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 1 Topographic surface

In this chapter we explore the potential of digital technologies for designing 

topography. We begin with a discussion of design explorations and theoretical 

writing emerging in architecture during the late twentieth century. At first glance, 

this might seem odd for a chapter focusing on topography. However, as will soon 

become apparent, the transformative moments in architecture in the 1990s, form 

an important foundation for understanding concepts and techniques now being 

adopted in landscape architecture. Throughout this chapter these new cross-disci-

plinary concepts will be explained and contextualised within landscape architecture. 

This discussion should also be considered in conjunction with the time line of ideas 

and technological developments featured in the Introduction.

The work of Ivan Sutherland was a major catalyst for what has become known 

as computer aided design (CAD). In 1963, Sutherland developed the Sketchpad 

computer program (also described as Robot Draftsmen) as part of his Ph.D. studies 

at the Massachusetts Institute of Technology (MIT). His work highlighted the 

potential of computer graphics to be used for both technical and design purposes, 

while also proposing a unique method of human–computer interaction. Importantly, 

Sutherland’s work can be considered the first example of parametric software, a 

concept which will be introduced in more detail further in this chapter.1

Following Sutherland’s influential lead, developments in CAD evolved in two 

key directions; first, in the ambition to develop a computer graphics system for 

interactive drawing, and, second, in the exploration of the computer’s potential 

to inform methods of design more directly. In the first case, computer graphic 

systems were sufficiently developed to be released into industry by the early 1980s 

– ArchiCAD became available in 1982 (considered the first CAD product for use on 

a personal computer, the Apple Macintosh), followed by AutoCAD in the same year. 
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These two systems were adopted as industry standards for 2D and 3D drafting 

and technical drawings across architecture, engineering and landscape architecture 

throughout the 1980s and early 1990s. However the application of computer graphic 

systems by most designers remained limited to the translation of established repre-

sentational conventions such as plans, sections and elevations into digital files; 

essentially drawing through a digital means.

In contrast to simply replicating the pen with the mouse, the second 

approach sought to explore the computer’s ability to influence design generation. 

This work focused initially on the concept of object-based architectural grammars 

and spatial allocation techniques for rationalising approaches to design, popular 

during the 1970s and 1980s. This emphasis on the ‘computability of design’ in many 

ways mirrored the rationale approaches proposed by GIS which was unfolding in 

the same period. The work of Architecture Machine Group established in 1968 at 

MIT, which evolved into the Media Laboratory, was significant. Director William J. 

Mitchell produced two seminal texts Computer-Aided Architectural Design in 1977 

and The Logic of Architecture: Design, Computation and Cognition in 1990. Building 

on the influence of geometry in determining architectural form, Mitchell conceived 

of architecture as a series of formal grammars that could be modified through the 

application of grammatical rules.

While these early object-driven design explorations had limited application 

to landscape architecture, this was to alter in the 1990s when architects became 

interested in the potential of non-Euclidean geometries, which had first emerged 

in mathematics during the early nineteenth century. During this period, mathemati-

cians developed geometric alternatives to Greek mathematician Euclid’s planar 

and solid geometries described in his treatise Elements. Euclid’s fifth postulate 

proposed ‘that for any given infinite line and point off that line, there is one and 

only one line through that point that is parallel’.2 The publication of elliptical (or 

Riemannian) geometry and hyperbolic geometry challenged this postulate, and it 

was the possibilities of these new geometries as 3D surfaces that captivated the 

imagination of architects towards the end of the twentieth century.

This interest in the new potential of continuous surface combined with 

the emergence of a theoretical terrain aimed at addressing the tensions inherent 

between the two competing ideologies of Postmodernism; that of Contextualism 

and Deconstructivism, inspired a transformative move towards what could be 

considered an architectural ‘digital design practice’. The writing of French philos-

opher Gilles Deleuze was particularly influential. His essay ‘The Fold: Leibniz 

and the Baroque’, which was translated into English for the first time in 1992, 

provoked spatial possibilities for envisaging concepts of complexity and contra-

diction, both pivotal Postmodern framings featured prominently in the work of the 

Deconstructionist-inspired architects.

