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Hyperculture: Earth as Interface
Digital Fabrication and Hybrid Interface: Lessons in Agriculture
Two vitally important fields of work in architecture and computing—in digital fabrication methods and in the
development of interfaces between digital and analog systems—can find new forms in their combination with one
another. Moreover, a recent such experiment in the production of landscape rather than building not only suggests
a number of implications for architectural work, but of ecological, economic and urban structures that underlie the
projects’s visible formal and aesthetic orders. This project, “Hyperculture: Earth as Interface,” studied the potential
outcomes of modifying a commonly employed information infrastructure for the optimization of agricultural
production throughout most of America’s heartland; and that same infrastructure’s latent flexibility to operate
in both “read” and “write” modes, as a means for collaborative input and diversified, shared output. In the context
of industrialized agriculture, this work not only negotiates seemingly contradictory demands with diametrically
opposed ecological and social outcomes; but also shows the fabrication of landscape as suggestive of other, more
architectural applications in the built environment.
The Hyperculture project is sited within several contexts: industrial, geographically local, ecological, and within
the digital protocols of landscape processing known as “precision agriculture.” Today, these typically work together
toward the surprising result of unvariegated repetition, known commonly as monoculture. After decades of
monoculture’s proliferation, its numerous inefficiencies have come under broad recent scrutiny, leading to diverse
thinking on ways to redress seemingly conflicting demands such as industry’s reliance on mass-production and
automation; the demand for variety or customization in consumer markets; and even regulatory inquiries into the
ecological and zoning harms brought by undiversified land use. Monoculture, in short, is proving unsustainable from
economic, environmental, and even aesthetic and zoning standpoints. But its handling in digital interfaces, remote
sensing and algorithmically directed fabrication is not.
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1

Repetition and Variation

A first step away from monoculture is the move
to polyculture, and then onwards to the broader
permaculture (a contraction of both “permanent
agriculture” and “permanent culture”). Hyperculture
goes further, as it captures the unity of agriculture
and the information interface. Satellite information
networks today drive the creation of landscape—a
digital fabrication of landscape affording a high degree
of variability. But those same satellites guide us to view
the landscape as well - to see, interpret, and understand
the earth itself as an interface. We seek to operate on
this dual role of the earth as interface.
In “precision farming,” GPS now guides tractors to
plow and seed fields, instrumentalizing the earth
remotely and resulting in a monoculture of cornfields
over thousands of acres throughout Iowa and into
several other midwestern states. This industrialized
agriculture is at the expense of so much. To begin
with the ecological fallout, consider vast water usage,
erosion of topsoil, and the introduction of chemical
pesticides and fertilizers into the water table and
eventually major water bodies such as the Mississippi.
It also costs us all nutritionally, as food products
and food subsidies go to the placement of corn in
everything we consume—even, as Michael Pollan has
pointed out, what our cars consume. In his Omnivore’s
Dilemma, Pollan examines corn production through a
visit to the farm owned by George Naylor, in Greene
County, Iowa. For our project, we have done the same,
albeit virtually. We have chosen and “bought” a plot
that is currently for sale in Greene County and used it
to present a snapshot of what could be.

2
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How it Works

2.1 Earth Interface: Writing (and Reading)

Precision farming uses a mix of digital technologies,
including GPS, remote sensing, and GIS, to locate,
view, analyze, and plan the process of crop
cultivation for highly diverse topographic, geological,
and climatic conditions. It relies on software and
hardware that have grown steadily more available
to the consolidated emergence of big agricultural
industry in the United States, which has in turn led

Figure 1. Pattern tests using Grasshopper to address
a site featuring high variations in topography, soil
sedimentation, moisture content and nitrogen levels.

Figure 2. Pattern selected and developed for
companion crops and seasonal phasing.

to driving down the price of those same technologies
to smaller producers. Through the combination of
these digital technologies with the older mechanical
technologies of industrial farming—principally, the
diesel tractor and its single seed hopper—monoculture
is efficiently propagated across the majority of some
eleven midwestern states today.
Our project makes only minimal adaptation to that
existing technical infrastructure. To the digital
processing, we add parametric modeling tools such
as the common Grasshopper Plug-In (Figure 1). This,
in turn, can read inputs from local sensors attached
to microcontrollers run on Arduino, or feed live data
from false-color imagery originating with satellite
recording (as it is already practiced). This process
leads to patterning of diverse plantings, which can in
turn be implemented by a simple modification to the
tractor hopper to hold multiple seed types (a mechanical
modification to this “construction” tool), and an opensource programming platform like Processing to control
the multi-seed hopper’s actions.
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Figure 3. Hyperculture field result, viewed within Google Earth browser.

