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“Nature in the 21st century will be a nature that
we make.”
-Daniel Botkin’



INTRODUCTION

yield (v.)
. .. to give forth by a natural process
.. . to give over possession [control] of?

The contemporary, monoculture-based agricultural
model is failing. Arable land is decreasing from sea level
rise, over use, and water shortages. Simultaneously, yield
per hectare efficiency ratios have become stagnant. When
coupled with even the most conservative population pro-
jections, which predict a one-hundred percent increase
by 21003, it is clear that the existing farm techniques are
incapable of adequately meeting future food demands.

Additionally, government sponsored over-production
has encouraged farmers to ignore time-tested strategies
such as crop rotation, resulting in considerable decreases
in soil fertility. In order to combat soil degradation while
maintaining maximum productivity, a variety of petroleum-
based fertilizers and pesticides are commonly applied to
tired soils. While working to artificially boost the nutrient

mix of farmland, more than half of these chemicals find
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their way into above and underground water systems and,
ultimately, into rivers, bays, oceans, and drinking water.

Many of these shortcomings can be traced to the
emergence of mono-cropping — the intensive farming of a
single plant species which. In the United States, that plant
is corn. Corn dominates American diets. Arriving in empty
calories from processed foods, artificial sweeteners, and
corn-fed livestock, this single plant is directly responsible
for over 57% of the average Americans daily caloric in-
take and indirectly for much more.*

The environmental consequences of these practices
are severe. From eutrophication and siltation to erosion
and desertification, the industrial agriculture complex has
left an indelible mark upon the planet. Equally important is
the impact the associated mono-diet has upon Americans
themselves. Obesity, diabetes, and high cholesterol can
all be traced back to the poor American diet.

Unfortunately, despite the palpability of the problem,
government policy favors the industrial agriculture lobby.
The Farm Bill, through direct subsidies to farmers, keeps
corn prices arbitrarily low, providing food-processing com-
panies with access to inexpensive corn. Not coinciden-
tally, consumers are also presented with inexpensive and
nutrient-devoid processed foods.

In response to these impending crises, individuals and
community groups have reverted to the millennia-old tra-
dition of urban agriculture. By reanimating the neglected
spaces of America’s cities with food production, urban
dwellers are fostering a relationship with natural systems
and promoting a sense of community, while simultane-
ously providing themselves with nutritious produce and,
often, employment. The potential power of this movement
becomes clear when one considers that current projec-
tions forecast up to 60% of Americans living in urban or
suburban conditions by 2030 [80% globally].®



Baltimore Farm Works is an institutionalized infrastruc-
ture designed to support the burgeoning Urban Agriculture
Revolution. Through its mission of the advancement and
propagation of urban food production and distribution,
Baltimore Farm Works seeks to empower individuals by
providing them with the capability to grow their own food.
Baltimore Farm Works utilizes a variety of farming tech-
niques in a range of interior and exterior environments for
research, education, and production.

The site chosen to test this conceptual program is
a commonly found remnant of 20th century urban de-
population. As manufacturing and industry globalized or
moved to exiurban peripheries, the raison d‘etre of many
American cities was replaced with vacant and often pol-
luted sites. In many cases, as is the case for the site of
Baltimore Farm Works, these drosscapes are on promi-
nent and valuable land with access to important natural
amenities such as rivers and harbors.

Baltimore Farm Works will reclaim one of these post-
industrial landscapes, remediating its polluted soil while
also repurposing it to yield new cultural, social, and pro-
ductive value. While remediating the site and overcoming
the ills of the past is an important symbolic statement, it is
equally important to memorialize the scars of the past by
exposing them. Thus, the site becomes a vehicle for re-
vealing industry’s grim past and simultaneously express-
ing the capability to instill it with a new yield.

Yield, as interpreted by this investigation, can be un-
derstood in two ways. The first, which can be translated
as value, demands a highly efficient production process
modeled on sustainable and cyclical natural mechanisms.
The Calvin Cycle, for instance, combines the processes
of photosynthesis in plants and respiration in animals
to convert renewable solar energy into useable energy.
Utilizing a linked series of low- and high-tech operations

such as reverse osmosis for filtering water and anaero-
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bic digestion for extracting biogas from plant waste, Bal-
timore Farm Works will have a cyclical and sustainable
energy and water generation system equivalent to the

natural Calvin Cycle.
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figure 1: The Calvin Cycle consists of the paired
processes of photosynthesis [plants]
and respiration [people], in which solar
energy is converted into human activ-
ity.

The second definition of yield suggests an evolution-
ary architecture that establishes a framework for poten-
tial forms, events, and output by adapting to external
circumstances and inevitable future change. This under-
standing of yield replaces value with potential. Much as
natural ecosystems adapt to changing environmental cir-
cumstances, so to can architecture respond to economic,
social, and political transformations. Further, architecture
that is responsive to its environment can be used as a
device for didactically expressing its operation. Baltimore
Farm Works, as an infrastructural system, will provide a
physical and conceptual scaffold for a wide range of po-
tential operations, forms, and pedagogies.

Through a mutliplicity of yield types, Baltimore Farm
Works challenges the conventional, one-dimensional un-
derstanding of yield as food production by also yielding
energy, water, and, most importantly, knowledge. As an
act of urban renewal and symbolic reclamation, it is also

charged with yielding cultural and environmental value.



Finally, it is important to note the visionary nature of
this investigation. Following in the footsteps of thinkers
such as R. Buckminster Fuller, it extends the role of archi-
tecture beyond form and challenges the architect to en-
gage in broad social and environmental problems through
multidisciplinary action.

Further, while this thesis is without question visionary,
it is also based upon existing technological capabilities.
While it imagines new potentials and presents novel ways
in which we can inhabit the planet, it is firmly rooted in the

present.



“Wise though a man may be, it is no shame
To have an open mind and flexible.

Thou seest by the winter torrent’s side

The trees that bend go with their limbs un-
scathed,

While those that bend not perish root and
branch.

And so the sailor who keeps taut the sheet,
And stiffly battles with the tempest’s force,
Is apt thenceforth to float keel uppermost.
Bend, then, and give thy spirit room to change.”

-Sophocles®



PARADIGM

YIELDING ARCHITECTURE
An architecture that yields has two primary agendas:

(1) a cyclical, sustainable, and efficient production pro-
cess and (2) an indeterminate form that emerges from
its use, need, and environmental circumstances. The first
suggests a self-contained process in which a renewable
external resource is converted from one form to another.

In a natural ecosystem, various plant species work to-
gether symbiotically to maintain each other and the envi-
ronment they inhabit. Decomposing biomass from dead
plants fertilizes the living, which produce flowers, fruits,
seeds, and pollen which, in turn, support new plant and
animal species. Varied root depths draw from different
water levels and divergent nutrient needs result in shared
resources. Large plants shade those with lower sunlight
needs, while the smaller ones protect the soil from ero-
sion. This system is simultaneously productive and sus-

tainable.



The second characteristic of a yielding architecture,
however, relates to external forces being applied to the
system. As Sophocles eloquently describes, successful
systems, whether natural or man-made, are able to adapt
to changing conditions, whether economic, social, envi-
ronmental, or other. In terms of architecture, space and
form are at the service of fluctuating human need and cul-
tural trends.

For instance, the form of a prairie in winter is radi-
cally different than in the summer. A simple 1-2 degree
fluctuation in temperature, increased/decreased rainfall,
or changing insect populations can result in the powerful
emergence of a particular species — one that was poten-
tially subdued in previous seasons. These subtle envi-
ronmental shfits can have a profound impact upon the ap-
pearance of a field that one year may appear green, the
next yellow, and the following purple.

Systems that are able to adapt to varied and unpredict-
able conditions not only survive, but also become more
productive. A powerful example of a yielding, man-made
system can be found in the United States Constitution,
the genius of which is not in the organization of govern-
ment or the distribution of power, but in the founders re-
alization that what is right today may be wrong tomorrow.
The Constitution sets out a rough framework within which
the elected leaders, as the voice of the body politic, oper-
ate. A more rigid structure without amendments would be
unable to evolve with the inevitable cultural change that
accompanies any civilization.

Ayielding architecture, then, in its most pure manifes-
tation, is necessarily democratic, as it provides individu-
als with the power to determine the programmatic needs
of the institution. Through the emergent collective voice
of the body politic, each person’s vote is recorded, re-
sponded to, and archived in the physical expression of

the architecture itself.



MuTABLE/PRODUCTIVE ARCHITECTURE
Since Le Corbusier’s Towards a New Architecture, the

inherent beauty found in the purely functional has fasci-
nated the architectural community. Today, the pure forms
found in smoke stacks, shot towers, and grain elevators,
have become iconic and imageable symbols in our urban
places.

