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Introduction: 

The application of complexity theory in architecture, urban planning and design is 

essentially interdisciplinary (Wilson, 2000). Its foundation is in the both physical and 

social sciences. These sciences deal with a range of approaches from large contextual 

to small elemental scales including physical geography, human geography, social 

sciences, planning, real estate, urban design, landscape design, and architecture 

(Cooper, 2000). Researchers in each field have simultaneously explored the idea of 

complexity from their own viewpoints and made tremendous progress in the last 35 

years. Each reinforces the others and improves our understanding of the city. However, 

the integration of such wide approaches in one comprehensive theory is difficult, if not 

impossible. This may seem problematic, and as Wilson (2000) states: different 

perspectives have not been forced together to create an adequately articulated body of 

theory.  

 

Nevertheless, there is an increasing number of papers and projects developing the 

theory of complexity, claiming to be a firmer foundation for the critical ideas that 

relate the theory to the evolution of cities. In fact, the more we understand how 

complex systems behave, the more we find them applicable in the study of cities. 

Rosser (1994) and Cooper (2000) undertook a survey of contemporary research that 

sought to explain the developments that have been made in linking the theories of 

complexity and fractals to the field of urban science (table 4.1). 
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Urban 

Geography 

Geomorphology Malanson, Butler and Walsh (1990), 

Culling (1985) 

Glacial action Oerlemans (1981) 

Patterned ground Vitek and Tarquin (1984), Ray (1983), 

Gleason 1986), Lorenz (2003*) 

Rainfall dynamics Rodrigues Iturbe (1989) 

Terrain analysis and modelling Batty (1992), Musgrave (1992) 

Avalanche study Butler and Walsh (1990) 

Subsurface convection cells Kellog and Turncote (1990) 

Models of forest communities Hudson et al (1988) 

Multi fractal analysis of topography Lavallee Lovejoy, Schetzer, and Ladoy 

(1992) 

Fractal analysis of geologic time 

series 

Plotnick and Pretergaard (1992) 

Fractal analysis of geography, 

channel, and river networks 

 

Goodchild and Klinkenberg (1992), 

Phillips, Barbera and Roso (1992), Batty 

(1992), Veltri (2004*) 

Fractal analysis of Urban growth 

 

Fractal urban structure 

 

Land use pattern 

 

Scaling behaviour, size, shape and 

density distribution 

Batty (1991, 1992, 1995, 2005*), Batty 

and Longley (1994a and 1994b), Batty 

Longley, Mesev and Xie (1995), Batty 

and Xie (1994), Batty, Steadman, and Xie 

(2004), Makse Havlin and Stanley (1995), 

White and Engelen (1994), Wieldlich 

(1994*), Peterson (1996), Klinger and 

Salingaros (2000*), Benguigui (2001*), 

Chen and Zhou (2003*, 2004*), Ikuo and 

Masanori (2003*), Rui and Penn (2004*), 

Salingaros (1999*, 2003*, 2005*), Lorenz 

(2003*), Matsuba (2003*), Yanguang and 

Yixing (2004*) 

Simulation techniques and urban 

Modelling  (e.g. CA, DLA, CAST, 

Cristal city, and SIMCity for real)  

Tobler (1979), Witten and Sanders 

(1981*, 1983*), Coucelis (1985, 1988, 

1989), Phipps (1989), Cecchini and Viola 

(1990, 1992), Batty and Xie (1994), Xie 

(1994), Langlois and Phipps (1995*), 

Rasmussen and White (2002*), Liu and 

Andersson (2003*), Batty (2005*, 2007*, 

2008*), Melin and Castillo (2002*),  

Martin et al (2008*), Jankovic et al 

(2005*), Silva and Clarke (2005*), Clarke 

and Birkin (2008*) 

Fractal analysis of aerial 

photography, GIS, and satellite 

imagery  

Longley (1995*, 1996*, ,1997*, 2001*, 

2003*), Nelilis and Briggs (1989), Lam 

(1990), De Cola (1994), Batty et all 

(1995), Shiode (1998*) 

Surface analysis Broscoe (1992), Batty, Longley, Mesev 

and Xie (1995), Yfantis, Gallitano and 

Flatman (1992) 

Weather system Lorenz (1960) 

Human  

Geography 

Rank size and hierarchy formation Beaumont et al (1981), Dendrinos (1985), 

Wong and Fotheringham (1990), Rosser 

(1994), Haag (1994), Wiedlich (1994), 

Allen et al (1978), Camagni et al (1986), 

Hakken (1977), Beckman and Puu (1985), 

Puu (1987,1993), Dendrinos (1994),  

Batty et al (1989), White and Engelen 

(1994) 

C
ity

 S
ca

les  
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City as a self-organization system Hakken (1977), Portugali (2000*), 

Salingaros (1999*, 2003*, 2005*) 

Central place theory Arlinghaus (1985, 1992) 

Railways networks Benguigui and Daoud (1991) 

Systems theory Motloch and Woodfin (1993) 

Social 

Science 

Predictability Loye (1995), Loye and Eisler (1987), 

Portugali (2000*), Batty (1980*) 

Conceptual application Deneke (1989), Feber and Koppelaar 

(1995), Byrne (1998*, 2001*), Melin and 

Castillo (2002*) 

Economics Allen et al (1978), Camani et al (1986), 

Baumol and Benhabib (1989), Zhang 

(1991, 1994),  Cilliers (1998*), Durlauf 

(2005*) 

Arms races Saperstien (1984), Grassmal and Mayer-

Kress (1989) 