Figure 4. Hyperculture chimerical plant test,
viewed within Google Earth browser.

Figure 5. Pattern view at altitude +2 km.

Figure 6. Pattern view at altitude +200 m.

These simple modifications to the existing technological
infrastructure result in all the desired crop diversity,
and to its “legibility” from above, at different scales.
The scale of the computer screen can be match-cut to
aerial views of landscape, and patterns can be read for
different understandings of use at different scales.

each 40-acre parcel breaks into a more abstract pattern
of diversely planted rows (Figure 5). Closer still, the rows
are tagged with information and a photo of the crops.
This might be thought of as the equivalent of “Street
View,” the “Crop View” (Figure 6). The Google Earth
interface and earth interface unite at this moment, as
satellites both direct and mediate food production.

2.2 Screen Interface: Reading (and Writing)

Using the same digital tools that produce straight rows
of corn, we thus create an overlay of imagery organized
by polyculture. These images change appearance at
different “zooms”, when viewed from above using
Google Earth (Figure 3). This is achieved, as we have
done, by the creation of .kml and .kmz files, which can be
uploaded and viewed as layers in the existing browser.
Any early test addressed the logocentric potentials
of such planning. At altitude +2 km, an image of a
chimerical plant (Figure 4) might appear—not a logo,
but a figment composed of multiple species: wild garlic,
winter rye, vetch and corn. Zooming in closer to +200 m,
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This proposed image based instrumentalization of the
Earth’s surface potentially has four simultaneous and
significant outcomes: 1) Educational, 2) Aesthetic, 3.)
Ecological (the reintroduction of plant diversity into an
existing monoculture), and 4) Economic. The first two
are accessed through the browser interface in “read”
mode, in which a viewer can study closely and even
query local soil conditions, planting cycles, and usage
of fertilizers and pesticides to understand the longrange implications of local activities. The latter two are
the results of browser input, in the foreseen future of
interfaces such as Hyperculture that will enable visitors
to register and participate in the reforming of places
near to them, or in which they are personally invested.
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The Hyperculture project operates at the intersection
of new capacities within existing technologies for
information processing, and an open-source platform.
Today, more and more users are taking advantage of
Google Earth as a resource for examining Earth data
previously accessible only to scientists: geology, the
environment, conservation, and renewable energy
locations among other things. Such users now also
have the option to examine the plant based imagery
associated with the Hyperculture initiative in order to
learn about the specifics of vernacular planting, soil
remediation, agricultural conservation, food miles, etc.
The discovery of this showcase on Google Earth will
ideally engage users to visit a proposed Hyperculture
CSA website, so they may not only read the images that
are being generated through the polycultural planting,
but to write new landscape as well. Such a participatory,
or “write” mode has popular precedent in commonplace
media today such as the development of music playlists
at iTunes and LastFM.
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Figure 7. Hyperculture interface flow diagram.

The Hyperculture CSA website will offer more still.
Through this platform, consumers, designers, artists,
food enthusiasts, gourmets, and gourmands will be able
to contribute as members of a community supported
agriculture (CSA) model; consumers will be enabled to
fabricate the landscape from their computer at home
in partnership with a nearby farmer. This would yield
new participatory processes of production, partnerships
and value added processing. Through the CSA model,
which is itself enjoying a surge in interest around urban
centers, “grocery shopping” can be thought seasonally
and months in advance, and based on set mixes like
playlists, or plant lists.
Though satellite imagery can be algorithmically derived,
its use for companion crops could be based on diverse
inputs like a convergence of atmospheric conditions,
an individual farmer’s capacities to plant, collective
demand, and shifting nutritional and food-mile data
from the USDA. The at-home-shopper (or artist) would
simply log into the Hyperculture CSA, select a farm in
their area, and choose the crops to be planted in the
field from the “plant list”. The farmer will plant the
chosen crops and ultimately deliver them to the at home
shopper approximately 6-12 weeks later. Meanwhile the
at- home-shopper will be able to see through satellite
imagery the formation of the plants in the field. In
addition to photographing crops, satellite imagery is
used to analyze them, to determine the effects of the
planting—for example to what extent is the planting
depleting the nitrogen or phosphorus levels in the soil?

