made of nature,
landscape, ancient traces and modern ruins, production, and waste.
The beachside and the pinewood, and the alteration of the natural
symbiotic process that existed between them, gain a crucial role in giving
back a necessary resilience condition to this territory.
In this example of non-standard territory, it is necessary to work on all
contexts, to implement all the necessary actions with the purpose of
reducing consumption and enhancing safety and awareness. This new
system of relations has to build a renewed sense of ethic and an idea of
re-composition of the relationship between nature and settlements.
As noted by Pino Scaglione: “Landscape and sustainability need to
become the public and participated expression of a renewed ethic of living
- balancing between nature and city - aimed at improving the human and
settling condition […] able to trigger a path made of new forms for urban
and environmental conditions, rich in biodiversity, sustainability, social
integration, and diffuse quality.” 8

Figure 8.
The resilience of the
Domitian coastline.
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Fragile Edges and
Floating Strategies along
the Albanian Coastline
Loris Rossi, Laura Pedata,
Enrico Porfido, Giuseppe Resta

ABSTRACT - The essay investigates coastline development along
the southern area of the Albanian Riviera, introducing the concepts of
“landscape fragments” and “landscape within a landscape” as design
methodologies. By speculatively reversing the order of landscape
perception from land to water, the coastline becomes a flexible device
capable of responding to unpredictable future events - natural disasters
related to climate change (rising sea levels), or globally challenging
socio-political phenomena (such as mass migration growing in scope,
complexity and impact). The experimental design approach involves the
design and representation of an incremental waterscape. By reversing
the morphological perception of the coastal landscape and making a set
of tactical selections in natural and artificial landscapes, the students
highlighted the territory’s potential. With new awareness, they proposed
site-specific interventions along the coast and inland, re-territorializing the
“apparent tabula rasa” and demonstrating the coastline’s potential dynamic
reaction to environmental challenges.
Keywords: Albanian riviera, floating strategies, fragile edges, hybrid
projects, landscape fragments
In 1972, Fernand Braudel referred to the Balkans, which he saw as part
of the Mediterranean peninsula, together with Anatolia and North Africa,
as “[…] ‘mountain islands,’ independent but isolated, regarded with
suspicion and having very little access to the outside world […].” 1 Following
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Braudel’s intuition, what if we were to consider the Albanian coastline, not
as a single tract of land, but rather as a set of “mountain islands,” small
villages surrounded by a green sea? If we do, the whole green strip facing
the Adriatic and the Ionian seas essentially becomes an “archipelago of
architectures in a green lagoon of natures,” 2 where the villages spread
over the landscape are isolated points connected by a hypothetical “green
glue” shaped by slow paths and winding roads. Following this intuition,
the need to address issues related to landscape resilience becomes an
opportunity to research new possible operative morphologies that work
with autonomous fragments floating in a “green sea,” where perceptions
of seascape and landscape are inverted, generating new scenarios in
an emerging new landscape. The green strip between the Riviera road
and the coastline could then be seen as a “fragile podium,” where “hybrid
morphologies” can overturn the meaning of seascape and landscape. The
domain of the mainland can establish a creative contradiction with the
domain of the waterscape.
To set the background for the main topic of this essay, we should specify
the character and the condition of the Albanian landscape in the strip of
coastline between the Llogara National Park and Nivice village (Fig. 1),
also known as Albanian Riviera.3 From a broader perspective, this coastal

Figure 1. Research project area: the southern coast of Albania from the Llogara National
Park to Nivice village, also known as the Albanian Riviera (upper right: Albania and Kosovo
within continental Europe).
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segment is in continuity with a larger European infrastructure that joins
a number of cities from Slovenia to Greece. Due to its political isolation,
the Albanian Riviera has always represented the “missing link” between
northern and southern Balkan countries facing the Adriatic and Ionian seas.
Its geographic location highlights the importance of this connection for the
country’s economic development, not only in terms of its touristic potential.
The coastal area of Albania, stretching for about 330 km [205 mi.] from
north to south, is characterized by lowlands and wide coastal plains in
the north and a mostly rocky coast with some alluvial plains in the south,
such as Qeparo and the Butrint Lagoon.4 The study area is strongly
characterized by a mountain system that has had, until now, the role of
preserving the natural ecosystem, acting as a physical-morphological
barrier against human invasion. Indeed, the Riviera’s lack of urbanization is
mainly due to its difficult accessibility. The Albanian Riviera is characterized
by the alternation of natural and artificial landscapes, which makes the area
interesting from both an environmental and a cultural point of view. The
fil rouge connecting those features is the national road SH8, a slow path
stretched between the remote villages and the natural heritage. Driving
along the Riviera Road, which offers panoramic breath-taking views, we
can better understand the peculiarity of this site. Nowadays, the existing
villages are strongly affected by seasonal touristic activities. In summer,
an increasing number of tourists challenges those settlements’ receptive
capability; while winters offer a desolate panorama made of ghost villages.
This phenomenon also affects the local architecture, which tries to rapidly
adapt to shifting needs. In fact, the buildings’ shape is transformed by a
number of architectural additions, resulting in an obvious contradiction
between traditional and contemporary architecture.
Taking into consideration these weak points, the debate on the Albanian
Riviera is mainly aimed at defining strategies to improve the existing
services and infrastructures adapting them to seasonal changes.
Nevertheless, due to its peculiar morphology, characterized by sudden
drops in level, the area represents an interesting challenge when dealing
with climate change.
Three years ago, our Department of Applied Research at Polis University
in Tirana observed the Albanian government’s great interest in this strip
of land and water - an interest that later resulted in the organization of
international competitions 5 and design proposals. Having decided to
establish the first unit - the Observatory of the Mediterranean Basin,6
entirely committed to the observation and investigation of all phenomena
related to water and land issues in the Mediterranean basin, we initiated a
set of studies and speculations on the Albanian coast.7
The strip of Albanian coastline land that is the object of our reflection
appears to be unique in terms of orography and nature. Its configuration
confers a sense of temporariness, indeterminacy and even imprecision,
probably generated by the blurred edge between the existing villages
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and the dense surrounding greenery. It is through Fernand Braudel’s
intuition that the hidden frame of this tract of the Albanian landscape can
be revealed: the secret to understanding the beauty of this landscape lies
in the simple act of inverting the common attitude toward the perception of
sea-form and land-form. As Braudel pointed out, the “mountain islands,”
“independent but isolated,” lie along a fragile border, a device in which
seascape and landscape can invert their main morphology and natural
characteristics. The southern Albanian Riviera can be considered as an
isolated area with very limited access from and to the outside world. The
landscape is engraved by the slow Riviera Road that winds its way through
mountains and across plains, held up against a natural podium with the
sea as a background. For centuries, these two elements, the Riviera Road
and the natural podium, have been the main characterizing elements
of the Mediterranean basin. The edge defined by the coastline outlines
the Mediterranean basin and is made up of several different landscape
typologies. On one side, the strip engages the fluidity of the sea; on the
other, it reacts to the unpredictable mutations of the land caused by natural
events and human activities.
The main aim of this study is to investigate the strip between the Riviera
Road and the coastline, an area of land that creates a natural podium, open
to the continuous mutation of the sea. Within this framework, we consider
the mechanism of an “inverted landscape” (between land and water) and
apply it to a design expedient; the resultant topographical representation
suggests possible strategies to respond to unpredictable events along the
Albanian coastline. Profound changes in our society and the environment
prove the importance of observation, investigation and the integration
of traditional methods of architectural design with theoretical tools from
multiple disciplines. The edge between land and water must be seen as
a way to identify and meditate upon different types of crises, including
the effects of rising sea levels and flooding as well as the movements of
people - both “gentle invasions” from tourists and the mass migration that
is growing in scope, complexity and impact. To understand the logic behind
this investigation, we must introduce two hypotheses.
The first hypothesis is that, for the first time, the Albanian Riviera is not
the object of a unitary plan; on the contrary, it is considered in terms
of “landscape fragments.” The topic of fragmentation is connected to
the operative meaning of being “interrupted,” a tool able to connect
something that “was” with something that “could be.” In some contexts,
urban and political activities inherited from the past have activated
dynamic transformations of the landscape.8 Within these transformations,
architecture has played a pivotal role in the identification of typological and
morphological characteristics of the Albanian landscape.
The second hypothesis takes into consideration the possibility of identifying
a “landscape within a landscape.” Many of these concepts can be traced
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back to the theories formulated by Oswald Mathias Ungers and his
colleagues in the well-known manifesto The City in the City. Berlin: A
Green Archipelago (2013),9 which uses this hypothesis as a background
methodology. The relevance of this work to our research reveals itself not
in our result, but in the process of identification and selection of all the
operative artificial and natural morphologies that act as a “green glue.”
In this context, the sea and the land can be defined as an operative
background where we can identify relevant objects or superimpose new
landscape projects.
The coastal strip is shaped by diverse autonomous objects, including the
Riviera Road, the river systems, the villages and the artificial agricultural
terraces, all surrounded by wilderness. These elements can become
operative as soon as they are incorporated into the system that we call
“archipelago.” 10 We applied the idea of archipelago - a system made up of
autonomous islands - as a design strategy to choose landscape elements
(both natural and artificial) and transform them into operative fragments.
These elements are design actions with a double objective: on the one
hand, they allow us to recognize and reinforce the existing uniqueness of
the Albanian landscape; on the other, they enable us to identify new hybrid
architecture within the Albanian landscape and seascape.
The arguments that follow define a methodology whereby the concept of
an archipelago, standing on a fragile podium, can become a tool to operate
architectural speculations and help open new debates about the resilience
of the Albanian coastline.
LANDSCAPE FRAGMENTS
The main objective of this research was to collect several different design
ideas for each area of land. The Riviera was therefore divided into nine
strips and made the subject of an “Exquisite Corpse,” 11 a surrealistic
exercise in which, instead of proposing a unitary vision, the projects along
the coast are defined as independent fragments. This exercise sprang
from the ideas of André Breton, who started exploiting the mystique of
imprecision with a group of artists in the first half of the twentieth century.
The abstract game led to a collage, a collection of words and/or images
that were collected without following a predetermined plan. The scope
of this game was to leave room for each participant to express his or her
individuality. Each fragment portrayed a personal reflection or individual
desire, and all the fragments added up to some sort of democratic mosaic.
In our design investigation, this kind of operation was reinterpreted as a
landscape project, focusing its attention on an architectural rather than
a territorial scale. We believe that these fragments help to rediscover
existing peculiarities of the Albanian landscape. As the work progressed,
the concept of “fragmentation” became associated with the idea of
“archipelago” and worked as a device able to generate new coastline
configurations. The archipelago shares with the natural and artificial
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elements of the landscape the characteristic of being composed of
autonomous systems that can work in synergy (Fig. 2).

Figure 2. Map of the existing conditions of the Albanian Riviera, divided into nine strips to
represent the archipelago fragments.

A LANDSCAPE WITHIN A LANDSCAPE
Having explained why we chose to work with fragments, we need to explain
how to recognize an autonomous object and, most of all, how to make it
work in an archipelago landscape or seascape. This need is addressed by
introducing the idea of “a landscape within a landscape,” a concept very
similar to that of the “a city within a city” developed by Oswald Mathias
Ungers and his group of brilliant students. In our case, the fundamental
aspect is to examine a complex landscape and select from it flexible
elements, natural or artificial, that can expand or reduce its morphological
characteristics. The example shown in the images (Fig. 3) attempts to
demonstrate how graphical interpretations can lead to the creation of new
topographical maps that show the hidden characteristics of the landscape.
The three fragments represent three different morphologies: the river
system, the valley and the canyon.
These “tactical selections” enable us to re-establish relationships between
land morphologies and design actions. They put us in a position to
create a set of key design actions, inspired by the peculiar morphological
characteristics of the landscape. We now have a range of generic tools,
selected within a complex landscape and able to generate new forms
of hybrid architecture. Figure 8a shows the abacus of morphologies, or
taxonomy of operative elements, developed during the study. We can
strengthen the strategy to work with tactical selections within a complex
landscape by looking at it with the eye of a biologist. In biology, “selection”
is defined as “a process in which environmental or genetic influences
determine which types of organisms thrive better than others, regarded as
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a factor in evolution.” 12 This definition reinforces the use of the term in the
context of our research if we consider it as a process of the identification
and evolution of land morphologies.
The act of collecting a set of operative tools, selected from the land or
the water, links the meaning of “archipelago” with its inner structure.
The tactical selection is a graphical expedient that allows us to include
or exclude portions of the territory, and to highlight objects that can be
autonomous and flexible at the same time. In other words, the meaning of