Planning Dynamic complex systems 

planning 

Jacobs (1961*), Cartwright (1984), 

Wilson (2000*), Byrne (2003*, 2005*), 

Hamdi (2004*), Shane (2005*), 

Chettiparamb (2006*), Mashhoudi 

(2007*), Batty (2006*, 2007*, 2008*), 

Briassoulis (2008*), Marshall (2009*) 

Fractal analysis of street network 

and urban traffic structure  

Thibault and Marchand (1987), 

Frankhauser (1998*, 1997*, 1994), 

Mizuno and Kakei (1990), Saligaros 

(1997), Jiang, Xiao-yan, and Qing-sheng 

(2002*) 

Urban 

Design 

L-system as means of design and 

using fractal to indicate character 

Robertson (1992, 1995) 

Fractal assessment and evaluation 

of urban elements 

Cooper (2000*, 2003*, 2005*, 2008*), 

Haghani (2004*, 2006*) 

Fractal analysis of skylines Oku (1990), Kamei (1992*), Cooper 

(2000*), Stamps (2002*) 

Complexity and Conceptuality of 

urban Design 

Alexander (1977*, 1987*, 2002*, 2004*) 

Architecture Complexity as a style Jencks (1997, 2002*), Kavannagh (1992), 

Smith (1990), Salingaros (1999*, 2000, 

2005*), Lorenz (2003*) 

Fractal evaluation of building 

facades 

Bechhoefer and Bovill (1995), Bovill 

(1996), Trivedi (1989)  

Computerized fractal  Architecture Hanna (2002*), Jeffery (2004*), 

Crompton (2001*, 2002*, 2006*) 

Architecture and Complexity Kavannagh (1992*), Jencks (1997, 

2002*), Alexander (2002*, 2004*), Joye 

(2007*) 

Landscape 

Architecture 

Fractal analysis and simulation of 

plants 

Prusinkiewics and Lindenmeyer (1990) 

Fractal analysis and landscape 

preference 

Milne and Wiens (1989), Milne (1991), 

Gotou, Sakuragi and Iwakuma (2002*), 

Hagerhall, Purcell, and Taylor  (2004*) 

Complexity and fractal geometry as 

a style 

Motloch and Woodfin (1993), Thwaites  

(1996), Jenks (2005*)  

Table 4.1: A summary of applications of complexity, chaos and fractal theories in different 

scales of urban studies from city regional to architectural scales. (Derived from Rosser, 1994, 

p.553; Cooper, 2000, p.215; updated by the author, 2008 – the updated entries marked with 

asterisks)  
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The number of publications in related fields is an indication of the broad range of 

approaches, which itself supports the belief that fractals and complexity are universal 

theories, and particularly, shows their tremendous potential in the better understanding 

of the city system. The dates of the published papers (cited in table 4.1) reveals the 

trend to link cities and the new theories of complexity, chaos, and fractals to be 

increasing year by year during the last 4 decades. This reflected in the following pie 

chart:  

before 1977

1977-1986

1987-1996

1997-2007

 
Figure 4.1: The pie chart compares quantitatively the cited 

papers in table 4.1 according to their publication dates.  

 

It is not the intention here to present any of these in detail, but rather to summarise the 

main ideas as platforms for the research at the empirical stage. In the previous chapter, 

the meaning and the principles of complexity, chaos, and fractal theories and the 

relationship between them were presented. It was also argued that cities can be better 

understood through these new theories as their forms and functions exhibit the main 

features of complex systems. In this chapter, the literature will be reviewed to see how 

these theories may be applied to architecture, planning, and design. The chapter, 

therefore, comprises two main parts highlighting some of these applications under the 

terms fractal architecture and fractal cities. 
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4.1 Part One: Fractal Architecture; Applications of Complexity 

Theory and Fractals in Architecture 

4.1.1 Applications of fractal concept in architectural design 

Although there is no generally acceptable definition for the term fractal architecture, 

broadly speaking, two different mainstreams can be identified in the recent literature. 

Fractal-designed architecture and fractal assessments of architectural products are the 

focal interests of two groups of architects, designers, and researchers who have 

investigated the possible application of fractal geometry in architecture. They have 

approached the concept from two different viewpoints: 

1. The fractal concept as a critical tool: The approach seeks to measure the 

complexity in the form of a design project. It is based on calculation of the 

fractal dimension of architectural design outputs to enable their assessment 

and evaluation. 

2. The fractal concept as a design tool: This approach attempts to simulate 

natural forms or apply similar shapes of different sizes at the different 

scales of a design project. It seeks to create a complex form underlying 

subtle order at different layers of an architectural structure, claiming a 

resemblance to what happens in the creation of natural forms.  

 

In both approaches, fractal geometry provides a quantifiable tool to describe the 

complexity in the physical appearance of an architectural product and the extent to 

which it qualifies as „fractal‟.  The following two sections discuss each approach in 

more detail. 
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4.1.1.1 The fractal concept as a critical tool: 

Fractal dimension measurement suggests a quantifiable tool to judge mathematically 

the extent of complexity (fractal quality) manifest by a design. A number of 

researchers have measured fractal dimension to evaluate critically architectural and 

urban elements, such as work by Bovill (1996) for comparisons of building facades, 

Cooper et al (2008) for evaluation of street vistas, and Stamps (2002) for analysis of 

urban skylines. Bovill (1996, p.119) suggests that the fractal dimension of a design can 

be measured and used as a critical tool. He claims that „the lack of textural progression 

could help explain why some modern architecture was never accepted by the general 

public‟ (Bovill, 1996, pp.5-6). 

