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In this article we use the Guangzhou Tower Delta Studio as a case
study to discuss novel parametric urban design processes for the
ecological development of new urban settlements. Conventional
master plans typically propose a single static ‘end’ condition (at
best with a few intermediate phases) derived from top-down
visions, often incapable of responding to site-specific microclimatic,
topographical and cultural conditions. Frozen in an outmoded
context, such strategies deliver ineffective planning in the short-
term and require extensive recapitulation in the long-term. In our
experimental research, we challenge traditional master plans and
explore novel, morphogenetic processes for designing architecture
and urban/landscape systems organically, by employing bottom-
up, data-driven design strategies, consisting of a computational
reading of the performative characteristics operating at a site, a
parametric simulation of alternative urban developments over time,
and a sculpting of landscape and building forms that address the

simultaneous needs for environmental performance and typological
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1. Four organic skyscrapers from the "organicities" studio
generated by geometric code (Instructor: Professor
Jeffrey Huang; Assistants: Nathaniel Zuelzke, Julien
Nembrini, Guillaume Labelle; Students: Olivier
Wyssmueller, Olivier llegems, Osamu Moser, Alberto
Fiore).
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2. The context of the site in the Haizhu District (From
Morphogenesis studio at EPFL. Instructor: Professor
Jeffrey Huang; Assistants: Trevor Patt, Peter Ortner;
Students: Gerald Gerber, Jonas Hans Reutherborg).

3. Indexing and Mapping. The existing green areas act
as ecological site forces. Figure 3-1, the density map,
translates the negative space (in blue, defined by
existing green areas and their extrapolated expansion)
into potential built density (yellow to red), generating
the urban pattern (Fig. 3-2) and fixes a skyline (Fig.

3-3) (From Morphogenesis studio at EPFL. Instructor:
Professor Jeffrey Huang; Assistants: Trevor Patt,
Peter Ortner; Students: Charles Sarasin and Ken Jun
Triponez).
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The advent of new digital technologies
has had a twofold impact on architectural
thinking and urban design, transforming, on
one hand, the processes for form generation
and design production through algorithmic
and parametric technologies, and, on the
other hand, enabling an escape from the static
fate of the built environment by facilitating
dynamic interaction between inhabitants and
their surrounding.

The Media x Design Lab, established
in 2007 at the intersection of the school of
architecture and the school of computer
science at the EPFL in Lausanne, Switzerland

in 2007, examines these effects of

Population A1 FAR R#Z  Density %HE

digitalization on architectural, urban and
landscape design. One of the major research
thrusts is in “computational urbanism”.

Over our first five years, from 2007 ~
2012, we conducted, within this research area,
a series of design research studios entitled
“Organicities” which explored the use of
computer code and algorithms borrowed from
biology (such as plant growth algorithms)
to drive novel form-finding processes in
architecture and urbanism. This work was
sponsored by a research grant from the Swiss
National Science Foundation.

In order to facilitate the experimentation
and build a shared body of knowledge, we

created an open-sourced object-oriented

geometry library, called “anar.ch.”™. This
library “anar.ch” gave the research studios
basic geometrical codes that designers
could use, adapt, and combine to design
architectural shapes parametrically, and let

external parameters, such as environmental,

4. “RI MXE, RASEE EATE IRH5ISY
RNERZEFMERNTE, SHEMREBRERIK.
. A0, ANE. BESEFRINE—RITTR (H
BB T H#B “HALTE” RINRRE, BS8m: A%
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4. Emergent typologies. The landscape parameters
drive the development of potential typologies in
a morphogenetic process. The parametric model
evaluates design solutions according to shape, program,
population, FAR and density (From Morphogenesis
studio at EPFL. Instructor: Professor Jeffrey Huang;
Assistants: Trevor Patt, Peter Ortner; Student: Alex
Sadeghi).
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5. Diagramming and Parametrization. The parametric