Equally important as their symbolic power and aesthet-
ic value is the ability of these industrial icons to be produc-
tive — to yield. Stan Allen, whose work attempts to create
infrastructure rather than architecture, contends that form
should be concerned “more with what it can do than for
what it looks like””. In a competition entry for Logistical
Activities Zone in Barcelona, Allen imagined a superstruc-
ture into which a range of spaces could be located and
onto which a variety of devices could be attached. His in-
terest was less about actualities but potentials. Realizing
his inability to predict the needs of all users, he created
an infrastructural system with the flexibility to allow users
to create their own space and fulfill their unpredictable

programmatic needs.
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Similar projects include Cedric Price’s Fun Palace
[London, 1960-61] and Renzo Piano/Richard Rogers’
Pompidou Center [Paris, 1971-77]. Both of these large-
scale infrastructures envision a flexible and modular scaf-
folding in which an endless variety of activity can take
place. Scaffolding, here, is both a flexible architectonic
system and a conceptual framework, providing for recon-
figurable spatial environments and the engaged imagina-
tions of its inhabitants.

Mason White of Lateral Architecture refers to this
phenomenon as Mutable Architecture. His work includes
series of responses that facilitate human action [Cliffside
Slips/Streetscape], express natural systems [Recording
Memphis/Dock], or respond to emergent urban patterns
[Playscape/Public Park].

Finally, technology is beginning to construct new ways
in which architecture can act as a responsive, cultural
interface. From moving walls to expressive surfaces the
potential for individuals to have a direct role in re-shaping
their environment is just beginning to emerge.

Similarly, a greater awareness of natural mechanisms
is providing a new medium for design. Landscape archi-
tects such as James Corner and Chris Reed of StossLU
capitalize on the evolutionary properties of plant growth,
water collection, and tidal patterns, amongst other natural
systems, to define new relationships between man, na-

ture and the built environment.
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SEcTIONAL/LANDSCAPE URBANISM
The 20th century witnessed one of architecture’s

greatest visionaries, R. Buckminster Fuller, who taught us
that man and nature are, in fact, part of the same system.
His work, which was simultaneously technological and
ecologically conscious, challenged a preconception that
man-made, artificial systems were somehow distinct from
natural ones.

The distinction between natural and artificial land-
scapes has become increasingly blurred during the last
century. Agriculture, for example, uses natural systems
[photosynthesis] and natural media [plants] to produce
a commodity [food]. The process, however, is entirely
manufactured. Genetically altered seeds, row-cropping,
soil tilling and irrigation are all instances in which natural
environments have been so heavily transformed by the
hand of man that their “naturalness” becomes ambigu-
ous. The inverse is equally true. Cities, for example, are
entirely man-made structures. However, they are depen-
dent upon and determined by natural systems such as

hydrology, sunlight, and wind direction.
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figure 2: conceptual section: a single, spatial surface also determines
program through surface thickness.

Accepting the artificiality of urban landscapes provides
opportunity to design cities and landscapes with multi-lay-
ered and performative sections by embedding performa-
tive and programmatic functions within the ground plane.

Implicit in this understanding of sectional urbanism is
a similar understanding of landscape not as a solid upon
which cities are built, but as a thickened surface. As a
surface, it then has an above and a below, allowing for
landscape to begin defining sectional relationships. Land-
scape surfaces, then, have the capability to become the
primary generator of urban space.

This idea is also in line with the contemporary Ameri-
can, horizontal city. The ground plane has become the
dominant space-making device throughout much of Amer-
ica. The opportunity presents itself, then, to challenge the
horizontality of landscape, by bending, folding, twisting,
lifting, and fragmenting it to accommodate the various

programmatic needs of contemporary urbanism.
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A wide range of contemporary projects have explored
the new ways to imagine landscapes and to spatialize ur-
ban horizontal surfaces. Weiss/Manfredi’'s Olympic Sculp-
ture Park, for instance, consists of a single folded and
bent ground plane that accomodates vehicular circulation
below and pedestrian traffic above as it mediates a 40’ el-
evation difference between a dense urban condition and
the waterfront. That same surface is ultimately separated
from the ground, resulting in an interior, enclosed space.

The ambiguity between roof/ground and natural/artifi-
cial in Weiss/Manfredi’s Olympic Sculpture Park can also
be found in Field Operations/Diller, Scofidio, + Renfro’s
High Line in New York City. Repurposing a former elevat-
ed train line as a linear park required the infusion of natu-
ral vegetation into a highly man-made infrastructure. The
resultant linear banding and bleeding of concrete vegeta-
tion, as well as subtle changes in ground plane create
wonderful moments of interaction between not only the
built and the natural, but also with and between people.

A final example, Lewis.Tsurumaki.Lewis’s speculative
Park Tower challenges the horizontality of landscape sur-
faces. A pair of spiralling horizontal surfaces, one housing
automobile parking and the other a mixture of residential,
commercial, and hospitality uses, rise vertically to form
a tower. This radical approach to landscape and urban-
ism provides a new paradigm within which architects and
landscape designers can began to define both space and

program.
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“Not only are we good at destroying the world,
we are also good at building the new.”
-Mao Zedong?®



SITUATION

ProbucTION
The gross productivity of an agricultural system is a

product of the output efficiency and the cultivatable area.

OXA=GP

O = output per hectare
A = cultivated area

GP = gross productivity °

Efforts to maximize this simple equation are the root of
all major technological and systemic changes in agricul-
tural practice throughout world history.

Historically, in order to increase gross productivity, so-
cieties simply increased the amount of land cultivated (A).
Between 1928 and 1960, a fifty percent increase in global
population was matched by a fifty-three percent increase

in plowed land.™
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Output per hectare (O) is primarily determined by the
harvest index — the weight of edible grain compared to
the total weight of the plant.” In the mid-twentieth cen-
tury, when new arable land became increasingly scarce,
a series of technological innovations spawned a dramatic
increase in global harvest indexes and, consequently,
output per hectare and gross productivity. These sweep-
ing advances in efficiency constitute what is now known
as the Green Revolution.

The primary catalyst was the global adoption of hybrid
seeds (dwarfs), which combined larger ears with shorter
stalks capable of supporting them. Use of hybrid seeds
was quickly and comprehensively embraced through-
out the developed world. In 1933, only 1% of all seeds
planted were hybrids. By 2000, dwarfs account for over
70% of all seeds planted. In 1900, the United States was
averaging twenty bushels of corn per hectare. By 2000,

E g ' ' * ' i ' $ ' ' i i* l ‘ * that number had swelled to 120 bushels per hectare. Not

iiiiii?i't'i'!"t ing the twentieth century.™ | |
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the current industrialized agricultural system. The quest
for efficiency and the need to keep pace with the competi-
tion pushed farmers to abandon their older, more ecologi-
cally friendly methods of farming. Crop rotation, a diverse
mix of plant species, and fertilizing with animal manure
were replaced with mono-cropping - the intensive growth
of a single species. The transition from sustainable farm-
ing techniques to monoculture has had far-reaching im-
pacts upon food production and while mono-cropping
may have been tremendously effective in the short term,

its long term impacts have been incredibly detrimental.

13.5%

30%

o

=
surrace area or eartn surface area of land surface area of arable surface area of unused
on earth land on earth arable land on earth

figure 4: Only 2% of the earth’s arable surface remains. It is also impor-
tant to note that the remaining 2% consists of the most margin-
al, least accessible land. Additionally, the land that is currently
being utilized for agriculture is being depleted through unsus-
tainable farming practices. Lastly, impending sea level rise and
the accompanying salinization of coastal lands will significant-

ly reduce the amount of land available for food production. '
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Monoculture stands in direct contrast to a naturally
existing polyculture environment, where a diverse plant
types work symbiotically to maintain both their own health
and the survival of the larger ecosystem. Varying plant
heights and root depths choke out invasive weed species
before they can grow and disallow exposure of topsoil to
the elements, preventing erosion. Additionally, the differ-
ent species absorb and return different nutrients, allowing
the soil to maintain its nutrient content. Whereas mono-
cropping consists of an annual cycle of growth and harvest
heavily dependent upon intensive irrigation and artificial,
petroleum-based fertilizers; polycultures are sustainable,
close-loop systems independent of any outside energy or

nutrient source.
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figure 5: A juxtoposition of expected populaiton increases and available
arable land reveal a serious problem. Existing agricultural tech-

niques are unable to support the world’s growing population.
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The net result of the widespread adoption of mono-
cropping is evident throughout the agricultural world. 30%
of the earth’s topsoil has been lost due to erosion since
1960. Agriculture is responsible for 70% of global fresh
water use, which is exacerbated by the fact that 40%
of the world’s population lives in regions competing for
shared water resources.'® Soil degradation and desertifi-
cation are raging across the globe, resulting in even more
fertilizer use.

In an ironic and telling example, increased use of pes-
ticides [up 3,300% since 1945] has not increased their
overall effectiveness - crop loss to pests has increased by
20%."" This startling statistic, a testament to the resilience
and adaptability of natural systems, reveals a significant
shortcoming of monoculture, as pests are able to easily

work within a non-diverse plant environment.