 

 
Figure 4.2: Left, box counting grids placed over the elevation of Frank Lloyd 

Wright‟s Robie house. Right, the front elevation of Le Corbusier‟s Villa Savoye 

with a box counting grid over it. (Bovill, 1996, pp.120, 140) 
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Box counting, as explained in the previous chapter, is a convenient method to measure 

fractal dimensions of complex forms such as architectural elevations and urban 

facades. For instance, Bovill (1996) has employed this method to compare two 

facades, one from Frank Lloyd Wright‟s Robie house (figure 4.2, left) and the other 

from Le Corbusier‟s Villa Savoye (figure 4.2, right).  In both cases, he counted the 

number of boxes occupied by details that can be perceived at a range of box sizes. The 

results are summarised in Table 4.2.  

The Elevation of Robie house  The Elevation of Villa Savoye 

Box count grid size grid dimension  box count grid size grid dimension 

50 1/16 12 feet 100 1/14 8 feet 

140 1/32 6 feet 268 1/28 4 feet 

80 1/64 3 feet 675 1/56 2 feet 

Table 4.2: left, the result of box counting for the elevation of the Robie house. 

Right, the result of box counting for the elevation of the Villa Savoye. 

(Derived from Bovill, pp.119, 141) 
 

Bovill calculated the fractal dimensions of the facades by simply using these data in 

equation 3.4 (see Chapter Three, section 3.3.2). The calculation reveals that the Robie 

house has fractal dimensions of 1.485 and 1.441, while Villa Savoye has fractal 

dimensions of 1.422 and 1.333. These figures show that within the range of scales 

from 12 to 2 feet, the Robie house has a slightly more complex form. However, the 

differences will be more obvious when we examine the two cases from a closer view, 

from 2 feet to 1.5 inches. This result is summarized in following table:  

Box counting at the window scale 

of Robie house 

 Box counting at the window scale 

of Villa Savoye 

Box 

count 

grid size grid 

dimension 

 box count grid size grid 

dimension 

31 6 6 inches 29 12 2 feet 

102 12 3 inches 68 24 1 feet 

315 24 1.5 inches 136 48 6 inches 

Table 4.3: The result of box counting for the Robie house (Left ) and for 

the Villa Savoye (Right) at the range of scales from 1/6 to 1/48. (Derived 

from Bovill, pp.119, 141) 
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Again, fractal dimensions can be calculated based on the tabulated information. 

Interestingly the sequential dimensions are 1.721 and 1.626 for the Robie house 

while they are 1.233 and 1.00 for the Villa Savoye. Bovill (1996, p.143) has 

made the following important comment: 

„At these smaller scales, where the box counting dimension for the Robie 

house remained high, the dimension of Villa Savoye dropped off to 1.00, 

indicating a lack of progression of detail. Wright‟s organic architecture 

called for materials to be used in a way that captured nature‟s complexity 

and order. Le Corbusier‟s purism called for materials to be used in a more 

industrial way, always looking for efficiency and purity of use.‟ 

 

Fractal analysis of the Robie house shows that Wright designed the building with a 

cascade of detail from the organization of the building‟s overall form to the stained 

glass designs for the windows. Bovill (1996, p.127) states that „when Wright was 

practicing architecture and writing about it, the concept of fractal geometry and its 

relationship with natural forms did not exist‟. However some of his writing approaches 

the concept very closely: 

„Quite a different form may serve for another, but from one basic idea all the 

elements of design are in each case derived and held well together in scale and 

character. The form chosen may flare outward, opening flower like to the sky; 

another, be noncommittal or abruptly emphatic, or its grammar may be deduced 

from some plant form that appealed to me…. But in every case the motive 

adhered to throughout so that it is not too much to say that each building 

aesthetically is cut from one piece of goods and consistently hangs together with 

an integrity impossible otherwise‟ (Wright, 1955, quoted in Bovill, 1996, p.127). 

 

Providing a fractal interpretation of Wright‟s statement, Bovill (1996, p.128) writes 

that „the last sentence in the quote brings to mind images of the fractals like Julia sets 

[see figure 3.21, Chapter Three]‟. Julia sets display a wealth of detail at any level of 

magnification. This wealth of detail is the result of a very simple central concept, 

iteration‟. The first sentence in the quote calls for all the elements of the design to be 

held together in “scale and character” by one basic idea. Bovill commented that „… 

this brings to mind the simple rule systems that are used to generate fractal forms like 
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the Koch island that are at once very complex and very simple, since any small part is 

similar to the whole‟.  

 

In the middle of the paragraph, Wright (1955) refers to the natural source of form 

generating his ideas. He clearly used nature for inspiration, however, as Bovill (1996) 

states, his buildings do not look like trees or bushes. Instead, he was looking beyond 

the outward appearance of natural forms to the underlying structure of their 

organization. According to Bovill (1996, p.128), „this is a fractal concept… One of the 

central features that fractal geometry tells us about nature is that the nature is not flat. 

Nature displays an almost infinite number of scales of length. There is a never ending 

cascade of interesting form that comes in clusters and only rarely displays perfect 

symmetry‟.  

 

In short, what Bovill suggested is that natural forms do have an underlying 

organizational structure, and fractal geometry provides a clear method of 

understanding and describing that structure. This method can also be used as a design 

tool for creating fractal structure in architecture. As Jencks (1997, p.43) stated, 

„…those who style themselves organic architects often mimic nature‟s patterns of 

organization and, in designs, naturally repeat a formal idea at many scales and, just as 

inevitably as a flower, provide several foci‟. The ideas and examples of this type of 

approach are discussed in the next section. 