Level 14
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6-1

definition is first defining some urban plazas in the

fabric of the existing urban village, and is building in a
second step a mixture of low, middle and high density
typologies around them. The balance between these
typologies is variable and adapts according to the needs
of the inhabitants (From Morphogenesis studio at EPFL.
Instructor: Professor Jeffrey Huang; Assistants: Trevor
Patt, Peter Ortner; Students: Christina Haas, Jana Scharli).
Iterative Defamiliarization. Instances of the parametric
variation in plan and section (From Morphogenesis studio
at EPFL. Instructor: Professor Jeffrey Huang; Assistants:
Trevor Patt, Peter Ortner; Students: Christina Haas, Jana
Scharli).

climatic, structural or programmatic
constraints, act upon and deform the final
volumetric forms.

The “Organicities” design studios
produced novel architectural and urban forms,
such as skyscrapers, middle rise buildings and
urban housing fabric, which resemble and pay
tribute to the philosophy, spirit and formal
vocabulary of the Metabolism movement
in Japan of the 1960s™, and the early
experiments with evolutionary architecture
by John Frazer™. Figure 1 shows four sample
organic shapes of skyscrapers that were
generated with algorithms and codes from
“anar.ch”, taken from an exhibition at the
architecture biennale in Florence™.

While the products and results at
different scales of the Organicities studios
were formally intriguing and interesting as
final organic forms and sculptures in their
own right, the experiments also exposed
the challenges and limitations of using an
approach driven by bio-inspired code for
creating effective urbanism. In particular,
two limitations became evident. The first
is related to the passiveness of landscape
and context. How can we better integrate
external landscape and ecological parameters
into the design process, so that they become
proactive driver of the design rather than
reactive constraints for correcting an already
formulated design? The second relates to the
neglect of traditional architectural typologies.
Instead of artificially and forcefully adapting
organic shapes derived from biology and
other scientific (non-architectural) fields how
can we activate the architectural knowledge
embedded in existing architectural typologies
within the design process, to create livable,
desirable, meaningful space?

To address these two questions, we
initiated in 2012 a new series of design
research studios called “Morphogenesis”

which we will present here as the heart of this
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article. In the remainder of this article, we will
first outline the ideas behind morphogenesis,
and then present a concrete case study — the
Guangzhou Tower Delta — to illustrate and

discuss the approach.

Morphogenesis

The Morphogenesis studios were
motivated by a desire to explore meaningful
form generating processes that integrate
landscape and ecological concerns on one
hand, and typological concerns, on the other
hand, through the use of algorithmic and
parametric tools, introducing the notion of
growth in architectural and urban design
thinking.

Why morphogenesis? In nature, shape is

undeniably linked with growth as already
observed by d’Arcy Thompson in 19177, As

natural systems grow they enact increasing
levels of complexity. The advent of computers
with their simulation potential has revived
an interest in morphogenesis through digital
models of growth processes which are
similarly able to coordinate complex systems.
We use morphogenetic processes because of
their intrinsic ability to encompass planning
for a whole city as well as for the individual
building, for example, their ability to scale,
with the diversity of local constraints being
directly translated into the designs, and
presenting adaptability to change in context.
Morphogenetic processes take into account

future extensions in the design, the actual

realization representing only a transitory state
promised to further developments. Thus, the
resulting form loses arbitrariness to become a
spatial representation of the set of constraints
enforced on the form.

Our case studies for testing morphogenesis
design are emerging Asian cities. We focus
in particular on the problematic linked to
the rapid urbanization in China, and the
expanding role of our design professions that
accompany developments of increased scale
and scope with accelerated speed. Rather
than passively following the criteria of a top-
down planning, we are interested to develop
bottom-up typologies which structure and
inform the urban organization around them

through the specific agency of parametric

SWRITE  Landscape Architecture Frontiers

design. In a morphogenetic approach, these
typologies are not static, identical copies, but
adapt to their local situation: the conditions
of their site, the landscape and their collective
milieu. This approach complements the
growing dissatisfaction with the imposition
of unconsidered “cookie-cutter” Western
planning in Asia.