Peter Eisenman was one of the first to explore Deleuze’s essay ‘The Fold’ 

in relationship to architecture. He was pivotal in articulating ‘a new category of 

objects defined not by what they are, but by the way they change and by the 
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laws that describe their continuous variation’.3 For Eisenman, the notion of the fold 

offered an exciting alternative to gridded space of the Cartesian order, challenging 

the binary distinctions of the interior–exterior and the figure–ground. The explo-

ration of these ideas was continued by Greg Lynn who, informed by Deleuze’s 

definition of smoothness ‘as continuous variation’, proposed new ways for concep-

tualising spatial complexities. His essay ‘Folding Architecture’, published as the 

keynote essay of a special themed issue of Architectural Design (AD) in 1993 is 

considered a turning point in the history of Deconstructivism in relationship to 

design. Lynn defined ‘smooth transformation’ as ‘the intensive integration of differ-

ences within a continuous yet heterogeneous system’ and identified the concept’s 

value in resolving the tensions inherent between the pursuit of Contextualism, 

order and composition versus Deconstructivism’s alternative focus on opposition, 

fragmentation and disjunction.4 Significantly, smoothness could be understood as a 

‘mathematical function derived from standard differential of calculus’.5

Technological developments in hardware and software emerging in parallel 

provided the opportunity for architects to explore these theoretical ideas through 

space and form. The application of spline (understood most simply as a line that 

describes a curve) modellers in architecture sourced from the aviation and automobile 

industry was one of the most influential advancements, offering designers faster and 

more intuitive means for exploring calculus-based forms. These technological advance-

ments fundamentally altered the designer’s relationship to the design process, 

blurring the boundary between software design and the designer through a series of 

new generational techniques such as parametric modelling, simulating and scripting.6

This moment of late twentieth-century architectural design history exemplifies 

the intrinsic relationship between technological opportunity and theoretical ambition, 

with both necessary for innovative outcome. The writings of Eisenman, Lynn, Stan 

Allen and Bernard Cache, together with design explorations by firms such as 

Foreign Office Architects and Frank Gehry offered compelling demonstrations of the 

potential of this theoretical terrain to inspire novel architectural form. This capacity 

was made possible through the innovative software and hardware developments, 

emerging from outside the architecture professions. Mario Carpo explains further:

So we see how an original quest for formal continuity in archi-

tecture, born in part as a reaction against the deconstructivist cult 

of the fracture, ran into the computer revolution of the mid-nineties 

and turned into a theory of mathematical continuity … Without this 

preexisting pursuit of continuity in architectural forms and processes, 

of which the causes must be found in cultural and societal desires, 

computers in the nineties would most likely not have inspired any new 

geometry of form.7

Throughout the 1990s the British journal AD formed a critical avenue for dissemi-

nating these design approaches and ideas (and continues to be a leading avenue for 
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advancing a digital design practice). This period can best be summarised as a move 

from ‘the representational as the dominant logical and operative mode of formal 

generation’ to a focus on performative and material investigations of topological 

geometries.8 Accordingly, core design concepts such as ‘representation, precedent-

based design and typologies’ are replaced by a new interest in ‘generation, 

animation, performance-based design and materialization’.9

Defining theoretical concepts

By the beginning of the new millennium, theories of architectural digital design 

practice were becoming more articulated, distilling into defined theoretical 

concepts. Frédéric Migayrou’s symposium Non-Standard Architecture held at the 

Centre Pompidou in Paris in 2003 is recognised as a defining moment, along with 

the influence of discourse emerging from the Venice Architecture Biennale in 2000 

and 2004.10 The three concepts of topology, parametric design and performance 

emerge, and are commonly acknowledged as foundational to a digital design 

practice. These concepts are introduced in the following section, and will be 

revisited in more detail in following chapters.

Topology
The concept of topology has its origins in mathematics and is understood as the 

study of geometrical properties and spatial relations which remain unaffected 

by changes in size and shape. For example a topological map (as distinct from a 

topographic map) is a simplified diagram that may be developed without scale, 

but still maintains the relationship to points. The London Underground map is an 

example where the map remains useful despite the fact that its representation 

shares little resemblance to a scaled plan of the Underground.11

Topology therefore offers a non-geometric manner in which to conceive space 

premised on the geometry of position.12 Topology departs from an understanding of 

space as Cartesian (where each point is identifiable by fixed coordinates) to instead 

embrace topological properties of space that encompass surfaces and volumes. A 

topological approach, often described as ‘rubber sheet’ geometry, evolves from the 

application of pressure on the outside of surfaces through modifying algorithms. 