 

4.1.1.2 The fractal concept as a design tool: 

„Could Fractals produce rich architectural ornament that could be cheaply 

computer produced? Could fractals be used as paradigms for individual 

buildings or conurbation design?  Could they be a formula for automatically 

achieving that extreme degree of variety recognized as essential to human well 

being – but impossible to specify manually?‟ (Smith, 1990; quoted in Cooper, 

2000, p.177) 
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In addition one could also ask: should fractal geometry be employed as an essential 

substitute for Euclidean geometry in architecture and urban design? To answer these 

questions, the following sections will examine two groups of buildings to which the 

fractal concept could have arguably been applied. The first can be categorised under the 

term fractal style referring to the concept through the idea of “self-similarity”, while the 

second expresses the idea of “fractal rhythm” as a visual quality or richness in design. 

Both categories have arguably the potential to provide a tool for designers to create 

something in coherence with the environment.     

 

I) Group one, the idea of self-similarity:  
 

„It is a truism that all organisms and architecture must show some self-

similarity…‟ (Jencks, 1997, p.43). 

 
„Fractal design and its use in architecture is potentially one of the most obvious, 

practical and applicable uses of the new sciences‟ (Cooper, 2000, p.178). 

 

Although the role of self-similarity in producing fractals is relatively a very new 

concept, throughout history there are many examples in which the idea has been 

applied. Before 1970, architects had no idea about fractals and just used the self-

similarity technique to build up a hierarchical structure imitating forms in nature. Joye 

(2007, p.311) writes that „The deployment of fractal principles in art and architecture 

seems to be a phenomenon of all times, and is in no way restricted to the period after the 

systematic mathematical understanding and description of fractals from the 1970s 

onwards‟. 

 

Figure 4.3 illustrates the idea of self-similarity in two Hindu temples. Their surfaces are 

similarly rough, no matter which scale is used, and some of the architectural elements 

have gone through a transformation by which their size and position have been changed. 

For example, the completely parabolic form of the temple can be found in a modified 
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way in smaller parts on the surface. These are, in fact, the characteristics that we see in 

fractal objects. 

 
Figure 4.3: Self-similarity in Hindu Temples. a) The Dharmaradscha Rath in 

Mamallapuram, India. b) The fractal attractor drawn by Lorenz shows how the overall 

shape generated. c) Temple of Rajarani, in Bhuvanesvar, India. d) Fractal interpretation of 

the temple, the simulation created by Trivedi. (a, b, c from Lorenz, 2003, unpaginated; and 

d from Trivedi, 1989, p.252) 

 

Fletcher (1975), Crompton (2002) and Lorenz (2003) examined the detailing features 

of Greek and Gothic styles, comparing them with some mathematically produced 

fractals, and revealed amazing geometrical analogies.  The prominent examples of self-

similarity patterns can be observed in Gothic architecture. In the Cathedral of Cologne, 

for instance, the pointed arch is transformed in size and position and can be found in 

the entrance, above windows and all over the external and internal surfaces (figures 

4.4c, 4.4d).  

 
Figure 4.4: Self-similar patterns in Gothic elements (pointed arch, gable, etc). Left (a, b), 

the Cathedral of Lincoln, England. Right (c, d), the Cathedral of Cologne, Germany. 

(Lorenz, 2003, unpaginated) 
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The Lincoln Cathedral, in England, is another example in which the fractal concept of 

self-similarity can be observed. In the tracery of the Angel Choir (figure 4.4, a, b), the 

lower level contains eight small but high vertical cuts, formed by the mullions, in each 

case two together with a quatrefoil crowned by a pointed-arch. As Lorenz (2003, 

unpaginated) describes, „In each case such a pointed-arch also holds together two of 

the remaining four combinations‟. This means that the fractal concept exists at all 

levels of scale. The order underlying the bifurcation of vertical elements – whether 

perceived as “Y-shape” or “pointed arch-shape” (figure 4.5a) – is dominant at all 

scales on both interior and exterior surfaces. It forms the columns, arches, gables, 

spires, ribbed-vaults, etc (figures 4.4 c, d, 4.5 a, b).  

 

The interesting fact in Gothic style is that each element consists of rich detailing 

layers. Small details obey the same principle as the large elements. The window of 

Saint Mary‟s chapel of the Cathedral of Wells (figure 4.5c), for instance, has a three-

pointed curved structure repeated at different scales – similar to the Sierpinski Gasket, 

but in this case the middle part is not taken away (Lorenz, 2003). The rose window of 

the Cathedral of Chartres is another example of a self-similar pattern (figure 4.5d). The 

main circle around the whole rose window is reduced and repeated in the middle part 

and surrounded by twelve small circles. Schneider (2003) explained in detail how each 

circle has been embedded one in another following a geometrical order. He claims that 

the whole structure of cathedral is proportional to the rose window; he also writes that 

„the geometry of this window is an integral part of the design of the entire structure, 

which was composed as an interconnected whole. … I suspect that the whole front is 

an expanded version of the window‟.  
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Figure 4.5: Self-similarity of Gothic style from the whole to its parts at 

varied scales. a)Y-shape vertical bifurcation in Gothic. b) self-similar 

pointed Arch structure. c) The tracery of the “Angel Choir” of the 

Cathedral in Lincoln, Great Britain. D) Rose windows of the Cathedral 

of Chartres. (Lorenz, 2003, unpaginated) 
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Crompton (2002) has found an interesting analogy between the well-known fractal, the 

Koch island, and the plan of a Gothic column (Figure 4.6). In both the column and the 

fractal, the solid portion resembles the negative space. Crompton (2002, p.455) states 

that „Gothic mouldings are scaling forms although there must be principles of 

proportion and ordering at work that go beyond the scope of the algorithm, they seem 

to be fractal‟. 