Figure 3. Aerial views and tactical selections of Fragments 1, 2 and 3.
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a tactical selection is also traceable in the meaning of operative islands.
Each tool shown in Figure 8a is a representation of a natural condition examples include canyon, plateau, valley and threshold - adopted as a
basis for design actions.
Once these considerations have been made, the identification of “a
landscape within a landscape” - the selection of a clear morphology against
the water or land background - becomes clearer. To recognize one, we
must learn to work with the mechanism of figure and background.
ARCHITECTURE IN A GREEN SEA
Just as we cannot speak of an archipelago in the absence of a sea, we
cannot identify autonomous objects in a sea of complexity unless we have
a clear background. In our research, this simple comparison denotes a
fundamental precondition to demonstrate how the domains of sea and
land can share the same concept of background. To explain this further,
we need to consider the negative aspects of water and vegetation, their
capacity to erase, attack or erode things that cross their path. It is exactly
at these moments of collision that both water and land create reciprocal
interdependence. The background, then, becomes a “sign of erasure.”
To better comprehend the concept of “reciprocal interdependence created
by a device that erases,” we can turn to the artistic experiments conducted
by artists Christo and Jeanne-Claude.13 In several of their art projects, they
used an artificial background as a tool to erase, attack or erode natural
and artificial masses. The act of concealing natural and artificial elements
in the landscape counterintuitively reveals these very elements, directing
attention toward them. In some of their land art works, they built monotone
backgrounds that challenge the edge between land and water, outlining
islands or wrapping buildings. Their actions on the landscape are poetic
gestures; natural or artificial elements in the landscape operate as words
within a sea of sentences, shaped or wrapped by an abstract device.
Our approach is similar to the one adopted by Christo and Jeanne-Claude,
as we can use the power of the sea and the land by defining an abstract
background that erases natural objects and artifacts. Ungers’ concept of
“green grid” adopts a similar strategy, but he imagines that the grid can
absorb the infrastructure of Berlin:
Parts of redundant infrastructures, whose corpses now litter whole
parts of the city, and other insalubrious properties should be
condemned in such a pattern that, together, they would eventually
form a system of nature - a green grid - a catalogue of types that
range from suburb to parkland to dense forests and even to urban
farmland. This nature grid would isolate the islands and establish
the metaphor of a ‘green’ archipelago.14
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The following paragraphs and images deal with two design approaches to
waterscape and landscape. The first operates on the sea as if it were land,
while the second reverses this, metaphorically assigning the characteristics
of the sea to the land. Two-dimensional topographic representation is used
as a tool to make normally invisible aspects visible.
MULTIMODAL LANDSCAPE
The Albanian Riviera landscape offers us the possibility to investigate the
concept of “multimodality.” A landscape can be considered multimodal
within the concept of “landscape within the landscape” when an area of
land, selected and isolated, becomes an autonomous object with flexible
edges that allow it to be used in multiple ways.
To address the main objective of our investigation, we applied the idea
of “multimodal landscape” to the architectural field, proposing hybrid
architectural artifacts capable of absorbing exterior influences and
responding to unexpected landscape mutations; again, we imagine that the
sea can behave like the land and vice versa. Following this approach and
using unconventional graphical tools and a new architectural approach, the
Albanian Riviera is represented as an inverted landscape for the first time.
Working with a multimodal landscape in the context of our research means
considering the Albanian Riviera as a source of inspiration for different
design approaches and modes of intervention. The different modalities we
refer to are obtainable by shifting the point of view of the observer - from
the sea towards the land and vice versa - to question and challenge the
present value of landscape and its possible future transformations.
In the design speculations below, topographic maps are used as guiding
devices to assist the audience in navigating the Riviera project proposals.
These are divided into two groups, corresponding to the two hypotheses,
“What if the sea were to replace the land?” and “What if the land were to
replace the sea?”
In the first case, the sea, characterized by its power to erase the land,
becomes the protagonist. The new interventions are developed on the
sea and considered as an extension of the land toward the water; we are
therefore treating the sea as if it were dry land. This condition offers an
advantage over operating on the land, as the fluidity of the sea allows for
functions to have easy access to people, rather than people having to
access the functions.
The second condition requires seeing the land metaphorically as sea,
applying the concept of “selection” to an active topography and delineating
a system of architectural design actions.
Most of the design experiments presented below were produced during
the last three years of the Architecture Design Studio and the professional
program of Landscape and Urban Design.15 Design solutions that can yield
influences from both sea and land allow these projects to deal with the
concept of hybrid in architecture and the urgent need to address issues
related to unpredictable natural disasters.
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WHAT IF THE SEA WERE TO REPLACE THE LAND?
First, let us consider what would happen if we operated on the sea as
if it were land and we shifted our point of view from the sea toward the
mainland.
Sea level rise is becoming an increasingly important issue, not only in
relationship to its consequences for the environment, but also due to
related socio-economic implications, “particularly because the global
economy relies partly on shore activities. This is especially true for the
Mediterranean countries, for many of which the coastal economy is of
primary economic importance.” 16 In addition, rising sea levels increase
beach erosion, contribute to floods and storm-related damage, and
increase the intrusion of salt into fresh water streams.17
Observing the two main lines that define the Albanian Riviera, the coastline
and the national SH8 road, we can identify a comb-like structure that
connects the hotspots related to both cultural and natural heritages. For
several kilometers, these overlap, but in those places where they are
separated, a series of transversal links, “the comb’s teeth,” reconnect them
(Fig. 4). This observation offers a starting point for a formal reflection. If we
consider the 61 cm [2 ft.] sea level rise forecast by scientists for 2100,18 we
must acknowledge that several of those connections will disappear (Fig. 5).
The two main areas affected are the Himarë plain, a touristic area, and
the Qeparo valley, important for its agricultural production. This projection
offers an outstanding opportunity to reflect on a hypothetical inversion of
the roles of land and sea and to design hybrid solutions for future needs,
both functionally and formally. What functions could be transferred from the
land - what used to be land - to the sea while retaining the innate natural
aptitudes of both?
During the studio for the Master of Landscape and Urban Design,19
these assumptions were adopted as starting points for the elaboration
of floating structure prototypes, aimed at strategically addressing issues

Figure 4. The “infrastructure comb” connecting the main Riviera inland hotspots—urban
settlements and old villages—with the coastal points of attraction.
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Figure 5. Above: the Riviera coastline after sea level rise. The submerged area is
represented by blue and white stripes, while the red frames define the five areas selected
for their morphological features. Below: taxonomy of new landscapes with the proposed
floating structures.

related to infrastructural connection, touristic development and landscape
conservation. Five areas, shown in Figure 5, stand out for their peculiar
morphology and characteristics: the delta of the river that marks the
beginning of the Riviera (A); the city centre of Himarë (B); Porto Palermo
(C); Qeparo and surroundings (D); and the last promontory before Sarandë
(E). For each of these areas, one prototype was designed, as described
below.
A. Rechargeable Theatre.
The first case presents a floating structure that is totally isolated
from the main connecting infrastructures on the mainland. The
proposed floating prototype must therefore satisfy its own needs
for connections and electrical power while using the landscape
as a scenario for artistic representation. To achieve these aims,
the movable platform houses theatrical performances and
accumulates energy from renewable sources (sun, water and wind).
B. Touristic Bridge.
Himarë’s promenade is mainly characterized by complementary
touristic activities such as restaurants, bars and discos, while the
inner part of the city is mostly dedicated to boarding facilities. If
the sea level rises, the main road and promenade will be completely
submerged, leaving room for the creation of a few small islands.
The proposed hybrid structure intends to address two main
issues related to the area: the lack of connections and the need
for recreational activities. The proposed floating structure therefore
supports a market and a restaurant; when in place, it can act as a
physical bridge, connecting the new islands and providing
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inhabitants with basic services. This device can answer both locals’
and tourists’ needs, providing the lost services and linking them
back to the “disconnected” Riviera.
C. Submarine museum.
Porto Palermo is considered one of the most important attractions
of the area, thanks to its natural and cultural heritages. The bay is
the site of both the Ali Pasha Castle and the old submarine base,
while the underwater landscape presents a unique and rich
ecosystem. According to the climate forecast, the whole area
will become submerged, so the main idea is to transform the old
submarine base into a museum, accessible by submarines. This will
enable the showcasing of the underwater heritage while
repurposing the existing infrastructure.
D. Aquaculture.
Qeparo valley, one of the largest plains in the country, is important
for its olive tree plantations, a key agricultural resource. The main
goal of this project is to transfer the productivity from land to
sea in the event of a sea level rise. As the irrigation canals become
redundant, they will be repurposed as anchorages for new floating
devices. The designed floating prototypes will host algae and
mussel cultivation, transferring the traditional terrestrial agricultural
activities to the sea and adapting them to the new marine 			
ecosystem.
E. Biodiversity Observatory.
The last segment of the Riviera hosts a fabulous cave, which private
investors have tried, unsuccessfully, to exploit. The area is
particularly rich in biodiversity, but due to its morphology is also
hard to access. Installing floating devices for monitoring ecosystem
conditions offers an opportunity to define spaces for contemplation
of natural flora and fauna (Fig. 6).
The thematic floating structures listed above are all strongly committed to
the idea of preserving and protecting the natural and cultural landscapes,
while affecting the surroundings as little as possible. Indeed, the proposed
floating structures, movable and designed to be resilient to climate change,
contribute to the preservation of local identity and the promotion of the
territory, thanks to the combination of the proposed and existing functions in
the immediate surroundings.
WHAT IF THE LAND WERE TO REPLACE THE SEA?
Now let us consider what would happen if, shifting our point of view to the
land, we metaphorically considered the land as sea.
This part of our research was centered on the investigation of architectural
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Figure 6. Scenarios proposed for the new landscapes of Himarë (B) and Qeparo (D),
showing the prototypes designed for them. After the sea level rise, the Himarë promenade
will be almost completely submerged and a small island will be created. The prototype
aims to connect the mainland to this new island and to provide lost services. The part of
Qeparo close to the sea, on the other hand, will disappear completely. The prototype aims
to reinterpret agriculture, the main economic activity of the area, transposing it to the water.

consequences linked to the evolving shape of the Albanian coast. Pushing
the process to the limit, the overall strategy, as well as each project, had
to respond to “what if?” questions: “What if the land were to replace the
sea? What if a sea level rise submerged and erased parts of the Albanian
Riviera?” If the sea level really does become much higher, it will start
engaging landscape architectural design with fewer fixed references.
Several coastal settlements will end up being completely erased under
the water. Qeparo and Borsh will disappear, while Himarë, the main urban
agglomeration along the Riviera, will be submerged, although the old
Himarë, given its altitude, will survive and find itself in a new relationship
with the coast. The large plain, currently under human pressure imposed
by vacation homes, will suddenly disappear and serve as seabed (Figs. 2
and 7).

Figure 7. Cartography of a possible future Albanian Riviera, divided into nine fragments.
Envisioned scenario based on the forecast sea-level rise.
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In our vision, landscape architecture is not only a “formal intervention on the
topography” 20 aimed at conquering a view of the horizon, but also a way for
urban dwellers to access and enjoy landscape, making their human-nature
relationship stronger and socially more significant.
The strategy adopted for this design speculation relies on a cartography
whose base map is a selective interpretation of the Albanian geography.
Every map is an invention, since the filter that establishes the features
to be represented implies a design action. Our biased cartography
leads to a number of experimental projects along the coast, scattered
over the landscape, on town outskirts and in the centre of abandoned
areas. To investigate more scenarios resulting from uncertain sea levels,
we considered several possibilities. Each possible configuration was
considered individually as an island and collectively as an archipelago
of architectural interventions. In Gilles Deleuze’s words, “It is no longer
the island that is separated from the continent; it is humans who find
themselves separated from the world when on an island.” 21 Remoteness
is not a geographical feature, but is attached to the relationship between
humans and nature; water is used as the principle for segregation.
The Albanian Riviera was analysed to find recurring morphological features.
These geographical typologies, later addressed by each project, build up
into the scientific table of the Albanian territory that we called a Tableau
of Morphologies (Fig. 8a). On the one hand, the design approach can be
extrapolated to other Mediterranean territories sharing the same features;
on the other, in order to maintain an indissoluble bond between project and
place, the architectural process (artificial shaping) starts from the form of
the ground. The ultimate goal is to obtain a designed form that reacts to the
natural context, establishing a joint evolutionary process.
When considering the long-term scenario, we imagined that the threshold
that separates water from mainland would acquire a jagged shape.
Several former peaks near the sea will turn into groups of small islands.22
The Riviera then will become an amphibious path, especially in the
coastal strip from Himarë to Borsh, where it will turn into a sea-lane.
The Tableau of Morphologies (Fig. 8a) gives a numbered list of four
groups of spatial conditions, each associated with a correspondingly
numbered Tableau of Projects (Fig. 8b).
The first group comprises podium (1), plateau (8) and ridge (16) - these
dominate from higher spots. Here we employed an expansion of the
platform (1), used architecture to frame panoramic views of the landscape
(8) or reinforced the ridge marking its path, culminating in a bastion-like
module (16). Since the sea level rise would delineate stretched or rounded
islets, reducing available dry space around the area, the architecture ought
to delineate a clear border, later to become a new separation between land
and water, and non-extensive modules. This way, the sea would advance
but never submerge these peaks.
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Figure 8a.
Tableau of
Morphologies:
podium (1),
theatre (2),
slope (3),
canyon (4),
catchment area (5),
levee (6),
slope (7),
plateau (8),
inlet (9),
inlet (10),
plain (11),
edge (12),
stage (13),
catchment area (14),
valley (15),
ridge (16),
watershed (17),
threshold (18),
valley (19).

Figure 8b.
Tableau of Projects:
expanding (1),
camouflaging (2),
grouping (3),
grooving (4),
tangling (5),
including (curved edge) (6),
camouflaging (7),
framing (8),
listing (9),
enhancing (10),
covering (11),
fencing (12),
including (straight edge) (13),
extending (14),
hybridizing (15),
marking (16),
approaching (17),
embedding (18),
gridding (19).
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The second group comprises slope (3 and 7), canyon (4), edge (12) and
threshold (18) - smooth or steep changes of altitude define wide or narrow
thresholds. One can envisage the programme following a single line across
the slope at different heights, or following the contours to define a set of
equal-height terraces (3 and 7). In the first case, architecture emerges
and challenges the drop, while in the second it camouflages artificial
interventions and blends into the scenery. On the edge of the canyon we
experimented with burrowing into the land, going slightly under the ground
level and designing space by subtraction (4); on less steep edges, like
those of a river, we scattered small private houses to let vegetation thrive
and shape a bank to fight floods (12). Where the threshold marks a change
between different landscapes, we conceived twofold structures. Here, the
project samples different contexts and plays with inside-outside duality (18)
(Fig. 9). When the sea level rises, the water will rise along the slope and

Figure 9. Extract from
Project 18, located in the
ninth strip. Waiting for
the flood: architecture as
threshold. Legend:
(1) welcome area;
(2) canteen;
(3) auditorium;
(4) research labs.
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move toward new territories whose landscape design should be prepared
to adapt to the new coast.
The third group is composed of inlet (9 and 10), plain (11) and stage (13) flat, even fields play with the horizon and wide views. Here we adopted
a more isotropic approach to composition, giving formal recognition
to programme and connections (9 and 10) and to features above and
below ground (11), as well as to features inside and outside a court (13).
When the sea level rises, the water will gradually invade the fields, so we
employed a strict typological approach, designing the way for a building to
adapt its programme to a different landscape scenario.
Finally, the fourth group includes theatre (2), catchment area (5 and 14),
levee (6), valley (15 and 19) and watershed (17) - these lower altitude
areas have wide territories characterized by better life conditions. Our
designs included a new topography (2) and integrated water streams with
leisure facilities (5, 6 and 14). They also experimented with the ways in
which a multipurpose infrastructure can enhance landscape (15) (Fig. 10)
or a grid adapt to complex geomorphologies (19) and devise a forestclearing sequence to build on a watershed (17). In this case, rising sea
levels would create new inlets and streams, requiring adaptable elevations
and buffer areas.