The resultant surface-driven architectural forms became known as BLOB or Binary 

Large Objects Shapes, defined as the development of a mass without form or 

consistency. Within this framing ‘formation precedes form’ with design generation 

emerging through the logic of the algorithm, ‘independent from formal and linguistic 

models of form generation’.13 This shifts design thinking from a visual or compo-

sitional judgement to a focus on relational structures represented within codes, 

algorithms and scripts.
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Parametric modelling
The adoption of algorithms in form making introduces a parametric approach to 

design, which is considered the dominant mode of digital design today. Algorithms 

define a specific process which offers sufficient detail for the instructions to be 

followed. They are also known as script, code, procedure or program, terms which 

are often used interchangeably. Similarly, parametric modelling can also be referred 

to as associative geometry, procedural design, flexible modelling or algorithmic 

design. In this book we adopt the term parametric modelling. So how is parametric 

modelling applied in the design of the built environment?

Traditionally, design emerges through the making and erasure of marks, 

which are linked together by conventions. But within parametric modelling the 

marks of design ‘relate and change together in a coordinated way’.14 Rob Woodbury 

notes that:

No longer must designers simply add and erase. They now add, erase, 

relate and repair. The act of relating requires explicit thinking about the 

kind of relation: is this point on the line, or near to it. Repairing occurs 

after erasure, when the parts that depend on an erased part are related 

again to the parts that remain. Relating and repairing impose funda-

mental changes on systems and the work that is done with them.15

However, is this an adequate explanation? Daniel Davis for example argues that 

Woodbury’s definition doesn’t explain how the relating of marks differs from other 

forms of parameter driven modelling such as Building Information Modelling (which 

will be discussed in Chapter 5).16 He offers an alternative definition of parametric 

design:

A parametric model is unique, not because it has parameters (all 

design, by definition, has parameters), not because it changes (other 

design representations change), not because it is a tool or a style 

of architecture, a parametric model is unique not for what it does 

but rather for how it was created. A parametric model is created 

by a designer explicitly stating how outcomes derive from a set of 

parameters.17

From these two definitions, it can be seen that a parametric approach to design 

places emphasis on ‘describing relationships between objects establishing interde-

pendencies and defining transformational behaviour of these objects’.18 In short, the 

importance of composition, geometries or shape is replaced in parametric design by 

the declaration of specific parameters or rules for a design outcome. For example 

parameters related to landscape architecture could encompass achieving particular 

ecological or spatial conditions.
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However, it is not simply the selection of parameters. Davis reminds us that 

‘the pivotal part of a parametric equation is not the presence of parameters, but 

rather that these parameters relate to outcomes through explicit function’.19 In other 

words, the establishment of parameters within prescribed relationships.

On one level parametric design processes are highly structured, but at 

the same time they also encompass a high level of uncertainty and complexity. 

Importantly, they do not defer design generation to the computer, which instead 

remains within the domain of the designer. Branko Kolarevic offers a clear articu-

lation of this approach to design generation stating:

The capacity of parametric computational techniques to generate new 

designs is highly dependent on the designer’s perceptual and cognitive 

abilities, because continuous, transformative processes ground the 

emergent form (ie its discovery) in qualitative cognition. The designer 

essentially becomes an editor of the generative potentiality of the 

designed system, where the choice of emergent forms is driven 

largely by the designer’s aesthetic and plastic sensibilities.20

The generative potential of parametric modelling will become clearer in later discus-

sions of design examples.

Performance
The third change associated with this transformative period is performative design. 

Broadly speaking, performative design shifts attention from what a design is, to 

what a design does. So far, out of the concepts introduced in this chapter, perform-

ative design is the least foreign to a landscape architecture audience, evident 

in late twentieth-century landscape architecture discourse. For example, in his 

Introduction to the edited volume Recovering Landscape: Essays in Contemporary 

Landscape Architecture published in 1999, James Corner advocates for the shift 

‘from landscape as a product of culture to landscape as an agent producing and 

enriching culture’.21 Focus moves from ‘landscape as a noun (as scene or object)’ to 

instead ‘landscape as verb’ (how it works and what it does).22

Within the context of a digital design practice, appearance and performance 

become increasingly blurred as digital tools increase the capacity to link analysis, 

generation and performance.23 At a theoretical level, the concept of ‘affect’ emerges, 

which questions ‘the separation between object and subject’. 24 Borrowing from the 

philosophical writings of Deleuze and Bruno Latour, digital designers explore conti-

nuity, through concepts of ‘active agency’, where architectural affect is produced 

through ‘continuous interaction between subjects and objects’.25 This thinking has 

evolved into performance-orientated architecture, ‘based on the understanding 

that architectures unfold their performative capacity by being embedded in nested 

orders of complexity and auxiliary to numerous conditions and processes’.26 Put 

1.2
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more simply, ‘the building is its effects, and is known primarily through them, 

through its actions or performances’.27

Approaches to performance in architecture have been aided by computational 

techniques such as scripting and simulation that provide a more comprehensive 

understanding of effects and outcome. While landscape architecture has been 

interested in performance theoretically, its resistance to these computational 

techniques has until recently limited its ability to explore performance as part of 

design processes.