——————— same height
same growth time

N}--—-—-—- exposed ground surface
promotes erosion

-k.—"—.—.same root depth
same nutrients used
no soil replenishment

figure 6: typical monoculture environment
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Twentieth century farming has become entirely depen-
dent upon petroleum-based products. Whether they were
forced to apply artificial fertilizers to prop up overused soil,
lay down herbicides to prevent weeds, or spray pesticides
to manage pest outbreaks, “suddenly, for the first time in
ten thousand years of agriculture, farmers were beholden
to the protection ring of petroleum and chemical compa-
nies, and were said to be growing their crops not so much
in soil as in oil.”"®

Much of the 20 million tons of fertilizer used annually,®
as well as the millions of tons of pesticides and herbicides,
in the United States finds its way into our streams, rivers,
bays, oceans, and drinking water. Modern phenomena
such as fish kills, red tides, acid rain, and the destruction
of coral reefs are a direct result of modern agricultural
practice. A particularly notorious example is the Gulf of
Mexico’s infamous “Dead Zone,” a 20,000 square kilo-
meter hypoxic zone at the mouth of the Mississippi River
where marine life is virtually non-existent.?®

Agriculture is the highest polluting industry in the Unit-
ed States. In addition to runoff into water systems, it is
also responsible for loss of biodiversity, pesticide pollu-
tion, nitrogen pollution, soil depletion, erosion, siltation,

eutrophication, desertification, and salinization.
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DiSTRIBUTION
There are two important preconditions for the rise of

an agricultural society. The first is environmental catastro-
phe. The annual flooding of the Nile and the Mississippi
or the fires of the southwest all created an environment
in which man could begin to control what plants grew up
from this tabula rosa. Eventually, mankind began simu-
lating these environmental disasters. The flooding of rice
fields in Asia Minor or the slash and burn agriculture in
rain forests are smaller, controlled versions of naturally
occurring disasters upon which early agricultural societ-
ies relied.

The second precondition is the existence of a local
and easily domesticated plant species. Each geographic
region developed such a species based on local climac-
tic, hydrologic and geological conditions (rice in east Asia,
maize in America, and wheat in Eurasia). While each cli-
mate zone chose different species upon which to build
their surpluses, what is common throughout agricultural
history is that each society became dependent upon a

single crop, and always a grain.
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monoculture farm

The challenge with grain-based agricultural systems
is that they require some degree of post-production to be-
come edible. Whereas one could simply grow, pick, and
eat a cucumber, wheat requires many intermediate steps,
including milling, baking, and other processes. The result
is a contemporary distribution system in which food pro-
cessing companies control what food we get and how we
get it. This is dangerous for many reasons.

First, the giant food processing companies, 5 of which
are responsible for 75% of corn production and 4 of which
produce 80% of the country’s soybeans,?' are geographi-
cally segregated from the consumers, resulting in an ex-
tended and gasoline dependent distribution system. It also
gives these companies significant political power. It would
make sense that the growers get the most profit from food
sales, yet because of the Farm Bill's complex and convo-
luted subsidies system, the food processing companies
are able to buy surpluses of grains for extremely cheap.
The result is that food has become as much a political tool

as a necessary means for human survival.

figure 7: The typical process of converting a single corn kernel into
an accessible and edible food product consists of an assort-
ment of energy intensive processes. This process takes 10
calories of fossil fuel to create 1 calorie of food energy.?? Ad-
ditionally, greater distances make the preservation and trans-

portation of fresh produce more difficult and energy inefficient.
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Of course, we are still capable of obtaining foods other
than grains, but the source of these foods is rarely local.
The average produce item travels 1,500 miles, costing
one gallon of fossil fuel for every one-hundred pounds (if
shipped by truck) In New York, 75% of apples are from the
West Coast or overseas, even though the state produc-
es more apples than city residents consume.? Benefits
of eating locally produced food include freshness, taste,
community cohesion, preserving open space, and, most
importantly, reducing the agricultural industries depen-
dence upon oil. As the oil age draws to a close and gas

prices climb, the need to reduce “food miles” will become

even more important.

figure 9: The harvest index has nearly doubled since 1920 and is near-
ing its projected maximum. There are no forseeable tech-

nologies that will greaty increase yield per acre efficiency.?*
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CONSUMPTION
Equally important as the environmental and produc-

tion deficiencies of monoculture is the resultant mono-
diet. Fifty seven percent of the average American’s diet
comes directly from corn in the form of inexpensive and
convenient processed foods.

The extent to which Americans are dependent upon
corn is even greater. The majority of the dairy and meat
products that supplement our diets come from animals
raised on corn, despite the fact that most animals are not
genetically disposed to digest it and that meat from corn-
fed animals has a much greater percentage of fat than

grass-fed livestock.?®
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The American dependence upon low-cost, corn-based
food is merely the contemporary manifestation of a trade-
mark of any agricultural society — a division between rich
and poor. Whether through feudal kingdoms or govern-
ment endorsed corporate control, the poor in every agri-
cultural society have been forced to subsist on the empty
calories generated by a dominant grain. While the health-
ier fruits and vegetables have been cultivated through-
out history, they have been the exclusive privilege of the
wealthy.

A pivotal theme in Richard Manning’s Against the
Grain is that the search for food (and sex) is the funda-
mental task of humanity. Thus, throughout time, food be-
came a defining characteristic of both culture and class.
Food, as the definer of culture and self-preservation, is
saddled with significant power and responsibility. Agricul-
ture exploits this power by exaggerating class and cultural
differences. Consequently, food is no longer the binding
force of a hunter-gather society but the wedge between

people in a cultivated civilization.
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“We are called to be architects of the future, not
its victims.”
-R. Buckminster Fuller®®



URBAN AGRICULTURE REVOLUTION
The world’s population is growing, and the current,

rural-based agricultural model is clearly unable to support
a future urbanized world. There is however, a burgeoning,
grassroots movement that has the potential to radically

change the nature of food production.

There is a quiet revolution stirring in our food system. It
is not happening so much on the distant farms that still
provide us with the majority of our food; it is happening
in cities, neighborhoods, and towns. It has evolved out
of the basic need that every person has to know their
food, and to have some sense of control over its safety
and security. It is a revolution that is providing poor
people with an important safety net where they can
grow some nourishment and income for themselves
and their families. And it is providing an oasis for the
human spirit where urban people can gather, preserve

something of their culture through native seeds and
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foods, and teach their children about food and the
earth. The revolution is taking place in small gardens,
under railroad tracks and power lines, on rooftops, at
farmers’ markets, and in the most unlikely of places. It
is a movement that has the potential to address a mul-
titude of issues: economic, environmental, personal

health, and cultural.?®

Worldwide, over 800 million people are engaged in
some form of urban agriculture (UNDP 1996, FAO 1999),
which provides solutions to many of the problems latent
in the existing model of food production. By allowing in-
dividuals to feed themselves, eliminating transportation,
and providing cheap and convenient fresh produce, ur-
ban agriculture has the potential to empower neglected
city residents, eliminate food production’s dependence on
oil, and end the over-consumption of corn-based, empty
calories.

In addition, the scientific and architectural communi-
ties have also become engaged in advancing the cause
of urban agriculture. A host of technologies, including hy-
droponics, aeroponics and aquaponics, which allow for
24 hour, year-round, indoor farming, have dramatically
changed the nature of food production. Previously con-
trolled by environmental conditions such as sunlight, rain-
fall and soil nutrition, indoor farming is free from these
limitations, allowing for radical new visions for how farm-
ing can inhabit cities.

In particular, Dr. Dickson Despommier, Professor of
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Environmental Health Science, has been intensively re-
searching the potential viability of vertical farms. His re-
search proves that they can be both spatially efficient and
self-powered. In concert with his students, he has pro-
posed a 30-story tower capable of feeding 50,000 peo-
ple.?

Yet, while organizations around the world, including
the Food and Agricultural Organization of the United Na-
tions, are actively supporting this emerging revolution, ef-
forts thus far have focused on small scale, individual and
community based farming.

This thesis asks the question, what would an institu-
tional manifestation of urban agriculture look like? What
if the US government became interested in investing in
a new sustainable, urban infrastructure? What if infra-
structure was used as a pedagogical tool in the service of

yielding knowledge?
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YiELDING KNOWLEDGE
The fundamental difference between urban and rural

conditions is not limited horizontal surface but an abun-
dance of people. The proposal of this thesis, Baltimore
Farm Works capitalizes on this unique opportunity by ex-
tending the traditional notions of farming to include not
only food, but also energy, water, and most importantly,
knowledge. In doing so, the institution defines yield not as
soley food production, but as the creation of value.

In the case of Baltimore Farm Works, the social value
of an empowered population capable of supporting them-
selves through urban farming far outweighs any productive
efficiencies it could acheive. This broader understanding
of yield obligates Baltimore Farm Works to simultane-
ously be a didactic and productive device and shapes the
mission of the government funded, public institution. Bal-
timore Farm Works, is dedicated to the research and ad-
vancement of urban agriculture, as well as the discovery
and dissemination of urban agricultural techniques.