Figure 10. Extract from Project 15, located in the eighth strip. Nature infrastructure: an
inhabited bridge across Mount Shendelli. Legend: (1) welcome area; (2) sports facilities;
(3) common areas; (4) diving platform.
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CONCLUSION
In this paper, we have considered the natural and artificial elements that
characterize the Albanian coast as an archipelago of autonomous systems
capable of working in synergy, if transformed into operative fragments.
Land and sea masses share negative traits, both having the capacity to
erase, attack or erode their surroundings. Taking that fact as a premise,
we identified these traits as backgrounds with reciprocal interdependence.
Each background was then considered as an interchangeable element in
the framework of design approaches; these either operate on the sea as if
it were land, or metaphorically assign the characteristics of the sea to the
land “What if the sea were to replace the land? What if we were to consider
the land as if it were sea?” The process followed in the speculative design
operations on the Albania Riviera is based on two creative interpretative
keys that we named “landscape fragments” and “landscape within a
landscape.” The design process then followed a two-step approach in
which operative artificial and natural morphological traits were identified and
selected before being overlaid with landscape projects.
Concepts of adaptation and flexibility were introduced to explore future
design approaches for the Albanian coast. These approaches consider
the unpredictability of natural and social phenomena and the dynamic
character of landscape. To deal with the concept of mutation and instability,
we approached the projects as islands in a sea of water or greenery. This
concept has resulted in projects that dealt with the concept of hybridity
in architecture (floating islands that act as extensions of the land), and in
speculative design investigations based on multiple scenarios, where the
concept of “selection” on an active topography was applied to a system of
architectural objects. Each of these reacts to the natural context, where
each configuration is considered individually as an island and collectively
as an archipelago of architectural interventions. The two examples shown
in Figure 9 and Figure 10 present architectural solutions that adapt to
the continuous mutations of the sea and the land. These projects also
show how new land configurations reveal new architectures with a strong
autonomous character but, at the same time, establish a functional network
with the existing villages of the Albanian Riviera.
The architectural speculations presented in this essay not only open new
debates on the resilience of the Albanian coastline, but also address the
important issue of topographic representation and graphical interpretation
as tools to reveal hidden characteristics of the landscape. Indeed, the
design experimentations discussed in this paper show how, through a set
of “tactical selections” in the landscape, we can re-establish relationships
between land morphologies and design actions.
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Notes
1. Fernand Braudel, The Mediterranean and the Mediterranean World in the Age of Philip II,
vol. I, 7th ed. (Berkeley CA, USA: University of California Press, 1972), 99. First published
1949, La Méditerranée et le monde méditerranéen à l’époque de Philippe II.
2. Oswald Mathias Ungers et al., The City in the City. Berlin: A Green Archipelago (Zurich,
Switz.: Lars Müller Publishers, 2013).
3. The brand “Riviera” is used for the first time during the “communist period,” attempting to
recall the successful touristic destinations cases of France and Italy. In the 1960s, it appears
in travel guides and diaries such as: Guide d’Albanie (avec un petit Manuel de conversation)
edited by Albturist (the state travel agency) in 1958 and the travel diary by Albert Mahuzier,
who travelled in Albania in 1965 and wrote L’Albanie entrouvre sus frontieres.
4. Romeo Eftimi, “Some Considerations on Seawater-Freshwater Relationship in Albanian
Coastal Area,” in Coastal Aquifers Intrusion Technology: Mediterranean Countries, eds. Juan
Antonio Lopez-Gaeta et al. (Instituto Geologico y Minero de España - IGME: Madrid, 2003).
5. Riviera competition Website: http://competitions.planifikimi.gov.al/riviera/.
6. The Observatory of the Mediterranean Basin (OMB) is a research unit dedicated to
finding, along the Albanian coast, relevant topics linked to water and land characterization in
Albania, developing and sharing design practice and research projects.
7. For more info on the previous studies see: Besnik Aliaj and Loris Rossi, eds., Albanian
Riviera: An Alternative Model of Progress and Development for Next Generation Albania
(Tirana, Alb.: Mali Pleshti, 2016).
8. Regarding the Albanian historical transformation with a focus on Tirana see: Besnik Aliaj,
Keida Lulo and Genc Myftiu, Tirana: The Challenge of Urban Development (Tirana, Alb.:
Cetis edition, 2003).
9. See note 2.
10. Within the political and architectural debate beyond the word archipelago see: Pier
Vittorio Aureli, The Possibility of an Absolute Architecture (Cambridge MA, USA: MIT Press,
2011) and Massimo Cacciari, L’arcipelago (Milan: Adelphi, 1997).
11. To examine this matter further, see: Galo Canizares, “Exquisite Corpses: An Architectural
Mistery” (MArch thesis, MIT, 2014), https://dspace.mit.edu/handle/1721.1/89939.
12. Oxford Dictionaries Online, s.v. “Selection,” https://en.oxforddictionaries.com/definition/
selection.
13. Christo Vladimirov Javacheff is an American artist, born in Bulgaria (1935). His wife,
Jeanne-Claude Marie Denat, was an American artist born in France (1935-2009). The
couple worked together on environmental works of art since the 1970s.
14. See note 2, 16.
15. The representative case studies underpinning the theoretical investigation were
developed by students in the architecture graduate design studios and in the Master of
Landscape and Urban Design of the Department of Applied Research at Polis University
during the academic years 2015-16 and 2016-17. In particular, during the courses: Design
Studio and Theory of Architecture IV, themed “Network Archipelago. New Interpretative Tools
to Promote the Albanian Riviera Landscape” (Lecturer: Dr. Loris Rossi; Assistant Lecturers:
Laura Pedata, Enrico Porfido, Giuseppe Resta), and the Landscape and Urban Design
Studio, themed “Ephemeral Landscape: Temporary and Flexible Interventions for Promoting
the Coastline Development and Valorizing the Natural Landscape,” 2015-16 (Lecturer: Dr.
Loris Rossi; Assistant Lecturers: Enrico Porfido, Caterina Spadoni).
16. Marta Marcos and Michael N. Tsimplis, “Comparison of Results of AOGCMs in the
Mediterranean Sea during the 21st Century,” Journal of Geographic Research 113, C12028
(December 2008), doi:10.1029/2008JC004820.
17. Robert J. Nicholls and Stephen Parker Leatherman, “Global Sea Level Rise,” in As
Climate Changes: Potential Impacts and Implications, eds. Kenneth M. Strzepek, and Joel
B. Smith (Cambridge, UK: Cambridge University Press, 1994), 92–123.
18. See notes 4 and 17.
19. See note 15.
20. See an account of this duality in Clemens Steenbergen, “Metropolitan Footprints,” in
The Architecture Annual 2006-2007: Delft University of Technology, ed. Henco Bekkering
(Rotterdam: 010 Publishers, 2008).
21. Gilles Deleuze, Desert Islands and Other Texts 1953-1974, ed. David Lapoujade (Los
Angeles: Semiotext(e), 2004), 10.
22. Albania has only one island: Sazan, near the city of Vlore.
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ABSTRACT - Salinas, or Mediterranean coastal salt marshes, are priceless
ecological wetlands, resilient spaces along the coast that have survived
over time and hold incalculable cultural, historical, and ethnographic
values associated with them. Today, artisanal sea salt production is
no longer a profitable business, and in many cases, these spaces
become a no-man’s-land in-between nature and city, falling victims to
pressures of changing land uses and the unsustainable urban growth
of the Mediterranean coastal tourism. However, the process of change
and abandonment of these former production landscapes presents an
opportunity to promote new formulas for spatial tactics, public use and new
sustainable futures. A liminal condition full of spatial and formal assets that
opens the rising potential of the local economy and the right of the salina’s
active exploitation, interaction and identification.
Keywords: landscape reuse, liminal space, resilient edge, salinas, salt
works
For more than three thousand years, salt has been intrinsically connected
to the commercial activities and socio-politics of the Phoenician,
Greco-Roman, Judeo-Christian and Islamic cultures, and has made a
considerable contribution to the progression of these civilizations. The salt
works or salinas, where the salt is extracted from seawater through the
process of evaporation, have played a decisive role in the urban, cultural,
ecological, socio-economic and political processes throughout the history
of the southern Mediterranean region. The collection and commercialization
of salt for the conservation of food was key in the financing of the
modern European states through the taxes associated with this product.
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Its importance can also be seen in the etymological origins of the word
“salary” which comes from the Latin word salaries, which means “of salt or
pertaining to salt,” and later on produced the noun salarium, “ration of salt,”
or “salary.” 1 This singular symbiosis of man and landscape has represented
an environmentally respectful process based on the use of traditional
techniques, local materials and renewable energies.
However, today the artisanal production of sea salt is no longer a profitable
business due to the rapid extraction of this mineral from land salt mines.
This shift in salt production has turned many of the traditional salt works
into a no-man’s-land, falling victims to pressures of changing land uses
and the unsustainable urban growth of the Mediterranean coastal tourism.
These landscapes, found at the edge between city and nature, continue to
have a strong presence even though the majority of these once prosperous
salt works have been transformed or abandoned. In addition to this, the
raise in temperatures, due to global warming and the pollution from harmful
agriculture practices, have placed these delicate ecological habitats and
their fauna in a serious state of emergency. The current situation not only
threatens ecological loss but also the loss of heritage and the loss and
historical identity of the traditional salinero villages and their peoples.
This disparate scenario of change and abandonment of these former
production landscapes presents an opportunity to promote new formulas
for spatial tactics, public use and new sustainable futures for the salinas.
Recent investments in salt works along the coast of Spain are witness to
new possibilities of life along these forgotten edges. The beginning of this
shift from “production landscapes” to “landscapes of reuse” is feasible by
the integration of new programs, natural elements and built structures that
showcase the process of site transformation, adapting and overlaying new
spaces that respond to the ever-changing needs of our cultural, economic,
and political forces.
SALTSCAPES AS RESILIENT EDGES
The present research comprised two areas of study. First, a survey, through
on-site research field documentation of salinas in a state of abandonment,
in order to understand the causes that lead them to their status. Secondly,
an exploration of the design and site implementation with new hybrid
proposals, where new programs and salt works live harmoniously and take
advantage of the ecosystem they provide.
On one hand, the state of abandonment of these spaces and rupture of the
cultural-historical balance and ecology of the area is a direct result of the
poor management due to the lack of investment and the low profitability
of the artisanal collection of salt. The joint ownership of both local public
and private investors allows an indeterminate future of the salinas as
production landscapes which leads to slow decision making as can be seen
in the unfortunate current conditions of the Marchamalo salina in Murcia,

708

Salinas: Interstices of the Urban, Cultural and
Political Processes in Mediterranean Ecologies

Ana Morcillo Pallares

Figure 1. State of abandonment of the Marchamalo salina, Mar Menor, Murcia, Spain (2017).

Southeastern Spain (Fig. 1). Marchamalo represents a clear case of
abandonment due to the lack of funding and political coordination, and the
absence of new ideas. Local agents have not been able to find a solution
to this resilient and centenary edge, despite its privileged location next to
the Mar Menor salt lagoon. This unique area hosts an extremely important
ecosystem for bird migration and part of the special protection plan as a
Lugar de Importancia Comunitaria (LIC),2 as defined by the policies of the
European Union. In other examples, where funding was not a problem and
the embracing of new programs beyond salt production were introduced,
the value of this resilient edge has been put under pressure.
This can be seen in the lamentable case of the relaxation park designed
by the world-renowned architect Toyo Ito in 2000 in the Salinas de la Mata
in Torrevieja.3 The project had the ambitious objective of becoming an
international reference of health tourism that provided a plan for touristic
regeneration within the natural salt lagoon through the construction of three
helical pavilions and thirty-five ft. [10,6 m] tall man-made dunes (Fig. 2).
However, the nefarious decision of the local administration to build a spa
within a space of great ecological value of the natural park of the Salinas
de la Mata was doomed to fail. Without a previous environmental impact
study and the required permission by the national governmental entity
for the protection of coastal areas, the project was stopped in 2006 and,
until today, the first unfinished pavilion remains in a state of abandonment.
In this case, the resilience of this edge did not occur through the
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promotion of new activities via the desired tourist exploitation. Instead, the
preservation of the protected environment was guaranteed by means of an
administrative sanction that upheld the quality and value of the ecological
heritage over the quality of the architectural proposal and “innovative”
programming.4
On the other hand, and until very recently, the economic interests
associated with the collection of salt has had a relatively small impact
on the surrounding context and is most likely why some of these coastal
wetlands have been conserved. The progressive privatization of the salt
works has been a sign of investment that these areas of exploitation have
aroused. Groups of small landholders have functioned as an efficient
maintenance network and, in many cases, they have prevented the
desiccation as a result of the lack of presence and intermittent funding of
local public agencies. The identification of socio-economic possibilities
and natural preservation is one of the foundations of the most recent
trends in the management of salt wetlands along the Mediterranean coast.
Throughout the centuries, the traditional salina has been a sustainable
model between man and nature. Its slow but progressive cultural
adaptation has allowed its exploitation, as well as perfect habitat for
species that find their optimum ecological system in it. In this sense, the
primary objective is the focus on the sustainable value and maintenance
that guarantee the public use of the salt boundary as an interchange
between city and nature. To achieve this, it is necessary to go beyond the
production landscape model by taking advantage of new mechanisms and
diversification. Exploring initiatives like fishing, aquiculture, gastronomy,
tourism and environmental education are crucial at the time of establishing
a potential economic and ecological collaborative for the area. In 2000, the
initiative for an influx of new activities was made possible as a result of the
implementation of new policies for the protection and conservation of these
areas as designated by the European plan “Nature Network 2000.” 5
These projects have demonstrated the consolidation of a resilient salt
boundary benefiting from a European ecological network that guarantees
the conservation of its historic, cultural and natural biodiversity.
However, what was in principle a policy whose methodology applied strictly
to the designation and protection of bird habitats, quickly expanded to
include the recovery and protection of resources for tourism. These new
tourism initiatives support a certain degree of potentiation and protection
of the salinas in coastal areas beyond the summer season with the
capability of generating new sustainable economies. Examples of these
interventions include the archaeological recovery of the urban vestiges of
the salt commerce in the archeological site of Baelo Claudia in Tarifa and
the incorporation of new spatial programs in three traditional salinas: a
recreational-health space in the salinas of Chiclana de la Frontera in the
Natural Park of the Bay of Cádiz, a gastronomic space in the salt marshes
of the Puerto de Santa Maria at the mouth of the river Guadalete, and the
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Figure 2. Unfinished Toyo Ito’s pavilion at the natural park of the Salinas de la Mata,
Torrevieja, Alicante, Spain (2014).