The convergence of the three concepts of topology, parametric modelling 

and performance is evident in a number of urban design projects constructed in the 

late 1990s. Of most note is the Foreign Office of Architecture’s (FOA) 1995 design 

for the Yokohama Port Terminal shown in Figure 1.2, which has been acclaimed as 

‘one of the most meaningful architectural achievements of the digital age’.28 FOA 

identify two driving ambitions for the project: first, ‘an interest in the performative 

approach to material practices, in which architecture is an artefact within a 

concrete assemblage rather than a device for interpreting or signifying material and 

spatial organisation’, and second ‘the construction of a model which is capable of 

integrating differences into a coherent system’.29 These agendas combined in the 

conceptualisation of the port terminal as:

a mediating device between the two large social machines that make 

up the new institution: the system of public space of Yokohama and the 

cruise ship flow, reacting against the rigid segmentation usually found 

in mechanisms dedicated to maintaining borders.30

A continuity of surface and movement offers ‘smooth connectivity’ blurring the 

boundaries between internal and external spaces. Different segments of program 

operate ‘throughout a continuously varied form; from local citizen to foreign visitor, 

from flâneur to business traveller, from voyeur to exhibitionist from performer to 

spectator’.31 The folding surface provides for ‘creases’ that offer structural strength, 

‘like an origami construction’, challenging the conceptual separation of load bearing 

structure and the building envelope.32 Of particular interest to landscape architects 



8	 Topographic	 sur face

is that, as noted by Stan Allen, the Yokohama Port Terminal ‘is perhaps the 

most convincing realisation of an architecture invested in the idea of landscape 

techniques working at the scale of a building’.33 According to Allen, the scheme 

‘operates almost entirely on the basis of the operative techniques of landscape 

design and the programmatic effects of continuous topological surfaces’.34

Yokohama Port Terminal, together with contemporaneous urban projects 

in Barcelona such as South-East Coastal Park, demonstrates how an exploration 

of topological spaces facilitated by new software led to significant architectural 

interest in the domain of landscape architecture, which continues today unabated. 

As discussed in the Preface, the architectural projects that dominate the content of 

the 2012 publication Digital Landscape Architecture Now reflect almost quarter of a 

century exploration of surface topology, parametric modelling and performance. The 

concept of landscape provided architecture with productive models of synthesis 

offering formal continuity, performative potential and programmatic flexibility.35

Importantly, these new theoretical concepts for design generation coincided 

with what is described as ‘the Direct Manipulation Boom’ in technology, which 

reduced the necessity for designer’s to engage directly with mathematical under-

standings of algorithms. Increasingly software interfaces offer ‘tool-like operations’ 

which modify space and form in real-time onscreen.36 Discovery occurs through 

‘manipulation rather than derivation through formulas’, although the formulae 

remains embedded within the software.37 The digital realm is now accessible 

to non-specialists, allowing surfaces to be modelled in an intuitive manner, with 

real-time feedback or ‘applied with a geometric rationale’.38 The development of a 

visual language of scripting such as Grasshopper (which emerged in 2007), further 

progresses the designer’s ability to intuitively build scripts to generate and test 

form without extensive mathematical knowledge. Designers are liberated from 

mathematics, while at the same time form making is liberated by mathematics.

Similarly, there has been a rapid evolution of hardware capacity. Personal 

computers and laptops were common within the design office by the early 1990s. 

The Macintosh Classic for instance was released in 1990, and was the first Apple 

product priced below US$1000. Correspondingly, data storage has increased in size 

and decreased in price. In the early 1980s, 3.5 inch floppy discs held just 0.0002 

GB of memory. By 1994 zip discs offered 0.098 GB, increasing to 32 GB by 2012 

(courtesy of the smallest USB memory sticks), while the emergence of personal 

cloud computing since 2006 has radically transformed file storage and sharing.39

All of these changes significantly altered the designer’s capacity and 

relationship to technology. But unquestionably, one of the most significant techno-

logical developments for landscape architecture is the evolution of 3D modelling 

capabilities of software from vector based techniques, well suited to the design of 

objects, to meshes, polygons and NURBS (non-uniform rational b-splines) which are 

of great value to the modelling of topography.