The audience for Baltimore Farm Works is simultane-
ously widespread and local, as it consists of daily inhab-

itants, the occasional visitor, and the non-visitor. Local
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neighborhood residents, faculty members [permanent
and visiting], students [attending and visiting], farmers,
and tourists will all play an active role in the sharing and
distribution of knowledge.

Both a place of production and learning, Baltimore
Farm Works is simultaneously a school and working farm.
The academic curriculum, which will consist of appren-
ticeship programs as well as more formal academic and
research environments, will utilize the actual production
and distribution of food, energy, water, and knowledge as
laboratories in the study of urban agriculture.

While the majority of learning will take place
through the act of farming, educational research support
spaces such as classrooms, labs, student services, ad-
ministrative facilities, and a public lobby will also be in-
cluded in the program. The internal program is designed
to foster interaction between the various researchers.
The traditional classroom model is eschewed in favor of a
more open, flexible learning environment where multiple
types of activities can be supported simultaneously. This
includes spaces for individual study, small group study
and large group study in addition to the requisite lecture
halls and labs. The labs themselves are more compart-
mentalized in order to maintain control over lighting and
air quality, but the open and flexible spaces will also sup-
port growing experimentation at a variety of scales, from
windowsill gardens to interior courtyards.

Itis in this flexibility that Baltimore Farm Works acheives
the second goal of a yielding architecture. Adaptable and
reconfigural spaces along with multi-use environments
allow for the institution to evolve according to a chang-
ing spatial needs. Rooms can be combined, subdivided,
or reprogrammed as the curriculum and pedagogy of the

school transforms over time.
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Baltimore Farm Works’ experimentation will also in-
clude various methods of distributing food. A school-run
grocery store, restaurants, farmer’s markets, as well as
other experimental and local distribution strategies will
also be explored.

In addition to the farming of food, Baltimore Farm
Works will also be employed in the practice of farming
energy and water. The energy collection devices, which
include photovoltaic devices and wind and water turbines,
will be dispersed throughout the site allowing for tempo-
ral and typological flexibility. An additional energy source
will be the non-edible biowaste that is produced by the
farming activities of the Farm. This is a simple process
with little spatial obligations, as it can take place in small
and flexible containers. In addition to energy farming, re-
claimed water will be used for irrigation and for non-pota-
ble human use. Along with water collected from within the
site itself, adjacent water sources, including city waste-
water can be utilized. The infrastructure of Baltimore
Farm Works has been designed to reveal and express
these processes of collecting, distributing, and reclaiming
these water and energy resources in order to support its
educational goals.

Engaging the public is as important to Baltimore Farm
Work’s mission and pedagogy as internal research and
production. In addition to directed and supported com-
munity gardens, Baltimore Farm Works will also operate
the Baltimore Agricultural Museum which, in addition to
providing an educational resource, will also work with lo-
cal communities to expand urban agricultural practices

throughout the city.
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The act of learning can take place at any time and in
any situation. As such, in designing a place of learning, it
is important to consider the various ways in which the site
and the architecture can support the pedagogical goals
of the institution and also act as didactic devices. Archi-
tectural systems can actively encourage individuals to
reconsider their preconceived notions about farming and
natural/artificial landscapes. Baltimore Farm Works uses
its public space as instruments through which the general
public can also be engaged with the educational agenda

of the institution.
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“This is the landscape that nobody wants. Its my
cup of rejection . . .”
-Frederick Turner®®
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SITIUATION

DRosSsCAPE

“Drosscape is the creation of a new condition
in which vast, wasted, or wasteful land surfaces
are modeled in accordance with new programs or
new sets of values that remove or replace real or
perceived wasteful aspects of geographical space.
Drosscaping, as a verb, is the placement upon the
landscape of new social programs that transform
waste (real or perceived) into more productive ur-
banized landscapes to some degree.” *°

During the last half-century, the industrial landscape
of the United States has shifted from a Fordist economic
model characterized by centralization in urban centers to
a post-Fordist economy where industry is set about along
the periphery of cities. The Fordist model is based on ef-
ficiencies produced by economies of scale, resulting in
single, large complexes built around shared transporta-
tion systems. The post-Fordist model, on the other hand,
relies on flexibility provided by multiple centers. smaller-
scale infrastructure, as well as the smaller organizational
hierarchy, allow for rapid change. Companies are then
able to quickly respond to changing trends in consump-

tion and demand.
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The post-Fordist model is simultaneously a response
to and cause of a dramatic 50 percent decrease in urban
population density since 1950.%' Fueled by inexpensive,
convenient, and rapid transportation, as well as advances
in communication technologies, the inefficiencies associ-
ated with spatial separation are now outweighed by the
capability to be responsive and adaptable. Industrial de-
urbanization has left more than 600,000 abandoned and
contaminated sites have been identified within the United
States since 1990.%

These waste landscapes, which Alan Berger calls
“Drosscapes,” are the contemporary worlds “in-between
spaces,” as they exist in “the wake of the socio- and spa-
tio- economic processes of deindustrialization, post-Ford-
ism, and technological innovation.”® Such spaces exist
at any scale, with various degrees of contamination, and
in every city in the former industrialized world. Further,
drosscapes are ideal opportunities for designers to cre-
atively reintegrate both spatial and pollutant waste left by
the economic and social processes of the last fifty years.

Additionally, the loss of community that the suburban-
ization of America’s cities has created is a well-document-
ed problem facing contemporary urbanism. Abandoned or

brownfield sites provide unique opportunities to re-pop-
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figure 12: The fomer ADM grain elevator and silos has been converted
into residential condominiums and townhomes.

3

figure 13: The still active Domino Sugars Factory opened in 1922.

ulate American cities. Baltimore provides a strong test
case, as its history follows the path of a typical American
post-industrial city.

Baltimore’s growth was dependent upon its port, and
its port dependant upon the grain trade. Throughout the
18th century, Baltimore remained a relatively small town,
whose economy was based on tobacco shipping. In
1750, however, John Stevenson experimentally arranged
a shipment of flour from the city. This simple act kicked

of an incredible growth spurt for Baltimore, which, due
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figure 14: The 1901 sanborn map reveals a grid aligned to face the In-
ner Harbor to the northwest.

figure 15: This 1860’s engraving highlights the former path of the Jones
Falls, which is currently beneath the 1-83 for much of its run.
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to its proximity to the Pennsylvania and Maryland wheat
fields, access to the sea, and fast moving rivers for pow-
ering mills, was ideally situated for flour export. The early
19th century creation of the Baltimore & Ohio Railroad,
extended the reach of Baltimore’s port, spurring even
greater economic and physical expansion. In addition
to flour, Baltimore also became the nationwide leader in
shipbuilding and other industries, such as can manufac-
turing. The intensity of food industry had an impact upon
the formal character of the city. Grain silos, warehouses,
and elevators were and still remain iconic forms along the

waterfront.3*
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figure 16: The flight of industy and manufacturing from the city center
conincided with a reciprocal drop in population.
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1706_ port created at Locust Point as tobacco port of entry.

1726_ land purchased by Willam Fell, renamed Fells Prospect

1763_ town of Fell’s Point founded ]
1773_ Fells Point incorporated into Baltimore Town
1775_ Fells Point Ship Yard produces the Virginia, the first frigate of the Continental Navy-
1784_ Broadway Market established
1797_ Fells Point Ship Yard produces the Constellation
1814_ Battle of Baltimore [The StarSpangled Banner' written by Francis Scoft Key at Fort McHenr

|

1824_ Frederick Douglas comes to Fells Point [escapes to freedom in 1838]
1825_turnpikes connecting Baltimore to National Road completed

1827_ Baltimore & Ohio Railroad Company chartered

Baltimore Chromium Works Plant begins operations!

1859_ Baltimore’s first street car line

1864_ slavery outlawed in Maryland by the state Constitution of 1864

1869_ Isaac Meyers begins maritime railway in Fells Point

1978_ plans to build East-West highway abandoned
1979_ Baltimore Convention Center opened
1980_ Harborplace opened

1981_ National Aquarium opens [Cambridge Seven Associates, Boston]

1914_ City Recreation Pier opens
AlliedSignal buys Baltimore Chromium Works Plant
1960_ Baltimore announces plans for expressway along Fells Point waterfront,
1965_ Inner Harbor redevelopment plan announced
1969_ Fells Point designated Baltimore’s first historic district ]
1977_ Baltimore World Trade Center constructed [I.M. Pei Associates]
Baltimore Chromium Works Plant ceases activities!
1988_ Urban Design plan [Notter] for Fell's Point and Canton
39_ Consent Decree between EPA and AlliedSignal for cleanup of AlliedSignal site.
1990_ Streuver Bros., Eccles, and Rouse perform feasibility study.

1992_ EPA mandates clean-up of AlliedSignal factory site
AlliedSignal Factory razed,
Construction of multimedia cap begins]
1993_ master plan by Cho, Wilks, & Benn completed

| Baltimore Town Founded
[1729]

| Seccesionist Baltimore
Riot of 1861

| Great Baltimore Fire
[1904]

__| Baltimore Riot of 1968

Construction of multimedia cap completed

2003_ lease signed between Streuver Bros. and Honeywel

2004_ Ehrenkrantz, Ekstut, and Kuhn complete new master plan

figure 17: timeline of Baltimore history

1700

1800

1900

2000
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figure 18: An 1869 reveals Baltimore Harbor’s
active, industrial history.

figure 19: Baltimore Harbor in the 1960’s, prior
to redevelopment.