 
Figure 4.6: Koch island and Gothic column compared. (Crompton, 

2002, p.455) 

 

In Figure 4.7, Crompton (2002, p.452-454) provides another analogy between a Doric 

cornice and the well-known fractal „the devil‟s staircase‟ produced first by Mandelbrot 

(see Mandelbrot, 1983, p.80). In the case of the Doric cornice (figure 4.7, left), its 

shape roughly repeats itself inwardly over four stages. Figure 4.7 (right) shows similar 

stages of self-similar steps in the Devil‟s staircase where the parts in the boxes are 

stretched to the proportions of the original. 
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Figure 4.7: A denticular Doric entablature (left) and the Devil‟s staircase (right) 

compared. (Crompton, 2002, pp.452-453) 

The famous British architectural critic, John Ruskin, gave some advice, which 

Crompton (2002) interpreted to what we now call fractal design. Ruskin (1903) 

appreciated natural forms and encouraged architects to apply the laws of nature in their 

work - what he called „laws of composition‟. In fact, the first written description of 

self-similarity was by him (Crompton, 2002; Unrau, 1978). Ruskin (1903) believed 

that the “continuity” in nature is the result of “successive similar shapes” accompanied 

by some gradual change. He explained it in the following statement: 

„… an orderly succession to a number of objects more or less similar … most 

interesting when it is connected with some gradual change in the aspect or 

character of the objects‟ (Ruskin, 1903, vol.15, pp. 170-171, also quoted in 

Crompton, 2002, p.457). 

 

 

The image produced from Ruskin‟s advice in1858 (figure 4.8) well illustrated what he 

meant about „hierarchy and similarity‟, and surprisingly, it is very similar to what 

Mandelbrot drew by computer in 1967, and called a „fractal tree‟. 

 

 
Figure 4.8: Ruskin‟s fractal tree – Sketch by a clerk of the 

works drawn in 1858. (Crompton, 2002, p.458) 
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Crompton (2002, p.451) argues that „a building is fractal if it repeats and multiplies a 

form, such as a pointed arch, over several orders of size. Gothic buildings aside, not 

many buildings actually do this‟. While he believes that the memorial at Thiepval by 

Lutyens in 1925 (figure 4.9, left) is an example of fractal design, it might be argued that 

this is not exactly similar to what we see in nature. Crompton (2002) admits that modern 

examples with fractal quality are even harder to find. He suggests that „the well known 

flats in west Amsterdam by architects MVRDV (figure 4.9, right) repeats a box shape 

over three stages‟. While this example clearly shows the attempt of its architects to 

produce a piece of fractal architecture, the opportunity to carry the progression below 

the size of the balcony is not taken and therefore it misses the small-scale detailing that 

we see in nature. 

 
Figure 4.9: Left, Thiepval memorial by Lutyens in 1925 demonstrates three stages of 

self-sameness. Right, The Amsterdam housing by MVRDV in 1995 (1995) 

demonstrates three stages self-similarity. (Crompton, 2002, p.451)  

 

It should be also recalled that a fractal shape contains the property of „self-similarity‟ – 

not self-sameness. Jenks (1997, p.43) clearly makes this distinction: „Self-similarity is a 

transformational similitude – not an exact replication.‟ In this sense, the forms in the 

Thiepval memorial can be considered more as self-sameness while The Amsterdam 

housing demonstrates self-similarity. Nevertheless, it can be argued that neither achieved 

a sufficiently high level of physical complexity to be called fractal architecture.  
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The Price house designed by Bruce Goff can be claimed to be exemplary in terms of 

self-similarity (figure 4.10). Jencks (1997, p.44) described this house in the following 

way: 

„Self-similar triangles, hexagons, and trihexes organize his Price house – from 

very large to very smallest detail. Sixty degree angles, their multiplication and 

subdivision, recur in all sorts of forms and materials…. its conversation “pit” 

is hexagonal, the wall of the music room is triangular to deflect sound, and 

various self-similar wedge shapes emerge from the ceiling in the form of 

acoustic decoration‟.  

 

Jencks‟ description emphasises two key factors by which a piece of architecture can 

be considered as fractal: „self-similarity‟ and „details‟. As can be seen in the Price 

house show these two properties over a wide range of scales, from small to large. 

Following some simple geometrical rules, every element has been connected to the 

element next to it and to the whole. However, there is no sign of an exact replication 

or symmetry. Each element, each part, and each corner has its own character. It has a 

holistic order, but it also has a higher degree of complexity, since the pattern is 

everywhere slightly different. In short, the various shapes are harmonic, related and 

self-similar, but hardly ever self-same.  