Technically, we conducted the work
using the parametric modeling software
Grasshopper, a plug-in for Rhinoceros, which
enables associative modeling through visual,
or diagrammatic, programming. Grasshopper
was chosen not only for the formal
possibilities it enables but also for its ability
to support the conceptual framework of the
studio. The logical management of variation
allowed us to avoid repetitive solutions and to
maintain an equally high level of conceptual
rigor across the entire project, to engage
with that complexity rather than reducing
it. An additional aspect was the ability to
quickly and accurately produce quantitative
information during the design process which
could be used to strengthen the argument
or inform the decision-making process as a

feedback system.

Guangzhou Tower Delta Studio

To illustrate the morphogenesis approach,
we describe our most recent studio, the
Guangzhou studio, conducted in Spring 2013.
The studio benefited from collaboration,
data inputs from and a joint site visit with a
parallel design studio offered at the Harvard
Graduate School of Design and Peking
University led by Professor Kongjian Yu.

Located in the Haizhu District, Guang-
zhou, China, the studio focused on the
tectonic and typological implications of
siting large urban towers in the ecologically
sensitive flood-plain of the Pearl River Delta.
The Haizhu District is an island in the Pearl

River Delta known throughout China for
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Intensification of the existing urban village: Axonometric
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drawing of a parametric instance (From Morphogenesis
studio at EPFL. Instructor: Professor Jeffrey Huang;
Assistants: Trevor Patt, Peter Ortner; Students: Christina
Haas, Jana Scharli).

Instantiation and sculpting. Trimming process to bring
light into the city and create urban voids. Sculpting of
interstitial spaces that act as a transition zone between
the buildings and the street (From Morphogenesis studio
at EPFL. Instructor: Professor Jeffrey Huang; Assistants:
Trevor Patt, Peter Ortner; Students: Charles Sarasin,
Ken Jun Triponez).
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its fertile orchards and crop lands, and the
diverse biotope of its flood-plain (Fig. 2).
Guangzhou, China’s third largest city has put
tremendous pressure on the Haizhu district
to develop, jeopardizing its unique ecology
and agricultural history. The primary task of
the studio was to morphogenetically develop
mixed-use tower typologies that respond to
the constraints of this delicate context.

The studio was structured in a deliberate
sequence which followed the logic of
morphogenesis, and consisted of six stages,
which were additive, contributing to a single
project throughout. The stages were:

(1) Indexing and Mapping

We began with a computational
analysis of the ecological and contextual
parameters of the existing landscape, such
as topography, sun, wind, water, humidity,
available infrastructure, climatic conditions,
existing building fabric. This data is indexed
and transformed into maps in the form of
generative diagrams (Fig. 3).

(2) Emergent Typologies

Data drives the design hypothesis. The
landscape parameters drive the development
of potential typologies in a morphogenetic
process. Typology as we are defining
it does not suggest a fixed block but a
flexible topology of connectivity which can
reconfigure and react to different conditions.
An initial design hypothesis is formulated that
captures the author(s)’ intentions (Fig. 4).

(3) Diagramming and Parametrization

Diagrams describe the relationships in
a formal manner, both to further the design
and to make it comprehensible to others.
Parameterization require to take the typology
definition and formalize its behavior as a
parametric model (Fig. 5).

(4) Iterative Defamiliarization

In this stage, we explore variations of the
parametric typology by examining different

instances and varying initial conditions.

For example, volumetric and aesthetic

relationships are investigated. Performances
of the instances are continuously evaluated
and measured against intentional criteria in an
iterative feedback loop (Fig. 6, 7).