Baltimore’s Inner Harbor existed as a working indus-
trial center for most of the city’s existence. As industry
decentralized over the last half-century, the warehouses,
lumber yards, docks, and cranes that occupied the many
piers that dramatically protrude into the harbor have been
replaced or refitted with museums, theatres, restaurants,
hotels, retail, housing and various open spaces capable
of supporting a wide range of activity.

This former drosscape is an ongoing experiment for
the potential of former waste landscapes, particularly
those situated along social amenities such as harbors
and rivers. However, its successes, which include a pub-
licly accessible waterfront and a re-enlivened downtown,
are driven by commercial activity and tourism.

Baltimore Farm Works, on the other hand, is an act
of urban renewal based upon a consumerism of need,
rather than a consumerism of greed. Whereas the Inner
Harbor’s success depends on uncontrollable economic
conditions, an infrastructure founded upon fundamental
human needs has a much greater capability to withstand
changing social and economic seasons. As opposed to
houses for expensive shops and restaurants, these for-
mer industrial agglomerations can be transformed into
symbolic, interactive, flexible, and productive public spac-
es. In short, these spaces have the potential and obliga-

tion to yield in ways unseen in America’s cities.
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CHromium WoORKs
The particular site chosen for Baltimore Farm Works is

that of the former Baltimore Chromium Works, from which
the institution derives its name.

The site of the former Baltimore Chromium Works
Plant was first obtained by English Quaker immigrant Wil-
liam Fell in 1726. Primarily a marshland consisting of ce-
dar and oak, woods perfect for shipbuilding, the site rap-
idly grew in both economic significance and overall land
mass. The Fells Point neighborhood, which was officially
founded in 1763 and incorporated into Baltimore Town in
1773, quickly became the nations leading ship manufac-
turer. The invention of the steam ship drastically altered
the economy of Fells Point, which then transitioned into
manufacturing, while still maintaining it role as the primary

merchant port in the Chesapeake Bay.*

45



Chromium manufacturing began at the site in 1845
when Isaac Tyson began producing potassium bichro-
mate on the north side of the 1300 block of Block Street.
The plant quickly grew in size, filling out the entire block
and the narrow block to the south. The sites expansion
continued following a 1908 acquisition by the Mutual
Chemical Company and the final ownership transfer to
Allied Chemical Corporation (later Allied Signal, Inc.) in
1945 until the entire peninsula consisted of various build-
ings in the service of chromium production.3®

Work on the site ceased in 1985 when large amounts
of chromium were detected seeping into the harbor wa-
ters. Since then, an elaborate cleanup and restoration
process has transformed the site into what is today a
field of asphalt. The site is still owned by Allied Signal,
which changed its name to Honeywell, Inc., and is cur-
rently being developed by a team consisting of Streuver
Bros., Eccles, & Rouse and H&S Properties Development
Corporation under the terms of a long-term ground lease
signed in 2003. The groundbreaking ceremony for the
new 1.8 million square foot and $830 million Harbor Point

development took place on January 22, 2008.%

figure 20: Baltimore Chromium Works when in operation.
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This current development project is the latest of sev-
eral proposed schemes, beginning with the Notter, Fine-
gold, and Alexander master plan in 1988, in which the
entire peninsula was transformed into a recreational park.
Subsequent proposals by Cho, Wilks, and Benn (1993)
and Ehrenkrantz, Ekstut, and Kuhn (2003) provided a
much smaller public open space on the southwest corner
surrounded by a dense mixture of office, retail, and resi-
dential uses.

Whether creating a large-scale urban park or a new-
urbanist, mixed-use master plan, none of the previous
proposals re-imagine the site as a piece of public infra-
structure, fulfilling a variety of physical, social, and po-
litical needs. Additionally, none of them capitalize on the
site’s incredible visibility in an effort to create a new, di-
dactic and productive [yielding] icon for the city and its

residents and visitors.
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figure 21: Satellite image with census data. The potential expansion
Farm Works facilities could mirror the spread of industry along
the harbor and up the Jones Falls.
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vehicular circulation.
the President St. corridor connects directly to 1-83, an

primary access highway from north of the city.

figure 24

Thames St. connects Broadway Square and central
Fells Point to the site.

Caroline Ave. provides the sites only street frontage.
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figure 27: coastal mophology. The outlet of the
Jones Falls was formerly a large wet-
land.

figure 28: plan view of the existing site conditions. The 27.35-acre site
measures approximately 1300 feet east to west and 1200 feet
north to south The dashed line notes the extent of the bulk-
head line.
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CHromium CONTAINMENT
During its 140 years of operation the Baltimore Chro-

mium Works Plant produced 50,000 tons of chromium a
year. Following the plants closure in 1985, it was found
that chromium was still seeping into the harbor at a rate of
50 pounds per day. An additional 12 pounds per day was
found entering the deep groundwater system.*°

A 1989 consent decree sponsored a 10-year cleanup
and prevention project, which isolated 15 of the site’s 27
acres for containment. Overseen by the United States En-
vironmental Protection Agency and the Maryland Depart-
ment of the Environment, the total cost of the cleanup was
nearly $100 million and fully funded by AlliedSignal, who
remains perpetually responsible for maintenance of the

site’s monitoring and containment systems.*'
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The cleanup, which began in 1989, consisted of the
razing of the AlliedSignal manufacturing buildings and
the removal of soils with high concentrations of chromium
(over 100 milligrams of chromium per 100 kilograms of
soil). Concurrently, the prevention effort began in 1991
with the construction of a rock wall embankment around
the perimeter of the site to support a failing bulkhead. In
the mid-90’s, a three-foot wide slurry wall was also con-
structed around the waterside perimeter of the site. Made
up of a combination of soil and bentonite, the wall extends
up to 75 feet down to bedrock. 4

The containment area is completely contained by a
multimedia cap, construction of which began in 1996 and
was completed on April 14, 1999. The cap consists sever-
al layers: capillary break stone, a geosynthetic clay liner,
a flexible membrane liner, geocomposite drainage, cover
soil, stone, and asphalt. The cap is tied into the barrier
wall, completing the containment structure. #*

Finally, the “Head Maintenance System” monitors and
controls the groundwater level within the site. 16 pairs
of monitors (12 deep, 4 shallow), 16 pumping wells (12
deep, 4 shallow), 13 below ground maintenance vaults,
and computerized control system ensure that the water
level within the cap remains 0.01 feet below that outside
of the containment structure. Any excess water is pumped
to holding tanks in a two-story Honeywell building, the
only building remaining on the site, which also contains
the control system. A mandatory one-year verification pe-

riod was completed in 2001. #
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Chromium, a naturally occurring heavy metal used to
make chrome plating and pigments in paints, can exist in
multiple forms. One of these, hexavalent chromium, is a
particularly dangerous carcinogen. A 2000 study revealed
that workers at the Baltimore Chromium Works Plant had

double the normal rate of lung cancer, which was attrib-

uted to inhaling the hexavalent chromium dust. Over the

=
==

years, however, as organisms and mineral interact with
figure 29: The multimedia cap extents (hatch)

covers only 2/3 of the site. the dashed, the buried and dangerous substance, it is chemically

grey tone shows the sites original . . . .

shape and size. transformed into trivalent chromium, which both state and

Honeywell officials agree is not dangerous to humans.*
Chemical and natural systems have been utilized

throughout the world to stabilize soils and even remove

dangerous heavy metals. A fool-proof method of remov-

ing chromium, however, has yet to be discovered. An ad-
ditional obligation of Baltimore Farm Works will be the in-
vestigation of heavy metal remediation. Thus, an integral

component of the institution’s program will be controlled

and safe environments for the study and experimentation
figure 30: site hydology. The site’s topography

results in drainage patterns in which Of various remediation techniques.

all water is shed from the center and

towards the edges. Three wastewater

outlets empty into the canal north of

the site. The Jones Falls re-emerges

from under a highway and flows di-

rectly west of Harbor East.
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figure 31: existing cap edge section.
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Epce CoNDITIONS
The site has five unique edge conditions which emerged

as important parameters for programming the site. To the
north and southeast are educational facilities run by the
Living Classrooms Foundation. The northern facility oc-
cupies the entirety of the former Caroline St. pier and is
home to the Crossroads School and the Milkuski Center
for Workforce Development. The Crossroads School is a
progressive charter school that draws students from sev-
eral underperforming schools in eastern Baltimore.