 

 
Figure 4.10: Bruce Goff, Price house, interior (Left), exterior (Center) and plan 

(Right). Fractal shapes extend through the glass cullet, details and structure. (Jencks, 

1997, pp.42, 44) 

 



Chapter Four: The application of complexity theory and fractals 

 

www.toofanhaghani.com  147 

 
Figure 4.11: Daniel Libeskind, proposed addition to the Victoria, Albert Museum (V & A), 

London, 1996. Six tilted trapezoids spiral through each other and form a new, structurally 

sound shape. Tiles in V- and L-forms are in different scales and colours – self-similar 

fractals. (Jencks, 1997, p.13) 

 

Some contemporary architects and designers deliberately have tried to apply self-

similarity to their designs. In a project for an addition to the Victoria, Albert Museum 

in London (figure 4.11), Daniel Libeskind has attempted to produce a fractal 

architecture that jumps out of the ground in a series of six leaps. Six boxes push 

through each other, part cubes, part rhomboids. The flat walls, as calculated by the 

engineer Cecil Balmond, actually become the structure, allowing column-free interiors, 

so the crushing shapes have a functional rationale. Jencks (1997, p.13) described 

Libeskind‟s work as:  

„A set of six fractal shapes at the large scale are supplemented by smaller 

“fractiles” at three lesser scales. These self-similar tiles are shaped like an 

angled L- or V-boot, something not far from the larger rhomboids, so there is a 

unifying pattern. The L-forms dance over the surface in minor-image, flips and 

rotations – standard steps, as shown by the million tiles within the V & A.‟.  

 
 

Whether we accept Jencks‟ claim and call this project „fractal architecture‟ or not, it 

demonstrates how a well-known architect tried to employ self-similarity to produce 

something more complex and sophisticated. An example where we can apparently find an 

expression of the fractal concept is the interior refurbishment of Storey Hall in Melbourne 

(figure 4.12). On the walls, stage, and the auditorium ceiling (figure 4.12d), the fractal 
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grammar based on complexity theory is played at different scales. The architect has used 

computer assistance to derive a new grammar; however, he could not extend the same 

discipline to the whole volume of the existing building structure (figure 4.12c).  

 
Figure 4.12: Storey Hall, by ARM group (Ashton Raggatt McDougall) in Melbourne, 1993-

96; fractal forms are based on the aperiodic tiling pattern devised by Roger Penrose – a new 

always-changing order for urbanism. (Jencks, 1997, pp.179-181) 

 

Having analysed some of the works of contemporary designers who have referred to 

self-similar fractal as a design style (the first group), the second group provide another 

perspective towards fractal architecture which is more related to the idea of organic 

architecture.  

 

II) Group two, the idea of fractal rhythm (unity with variety):  

„an understanding of fractal rhythms can open up an endless supply of 

design ideas for the architect or designer, interested in expressing a more 

complex understanding of nature‟ (Bovill, 1996, p.6). 

 

The second group of buildings that have fractal quality are those having a number of 

elements obeying a kind of rhythmic order at different levels of scale. In other words, 

they exhibit “unity with variety” rather than “self-similarity”. This method treats a 
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building like a landscape where elements of a particular scene are related without being 

necessarily self-similar. For instance, Such potential can be seen in the work by Lucien 

Kroll (figure 4.13) where a deep cascade of shape and detail is displayed in the diverse 

residential designs. In this sense, most old buildings could also be claimed to have 

fractal quality because they exhibit variety according to a number of elements, layers 

and shapes used to construct an overall unity.  

 
Figure 4.13: A deep cascade of shape and texture is displayed in the diverse residential 

designs of Lucien Kroll. (Bovill, 1996, p.8)  

 

This is an easier way for a building to be fractal than if all its parts are made to have 

something in common. However, „most modern buildings are not fractal even in this 

easier sense because they use large blank surfaces, avoid decoration, and use simple 

forms, such as single block, rather than one broken into subsidiary volumes‟ (Crompton, 

2002, p.452). Even the examples given in figure 4.9 would hardly considered as fractal 

architecture. Although they illustrate three stages of self-similarity, they do not expose a 

range of small-sized detailing lower than 2 metres. Crompton (2002, p.452) concluded 
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that „these reasons why modern architecture is not fractal are the same reasons that are 

often given to explain why it can appear oppressive and unnatural‟ (refer back to the 

discussion in part two of chapter two).  

 

 
Figure 4.14: Left; an elevation of Aalto‟s home and office. Right; a fractal planning grid 

with only the vertical rhythm lines laid out. The rhythms in this figure are based on 

fD =1.7. (Bovill, 1996, pp.112-113) 

 

Nonetheless, there are some modernists that could be considered as naturalists (e.g. 

Aalto, Wright) who produced some rhythms similar, and in response, to what exist in 

the environment and the site of projects. It can be claimed that they achieved a type of 

fractal complexity in coherence with the environment without even being familiar with 

the term fractal or even without restricting their work to the concept of self-similarity.  

While they designed well before the science of fractals was articulated, nevertheless it 

can be claimed that they virtually invented fractal architecture (Jenks, 1997). For 

instance, much of Alvar Aalto‟s work displays the complex rhythms of nature. Figure 

4.14 (left) illustrates an elevation of Alto‟s home and office and Figure 4.14 (right) is a 

fractal rhythm with the dimension of fD = 1.7; as Bovill (1996) noted, it is similar to 

the tree spacing in the background of Aalto‟s home and office. He writes: 

„Note how the variation in window and wall panel size echoes the variability 

of tree spacing in the forest‟ (Bovill, 1996, p.112). 
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As nature has fractal geometry (shown by Mandelbrot), an architect intending to 

design a project in coherence with its natural environment can imitate the fractal 

rhythm existing in that environment and distribute the lines and elements of his design 

with the same rhythm to capture its complexity. Inspired by Alto‟s work, Bovill (1996, 

p.6) also suggested that „the fractal dimension of a mountain ridge behind an 

architectural project could be measured and used to guide the fractal rhythms of the 

project design‟. If both heights and widths of each house have been varied according to 

the fractal distribution of the natural forms in the background (figure 4.15), the project 

design and the site background would then have a similar rhythmic characteristic.  