(5) Instantiation and Sculpting

The objective of this stage is to create

particular instances of the parametric model and

develop sufficient details and specifications for
the scope and scale of the architectural proposal.
Local sculpting and trimming operations are
introduced to deform the architectural and urban
form in order to respond to micro-contextual
parameters (Fig. 8).

(6) Representation

Finally, Representation will return to
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the task of explaining the logic of a chosen
system to others as well as analyzing the
results critically. This stage produces all the
documents necessary to explain the project,
including drawings, diagrams, animations,

computer code, physical models (Fig. 9).

Parametric Typologies

The projects from this Guangzhou studio
represent still very early examples of the
morphogenetic experiments, and we are only
beginning to understand what the challenges
and implications of such an approach really
are. Yet they are already indicative of the
direction we are going and the issues that will
be concerned.

The drivers for the morphogenesis
approach are the environmental, ecological
data and parameters which not only represent
an objective basis for initiating a bottom-
up, landscape driven form-finding process,
but also making explicit the usually more
intuitive form-finding stages of a design
project, providing each project with objective
rationalization, or what we call a data-
driven “morphogenesis story”. The notion of
subjective authorship is thus critically called
into question’.

Yet this landscape-based, data-driven
design process, which is inspired by a
“negative” planning approach!”’, needs to
be confronted with positive typology when
applied in an architectural or urban design
context. Alternative typological scenarios
and their subsequent parametric variations
act as a kind of necessary “inertia” to provide
resistance and challenge the linear, data-
driven morphogenetic process, turning it into
an iterative loop.

Reflecting on the outcome of the
Guangzhou studio, we realize there is
still enormous work to be done to link the
landscape drivers with the demands put upon

by the typological imperatives. Future work

will thus address in particular the following
three concerns:

(1) Origins of the Parametric Typologies

Most of the projects focused on a clean
morphogenesis story, with a strong landscape
driven logic, but often with weaknesses in the
articulation of the typology. In some cases,
an unconvincing, irrational jump could be
observed from the landscape logic to the
final building form when confronted with
the inertia put forth by typology. Thus, a
few questions remain concerning the origin
of the typologies, as we continue with the
morphogenesis experiments: What typologies
should be used as a basis for growing the
urban fabric? Is the local typology, for
example, from the urban villages found on
site, generative enough to be copied and
intensified? Or should a “working” typology
be imported from the larger region or other
parts of the world? Or, is there an opportunity
to invent completely new typologies based on
new parameters?

(2) Parametric Analysis Paralysis

The parametric models furnished us with
accurate and updatable data like floor-to-area
ratio (FAR), density, and building efficiency,
allowing us to evaluate the economic
viability of each proposal in real time (Fig.
8). For example, the morphogenesis of a
project may depend on leveraging economic
benefits to promote innovative approaches
to tectonics and responses to the ecological
drivers. The parametric tools thereby revealed
quantitatively the pros and cons of a flexible
variety of scenarios, which certainly provide
a certain realism to the protect proposals,
but also limited the exploration space and
possible solutions, as the initial, starting
parameters were often considered as given
and not challenged. The question thus will
be: how to keep the constraints more fluid
and manipulable, so that the continuous

parametric analysis does not paralyze but

rather foster a productive feedback loop.

(3) Representation and Code of Parametric
Typologies

Design production and representation were
transformed by the morphogenetic approach.
In addition to the traditional plan, section
and model, we used digital techniques of
animation to explain not only the flexibility of
proposed design systems, but also the criteria
by which these systems may be evaluated. In
certain cases a morphogenetic study resulted
in the creation of a new code or digital tool,
which could then be shared with and modified
by future designers. Accordingly, we wonder
if this newly created code could become as
relevant a product as the traditional plan and
section, and even replace them, as we move

forward? LAF
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9. Representation: Physical Model of one of the final
proposals (From Morphogenesis studio at EPFL.
Instructor: Professor Jeffrey Huang; Assistants: Trevor
Patt, Peter Ortner; Students: Charles Sarasin, Ken Jun
Triponez).
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