The school's pedagogy is based on learning through
doing and utilizes its adjacency to both natural and ur-
ban environments as learning opportunities. The facility
contains docks, boats, a greenhouse, and a tower from
which student can observe and experiment with natural
systems. The goals of Baltimore Farm Works are directly
in line with that of the Crossroads school. As such, an
additional obligation for the institution will be augmenting
the existing educational opportunities for the Crossroads

School.
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The southeastern facility is the newly completed Fred-
erick Douglass-Isaac Meyers Maritime Park. Named after
two historically significant African American leaders with
local ties to Fells Point, the institution consists of perma-
nent and temporary galleries, interactive learning spaces,
a boat building workshop, a digital arts center, an event
space, and an extension of Baltimore’s public promenade.
The public nature of the museum, and its similarity to the
public outreach and education aspirations of Baltimore
Farm Works, creates a unique opportunity for shared re-
sources, public space, and amenities.

Across a canal and to the north of the Crossroads
School is the in-progress Harbor East development,
which consists of 10-30+ story mixed-use buildings. Har-
bor East is the latest example of re-inhabiting the harbor
edge and provides a significant population within walking
distance of the site.

The immediate eastern edge of the site consists of
modern, mixed used buildings. Beyond is the historic Fells
Point neighborhood, which consists of a mix of residential,
retail, commercial, and tourist uses. Historic architecture,
quaint cobblestone streets, and vibrant public spaces
such as Broadway Market and the waterfront promenade
characterize Fells Point. Most buildings are 2-3 stories,
however, several newer buildings on the neighborhood’s
northern and eastern edge reach up to 5-stories high.

To the south and the west lies Baltimore Harbor, which
is primarily trafficked by recreational and historic ships,

including the water taxis.
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figure 34: View of steel boat launch adjacent to the Isaac Meyers-Fred-
erick Douglas Maritime Park (right).

figure 35: View of pumping and maintenance station from Caroline St.,
the only remaining structure on the site.

PRIVATE P
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“The past is our definition. We may strive, with
good reason, to escape it, or to escape what
is bad in it, but we will escape it only by adding

something better to it.”
-Wendell Berry*
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REALIZATION

OPPORTUNITIES
The merging of the program and site of Baltimore

Farm Works create numerous and challenging opportuni-
ties for investigating what and how architecture can yield.
It is precisely in the coincidence of seemingly disparate
operations [farming & urbanism] that the most provoca-
tive and potential rich yields can occur.

First, a response to the sites toxic and capped soil
condition resulted in a dramatic landscape gesture. Since
the existing soil is incapable of supporting edible crops,
a new ground surface is required in order to farm on the
site. The separation of new ground surface from the old
results in a residual plenum space in which a variety pro-
grams and farming types can be inserted.

In addition to the horizontal opportunities provided
above and below the new ground surface, a vertical in-
frastructure is created to accomodate another group of
farming types. The variety these two conditions provides
create numerous opportunities and a simple, yet flexible

framework within which the institution can operate.
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Further, the two conditions multiply the symbolic power
of the institution. The horizontal surface creates a place for
public activity and interaction with the new, artificial sur-
face. The vertical farming tower acts as a powerful brand
for Baltimore Farm Works, similar to the industrial icons
that litter the harbor. In this way, the site and landscape
surfaces can act in concert with each other in reinforcing

the pedagogical goals of the institution itself.

ertical farming )

vertical farmin:

Nttt

\’

[

container

777777777 surface
,,,,,,,,, [subjsurface

figure 40: conceptual site diagrams describing the pri-
mary response to the toxic soil condition.
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SiTe PROGRAMMING
The primary challenge in programming the site is the

simultaneous occupancy of active public space and a
working farm. While the public space has no access con-
trol, the farm needs to have tightly controlled and limited
access points to maintain the integrity of the crops.

In order to maintain Baltimore’s continuous waterfront
promenade, the farm program is placed in center of the site
and against the northern edge of the site and surrounded
by public program. This siting provides opportunities for
shared resources between Baltimore Farm Works and
the Crossroads School. Placing the tower alongside the
school’s access road, which is also used by the Baltimore
Ducks, exposes the workings of Baltimore Farm Works to
an even larger audience. The public ground surfaces and
the farming surfaces are held apart, with access occurring

in three controllable points.
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controlled access

[ Jrecreation

uncontrolled access

figure 42: site diagram designating the public
and farm extents.

figure 43: site diagram locating the site programs

The eastern, urban edge of the site is a logical place
for a pair mixed-use residential buildings. The upper floors
are dwellings for students, faculty, visiting faculty, and
workers. The bottom floor consists of farm-based retail
and commercial programs such as restaurants, grocery
stores, and farm supply stores. Many of these spaces will
be owned and operated by Baltimore Farm Works, while
others will be leased for private enterprise.

The southeast corner of the site, which is already in-
habited by a public museum, is at the intersection of the
two vehicular access routes and provides an opportunity
for impressive views across the harbor to Domino Sug-
ars Factory and down the harbor to Canton. Here, a new
Market Pier is created. The Market Pier is a large, public
space intended to accommodate a wide range of public
events, including Farmer’s Markets and festivals. The pier
is also used as a loading zone for the Farm Works food
barges, which transport produce from the farm to various
neighborhoods along the harbor and operate as floating,

daily produce markets.

market pier
community gardens
[un]loading

weilands

remediation
[sub]surface farming
aquaculture farming
beach
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Highlighting the Market Pier is the Baltimore Museum
of Agricultural History. The museum is the primary access
point to the farm itself. Two sequences from the museum
lead to the tower. One is entirely outdoors and progress-
es through the surface fields. The other sequence leads
through the museum galleries, from which one is also ex-
posed to the [sub]surface farming.

In addition to the Market Pier, there are two other pub-
lic access points. The first is an extension of the Presi-
dent St. axis via a pedestrian bridge. This bridge and path
slips past the tower and ultimately terminates in an el-
evated viewing platform. A monumental staircase, which
also doubles as an outdoor amphitheatre, connects the
elevated path to the public surface below.

Finally, a network of floating pontoon paths connect
the southwest corners of Harbor East and Baltimore Farm
Works. These paths also contain the cellular constructed
wetlands, which recall the historic marshes and also filter
the many pollutants that emanate from the Jones Falls.

To the north of the wetlands and immediately to the
west of the Crossroads School are a series of aquacul-
ture fields, which also aid in cleaning the harbor water.
Their location will utilize its adjacency with the Cross-
roads School, as students will be able to operate their

own patches of the marine fields.
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figure 46: exploded axonometric reveals the multiple infrastructural lay-

ers of the new ground surfaces.
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figure 50: perspective from pontoon path between constructed wet-

lands and aquaculture fields looking east towards the Farm

Works tower.
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Domind

Sug.

figure 52: perspective from President St. pedestrian bridge looking
south towards Domino Sugars factory. Constructed wetlands
and the remediation containment zone are visible to the right
and the [un]loading area is to the left.

figure 53: perspective from on top of the Baltimore Museum of Agri-
cultural History looking west towards bridge and Farm Works
tower.
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figure 54: diagram noting extent of environmen-
tal control in the farming types.

surface

[sub]surface
greenhouse

container

FARMING TYPES
In keeping with the goals of yielding architecture and

in order to create a broad range of production and re-
search opportunities, several growing environments will
be provided. Flexibility will be provided via the use of sev-
eral farming types, each with a different amount of climate
control capability. These range from being completely de-
pendent upon external circumstances to complete inde-
pendence and manufactured atmospheric conditions.

Located on top of the new ground are exterior surface
gardens, which are dependent up on the local climate
conditions. Thus, local species are grown using polycul-
tural techniques in order to maintain the soil integrity and
to reinforce the local farming culture.

Interior gardening will consist of three types. The first
type exists beneath the new ground surface. These [sub]
surface gardens utilize a combination of natural and artifi-
cial light and water sources collected in cuts [furrows] and
folds [troughs] in the surface. The troughs and furrows
are organized in linear patterns, similar to the forms of
agricultural row cropping, and oriented towards the south

for the greatest light exposure.

81



observation Eb

EEA

exhibition

L S B

education Eb

I

oooor 0

=
=

2]

=
H
£
g8
8

Ommm

8

figure 55: site section S1

N



/%

T

[z2luns

swelbelp aoeuns[gns] :2g ainby

[egluns = N N

A N S A .

“19yem pue 1ybBi| yjoq 1098]|02 0} pasn ale adepns punolb mau
Uy} ul SInd Jeaul “spjal adeuns[gns] ybnolyl uonoas |iejep :9G ainbiy

83



In addition to the horizontal surface and [sub]sur-
face farming, there are two vertical and interior farming
types - greenhouses and containers. The greenhouses
are, like typical greenhouses, glass boxes. However, un-
like entirely passive solar collection, performative skins
will transfer solar and wind energy into artificial lighting
and mechanical systems in order to create environmental
conditions that mimic tropical, savannah, and Mediterra-
nean climatic zones, amongst others. The greenhouses
will provide Baltimore Farm Works with the ability to grow
crops ill-suited to a mid-Atlantic climate.

The containers are re-fitted shipping containers opti-
mized for growing a specific crop species. These mod-
ules, which will be controlled by a combination of natural
and artificial lighting, heating, and air filtration systems will
operate 24 hours a day, 365 days a year, regardless of
season or weather. Further, the decreased growing time
and modular nature of the devices will allow Baltimore
Farm Works to be responsive to changing demands.