Figure 8. False-color images demonstrate some of the applications of
remote sensing in precision farming (Source: NASA Earth Observatory)
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Are the crops thriving? If not, the crop density, water
saturation levels, soil stresses, and solar conditions
can be evaluated through photo manipulation of the
ground imagery in order to determine how the next crop
can be fine tuned to respond to each of these specific
conditions and fabricate a new landscape. For example,
in June of 2009, a companion crop planting of corn, pole
beans and radishes was planted in the Greene County
test plot. Satellite imagery indicated that the nitrogen
levels in the soil were too high for sustained radish
cultivation; therefore, radishes were removed from the
plant list for the next cycle and replaced with a choice
of carrots, leeks, or white cabbage. In previous years,
the farmer would have speculated and chosen one of
these crops to plant himself; however this time the
Hyperculture CSA allowed for mass customization of the
fabricated landscape, and website users chose to plant
15% carrots, 84% leeks, and 1% white cabbage, thereby
increasing the value of the agricultural products. Their
choices were uploaded to the farmer’s processors and
all crops were planted using a CNC satellite driven
seeder (Figure 7), which distributed the seeds based on
the percentage allocations of the offsite shopper. This
process guaranteed 100% advanced sales for the farmer,
eliminating the need for the farmer to go into debt, and
shared risk on the part of CSA consumer-members - all
resulting in higher profits, soil remediation and maximum
crop variation. Variation emerges here aesthetically in
the landscape, but nutritionally as well.
Beyond the scope of this project, but clearly
implicated by its changes, are other implications for
landscape fabrication and the interface. Notably,
the USDA is responsible for both agricultural and
nutritional standards in America, for production
and consumption of food. Its website would be a
natural location for the public to learn about the
relation between things like food miles (planning and
production) and nutrition (consumption).
Within the scope of this project, exurban landscape
planning drives technical methods around the site
planning of buildings but also our understandings of the
legal, technical, and biological links between the built
environment and public health. The digital interface
of Hyperculture can serve as a model for site planning
and input on contested sites and public projects within
cities and through the processes of building and zoning
approvals. This is achieved thanks to the feedback loop
of reading and writing, using available technologies to
handle diverse demands on a site of public interest.
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Context: Previous Efforts

This project builds on the existing technical
infrastructure of precision farming, by adding
parametric modeling and adaptation of the seed hopper
mechanisms to the existing reliance on GPS, sensing,
and GIS. It is noteworthy that precision agriculture itself
is a byproduct of previous technological development
in aerospace. This was initially the exploration of Earth
atmosphere and sensing technology using satellite
cameras (Figure 8) all undertaken by NASA. According
to NASA’s own account today:
A new generation of farmers is using aerial and satellite
remote sensing imagery to help them more efficiently
manage their croplands. By measuring precisely the way
their fields reflect and emit energy at visible and infrared
wavelengths, precision farmers can monitor a wide
range of variables that affect their crops—such as soil
moisture, surface temperature, photosynthetic activity,
and weed or pest infestations. (http://earthobservatory.nasa.
gov/Features/PrecisionFarming/)

Further:
A number of scientific studies over the last 25 years
have shown that measurements in visible, near-infrared,
thermal infrared, and microwave wavelengths of light
can indicate when crops are under stress (Moran, 2000).
Using satellite- and aircraft-based remote sensors to
precisely measure the wavelengths of radiant energy
that are absorbed and reflected from the land surface,
scientists can diagnose a wide range of growing
conditions. For instance, these data can tell farmers where
their crop is thriving and how efficiently the plants are
photosynthesizing.
(http://earthobservatory.nasa.gov/Features/
PrecisionFarming/precision_farming2.php)

Hyperculture is also in support of ongoing efforts to
conserve materials in the management of productive
landscape, found in technical development but
independent of legal instruments such as those found
in the 2008 Farm Bill’s controversial continuation
of subsidies to corn and soy production. (http://
frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_
bills&docid=f:h2419enr.txt.pdf)
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Research Approach and Conclusion

In summation, Hyperculture represents an effort to
unite the available technologies and interdisciplinary
study of large-scale digital fabrication, and to harvest
lessons from methods of landscape analysis and design
where they have not been recognized as design. The
future Hyperculture CSA website intends to generate
knowledge that will:
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1)

Increase the value of agricultural products.

2) Increase accessibility by the end user and decrease
the costs of inputs, including credit to farmers.
3)

Enhance sustainability and ecology.

4) Develop common methods and best practices for
decision making about optimal landscape design.
5) Enhance the efficiency and equity of public and
private investment in agriculture.
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