recuperation of the link between the industrial exploitation of salt and nature
in the Protected Natural Area of Las Salinas and Arenales of San Pedro del
Pinatar in the Region of Murcia.
FOUR SPATIAL EXPERIENCES IN THE SALINERO’S RESILIENT EDGE
These initial spatial experiences for the management, conservation and
valorization of the boundary between the city, nature and the resilient edge
of the salina are verified through their promising sensibility in respect to
their programs, scale, size, attributes and temporality. These architectural
proposals understand the singular needs of this environment at the time
that they respect and take advantage of the hard and strange natural
dimension of a “landscape that is extreme or of extremes.” 6 The salinas,
despite being environmental habitats with a high ecological value, are
wetlands that require management by the hand of man to ensure the slow
circulation of water. Their structure and compartmentalization allows for
the careful control of water intake, isolation and distribution of levels of
salinity that guarantee a high quality of salt as well as ideal conditions for
the fauna that inhabits them. For this reason, the delicate balance between
the salina and the new proposal needs to embrace this ambiguous state,
a landscape that appears natural but carries with it a man-made Cartesian
order in the form of divided salt crystalizing pools, walls and canals. These
new programs must coexist in an environment divided between exuberant
months during the nesting and breeding season of birds that feed on the
microorganisms and fish that live in the clay silt of the salina.
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Baelo Claudia: The Historical Edge and Salt Based Economy
The spatial vestiges of the industrialization and commercialization of
salt have their best historical example in the archaeological remains of
the Roman city of Baelo Claudia. The municipality located in the Strait
of Gibraltar, between the cove of Bologna and the sea, was founded at
the end of the second century CE as a strategic location for maritime
communication trade routes with North Africa. Tuna fishing and its
subsequent conservation through salting established a flourishing industry
until the decline of the municipality after an earthquake destroyed the
city in the third century. The archeological remains are witnesses of the
importance of the salt economy as seen through the remains of the factory
buildings used for the preparation of the fish stored in wells between layers
of salt (Fig. 3).7
The almost two thousand years of resilience of this historical-cultural
boundary was made possible by its geographic isolation and the
protection of the remains by wind swept sand dunes. Considered as the
best preserved archeological site in Spain, its excavations began at the
beginning of the twentieth century, but the Research Project for the Study of
the Southern Regions Archeological Complexes was initiated only in 1999,
and financed by the regional administration. In 2007, the internationally
recognized architect Guillermo Vázquez Consuegra was charged with the
task of developing a master plan for the archeological site as well as for
the design of a visitor’s center and entrance for the conserved remains.

Figure 3. Salt wells at Baelo Claudia’s archeological site, Tarifa, Cadiz, Spain (2017).
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His project reaffirms the resilience of the border condition of this remote
salt and fishing population through the spatial adequacy of a punctual and
massive spatial enclave, which is described by the architect as “a dense
and Mediterranean architecture, closed and compact, able to interrogate
itself through the characteristics of the place.” 8 And although today Baelo
Claudia’s activity is no longer directly related to its historical status as a
commercial port and a large center for fish salting, its educational impact
demonstrates an example of the resilience and survival of these first
settlers thanks to the importance and the generation of wealth resulting
from production of sea salt.9
Chiclana de la Frontera: New Programming in the Salina
The idea to introduce a new program in an artisanal salt work can be
seen in the example of the first outdoors sustainable salt recreation spa
in Europe located in Chiclana de la Frontera in the southwest coast of
Spain. The proposal unites tradition and new activities as part of a private
initiative that offers an alternative tourism through the connection of new
proposals with old industries found in the area.10 The project, with an
extremely low environmental impact, is located in the nature preserve of
the Bahia de Cadiz, in the salina known as Santa Maria de Jesus. The
intervention consists of a set of small demountable wooden platforms and
pavilions that sit on top of the tajos, or pools of the salina at the final stage
of the evaporation process. This is the moment when the water reaches its
maximum level of salinity during the summer (Fig. 4).

Figure 4. Outdoors salt recreation spa intervention, Chiclana de la Frontera, Cadiz, Spain (2017).
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Coinciding with the summer months, the open spa is an optimal example of
ideal conservation, coordination of uses and maintenance. The appropriate
adaptation of this resource allows for an optimal state in which the spa can
take advantage of the beneficial health effects of the high concentration
of minerals found in the salt water and the salina’s muds. This water is
rich in magnesium and sulfate as well as iron, zinc and iodine, which are
very valuable for the skin’s mineralization and elasticity. Another important
element found in the spa treatment is a mud/clay that has a concentrated
level of minerals and is extracted from the basin of the salinas where it has
deposited over time. Once the mud has dried on the skin, it is washed off in
one of the salt pools, thus completing the loop of the different phases and
returning the minerals to the water of the salinas, with a maximum reuse of
the waste generated in the process. Thanks to the maximum exploitation
of the available resources and the minimal and reversible architectural
intervention, Chiclana’s spa represents another excellent example of salina,
quite different from the case of Toyo Ito in Torrevieja. Chiclana’s sustainable
approach guarantees longevity and low maintenance of this artisanal salt
work through a symbiotic relationship as a recreational-health installation.
Tidal Mill in Puerto de Santa Maria: The Resilience of Patrimony
The strategic location of the salinas within the coastal urban zones
has produced interesting juxtapositions with other industries that have
prospered in these areas. One of the vestiges of these industries are the
so-called tidal mills. These mills, used to grind grain, harness the power
of the tides as a source of clean and inexhaustible energy. In its heyday,
these mills were a symbol of prosperity, but with the arrival of the industrial
revolution they fell into disuse and only a few continued to function until
the end of the nineteenth century. Today, the decisions for the planning,
management and supervision of these mills are directly connected to the
criteria and will of the public administration. As an example of this, the
mill in Puerto de Santa Maria (Fig. 5), located in the important natural and
commercial Bay of Cádiz, is an interesting case study, as it became one
of the first of these structures to be loaned by the administration for its
exploitation by a private enterprise. In this case, a gastronomic center and
a restaurant.
This award-winning two Michelin star restaurant has proven to be more
than an establishment for the preparation of high quality food. The chef
and his team’s desire is a better understanding of the salina known as
Cano Mil, the wetland saltscape source adjacent to the tidal mill. This
learning process is reflected on the restaurant’s gastronomic laboratory,
which is used to study the marine fauna and flora of the salina. Chef
Angel Leon’s fearless curiosity takes advantage of the water ecosystem
for the cultivation and innovation of sea food. His practice is an inspiring
example of cohabitation among new emerging disciplines within the
disuse and abandoned city’s edge.11 However, as always, these innovative
interventions are never polemic free. The temporal transaction of thirty
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Figure 5. Tidal Mill’s restoration Puerto de Santa Maria, Cadiz, Spain (2017).

years of the tidal mill into the hands of a private entity granted by the
administration was received with criticism from local ecological nonprofit
organizations. Ecologistas en Accion heavily opposed the privatization
of the mill and reported that the historical and cultural landmark of the
mill within its natural landscape should have not been transferred to a
private entity but kept as a public one.12 In response to these concerns,
one can also argue that the research carried out by the restaurant and its
respectful relationship within its context allows for the initiation of new local
approaches of economic revitalization at the edge of the salina. An initiative
that reduces the possibility of neglect and guarantees an activity within the
walls of an almost forgotten structure of the hydraulic and historic heritage.
San Pedro del Pinatar: The Resilience of an Artificial Edge
The three previous examples of resilient edges showcase experiences
with a strong architectonic nature. However, the case of the Regional
Park of the Salinas and Dunes of San Pedro del Pinatar in Murcia is an
example of a man-made intervention that has been limited only to the
restoration and preservation of a natural edge. In this example, the Salinas
Marítimas Commonwealth was the private entity that exploited the salt
works and needed an effective initiative to protect their investment from
the advancement of the sand dunes located next to the salina.13 The final
solution was a pine forest planted by the commonwealth in 1917. Today,
this landscape is a haunting landscape of twisted and stoic pines that
resists and protects the salt flats from the strong salt-laden winds of the
Mediterranean. This edge offers an interesting scenario of shrub vegetation
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within the coastal dune areas for the enjoyment of visitors and locals (Fig. 6).
In 2003, the winning proposal for the competition of the San Pedro linear
park by the architect Arancha Muñoz Criado proposed the recovery of
a large portion of the salina for recreation and leisure with the objective
of making this almost invisible resilient landscape visible. The proposal
focused on three aspects: the restoration of the characteristic reed and salt
pools, the optimization of the existing water system and the recuperation
of the salina ecosystem.14 Through the recuperation of the landscape, the
main objective of the plan was to draw attention to the coastal forest as
an example of one of the most resilient and singular edges between the
salina and the Mediterranean sea. The nine pine trees planted in 1917 have
multiplied through natural expansion to over six hundred trees today. This
botanical jewel of the south Mediterranean region is considered the only
wild dune forest that exists in the Region of Murcia together with very few
other examples found on the rest of the Iberian Peninsula.
Even though the salt pools in the Regional Park of the Salinas and Dunes
are still the most characteristic part of its landscape, the proposal by Muñoz
Criado highlights, together with the coastal forest, other geomorphological
elements of the area such as dunes, beaches and salt works (Fig. 7).15 The
innovation of Muñoz Criado’s plan is that her proposal does not intervene
directly in the salt pools, but instead accentuates the peripheral elements
as the true heirs of a multifunctional territory. This resilient periphery is key
in the interworking between the artificial and natural landscape of the salina
by defining a robust ecological and resilient edge for future social, cultural,
economic and environmental progress.

Figure 6. Three twisted individuals in the salt marsh forest, San Pedro del Pinatar, Murcia,
Spain (2017).
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Figure 7. Salt works location.