All of these farming environments employ a sustain-
able and cyclical processes that generates all of the farms
energy, water, and food needs, without reaching out for
external inputs beyond those naturally provided. The pro-
cess farming of water, energy, and food creates byprod-
ucts that can be used in the production of the other two.
Similar to the Calvin Cycle, in which the paired processes
of photosynthesis [plants] and respiration [people] convert
solar energy into human activity, solar and wind energy,
along with water drawn from the harbor, the Jones Falls,
and the wastewater outlets will generate all of the food,

power, and water for Baltimore Farm Works.
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THE EDpGE
The desecration and subsequent cover up of the site

presents a unique opportunity for didactically exposing
the results of a century-and-a-half of environmental ne-
glect. It is important, however, for Baltimore Farm Works
to present an optimistic vision in which past indifference
can be overcome by the same ambition and energy that
created the problem in the first place. The cap edge, in
particular, will become the occasion for simultaneously
memorializing and dematerializing the cap edge.

In its existing condition, the cap creates an impenetra-
ble cocoon. While it prevents leaching of toxic chromium
into the harbor, it also prevents any attempts at remedi-
ating the site, whether through natural or chemical pro-
cesses. Additionally, the perpetual and expensive mainte-

nance required is evidence of a half-solution.
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By “uncapping” the site and creating a sandbox condi-
tion, the soil can be exposed for remediation research.
When natural remediation techniques are explored, the
constructed wetlands and remediation containment zone
create a vegetative frame around the cap edge, dimin-
ishing the strength of its former land/water and natural/
artificial border.

Additionally, the new ground surface is split to reveal
the cap edge. Spotlights and quotes carved into the exist-
ing slurry wall memorialize the cap and provide an op-
portunity for residents and visitors to directly engage the
mistakes of the past.

Four distinct edge conditions reveal or mask the edge
and mediate the land/water boundary by creating a series

of atypical person:water and person:cap relationships.

new containment barrier

ground surface floats above the contaminated soil.

existing cap__

figure 60: section through remediation containment zone. The new

figure 61: remediation containment zone diagrams

88



89

"SPIOA puE ‘Spag Jomol} ‘so
-XOqpues Se Yons ‘s||iul snoleA pue Bunesas 1o} saniunuoddo
Buipinoad ‘ainjonuys Jadns |99)s ) AQ paje|npow S| ‘Isyem oy
JBAO JNO sBaYdeal YoIym ‘punob mau a8yl ‘HOLFH1S/LITdS €9 dinbly

MHHHTHHHIN

‘yred Bujiem e poddns 0} seblewa-al pue yoeaq
o1gqnd e Buneald ‘Jayem ay} ojul saplis punolb mau ay] "pasod
-X® jou S| ded 8y} Yolym Ui uoRIpuod Ajuo 8y "JariS/NvdS 129 ainby

Pl

w\m,@@wa




‘paplooal Ajises aq ued [9A9] BSS Jey) 0S vm.v_._wE
aq ||IM S8UIgIN} PUIM/SI0}09]|0D Jejos/S)ybl| [EDIBA Mc 1 hm«M\s
JogJey 8y} Jo smojy pue sqge Ajlep pue mmu:. Buibueyo £. -
Bujosyal ‘suoojuod uo sjeoly punolb mau ayl WIMS/LITLS 9 1

‘A)s 8y} Jo smalA sawely ||lem ded ay) ajiym J|asil Jogey sy}
0JUl SMAIA SPUBIXd ||jem sse|b v ‘deo 8y} pue [9A9)| Jejem >>o_mn. -
wa obps adeo ayy spisbuole yjed oyl "FOYINGNS/NYLS 9 2anbBy

/////////////////////////// .
L
Ll
N /ﬂ/////

| LY

SEIRTITS s (€9)

90



figure 66: detail section: revealing the new ground structure provides
opportunities for engagement with the artificial surface.
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FARM WoRKs TOWER
The design of the Farm Works tower looks to plants for

organizational and system strategies. Further, the adapt-
ability of plants provide exciting precedents for an archi-
tecture that has the capability to react and express chang-
ing contextual conditios. In order to maximize production,
plants turn leaves toward the sun, extend roots to water
or nutrient sources, and bend with the wind. These simple
gestures are also very powerful and effective.

The structure of a typical plant consists of a internal
core surrounded by a performative skin and productive
modules [leaves/flowers]. The core is responsible for the
distribution of food and nutrients. The structure, workings,
and organization of the Farm Works Tower exhibit that of
its natural counterpart. The tower is, at the most basic, a
scaffolding into and onto which the containers and green-
houses are in inserted or attached. Automated cranes

lift and lower the containers or harvested crops from the
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figure 67: diagrams showing the transformation of a simple plant dia-
gram to that of a vertical farm tower.
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greenhouses down to the ground level [un]loading zone,
where they are unloaded and distributed. The contain-
ers would then be re-outfitted with another crop and, via
crane, be hauled back up to grow.

The Farm Works tower is actually divided into three
structural scaffolds. The two tallest are joined by a core
that houses vertical circulation for humans and water.
It also acts a lateral bracing for the towers. The second
highest, which is also the farthest west, consists of exclu-
sively research greenhouses and containers. The short-
est of the three, the education tower, is wrapped by a per-
formative skin, creating an interior volume that joins it to
the middle tower.

In the educational tower’s core, the distribution of
food, energy, and water is replaced by the distribution of
knowledge. Accessible to visitors, students, faculty, and
workers, the central void is a place where knowledge can
be disseminated by and to all of the farm’s audience. The
core is surrounded by galleries, classrooms, research
labs, a library, a café, meeting spaces, and faculty offices,
creating opportunities for shared experiences and chance
encounters.

The middle and tallest tower, which, at 640’ tall, will be
the tallest building in Baltimore, is also accessible to the
public. Attached to the eastern side of the tower is the Slow
Elevator, a room-sized elevator platform from which tours
can be led and whose name is inspired by the Slow Food
Movement. Tour guides have the license to then stop at
any level when something interesting is happening, which
would necessarily include the permanent exhibition deck,
where visitors can be exposed to various hydro/aeroponic
farming techniques. The elevator extends to the upper-
most levels, where an event space, a restaurant, and an
observation deck capitalize on the views afforded by the

tower’s height.
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figure 71: tower section.
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figure 72: section perspective through
the education tower.
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figure 73: section perspective through
the exhibition greenhouse.
The Slow Elevator, container
elevator, farmers, tourists,
students, and rooftop gardens
are visible.
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figure 74: section perspective of the top
of the center tower. An event
space, a restaurant, and an
exhibition deck capitlize the
views. The automated distri-
bution crane is operated from
within the control deck.
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“Soft control can stimulate an urbanism that is
motivated by the speculation that entities that do
not change do not endure. All existing conditions
are merely the initial conditions of agenda of
change, from this moment outwards.”

-Michael Hensel & Tom Verebes*
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THE VALUE OF YIELDING
Beyond the social, economic, and cultural value that

an institutionalization of Urban Agriculture provides, the
architectural importance of this thesis investigation lies
in the use of yield as a framework for architecture, land-
scape, and urban design. A yielding architecture manu-
factures form and space that responds to and expresses
its context while simultaneously creating value.

It is also important to remember that value is not strict-
ly limited to the economic concerns that have been the
primary motivator of American urbanism in the 20th cen-
tury. Social, ecological, and cultural value are equally sig-
nificant and, not coincidentally, often promote a reciprocal

increase in economic value.
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Urban design, in which a series of infrastructural
systems provide a framework within which individuals
then invent ephemeral and contextually relevant forms,
provides a model for how a yielding architecture can be
manifest. This thesis presents several ways in which the
emergent systems found in urban patterns be implement-
ed at a smaller scale, both physically and temporally. In
particular, scaffolding as a flexible and modular structural
system is, essentially, the vertical extrusion of a city grid.
The Farm Works Tower, which is inhabited by growing
containers and greenhouses, could just as likely be in-
filled with modular housing or retail. The structure and dis-
tributed mechanical systems provide the resources for a
wide range of potential formal and spatial configurations.

The constructed landscape of Baltimore Farm Works
operates in a similar way. The infrastructure in this case is
water and soil. The form and spaces are dependent upon
the crops species, seasonal variations, and other human/
environmentally controlled parameters.

However, the issue of scale still remains. The Farm
Works Tower and surrounding landscape exist at a middle
scale, somewhere between a city and a dwelling. While
this investigation was by no means intended to be a com-
prehensive catalogue of the how architecture can yield
[a very ambitious and most likely endless task], it does
leave the smaller scale largely unaddressed. Of course,
the conceptual program of Baltimore Farm Works did not
necessarily lend itself to small-scale investigations. Fu-
ture investigations using different programmatic vehicles
will be required in order to further test the potential of

yielding architecture as a design methodology.