 
Figure 4.15: Fractal distribution of height and width for a row of townhouses. 

(Bovill, 1996, p.6) 

 

This type of approach is similar to what can be seen in „organic architecture‟. Jencks 

(1997, p.43-45) suggests that virtually the work of all who are interested in organic 

architecture should show fractal characteristics such as „self-similarity‟, „unity with 

variety‟, „strange attractor‟, etc. The Bavinger, Garvey, and Price houses designed by 

Bruce Goff – in 1950, 1952 and 1956 respectively – are exemplary in this respect. In 

the Bavinger house (figure 4.16), for instance, Goff uses a spiral shape to organize a 

flow of movement around and up a ramp which is interpreted by Jencks (1997, p.45) 

as „strange attractor‟ similar to fractal patterns in complex systems. It exhibits the 

dynamic, local and non-local interconnections, simultaneously unfolding and enfolding 

in the gesture of attractors in a living system (compare it with Lorenz‟s strange 

attractor, figure 3.5).  
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Figure 4.16: Bruce Goff, the interior of the Bavinger house. (Jenks, 

1997, p.45)  

 

 

Cooper (2000, p.178) also refers to the Bavinger house and states that „…visually it 

seems to have fractal characteristics, but how, other than by being interesting to look 

at, does it contribute to planetary survival? How does it feel to live in? Is the form 

energy efficient?‟ in other words; can fractal architecture contribute to sustainability in 

order to make better places to live in future? 

„If a constructive answer is not forthcoming then “fractalian architecture” 

is in danger of being seen as just another abstract design style‟ (Cooper, 

2000, p.178). 

 

To explore these questions further, a deeper picture of fractal architecture and its 

characteristics are required; otherwise, as Cooper suggested above statement, the 

fractal concept is in danger of being seen as just another abstract design style. 

 

4.1.3 Fractal architecture  

 

Are there any architectural products – buildings or urban spaces – that can be called 

„fractal architecture‟? If so, are there any criteria by which an architectural product 

may be assigned as fractal? Based on the discussion and examples in section 4.1.2, the 

answer to the first question is explicitly „yes‟. However, a precise and common-sense 

answer to the second question is not available. There is no generally accepted 
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definition to assure us as to what kind of properties or criteria can be assigned to 

distinguish typologically fractal architecture. This can cause ambiguity. We may think 

that a designed object has fractal quality whereas it has not. To overcome this problem, 

it might help to reverse the question and ask, “What is not fractal architecture?” 

 

4.2.3.1 Non-fractal architecture: 

Some of the seemingly complex buildings with self-similar patterns appear to be flat at 

closer observation, hence, should not be called fractal. For instance, The Jewish 

museum in Berlin and the Cinema Center in Dresden (figures 4.17, 4.18) might be 

mistakenly interpreted as if they have fractal property. Jencks (2002, p.247) believes 

that „self-similar forms, angles, slashes and lines‟ in these two buildings exhibit a 

fractal grammar. However, in both cases, if they are observed at short distances (e.g. 3-

4 metres), their forms and elements do not reveal any further self-similarity, details or 

textural progression. At that level, in fact, they seem to be flat; and the self-similarity 

did not progress more than two stages. 

 

 

 
Figure 4.17: Jewish Museum, Berlin, Designed by Daniel Libeskind, 1989-2000. At the 

first impression may seem fractal while it is not. (Jencks, 2002, pp.246-248) 
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Figure 4.18: Cinema Center, Dresden, Designed by Coop Himmelblau, 1993-1998. 

Exterior, Interior and the section reveal some self-similarity but not create fractals. 

(Jencks, 2002, p.239) 

 

The complex of Federation Square in Melbourne (figure 4.19) is another example 

where the architects – LAB with Bates Smart – attempted to employ fractal geometry as 

an organizing tool, but failed to apply it to the whole project successfully. The 

architects claim that „the building dissolves the city grid to the north into the parkland 

to the south using fractal geometry at several scales to do so‟ (quoted in Jencks, 2002, 

p.262). What features of the form might create this impression in their minds and 

encourage them to make this claim? The seemingly dynamic texture does not make a 

logical relationship with the overall shape. It is just a repetition of a triangular 

Euclidian shape, and does not create the structural depth that we see in a fractal object 

in nature. 

 
Figure 4.19: Federation Square, Melbourne, designed by LAB with Bates Smart, 1997-

2002. The fractal concept in the mind of architect could not create fractal architecture. 

(Jencks, 2002, p.239) 
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In the same way, the examples given in the figure 4.20 cannot be called fractal 

architecture. Neither within their own structure, nor in the way their forms 

communicate with their environments, do they exhibit structures like fractals. In the 

following statement, Alexander (2002b) argues that the language used in these 

examples is not useful for creating a successful textural progression or what he calls a 

living structure.  

„The Piano and Libeskind examples show idiosyncratic modernistic 

forms… which are not suitable as a source of schemata for living 

structure‟ (Alexander 2002b, pp.440). 

 

 
Figure 4.20: Some avant-garde examples of architectural language in the twentieth-century 

creating fabricated structure, not living structure. Daniel Libeskind‟s Felix Nussbaum 

Museum in Osnabruck (left), Renzo Piano‟s Center for Science and Technology in 

Amsterdam (middle), and Frank Gehry‟s New Guggenheim Museum in Bilbao (right). 