CONCLUSIONS
The study of the four examples of resilient edges in between the
contemporary urban, cultural and political processes illustrates the
heightening and awareness of ways in which programmatic opportunities
can position the remarkable historical, economic, scenic, sustainable and
educational futures of the salinas. The uncertain economic situation of the
salineros villages has created a demotivation in investing in them. This
situation leads to a necessary paradigm shift for pioneering new initiatives
and sustainable strategies of resilience and conservation of the salinas.
They need to be perceived not as “problematic spaces,” but, instead,
“spaces for opportunity,” as a way to combat their regrettable conditions of
disuse, abandonment and degradation.
On one hand, the critical vision and negotiation among stakeholders is a
key factor in developing and rethinking the liminal space in-between the
ecological boundary, the salinas and the urban edge. The administration,
private developers, planners, designers and citizens must develop an
active posture in channeling the conflating demands to establish a balance
between these ecological environments and the city. Actions like the
administration’s protection of an archeological site, a private entity initiating
the first outdoors spa, an unstoppable chef’s curiosity and a sustainable
masterplan by a professional team are capable of achieving an active
participation, identity and represent a commitment to the population with
their cultural and historical heritage. A collective effort able to draw a
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consensus when it comes to acting by avoiding wrong decisions taken
in the past, like the hasty political wishes of the project by Toyo Ito in
Torrevieja or the lack of coordination of public entities and the subsequent
state of abandonment of the salt works of Marchamalo in Murcia.
On the other hand, the very existence of the salinas poses a fundamental
question for us as a way to understand the relationship between the human
species and the environment. In this sense, the ambiguous condition of the
salt flats as an artificial-natural laboratory is an example of the connection
between man and nature that has maintained a resilient border between
city and nature for centuries. Today, this edge presents an opportunity to
develop the potential of different urban boundaries and their relationships
with the environment for an urban population characterized today by its
high heterogeneity and social fragmentation.
Finally, the depredation of planning, the growth of tourism, and the lack of
protection of these natural environments open an intense debate about
the future of the salinas, which have ceased to be spaces of opportunity
for the collective. These factors mark a moment in which it is imperative to
imagine other types of entrepreneurial opportunities committed to making
these unique environments more effective.16 New ideas and prototypes for
the design, production, development, maintenance and control of these
spaces are essential in a society whose needs are constantly changing.
The potential relationship of the salina within its urban and natural context
requires a different type of sensibility and observation, or “an observer that
is sensible and intelligent,” 17 as Fernando Sánchez Royo, professor of
Biology and Ecology at the University of Sevilla, explains. Just as reflected
in the prose of the Spanish poet Rafael Alberti, where he invites us to find
the emotional bond and the sense of belonging in-between us and this
resilient edge, through his description of the immensity of the salinas: “the
first whites that cleared my eyes were the salt of the salinas, the sails and
the stretched wings of the gulls [...] I was a drawer and painter of beaches,
salt landscapes, orchards and flower gardens.” 18
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ABSTRACT - Over time, the Belgian coast has developed into a hardengineered straight defence line - from the sea inwards - of flat beaches,
dykes and a storm wall that is reaching its capacity limits. New plans are
being developed in some parts of the coast aiming to raise the storm
walls up to “acceptable” levels, based on climate change and sea level
rise predictions. This follows the trends of raising river protection walls,
but continuously insists on the linear urban structure of the coastline:
beaches, dyke, urbanization wall on the dunes and housing proliferation
into the back polders. These are often low-quality holiday houses built for
the summer season rush. This essay investigates an alternative future
for the Belgian coast through research-by-design. The design exploration
proposes to seize the opportunity of the increased peril, predicted from
climate change and subsequent sea level rise. Furthermore, it proposes
a shift from hard to soft engineering and a dynamic tidal landscape within
which the tourism economy is reinvented.
Keywords: estuarine urbanism, forest urbanism, holiday house, landscape
urbanism, research-by-design
Urbanization on the Belgian coast is peculiar. It is the result of stupefaction,
awe and amazement for the coastal forces, undone by the human hubris.
The human presence has been persistent, yet all man-made interventions
unleashed on the rebound reactions of natural forces. The roughness of
the coastal landscape triggered the development of innovative systems
that deal with forces that were once considered uncontrollable. Gradually,
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the coastal landscape was kept under control and through this process
of domestication, its natural character vanished. What was once a tidal
landscape of continuously moving dunes, intruding and retracting water
landscapes and meandering creeks turned into a linear system of sea and
a stretch of sand, held by the urbanized dyke. Nowadays, even the polders,
another result of the domestication of the sea, are invaded by the holiday
driven urbanization.
The post-war leisure economy has played a significant role in the demise of
the coastal landscape. The holiday pressure along the 60 km [37 mi.] long
shoreline drastically altered the dynamic natural system and landscape
quality. The recreational usage turned nature from a producer of space into
an object of consumption. In the summer, the coast fills up with tourists; in
the winter, policy makers attempt to fill its emptiness with indoor programs
of all kinds. Regardless of the time of the year, the territory is completely
adjusted for leisure purposes. In response to this, attempts are being made
to safeguard the remaining landscape, which subconsciously guides the
coastal landscape into an even more static condition.
There is an extensive body of knowledge that can form the basis of future
design research in the field of climate change adaptation on the Belgian
coast, and that shows how urban form can coexist with these future
models. Various studies tackle the coastline’s future, such as “The Future
Commons 2070” (Vlaams Architectuurinstituut et al. 2011; Janssens and
Geldof 2014, Cornilly 2007), a vision for the future of the coastline; design
studios and theses conducted in the urban design schools, namely in the
Master of Engineering, of Architecture and in the post-graduate Master
of Urbanism and Strategic Planning (Tullen 2017; Aliaga, Van Daele, and
Wambecq 2014; Chen Yu-Ting, Zarin Tabassum 2014), doctoral theses and
articles on the role of infrastructure in the occupation of the Belgian coast
(Van Acker 2010; Van Acker 2011). All of these studies build on the notion
of abandoning a rigid and linear flood and tidal protection to promote a
dynamic landscape between sea and land.
After establishing the research question, methodology and hypothesis, the
main case study is discussed in three parts.
First, a brief historic reading of the relationship between cultural and natural
forces is given, showing how cultural forces took the upperhand over time.
Three time periods are illustrated by three specific developments on the
Belgian coast: the time of the Cistercian dune abbey, followed by Van
der Swaelmen’s dune forest urbanization and concluded with the switch
towards solutions of hard engineering.
The second part discusses the design exploration. It introduces the notion
of transitioning from hard to soft engineering supported by three possible
new holiday typologies.
Finally, the paper closes with a reflection on the outcome of the researchby-design, focussing on a paradigm shift as the main challenge for the
future of the Belgian coast.
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RESEARCH QUESTION
The research goal is to explore an alternative future for the Belgian coast,
based on two assumptions.
Firstly, is the notion that the current storm surge mitigation in the form of
hard engineering is outdated and unfit to deal with the diverging future
models of sea level rise and storm frequencies. As the previous studies
mentioned in the introduction suggest, soft engineering approaches should
be adopted, increasing the interface between sea and land as storm
mitigation system.
Secondly, this paper acknowledges that the leisure industry has played an
important role in the current static landscape organization.
The approach was to intrinsically attach these two assumptions to one
another. Could the reinvention of the coastal landscape be realized by
rethinking the holiday infrastructure, its position and distribution in the
landscape?
RESEARCH METHODOLOGY
Research-by-design was adopted as a methodology, applied on a case
study between Ostend and Blankenberge, arguably the stretch of the
Belgian coast where the linear relationship along the coast was first
implemented (Van Acker, 2010; Van Acker, 2011). The investigation uses
design exploration to ignite a reflection and a framework for discussion
concerning the future of the Belgian coast and the drivers to achieve it.
To concretize the quality of an alternative leisure economy, the holiday
typologies were explored up to an architectural scale. This scale of
research-by-design was an intentional choice to not just rethink the Belgian
coast as a new dynamic landscape through soft engineering, but also to
critically evaluate the architectural quality (or lack thereof) of the current
holiday infrastructure.
RESEARCH HYPOTHESIS
The basis for the design scenario developed by the Research Unit for
Urbanism and Architecture (RUA, KU Leuven) lies in the endless landscape
alterations induced by both natural and cultural forces over time, but always
balancing out both. Every urban intervention was a landscape intervention
at the same time. The abbey was surrounded by a protective forest, and
the canal was a tree-lined dyke. Building houses meant building a forest,
a dune, a dyke and other types of landscape. At some point in time, these
fundamental principles of urban interaction with the landscape were lost.
Most holiday houses at the coast - from containers to sunparks - are
generic and reproducible cubes that do not contribute to the landscape
quality. They simply take up space. A paradigm shift creeped into the urban
development of the Belgian coast. From the production of landscape, urban
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development slipped into a pure consumption of landscape, and currently,
a state of landscape destruction through space consumption. In addition,
photographic essays and analyses made by a master thesis student on the
holiday allotments in the case study, revealed their poor architectural quality
(Tullen, 2017).
What if we remove and replace the generic, low-quality holiday houses
with a more qualitative holiday infrastructure? Often, their quality is so poor
that their removal should be easily negotiable. The holiday houses are
outdated, have short lifecycles and recycling is therefore not a good idea.
In addition, there is a general understanding that the added value of mass
consumption of land(scape) is negative. The notion of upcycling seems
more suitable: improving their intrinsic qualities by inserting them into the
different (landscape and other) lifecycles of the territory. Climate change
predictions are turning intervention into these areas not a matter of option,
but of necessity.
CASE STUDY: FROM OSTEND TO BLANKENBERGE
Historic Background
Belgium’s coastal area was a harsh landscape. The low-lying, constantly
flooding areas were unsuited for permanent inhabitation. Its conquest was
possible through relentless efforts of trial and error and finally, through
technological advancements. The demographic explosion demanded the
search for new land for agriculture and settlement. Living with travelling
dunes and dispersing water, both highly dynamic, due to the brute wind and
sea forces, meant that the permanent occupation of this landscape was
going to be a continuous battle.
The Cistercian Dune Abbey (Leroux-Dhuys et al., 1999)
The first settlements at the coast were punctual. The Cistercian “Dune
Abbey” (Abdij Ten Duinen) was one of the first to settle, around the eleventh
century. The least inhospitable places were often the ideal grounds for
the “ora et labora” (“pray and work”) Benedictine motto: mostly forests,
in this case dunes and polder landscape. The landscape was otherwise
the perfect setting for their endured work ethics. The rough lands were
cultivated, forests turned into farmland, dunes turned into forests and flood
plains drained for all sorts of purposes. The Cistercian abbey embraced
the forces of nature as tools of reflection and constructed its surrounding
landscape by working with them.
Throughout the centuries, the coastal landscape changed significantly. The
first set of dykes ran perpendicular to the coastline, following the main river
courses into the North Sea. The dykes do not face the major confrontation
line between sea and land, but are positioned there were the sea forces are
already reduced by the encounter with land.
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Windmill systems, as the mill at the dune abbey, pumped the water into
drainage canals. The polders were shaped in this era. In addition to the
water management, there were peat excavation pits, a primary energy
source in the early Middle Ages. A threefold topographical movement of
the soil reshaped the coast: relatively stable sand banks in the polders
and at the coast remained, although still volatile under the influence of
the prevailing winds; clay lands subsided due to water table changes; and
peat pits led to ponds and lakes (Fig. 1) (Ameryckx, 1959). These changes
inevitably turned the coastal area into a permanently managed landscape.
1. MID-HOLOCENE SEA DEPOSITS (UNTIL 5000 BCE)

2. FORMATION OF SURFACE PEAT (5000 BCE - 300 CE)

3. EROSION OF THE PEAT LANDSCAPE FOLLOWED BY MARINE
SEDIMENTATION (300 CE - 900 CE)

4. INVERSION OF THE TOPOGRAPHY (CURRENT SITUATION)
POOL SOILS

CREEK-BACK SOILS

ATLANTIC SWAMP SEDIMENTS

PEAT

SANDY SEDIMENTS

CLAYISH SEDIMENTS

Figure 1. Sequence of soil changes in the Belgian polder landscape: in the last phase,
clay subsided as sandy soil remained stable, creating the current micro topography
within the polders.
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Figure 2. Axonometric plan of the abbey Ten Duinen in Koksijde, dated 1580, made by
Pieter Pourbus, currently hanging in the Groeningemuseum in Bruges. The image shows
the different landscapes of the dune abbey: the dunes, the water canals and the forests.

The dune abbey became an integral part of the coastal dynamic, securing
the dunes by productive afforestation and pumping water into protective
and extractive drainage canals. Its physical structure was completely based
on these landscape logics (Fig. 2).
Van Der Swaelmen’s Dune Forest (Van Der Swaelmen, 1888)
During the Industrial Revolution, the mindset towards nature shifted
towards a place to be and not just a source of exploitation. During this
period, the notion that city and landscape were incompatible grew (Tritsman
2016). The suffocating effects of the industry made the unspoiled nature
appear attractive as a place to escape to. On the coast, this coincided
with the royal wish to establish a thriving sea front, able to receive the
bourgeoisie and aspiring to a life of splendor.
In 1888, the landscape architect Louis Van der Swaelmen was
commissioned a prestige project for the Belgian coast. For some years,
the state had envisioned a linear forested dune park that would stabilize
the drifting sand and allow for strolls between Ostend and Blankenberge.
A thorough study was made to prepare the planting works, taking into
account previously realized and successful dune plantations as in The
Hague, in The Netherlands (Fig. 3). The linear forest became a park, the
National Coast Boulevard was constructed in the back and quickly the
urbanization scheme for the cottage holiday houses in Le Coq came to
life. Van der Swaelmen’s scheme already showed the basic concepts of
the forest urbanization. His proposal can be considered as an integrated
plan of tidal mitigation, afforestation, and leisure infrastructure, or otherwise
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Figure 3. The detailed plan for the linear dune forest park connecting Ostend and
Blankenberge, by Louis Van der Swaelmen in 1888.

said: the interweaving of urban and landscape dynamics in order to create
a coherent mode of living. The transition between sea and land was
constructed both as natural and as cultural landscape, starting from a
system of dykes that ran perpendicularly to the coast to absorb the already
diminished sea forces, towards a wide dune forest system following the
coastline.
The Dune becomes Dyke City
Van der Swaelmen’s dune forest was one of the few landscape urbanism
interventions on the coast. Most commonly, the typical technocratic
solutions of hard engineering were applied with a continuous protective
dyke. It runs through most parts of the Belgian coast with some landscape
interruptions where the dune systems do subsist. Both systems run
intertwined and reflect the sequence of urban forms: dense settlements that
turn into disperse holiday allotments. These gradually overtake the dune
and polder interruptions. The seaside of the dyke is well maintained with
breakwaters and long, extensive beaches (an intense dredging and sand
refilling maintains them stable). On the landside, where normally one would
enter the dune, the typical post-war apartment buildings arose and created
the well-known Belgian coastal wall.
In between the villages, the Royal Avenue runs all along the 60 km [37 mi.]
coastline with a fast train that connects the complete Belgian coast from
west to east, from De Panne to Knokke. Along this line, on the dunes and
extending into the polders, holiday houses proliferate. Its relative proximity
to the beach makes its quality as an urban tissue irrelevant, resulting in
generic neighborhoods with no identity (Fig. 4). The coastal landscape
is absent in the way the urban fabric is organized, and the open space is
dominated by concrete surfaces and caravan parking places. The holiday
house allotment’s mediocre building quality, its degradation and short
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lifecycle seem to be its main qualities. It all leads to the conclusion that the
holiday allotment is relatively easy to remove, opening up options for the
landscape to recover.
Design Exploration
From Hard to Soft Engineering
Nevertheless, there is no reason to consider this strategy the end of
the holiday houses on the coast. On the contrary, the reinvention of the
landscape goes hand in hand with the re-conception of the holiday houses.
Urban development and landscape dynamics join forces. The holiday
culture should evolve towards a more intensive, collective and qualitative
occupation (and value), rather focusing on value creation than value
consumption.
The removal of the low-quality leisure infrastructure allows for the change
of the coastal design conception. The current system enhances linearity

Figure 4. The “thickened” Belgian coast. A first layer of holiday houses at the coast was
decontextualized by the large building operation that were realized in the back.
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repeatedly. The dyke leads to a monotonous beach, a monotonous
urbanization, a monotonous seascape, etc. The iconic place where land
ends and sea begins is reduced to a singular thick line (Fig. 5). In the face
of climate change and the need for reconsidering management systems,
the current system is exhausted. The removal of the holiday houses and
the breaking of the dyke will allow the sea to invade the polders again.
From a short and simplified interface between land and sea, the contact
edge between land and sea is extended over a vast area.
The polders become a tidal landscape with varying height and soil
characteristics; the sand dunes remain dry highlands that withstand the

Figure 5. The urbanization between Ostend and Blankenberge. In black, the established
urban tissue. In red, the low quality holiday house allotments. Their removal might be an
opportunity to rethink the sea’s dynamic forces.
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sea forces; the attention does not only go landwards, but also seawards
by extending a pier into the sea, seeking the ultimate refuge of land in the
sea. The exchange between land and sea is stretched out between them
(Fig. 6). The transformation of the polders into a tidal landscape is not
evident. Its low topography means it will flood almost completely on a daily
basis. Only cultural islands (higher lying farms) and dune extensions will be
able to keep afloat in the new sea invasion. The existing dyke system land
inwards ensures that the sea is still controlled up to a safe point. Unlike the
current dyke system, the existing dykes in the back of the polders can be
relatively simple and low-maintenance. The long flood scape will absorb the
sea forces, reducing the dependency of hard engineering solutions.
The transformation from a line to a tidal zone will significantly increase
the coast’s resilience against extraordinary storms, as wave impacts
are absorbed by the landscape’s surface resistance, augmented by the

Figure 6. The new situation after opening the dykes at the points where low quality holiday
houses are removed. The seawater reconquers the polder and turns it from a relatively low
grassland area into a tidal landscape. On the map, the three new holiday collectives (mixed
holiday house typologies) are indicated: cabanes en lagune, Aquaculture Farms and Pier.
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endless network of meandering tributaries (creeks) constantly eroding and
depositing clay and sand particles. As an added value, the sea-land contact
and overlap is multiplied.
Landscape Articulation: Soil with a Dash of Salt
Hard Engineering solutions aim to annihilate any sea intrusion to
consolidate the urban, yet the dyke has not always resulted in a more
established or qualitative urban space and, as it becomes apparent now,
does not even annihilate the threat of the sea. The tidal landscape is
expected to allow for a better, more resilient and qualitative urban space.
The sea would no longer bounce of the main dyke, but would infiltrate
in a multitude of smaller creeks. The sea could then meander through
the variety of soil types, topographic locations, depressions and existing
farms and infrastructure, providing equally diverse opportunities for a new
and diverse economy. A wide-spread tidal landscape - sometimes sea,
sometimes land - would allow for new economies of production and leisure.
The proposed transformation into a tidal landscape is based on landscape
fundamentals as soil and topography. Low-lying clayish soils are frequently
flooded and become tidal marshes. Sometimes they even become
permanently flooded. The higher sand banks in the polder remain above
high tide. More often, the existing farms lie on these sand banks and
become safe-havens in the landscape. They will become part of the
infrastructure of the new tidal landscape. Vice versa, the introduction of
a new extensive breakwater (half pier, half breakwater) into the sea, in
the continuation of “Le Coq-sur-Mer,” allows the land to grow seawards.
Partially, the land will grow under the influence of sedimentation, later fixed
by extending the dune forests along the coast. Further into the sea the
breakwater turns into a large pier that extends almost endlessly into the sea
(Tullen 2017). Living here is defying the sea.
Leisure Economy Reinvented
The holiday house allows people to relax and regain peace of mind. This
is mostly achieved by reconnecting humans to their basis of existence:
nature. The current state of the holiday houses cannot be our collective
representation of reconnecting to nature. The densely compressed
matchbox houses can hardly be considered our collective shelter from
where to explore nature. The shelters are not inside nature. One cannot
even see nature. New shelters that live thanks to the rhythms of nature
and reinforce it need to be invented. The new shelters should stimulate
sustainable and thus collective use of space, resources and infrastructure.
Simultaneously, these need to be diverse. The more diverse the range of
holiday houses and their natural setting, the easier people will find their
preferred location.