105



THE VALUE OF VALUES
A multiplicity of value types is inherent in an architec-

ture that yields. Itis up to the designer, then, to determine
what will be the primary yield of the architecture. How-
ever, if one is truly invested in the goals of a yielding ar-
chitecture it is not the designer, but situation that decides.
The role of the designer, then, is not to instill his/her own
values upon a project, but let the goals emerge from a
collective voice, from the genus loci. The architect has to
yield to the demands of program and site.

In the case of Baltimore Farm Works, the primary goal
is education. Farming knowledge emerged as the most
relevant type of value to produce. While the containers
could have been stacked more densely and operated in
more efficiently [orientation to the sun, energy cogenera-
tion, etc.] in order to increase food output, the goal of the
project led to and abandonment of super-efficiency as
the primary parameter, although it certainly remained as

an important criteria for evaluation.
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figure 77: A study of seasonal and daily cycles in relationship to human
activity. These relationships emerged as less important to the
conceptual program, although they did remain as a secondary
layer of design consideration.
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figure 79: Process site schemes in which various site and formal strate-
gies are studied. These explorations were used to determine
the primary site-driven parameters.
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figure 80: Process site studies focusing on potential geometries for an
infrastructural grid. These studies, in which edges are denied
by continuous gradients, were abondoned in favor of more
rigid geometrical patterns that expressed edge conditions and
geometrical collisions.
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figure 81: Process massing strategies in which
multiple terraces where considered.
Ultimately, a single, continuous sur-
face was used.
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figure 82: Process site strategy in which an infrastructural grid was di-
rectly expressed upon the new ground surface. Later strate-
gies would employ troughs and furrows in a linear pattern,
suppressing the grid.
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visibility and spatial control of
the public green space was more important than sequence to

the tower and solar access for the fields.

edge of the site. Here,

figure 83: Process site schemes in which the tower remained on the
southern
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Program Future Farm

The Future Farming Center will be a public institution dedicated to the advancement of urban farming. The role of the institution will include
. high yield food production/distribution [research/education]
. energy generation [research/education]
. water reclamation [research/education]

" publc outreach Future Farm Museum

Main Lobby Distribution Facilities Lobby
Reception . ............ .. ... ... 200 Restaurant Entry Vestibule . . ............ 200
Coat Room . Vestibule . ................. 100 Main Lobby [flexible display] . . .2000
Rest Rooms [2x200] ............... 400 Wating Room . ............. 200 Museum Shop .............. 500
Flexible Display Space . ............. 200 Bar..................... Rest Rooms [2x500] ........ 1000
Lobby [informal gathering] . .......... 1000 Dining . . - . Coat Check ........ ..
2400 Kitchen . Reception Desk . .
Student Services Security . ..o i
Cafe [kitchen/prep] . ................ 1500
Locker Rooms [2 x 500] . . ....1000 Emploves Lockers Galleries
Llounge..........ooiiiiiiii. 1000 Foopd Sytora o . 100 Historical [permanent]
3500 9. ... : f00d .o\ e e 2000
; . Cold Food Storage . . .100 ener 1000
Educational Facilities Frozen Food Storage . .100 " d 1000
Main Lecture Hall [100 people] . .. .. ... 3000 General Storage . . . . ...200 flexi‘tnyllz Z;hlbltsace 2000
Minor Lecture Classrooms  [4 x 600] . . 2400 Restroom [2x200] . ......... 400 Rest R o p200 o . 400
Library [offices] . ................... 4250 st Rooms [2 x [EERREY
Collaboration Rooms [2 x 500] . Grocery S 6400
ry Store _ .
ComputerLab............. . VeStUle . oo Visitor Services
Storage .. ... Registers [3]. . . EventSpace................
Restroom [2x200] . ................ Display Space . . LectureHall ................
o classrooms [2 x 500] .
Research Facilities Staff Offices . . .............. Storage ...........
Main Labs [4 x 1000] . ... ........... 4000 Loading ... . . .. . Cafe [kitchen/prep] . .
Research offices [15x 400] . . .. . ... . .. 6000 Food Storage . . . ...2000 Rest Rooms [2 x 300]
8000 Restroom [2x100] . .......... 100
Farm Facilities ?2222? Ad"[;'i';g(';fg gﬂ’-i?e"
Interior growing modules . ........... 29977 ipeys LT
Exterior gardens ... ... . 72 Infrastructural Facilities Qurator Suite...o o
Aquaculture ponds Powerplant . Conference Room
battery storelalgfe for solar/wind generated Reception »
Administration .energy famlltleg for conversion of bio-waste Rest Rooms [2x 200] . . . . . . . . 400
Reception . ... ..oviei i into fuel pellets into energy 3350
Waiting Room . Employee Services
Director Suite . . . . lounge/cafe Outdoor Space
Staff Offices . . . . . ... B lockers Event Sp.ace ................ 2000
Restroom [2 x 200] Administration Observatlon‘ Tower . ..500
offices Garden Exhibits . . . .2000
3 Service Energy Exhibits . . ..800
Serwc_es_ loading dock Water Exhibit............... 500
Janltgrlal .................. 200 storage 5800
Loading Dock . ............. 1000 . . .
Mechanical (15%) Water purification Serwqesl
Circulation (30%) water drawn from Harbor, waste water Janitorial . ... ..o 200
1200 systems, storm water systems is filtered Loading Dock . ............. 1000
for use in plant irrigation/building needs Mechanical (15%)
Employee Services Circulation (30%)
lounge/cafe 1200
Public Programmin ciminstat
g g Administration
public open space offices
farmer's market Service
festival/public art loading dock
public promenade storage

informal lawn
outdoor activities [kayak, canoe, fish, exercise]
community gardens

figure 84: mid-project tabulated program. The program grew,
shrank, and was reconfigured as the goals and primary
values of the thesis project evolved.
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Future Farm Frogram

The Future Farming Center will be a public instituti i to the ad 1t of urban farming.
The role of the institution will include:
... . high yield food production [research/education]
. ... energy generation [research/education]
... . water reclamation [research/education]
.. .. public outreach

Rooted Evolving

Interior
Rooted Evolving

INas t r Exhibit
iMain Lobby [5500] A Research Greenhouses Outdoor Exhibit Space
[ —. oo eveling Vo et o
. o |
i ;’"Wlis‘”'m - & ! Community Gardens
. i
Student Team Centers xs [5500]

G Farmers Market
{Educational Faci [17900]
i evolving ’
= e Community Gardens

o i

I Soco
| e
e 2

Eve!ltm gpace [70qu
frerie m

Facylt}énnesearch Labs «is  [8500]
o ric T
i

e [0.15 s 300

Residences _[70000]

Galleries [5500]

rooted evolving
Fooa. o0 1000
Erergy. 500 00
Warer 0 0

Loca. o0

Rt Fooma 300, o

Dictor Sute Farming [Food] [5500]
S Lo o
Resoam 0 » ;

s Ghicken coops fayers] m
Farming [Energy] [5500]
st s
Farming [Water]  [5500]
mm S T o
Grocery [6050] Market Stalls
o0
o
pet 2

figure 85: penultimate program. Here program is divided into
those activities that are unpredictable [evolving] and
those that can be explicity designed for [rooted].
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THE VALUE OF DATA
The impact of Baltimore Farm Works could be wide-

spread. As a new paradigm for urban design, a prototype
farming tower, a symbolic act of reclamation and part of
a solution to an impending food supply crisis, this thesis
creates value in multiple ways. An important next step,
however, would be to find a means of quantifying that
value.

While cultural and symbolic yield cannot be measured
directly, food output, economic viability, and energy gen-
eration are quantifiable entities. An investigation into the
specific amounts that Baltimore Farm Works could yield
would present further design challenges that would aug-

ment the value of the thesis investigation itself.
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It is often said that we live in the Information Age, in
which data has become the most valuable commodity.
Others have suggested that, given the ubiquity of infor-
mation in contemporary culture, we are now in a Creative
Age where it is not the accumulation of information that
is important, but its creative use. Much in the same way
that Kieran Timberlake describe the architect as a com-
piler of chunks designed by specialized manufacturers,
the talented designer is one who is able to sift through the
endless amounts of information available and discern the
extent patterns and appropriate solutions. In other words,
while it is necessary to yield information, it is equally and
perhaps more important to yield to what that information

reveals.
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THE VALUE OF THE ARCHITECT
Architects are trained to imagine the creative applica-

tion of or solution to a set of synthesized data. This thesis
suggests a new use for these talents model in which ar-
chitects are leaders of multi-disciplinary teams interested
in solving large-scale problems. This challenges a para-
digm in which architects are used strictly for formal and
spatial design.

The architect, then, is charged with not only creating
visions for the future of our species, but also directing and
inspiring a wide range of experts form across multiple dis-
ciplines toward solutions of our most pressing problems.
Food supply is one of many growing concerns resultant
from increased pressure applied by population growth.
This project is a call to arms for not only architects, but
for all designers, to re-engage other disciplines. It is only
through cooperative efforts that we can achieve the inte-
grated and comprehensive strategies of adaptation and
invention necessary for the advancement of our species

and the planet.
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