731

The Plan Journal 2 (2): 721-741, 2017 - doi: 10.15274/tpj.2017.02.02.20

www.theplanjournal.com

For this piece of the Belgian coast, three holiday house typologies were
developed within the thesis project by Jens Tullen (Tullen 2017), a second
year graduate student in the “Master of Civil Engineering: Architecture”
program. These can be considered holiday collectives since none of them
are isolated, individual holiday houses. In each one of them, the individual
experience is important, complemented with a sound notion of common and
collective use of resources.
The Cabanes en Lagune
At the deepest point in the landscape, there are some excavated peat pits
that will flood completely in case of the opening of the polders to the sea.
Some of the largest water streams connect to it, turning it into an inland
lagoon. Low clay soils flood daily and the watercourses are widespread.
The holiday collectives cabanes en lagune (cabins in the lagoon) search
disconnection from the world and its daily routines. It is obvious that these
holiday cabins are on pillars, floating above the tidal landscape, connecting
to the watercourses. The holiday house is a cabin. It is simple (and not
pretentious). The cabin serves the landscape and only exists to provide the
basic logistical support of being in a disconnected landscape. Unlike the
beach cabins, they keep a safe distance. A distance of 300 m [984 ft.]
seems to allow for an acceptable density, while cabins are practically
unnoticeable between one another (Fig. 7).
The extension of the sea landscape into the polders radically changes
the access to the sea from the holiday houses. They are no longer
geographically restricted to the linear stretch along the royal avenue.
The sea invades and requalifies the polders into a lagoon landscape with
mudflats and salt marshes. The cabanes en lagune now follow the logic
of the landscape instead of the logic of densification and proximity. They
spread out over the tidal landscape and adopt a settlement logic that
work with soil, topography and the tidal regime. Its architectural design is
a continuation of the landscape dynamics; its proliferation coherent with
consistent geographical features.
The sea-land interface changes completely. The road to the holiday house
no longer lies through the royal avenue along the coast. The urbanization
would be served by a system perpendicular to the current coastline.
Villages as “Le Coq-sur-Mer,” Blankenberge and other maintain their
current position as extension of the land into the sea. In between them, the
sea overtakes the infrastructure. As such, each village has its own path
towards “the point where land turns into sea.”
Although the village are often reachable by train or car through the
infrastructure on dry sand banks, the cabanes en lagune are no longer
reachable by train, nor car. The tidal landscape does not permit any
of these modes. The main watercourses in the flood plain provide the
necessary accessibility. The holiday houses are all connected by boat.
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The infrastructure is adapted to it with small piers, docking bays and special
tidal entrances. The beaches lie at a small boat trip’s distance. For some
this will not suffice, for others this will be the perfect amount of “connected
disconnection.” The tidal landscape imposes its rhythms. Nature is no
longer optional, but compulsory.
Aquaculture Farms
The high lying sand banks hold the farms of the former polders. They
are surrounded by low-lying clayish fields and asphalt roads. The farm is
turned from grassland economy into a seafood economy. The difference in
topography makes a gradient of flood regimes. The lowest watercourses
stay flooded. By excavating strategically, the amount of permanently
flooded basins can increase. The soil extracted from these basins can
be added to the sand islands and farms to expand their dry area for
operational activities. The planting of trees and vegetation fixes the island
and protects it from the (slow, but steady) erosive power of the sea. In
between the permanently wet and dry is the flood regime. Roads and fields

Figure 7. Floor plans and section of the cabanes en lagune. A Holiday collective designed
for continuously flooded areas and river courses. Movement is only possible by boat.
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flood and dry daily. These different regimes create the perfect conditions for
a sea fruit economy: shrimps are grown in nursing basin in the new farms,
and then transferred to different basins; oysters are grown on a rhythmic
grid of stokes; mussels can benefit from the leftovers of the landscape:
asphalt roads and ruins of buildings (not saved from the new sea intrusion)
can be activated to serve mussels production.
The farms thus remain the center of a (completely altered) productive
landscape. On top of and next to the productive and logistical units, holiday
houses can attach do this productive reality. They connect to the landscape
as the production itself: some units lie close to the water and nearly flood,
others lie dry and safe inside the small forests that fixes the island to the
polder. The island can be considered a singular dune, the forest part of the
system of dune forests that lie between sea and land. A beach naturally
appears as the central connection space of the island, gliding into the
surroundings. The farm adopts the structural rhythms of its productive
fields, stokes, and flows into the built rhythms of the farm as retaining walls
of the island (Fig. 8).

Figure 8. Organization plan of the Aquaculture farms. The holiday collective is organized
around a supportive dune that flows into a productive sea fruit landscape (shrimp, oyster
and mussels) that surrounds the farm.
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People searching for solitude might pass for these holiday houses.
Production is the main objective here. The farms bring enormous benefits
to the tidal landscape. They introduce moments of intense production in
the otherwise ecologically rich salt marshes. Therefore, the Aquaculture
visitor should be well aware of the activities that happen during his stay.
Fortunately, this is an open process. Visitors are invited to participate in
these activities and help out with the production process, if they wish so,
or retreat to the slow tidal movement of the landscape.
The Pier
As the sea moves inland, the land can also move seawards to extend the
sea-land interface. A breakwater and pier extend into the sea. The natural
forces of erosion and sedimentation create new land in the sea. With time,
the wave breaker will create an extension of the beach with an east-west
orientation - more adequate to catch sun at the beach - and the continuation
of the dune and dune forest system along the “Le Coq-sur-Mer”
urbanization. Where the breakwater stops, the land is reduced to the pier
that extends for almost one km [0.6 mi.] into the sea. It gently slopes down
making it disappear and reappear with the tidal movement. At the highest
tide (for now), a building stands boldly in the sea (Fig. 9).
The building might seem to defy the forces of nature, yet it is completely
designed to work with these forces. An underwater anchor connects to
the pier. It fixes the building on the sea floor. Since most of the building
stays below water for most of the time, could this be Belgium’s underwater

Figure 9: Intervention with the breakwater and pier.
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aquarium museum? To reduce the impact on the sea floor, there is only
one more structure that carries the building. A three-level high rectangular,
structural [Vierendeel] beam (vierendeelligger in Dutch) covers the span
between the two supports. The beam holds typologies with view at both
sides that are mainly interiorized with protected terraces that sometimes
span more than one floor to experience the structural beams. Utilitarian
spaces are located within the thickness of the steel structure. Since these
holiday units are closer to the sea floor, the amount of salty and humid
winds, or even sea water in the case of storms, is relatively high. Their
exterior circulation is at the wind-protected side. The floors above are
battered by the wind. The units are therefore rotated inside the building’s
carcass to protect visitors from the prevailing west wind. The top floors
benefit from the view. The units are duplex typologies with a fantastic view
on the top floor (Fig. 10).
Oscillating between Land and Sea
In contrast with the inland-lying cabanes en lagune or the Aquaculture
Farms, these holiday apartments take the full force of the sea. They are
completely exposed. The holiday units can no longer aspire to an extended
individual space. As a compact collective, the holiday units stand ground
in one of the harshest of environments. The experience is unique. Half of
the experience is not being in the holiday house itself, but the trajectory
and the rhythms of life that accompany a stay in the sea. The walk to the
holiday house means submerging the sea. From the moment people step
from the dyke onto the wave breaker, they start taking distance from the
land. The forces of the sea become more and more perceivable since they
are surrounding the wave breaker in a non-pretentious, transparent way:
the sedimentation and erosion, the tides and the structural resistance of the
wave breaker. With every step onto the pier, the safety of land is left behind.
This walk can be extended indefinitely along the one-km [0.6-mi.] pier
into the sea. The pier gently slopes down and literally disappears into the
water. The pier holiday collective stands as a last refuge before complete
disappearance into the sea.
The building itself also transpires this motion between land and sea,
but as a reversed experience. Entering the building one is completely
in contact with the sea and its tides. The public space partially floods
and gives complete access to the sea through the aquarium museum.
The first holiday houses are also relatively close to the sea. Its robust
structure projects resistance to the sea’s forces. The higher up, the more
disconnected one gets from this sea reality. A distance is taken and other
dynamics become more dominant, namely the wind. The wind is the result
of the openness and exposure of the building in the vast sea, but the
relationship is already slightly more indirect. Finally, on the top floors, the
relationship becomes completely ambiguous. Their connection to the sea
is merely abstract, being inside, yet not actually experiencing its dynamics

736

Between Land and Sea: Reshaping the Belgian Coastline
A Case Study between Ostend and Blankenberge

Wim Wambecq, Bruno De Meulder

Figure 10. Plans, section and façade of the anchor refugee along the pier.

from close by. What captures one when passing through this process from
land to sea, rising in the building, is finally the view on the land again. The
nostalgia of where one came from, and where one is. In addition, here, the
reconnection to nature as a way to disconnect from everyday routines is
realized, yet the experience exists primarily on a “meta-level,” where one is
able to contemplate from far about the forces that guide our life.
CONCLUSION
On an analytical level, the range of holiday houses produced in this case
study reveals an intrinsic pattern. Before, the holiday allotments had little
or no diversity in terms of quality, location, connectivity and relation to
the landscape, making their removal imminent: because of their lack of
contribution to the coastal urbanization and because they impeded the
landscape from functioning as a dynamic system. The breaking of the
dyke has brought an incredible quality, as the soil diversity, tidal regimes,
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changing topography and landscape legacy creates endless options for
a new leisure economy that can actually contribute to a varied interest of
society.
In the renewed tidal landscape, the height differences are small, yet
important. The expression of each holiday collective comes from its
physical presence in the landscape. A section crossing the whole new tidal
landscape into the sea demonstrates these gentle, important nuances.
The cabanes en lagune transpire the life of disconnected connection to the
land, following the main river courses that define this connectivity and fish
economy. The Aquaculture farms show the diverse productive economy
of the tidal rhythm. The gradual slope of the dune island into the tidal
landscape allows for a diverse sea fruit production. The higher parts of the
island become dunes and productive dune forests, protecting the islands in
the oscillating tidal landscape, serving as refuges for wildlife (and humans)
astray. Finally, the Pier allows for sea proximity, from an intense relationship
of living almost in the sea, to experiencing the sea from a distance. The
Pier symbolically builds on the knowledge of the sea - the aquarium
museum (Fig. 11).
This alternative future for holiday house economy reflects the essence of
the research-by-design case study: breaking loose from the previously
adapted paradigms that are rapidly becoming dead-end solutions to
mitigate the sea forces. Hard engineering has the intrinsic default to lack
dynamic response to changing conditions and uncertainties. Solutions
are based on well-calculated models and supposedly reliable engineering
tools, yet when either change, the readjustments are slow and costly.
The soft engineering approach that was tested faces the challenges of a
gigantic transformation: the readjustment of the territory from polder to tidal
landscape.
Due to the large number of stakeholders, the soft engineering remains
relatively utopian. Yet, once accomplished, storm and flood mitigation are
predicted to be much more controllable (in space and time), as the territory
will be more resilient to extreme events. It must be said that letting go of the

Figure 11. A representation of soil, tides and holiday collectives as intrinsically connected entities
through their mutual exchange. The red highlights the high tide, showing how land and water
continuously alternate throughout the whole dune and polder landscape.
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current paradigm is not a matter of choice, but a matter of necessity if we
do not want to face grave calamities in the (near) future.
The biggest hurdle to overcome is the paradigm shift. The sea-land
interface in Belgium is becoming more and more fixed. To design a more
resilient future for this piece of the lowlands, dealing with climate change
and sea level rise, the paradigm of the dyke must be given up. The
research-by-design assumed that a set of interventions - breaking the dyke,
fixing the dunes, eroding the creeks, creating new lagoons, extending the
beach, etc. - uploads the landscape with a sequential resilience that wears
down the sea forces. Flooding would become desirable (since that is what
feeds the productive landscape). The final flood protection beyond the tidal
landscape, already much into the interior, would reach the natural five m
[16 ft.] height line, a significant topographic rise that marks the transition
from the polder into the Flanders lowlands (with the city of Bruges at the
edge in this case study).
Throughout the process, the research shows that reducing the reliance
of a single defense system also means giving up our current paradigm
on coastal urbanization and, by extension, on the leisure economy on the
coast. From a largely linear system, the coast becomes a landscape of
settlements that extend into the sea, and of retracting back into the tidal
landscape. The historic villages form a set of “end-of-the-line” settlements
at the sea, while a landscape in the back open up for alternative living
conditions, illustrated by some of the new holiday typologies. The notion
of flooding, one of the most prominent concerns when discussing the sea
level rise and storm frequency, is simply sidelined because instead of
having the urban realm occupy and consume land unfit for urbanization, the
urban now seeks the qualities of the landscape and abides by it. Flooding
is interpreted as the natural phenomenon of tidal landscape and thus needs
no mitigation. The “problem” simply becomes sidelined.
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ABSTRACT - The socio-economic impact of nature in Belgian coastal
landscapes on a regional scale is high due to their general attractiveness for
visitors, their strongly developed tertiary service economy and other related
sectors (tourism, residential, agriculture…). Due to climate changes however,
these coastal landscapes and their required accessibility and continuous
character are threatened by the unavoidable planned infrastructures (dikes,
new connections, floodable areas, etc.) that will generate ruptures, frictions
and additional transition spaces within the landscape. Flanders urgently
needs to unfold policies and strategies to avoid or reduce the undesirable
effects of the expected changes. Influential changes for the coastal zone
will be sea level rising, increasing temperature, changing rainfall patterns,
floods, fragmented ecological system, salinization, and reduced drainage
capabilities to sea. A thoughtful planning policy forms the necessary key
to a sustainable development. Policies and plans lead to the formulation
of spatial proposals for mitigation and adaptation, to be executed by
major infrastructural works planned for the next decades. Most of these
infrastructures, conceived at a large scale, generate a different model of
accessibility for the Flemish Coastal landscape.
Keywords: accessibility, Belgian Coast, climate change, landscape
resilience, waterscapes
The aim of this research is to produce insights on how to improve access to
the coastal landscapes by developing a case study situated on the Belgian
Coast, the Uitkerkse Polders. This case study and the following exploration
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of spatial strategies to improve accessibility contribute to the discussion on
maintaining or even improving the socio-economic impact of nature in this
region.
NARRATIVE AND REFLECTION ON THE BELGIAN COASTLINE
The scene of the Belgian coastline today is unique in Europe, both in its
quirkiness and its abomination. Until the nineteenth century, the coastal zone
was a unique entity on a geo-morphological level, with only limited occupancy.
Social phenomena caused a transformation of this coast at the North Sea,
with privileged groups enjoying seaside holidays. The spatial impact on the
coastal landscape was until then non-existent. Entrepreneurs saw a chance
to profit from this uncultivated landscape. From 1850 until the beginning of
1900, they transformed fisher villages into seaside resorts and created new
seaside villages in the untouched dunes. The curative aspect of tourism

Figure 1. The Belgian pier of Blankenberge.

shifted towards leisure and entertainment, towards “see and to be seen.”
New facilities and structures resulted from this development, including sea
dikes and walking promenades. These structures became the symbol of the
coastal villages. The Belgian Pier of Blankenberge (Fig. 1)
is the clearest example of this development. Real estate companies and
property developers took initiatives. The city of Oostende and seafront
fishing villages (Blankenberge, Heist, Wenduine) transformed into coastal
towns with a more urban lifestyle, with compact buildings replacing the
original houses.
744

Waterscapes in Transformation: The Case of the
Belgian Coastal Area

Sis Pillen, Kris Scheerlinck, Erik Van Daele

The construction of the tramline in 1886 caused a definitive uptick in tourism in
the coastal zone (Fig. 2). New coastal villages emerged in a short time. The first
example of an entire new coastal village is Nieuwpoort, followed by Middelkerke,
Westende and Knokke. These developments had a linear division of building
blocks. In other coastal villages, the starting point of the organization was not the
closed building block, but a romantic image of landscape and nature. The urban
concept of the garden city was the basis for the design of those new villages
with a more elite public as final user (Het Zoute, Duinbergen, De Haan).
One may say that the spatial structure of the coastal zone was fixed before
World War I. Hotels and villas were the only form of lodging. The touristic
clientele was international and belonged to the upper class. Despite these urban
developments, the large, untouched dune landscapes were still the dominant
character of the coastal landscape.
This changed slowly after Word War I. The eight-hour workday and the law
decreeing annually paid holidays (issued in 1936) for workers and employees

Figure 2. Old Belgian tramline (Koninklijke Baan), Bredene, Belg., 1980.

had a clear influence on the holiday phenomenon. New, cheap lodging
facilities appeared. Entrepreneurs got permission to set up camping zones,
even in dune landscapes. Social holiday homes spread out in a short period.
The “royal road,” parallel to the coastline, was completed in 1933, stimulating
new built-up areas. At this time, large dune landscapes were still connected to
each other.1,2
After the disappearance of the “concrete defensive barrier” of the German
occupier following World War II, property developers took over the network of
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Figure 3. Human
land use of the
Belgian coastline
from 1850 to 1982.
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bunkers and defences. Within a few decades, another “concrete rampart”
appeared where revenue builders and mediocrity flourished. Inside this
narrow “concrete line,” all aesthetic standards were violated. Extremely
liberal construction policies were dominant in Belgium during the second
half of the previous century and were most visible on the coastline,
reducing architecture to a play of blocks of flats, whereby urban design
rules were lifted.
Now, a web of social structures appears as a kind of neurotic urbanization.
It is clear that Belgians placed individual comfort above the greater good
and in fact, there are apartments for the “the common citizen,” offering a
sea view to many.
Eric de Kuyper states in his work Met zicht op zee [With a Sea View]
(1997): “That’s the way the Belgian think. We regard this coastal
architecture as kitsch, secretly we hang our heads in shame, but we can
live with it when it suits us. So it is opportunistic achitecture.” 3
The flow of tourists that makes its way to the sea along several main
arteries every summer does not consist, unfortunately, of architecture fans,
but of sun-seekers. What motivates and attracts them is the sea itself,
and the wide sandy beach in front of it. The architecture and urbanism are
purely functional and, because of their compact form and tasteless design,
still affordable.
This starkly contrasts with the architecture from the end of the nineteenth
century. Traces of this period are still noticeable, with the belle epoque
style visible in parts of Blankenberge and Oostende. Later on, in the first
half of the twentieth century, some buildings with architectural quality were
built too. Unfortunately, many of these went down during the building boom
during the second part of the same century.4
Charles Vermeersch drew a diagram (Fig. 3) that shows how human land
use took over open coastal spaces during a period of only one-and-a-half
century. In 2012, the coastal zone of Belgium had 417.570 inhabitants; an
increase of 4% compared to 2002. The aging population of this region is
evident: almost half of the inhabitants (49,4%) is over fifty years old, over
25% is over sixty-five years old (Fig. 4).
Another notable number is the amount of housing units situated in
apartment blocks in the Belgian coastal towns: 54%. Beside this figure,
39% of the housing units in the coastal zone are not used for permanent
living. Compared to other European countries, Figure 5 proves that the
Belgian coastline is a very dense region. Compared with other nearby
coastal zones, the zone is also the most artificial one (Fig. 5).
Cités de sable, the working title of a photo publication by Christian Meynen
(Fig. 6), perfectly reflects the ephemeral character of our constantly
rebuilt coastline. Just as an incoming tide is enough to wash away the
sandcastles in a single afternoon, it takes less than a generation for a block
of apartments to be demolished and another one to be erected in its place.
Many plots were redeveloped four times or more in the last century.5 (Fig.7)
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Figure 5. EUROSIAN. Urbanization and “hardness” of the Belgian Coast, 2004.
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Figure 6. Cover of the book Cités de sable, by Christian Meynen (2001).

As Willy Van den Bussche, former Chief curator of the Museum of Modern Art
Ostend, put it: “The coastal strip is constantly regenerated. Like the edge of a
forest where vegetation is poor, shoots spring up and trunks waste away.” 6
The Belgian coastline was never a border or a limit, but a very dynamic

Figure 7. Heist, Belgium.

749

The Plan Journal 2 (2): 743-766, 2017 - doi: 10.15274/tpj.2017.02.02.26

www.theplanjournal.com

landscape that was always changing. However, humans created a firm line
of buildings in the twentieth century.
This line can cause problems at the level of resilience. How can we deal
with these limitations? Is the linear construction of the coastline an
advantage or a disadvantage when creating landscape resilience for the
future in terms of climate change? Those limits may serve as a starting
point for a clear view on the future.
LANDSCAPE AS PALIMPSEST
A palimpsest landscape is one where, in any given region, the different
landforms that make up the landscape are not of the same age. Spatially,
therefore, landscapes are composed of a mosaic of active and relict
(inactive) landforms of different ages.
As André Corboz stated: “The land, so heavily charged with traces
and with past readings, seems very similar to a palimpsest. To set up
new developments, to exploit more rationally certain lands, it is often
necessary to modify their substance in an irreversible manner. But the
land is not a throw-away wrapper or a consumer product which can be
replaced. Every land is unique, whence the need to “recycle”, to scrape
clean once more (if possible) with the greatest care the ancient text where
men have written across the irreplaceable surface of the soil, in order to
make it available again so that it meets today’s needs before being done
away with in its turn.” 7
Some landscapes are very sensitive to external shaping by climate or

Figure 8. Illustrations showing
the interrelationships between
landscape elements of different
ages. Diagram A shows that
elements of the local human
landscape are built upon and are
thus influenced by underlying
geomorphological patterns;
and that geomorphological
patterns are in turn built upon
and influenced by regional
geological patterns. The age
and spatial scale of these
elements both decrease up the
pyramid. Diagram B shows the
interconnections between the
geological and geomorphological
basis of all landscapes (bottom
right of the ternary diagram) and
how these influence other physical
and human landscape elements
and the development of cultural
and ecological landscape patterns
over time.
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Figure 9. Land van Saeftinghe, The Netherlands (top); Wadden Sea, The Netherlands
(middle); Zwin, Belgium (bottom).
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human activity, and can change very dynamically over short timescales,
whereas other landscapes appear to have changed very little over
timescales of millions of years.
Physical landscapes worldwide have been strongly affected by human
activity since the development of settled agriculture around 7.000 years
ago, and humans are now the most powerful geomorphic agents on Earth.8
The relationship between physical and human landscape elements can
be considered in a hierarchical context (Fig. 8), in which human activity
responds to and is influenced by landscape physical patterns and the
distribution of geological and geomorphologic resources. An important
principle that this hierarchical relationship represents is the role of time in
landscape evolution and thus in the development of landscape palimpsests.
The Belgian coastal landscape changed constantly during in course of
its history, and drastically through human activity in recent history. In
geological timescales, our coastline has always been in motion. Because of
a daily pattern of fluctuating seawater, different landscapes or depositional
environments arose - coastal barriers, sand flats, tidal flats, marshes,
coastal peat swamps, all intersected by tidal channels. They all have their
specific relationship with seawater levels. The intertidal area, the zone
between the high-water mark and the low-water mark, is characterized
by tidal flats and marshes that are very dynamic, adapting themselves
to the smallest rise of seawater levels. As tidal flats are silting higher up,
and parts of the gutter are becoming land, the area is less influenced by
the tide. Marshes are expanding more seaward, followed by coastal peat
wetlands landward. When those marshes were influenced again by the tide
because of a displaced gutter for example, they evolved quite fast towards
tidal flats again. This evolution was active during the general seawater level
rising that happened over 7.500 years ago (a rise of 7 m [23 ft.] over 1.000
years).9 Gutters reached the hinterland increasingly; tidal flats expanded
over marshes and basal peat, which in their turn shifted inland. Such shifts
of different depositional environments were constantly present during
history, due to the driving force of the sea level rising.
The result of the first slowdown in rising sea levels between 7.500 and
5.500 years ago was that parts of the tidal area became high enough to
stay dry, leading to the appearance of freshwater marshes. Reeds piled
onto peat, gutters continued to move, looking for space to get rid of their
sediments. Peat lands evolved again towards tidal areas and through the
gutter, abandoned zones had the chance to evolve towards tidal flats,
marshes and freshwater marshes. The place where the sediments were
dropped by the sea were important for the inhabitation that followed later.
This inhabitation, the actual topography and the agriculture all linked with
the way of sedimentation.
These dynamic processes were determined by nature and the daily rhythm
of the sea. The Wadden Sea is an actual example of this dynamic process
(Fig. 9).

752

Waterscapes in Transformation: The Case of the
Belgian Coastal Area

Sis Pillen, Kris Scheerlinck, Erik Van Daele

At the second decrease in rising sea levels (between 5.500 and 5.000
years ago), the rising lost its driving force. Peat lands became more
expansive and existed for a longer time. Peat had the chance to keep
on growing and piled up during 2.000 to 3.000 years. There was also a
lateral extension, and about 4.800 years ago, the entire coastal area was
transformed into coastal peat and swamps, with the exception of de Moeren
[marshy region in the Westhoek, politically divided between the FrenchBelgian border] and the former seaward areas where the deposition of sand
and clay continued. In the central and eastern part, the coastal area stretched
even further seaward than today, by two to three km [1.2 to 1.8 mi.].
The “Dunkirk-transgressions theory” explains large fluctuations, even
floods, in the coastline during the Roman period and the early Middle Ages.
A transgression occurred when the coastline shifted inland over a greater
length. Between periods of transgression, there were periods where the
coastline shifted seaward again, a period of regression. Recent studies are
showing that this theory is not correct, since those evolutions happened
more gradually.10
Tidal flats and marshes are separated from the sea by natural coastal
barriers (dunes); they have a temporary character because they exist in a
dynamic balance with the sea level. When sea levels rise, sand is eroded
and brought into the tidal flat zone. This happens through sea inlets or
waves knocking over the barrier. Now the coastal barrier shifts gradually
inland and can continue filling the flats in relation to the rising sea level.
When surface-peat is developing, the coastal barrier is moving seaward.
This dynamic character explains why dunes develop well on a coastal
barrier when sea level rising is stable.
The first traces of human activity date from the ninth century. Landowners
exploited sheep on the higher points of the marshes landscape. In the
eleventh century, Dunkirk- transgression III took place. In the form of a
system of creeks, this gradual flood threatened inhabited regions. The
threatened population started to defend their homes by constructing dikes.
Other areas remained under the influence of tidal gutters. In the region
of what is Oostende today, there was an active gutter until the year 860.
In Veurne, the total reclamation happened only in 1400. Because of the
diking of the region, water drainage of the land had to be arranged through
channels and locks.
This drainage system was the cause of the compression of the upper
soil deposits and surface lowering. Peat compacts two times more than
clay and twenty times more than sand. This difference is the cause for
differential compaction. This micro-relief is defined as “inversion of the
relief” (Fig. 10).
This can be explained by the term selective sedimentation: sand is
deposited in creeks and clay in zones next to the creeks. The inversion of
the relief took place when dikes were constructed, drainage systems were
built and the landscape became dry. The peat and clay layer subsidence
was much stronger than the sand layer of the creek that stayed on the
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Figure 10. The inversion of the relief.

same level. Here, creek ridges were formed (Figs. 11, 12). There are some
contradictory theories about the cause of this inversion, but it resulted in
landscapes with settlements on those dry creek ridges, and infrastructure
roads on the higher creek ridges.
Landscape as palimpsest characterizes the dynamic character of the
coastline and the landscape. The coastal landscape, the impoldering
and the inhabitation of the coast, among other factors, left traces in the

Figure 11. Tavernier, 1970.
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Figure 12. Old creeks in the Belgian coastal zone are visible in this aerial view.

landscape that are currently still present. These traces were formed by
a natural, dynamic border (in time and space gradient) between land
and water. Is it possible to introduce a tidal area into the existing polder
landscape of today? Can this resilient zone create a more natural, more
secure boundary between land and water? How will a prospective tidal
zone react to other climate change effects (increase of precipitation,
droughts, etc.)?
COAST AS LINE HAS NEVER BEEN QUESTIONED
Belgians are used to it: the coast as one straight line. It provides an easy
landscape to connect and develop; the “royal road” and the tramline (see
Fig. 2) go hand-in-hand with tourism and urbanization.
But how can we protect our coast against the effects of climate change?
The Flemish government has a Coastline Safety Masterplan 11 to protect
our coast, in the first phase on the short term. The whole Masterplan is
based upon the coastal defense principle: “hold the line.” The Masterplan
is designed “to combat a 1000-year storm.” 12 It maps the weak points and
searches for a solution to ensure the safety for the entire coast until 2050.
Another project of the Flemish government, Vlaamse baaien [Flemish
bays in Dutch],13 looks further ahead, with a time-frame until 2100. Its main
goal is to approach climate change and sea level rises in an integral way
using five pillars: Safety, Nature Quality, Attractiveness, Sustainability and
Economic development. Here, the government is working closely with
private dredging companies.
Effective measures included in the Coastline Safety Masterplan for 2050
are dune supplementations, beach elevations, storm surge barriers,
the construction of storm walls, the reinforcement of existing dikes, the
adaptation of dike slopes, etc. The entire Masterplan will cost 300 million
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euros, with 8 million to be added annually to the total cost in order to
maintain the beaches.14
The government decided to defend these zones by the “hold the line”
principle. When one zooms in on the safety Masterplan (underneath
the eastern part), we see that the coastline is divided into different
zones, characterized by different color codes. Red stands for seawall
security problems according to a “1000-year storm,” and orange
translates as problems for the hinterland when there is a breach.

Figure 13. Fragment of the “Coastal Safety Masterplan 2100,” zoom-in on the eastern side
of the Belgian Coastal zone and a zoom-in on the coastal village Wenduine.
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When one zooms in even more, on the small coastal village of Wenduine
(Fig. 13), we see where the weak zones are situated. Specific measures
include beach supplementation with low beach (lower than dike). The
amount of sand needed will be around 700.000 m3 [915,600 cu. yd.]. This
will be combined with a high wall around the roundabout and a storm wall
on the dike.
Both climate plans, the safety Masterplan 2050 and Vlaamse baaien are
fixated on the sea defense issue and start from the same perspective:
protect. Actual developments and security levels are not questioned, and
should in the future be maintained at all costs. Other coastal defense
principles are “Managed Retreat” (through planned interventions; the
coastline is allowed to retreat in a controlled way), “Acceptance” (involves
no defense activity other than ensuring safety) and “Advance the line”
(involves moving defenses seaward).
Other negative climate effects like extreme rainfall periods (hinterland
floods with troubles of drainage), periods of drought and salinization of the
soil are not mentioned in the Flemish Coastline Safety Masterplan.
Repeated sand elevations, continuous benches on the dike and a concrete
railing as disguised dike defenses suffice for now. The question is whether
these measures of the Masterplan remain feasible and affordable after

Figure 14. Flemish Coastal Safety Masterplan, an interpretation of the transformation until 2200.
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2050. The rise in sea levels continues and any mitigation measure is only
temporary. The measures taken are short-term solutions, not solutions for
a more distant future; because of this small-step approach, too much time
is wasted. To maintain the current levels of safety, the system should be
elaborated. Time after time however, structures are expanded, making it
increasingly difficult to return and invest in a more resilient concept to deal
with the effects of climate change in the Belgian coastal zone (Fig. 14).
The Masterplan suggests that the taken measures provide the necessary
flexibility. The plan talks about “solutions that we will not regret” and
suggests the pursuit of a resilient coastal front. But the conventional
measures and the natural resilience of the coast seem irreconcilable
today.15
I am questioning whether dredging companies create their own work and
are pursuing profit due to this safety Masterplan. They are enlarging the
beaches with sand supplementations mentioned in the plan. This sand
will erode within a short period and will flow towards the lower sea parts
(shipping channels), that will be dredged out again to ensure the continued
existence of the harbors.
There are other interpretations on how to deal with our coast and its future.
In 2013, the exhibition Wisselland 16 displayed another way of dealing with
the future of our coast. One of the projects was the project CcASPAR, an
alternative approach that will be clarified in the next chapter.
THE COAST AS A RESILIENT ZONE
The project CcASPAR was initiated in January 2009. It took the initiative to
look at the spatial effects of climate change in Flanders. CcASPAR (Climate
Change and Changes in Spatial Structures) is an inter-academic and
interdisciplinary strategic research project funded by the Flemish Agency
for Innovation by Science and Technology. Next to the climate effect of the
sea level rising, the project is zooming in on other effects that are often
disregarded, such as the rise in temperature, changing rainfall patterns,
river drainages, etc. The objectives and research approaches are:
• An exploration of Flemish spatial structures, to define and situate
the most vulnerable areas due to climate change.
• A qualitative exploration through research by design of possible
planning concepts for a more adaptive approach towards changes
in spatial structures as a result of climate change.
• A review and evaluation of existing planning instruments and
governance mechanisms for the implementation of spatial planning
strategies in relation to climate change.17
CcASPAR looked at different case studies in Flanders, including the
coast. They also questioned whether the current system of uniform coast
defence would remain feasible. Natural coastal dynamics cannot be
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Figure 15. Exhibition Wisselland, project presentation CcASPAR, Knokke, 2013-2014.

ignored; these dynamics can deliver spontaneous suggestions, like the
natural dune formation along the coastline. CcASPAR argues for the use
of existing structures. Every layer of old dike-structures, roads, railway
structures, etc. forms artificial micro-reliefs in the landscape, elements for
a redesign (Fig. 15).
Redesigning the coast means questioning the notion of “risk.” Inspiration
can be found in shipbuilding, where instead of strengthening the body of
the ship, partitions are placed. An incident is possible, but a disaster is
prevented by the partitions. The ship is still floating and the damage can be
restored.18 Another clearer example for architects can be found in fire safety
where public buildings are divided into different compartments to minimize
damage during a fire.
Instead of one strict line that divides sea and land, the concept of
compartmentalization divides the coastal strip into zones. In this way,
the coastal zone becomes a dynamic linking system of diverse coastal
landscapes. Some compartments are bordered by technical structures like
dikes, motorways, railways and so on; others are focused on natural coastal
dynamic systems. A composition of dunes, polders, bath villages, water
landscapes, marshes, inlet polders, salt grasslands, and mud flats appears.19
Compartmentalization allows for a differentiated climate adaptation. This
differentiated approach requires the creation of a vision on two scales: the
coastal area as a whole and the local compartment. The vision on both
scales requires knowledge produced by both science and local actors.
The general climate impacts in the coastal region must be listed, but the
local vulnerability must also be mapped. As for the field of socio-economic
development, there is a need for a vision that encompasses both the coast
as a whole and the various components. Only when a broadly supported
vision has been developed on both scales can one work on an integrated
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climate adaptation. The strategies for the coast as a whole ensure long-term
sustainability. Considering local points of attention makes it possible to
actively adapt adaptations for area development. 20
The research “Waterscapes in Transformation: Insights on Landscape
Accessibility Challenged by New Infrastructures for Climate Resilience: the
Case of the Belgian Coastal Area” focuses on a specific area, Uitkerkse
Polder. The research objective is to produce insights and design strategies
on how to maintain or improve accessibility and permeability in landscapes
challenged by new infrastructures for climate resilience, to maintain the
socio-economic impact of nature in the coastal region.
CONCLUSION: WATER AS PROTAGONIST
Climate Change and the Bigger Picture
Climate change is an acute urgency of a global nature with many spatial
implications at different scales: 21 new climatological conditions put
pressure on existing landscapes, especially the ones defined by water,22 as
the spatial system is defined by a continuity that is now challenged. There
are different ways to approach this challenge: both concepts of climate
mitigation and climate adaptation are widely used in scientific and political

Figure 16. Variations and extremes with changing average amount and changing of variation
in average quantity of climate effects.
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discourses.23 The main question here remains: should we tackle climate
change or do we have to adapt to this new condition? Mitigation tries to limit
the human causes of climate change, while adaptation tries to formulate
effect-related answers. Mitigation concentrates on the reduction of pollutant
emissions to tackle them at the source; a long-term process and an effort on
a global scale. Adaptation however focuses on how to deal with those climate
change effects. It works on short and medium time frames and demands
engagement on local and regional levels. Decisions on whether measures
for adaptation and mitigation should be taken have to be based on the
approximation of risks and not on perception.
As The Economist stated in 2010:
Acceptance, however, does not mean inaction. Since the beginning
of time, creatures have adapted to changes in their environment.
Unfortunately, such adaptation has always meant a large numbers of
deaths. Evolution works that way. But humankind is luckier than most
species. It has the advantage of being able to think ahead, and to
prepare for the changes to come. That’s what needs to happen now.24
Variation and extremes are an inherent part of the climate. A society or region
builds a historical relation with the average climate effects on a local level
and this relation evolves in time.25 This relation can be compared to a zone
of comfort, the degree to which a society or spatial configuration has to deal
with a certain quantity of climate effects. When there is an exposure towards
effects outside of the comfort zone, there will be a need for extra adaptation
measures. Two evolutions are possible (Fig. 16). Either effects of the average
move slowly to the left or to the right (the zone of comfort will have to be
adapted slowly over time), or the average amount of climate effects remains
the same, but the variation is changing, with higher extremes as a result.
Such a situation can have catastrophic effects and has immediate impact,
leaving no time for gradual adaptation like the previous case (changes in
precipitation patterns, more droughts and heat waves, stronger and more
intense hurricanes, rising sea levels, an overall temperature rise).26
Our society has to be adapted to the effects of climate change: we have
to protect our vulnerable structures in a resilient and sustainable way. This
vulnerability applies to our ports, our cities and our transport systems; but
also to our drinking water supply, natural landscapes and agriculture. In
Flanders, water issues, drought and storm damage are the core issues of
climate shocks. Whichever evolution occurs in the near future, Flanders
urgently needs to unfold policies and strategies to avoid or reduce the
undesirable effects of the expected changes. The landscapes of the coastal
zones will the first to be confronted with climate change effects. The most
influential changes for the coastal zone will be: rising sea levels, an increase
in temperature, changing rainfall patterns, floods, fragmentation of the
ecological system, salinization of the soil and reduced drainage capabilities to
the sea.
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Landscape Resilience for a Tolerant Accessibility
A thoughtful planning policy forms the necessary key to sustainable
development. This message is also expressed in the “white book” for the
new urban plan of Flanders: “In Flanders, we want to increase spatial
resilience to be less vulnerable to the impacts of climate change.” 27 As an
answer to the challenge of climate change on the Belgian coast, policies
and plans have been developed and implemented at a European, national,
regional and local level.28 These policies and plans led to the formulation
of spatial proposals for mitigation and adaptation, to be executed by
major infrastructural works planned for the next decades. Most of these
infrastructures, conceived at a large scale, generate a different model of
accessibility for the Belgian Coastal landscape: 29 the relation dry/wet is
often inverted, topographic changes imply discontinuities in the landscape,
roadways and paths need to be reconfigured to guarantee connectivity.
These measures change the overall accessibility and permeability of the
region. Connecting large-scale infrastructures with the local, small and
intermediate scales is crucial for socio-economic development.
Spatial decisions have to be made with water as a guide for spatial planning
and architectural decisions on the small and intermediate scale. In the case
study of this research, Uitkerkse Polder, space is made for water, a space
for both the seaside and shore side, a space for salt and fresh water and a
controlled zone where the fresh water meets the salt water. A tidal zone as a
statement and good practice for a resilient and sustainable approach to the
effects of climate change.
The research strategy of the project “Waterscapes in Transformation”
contains the coupling of long-term transformation of the landscape
(in function of climate changes and often initiated by the government)
with relatively short-term, small-scale (often individual/private) spatial
interventions that guarantee the accessibility of this landscape, as a
condition for maintaining or improving its socioeconomic impact. For
example, how do you position and build a necessary water contention
barrier in a way that allows access to the landscape? How do you articulate
a community building in a flood proof manner without conditioning its full
appropriation by the inhabitants? How do you maintain the continuity of
experience in the landscape while designing the needed landscape adaption
measures such as dikes, topographic changes, flood fields, etc.? This allows
for a bet on gains in terms of spatial quality (landscape and architectural)
and an acceleration of its implementation processes in the long term
(efficiency and budget gains over time, acceptance by the environment,
etc.).
Every corner of the researched triangle - Governance (A), Market (B),
Civil Society (C) - has its own strategic dimension. The intention is to project
spatial qualities on future landscape transformations caused by climate
change, and by doing so to define models of spatial strategies for landscape
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accessibility and permeability. By developing efficient and coherent highresolution interventions today, coherent with a future and broad vision,
strategic plans and policies, “A” can be further developed by a plurality of
companies, stakeholders, universities and research institutions. The risk of
a negative socio-economic impact on pressured landscapes, because of a
loss of accessibility and permeability when new dikes, bridges, flood fields,
etc. are constructed, will be countered through this research. Through
defining spatial strategy models, within the context of a “Research & Design
Platform,” which guarantee continued landscape accessibility, the existing
economies will not disappear and possible future economies can appear
(B). By giving “spatial quality” a place in today’s doom-thinking about the
future, this “doom and gloom” shifts to positive action: spatial interventions
of tomorrow that encourage action today. By providing opportunities
for future architectural and landscape scenarios, people will have the
courage to take bigger steps, and policymakers (A) will see opportunities,
preparing in a positive way for a world in flux. The topic “climate change”
is a contemporary issue. There have been numerous studies benefitting
this research: results of completed studies may be included in the process
and reinterpreted. The project requires research into the history of
dynamic landscapes and the impact humanity has played and will play.
The architectural testing of interventions will question existing structures,
but also provide solutions to future-oriented issues. Yet, the subject of the
majority of research will be the end user; the daily user (C) of our changing
landscapes, today and tomorrow. The research is a call to maximize the
intentions of urban architecture in times of change.
The creation of an overall risk-free unconditional access to a landscape
like the Uitkerkse Polder in the future is impossible. But the creation of an
ephemeral, ever-changing accessibility in a resilient landscape has to be
the ambition.
Notes
NB: This research takes place in the context of a Research & Design Platform, a
collaboration between the academic and professional field: KU-Leuven and Team Vlaams
Bouwmeester, together with local stakeholders and a number of governmental and private
research and design agencies and offices that deal with climate resilience in architecture
and urban design and that are already involved in these processes of landscape
transformation.
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