(Left and middle, Alexander, 2002, pp.439-440; Right, Jencks, 2002, p.239) 

 

Alexander (2002) argues that even some of the attempts by modernist and 

postmodernist architects to create organic architecture are likely to fail. In the 

Community Center in New Caledonia (figure 4.21), for instance, the forms very 

roughly resemble (in outward shape only) their foreground natural context – a self-

similar branching structure – however, „its characteristics … still does not correct the 

essential problem, the lack of unfolded geometry‟ (Alexander, 2002b, pp.400-401). 

According to Alexander (2002b), „unfolded geometry‟ means that their forms are not 

generated in a step-by-step adaptation process which accepts changes over time. 
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Figure 4.21: Community Center, New Caledonia, Designed by Renzo Piano, 

Seemingly organic architecture, but can not considered as fractal architecture. 

(Alexander, 2002b, p.441) 

 

A typical problem in modern architecture is that forms are not generated but 

„fabricated‟ (Alexander, 2004). In short, a building or an urban space, which contains 

only one feature of complexity (e.g. self-similarity) but does not fulfil other aspects, 

cannot be considered as fractal architecture. In the following section, the research 

attempts to establish some features by which, a piece of architecture or an urban space 

can be evaluated as being fractal.  

 

4.1.3.2 The key features of fractal architecture: 

A number of theorists have suggested a list of properties to define the term „good 

architecture‟ – e.g. Ruskin‟s (1903, pp.159-188) 8 rules for composition, Jencks‟ 

(1997, pp.167-170) eight criteria for architecture, and Alexander‟s (2002a, pp.143-

242) 15 fundamental properties for living structures. However, none of the experts in 

fractal theory have yet provided an integral list of criteria by which the term “fractal 

architecture” can be explicitly defined. The list of criteria suggested in this section is 
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not claimed to be comprehensive, but is intended to distinguish a fractal architecture 

from a non-fractal one. 

 

Criterion 1 – Integrity and Multiplicity: A small number of elements cannot make 

complexity (see Chapter Three, section 3.2.2.1 for details). A fractal form exhibits 

complexity and its complex form is composed of a large number of elements from 

large to small scales. „Its elements are impossible to count‟ (Crompton, 2002, p.459). 

Its complexity is revealed gradually – more and more detail and elements appear – as 

one gets closer. However, this multiplicity is not anarchic but follows an integral 

structure obeying some certain rules, which create similar patterns – fractal patterns. 

This echoes Ruskin‟s (1904) advice about good composition with scaling rules (see 

figure 4.8 in section 4.1.1.2). He suggested that an ornament or a building should be 

designed in a way that it is meaningful when seen at long, intermediate, and close 

range (see also Chapter Two, section. 2.1.3.2). This is only possible by applying 

details at different scales so that considerable numbers of elements work together in an 

integral whole. 

   

Criterion 2 – Self-similarity/Self-affinity: This is the most familiar feature of fractal 

complexity, which the previous chapter discussed using a range of examples. Fractally 

designed objects contain self-similar patterns repeating at different sizes and scales. In 

other words, their small, medium, and large elements are proportional to the whole, 

following some mathematical or geometrical rules which create a logical hierarchy in 

form and structure. As Ruskin (1903) suggested, it is exactly what a good composition 

calls for – „an orderly succession to a number of objects more or less similar‟ (Ruskin, 

1903, vol.15, p.170). This also responds to Alexander‟s idea of „levels of scale‟. 
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However, self-similarity might be mistakenly described as rhythm, proportion, or 

simple repetition. Many successful architects apply some proportional order in their 

designs – for example „the modulor‟ concept of Le Corbusier obeys rules of proportion 

(see the discussion of Le Corbusier‟s human scale in Ching, 2007, p.318). But they are 

not self-similar; they are more self-same. Simple repetition creates monotony, while 

self-similarity leads to variations while retaining overall integrity. However, this 

criterion alone is not enough to create a fractal space.    

 

Criterion 3 – Fractality (the degree of physical complexity): Chapter Three suggested 

that fractal shapes show higher geometrical dimensions than straight lines and pure 

shapes in Euclidian geometry. A fractal shape does not lose its complexity when 

perceived at closer distances (e.g. the Robie house, figure 4.2). However, some 

seemingly complex forms demonstrate flatness if observed at smaller scales (e.g. 

Federation Square, figure 4.19). Fractality is, of course, a matter of extent. One fractal 

shape may exhibit a higher level of complexity than another. Therefore, the calculation 

of fractal dimension provides the most legitimate and accurate method for assessing 

the degree of physical complexity (fractality) of an object. It can be measured by one 

of the methods introduced in the previous chapter (see also appendix B). 

  

Criterion 4 – Hierarchies of connections: There is a rank-size distribution in fractal 

objects in which large elements are less in numbers as compared to small elements but 

are more complex as formed by the combination of sub-elements (see Salingaros 1999, 

2005; Chen and Zhou, 2004). The complementary elements of roughly the same size 

are coupled strongly to form an element of the next-higher size. In this sense, in a 
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fractal object, hierarchy is a power law relationship between elements with different 

sizes, which creates the whole. Batty and Longley state that: 

„Hierarchies generate power laws and that power laws are one of the 

bases of fractal geometry‟ (Batty and Longley, 1994, p.52). 

 

Different types of connections tie elements of different sizes together, so that every 

element is linked to every other element. The stronger connections are local (close 

range) ones. Connections might also be between internal sub-elements of distinct 

groups, but they might be weaker than the elements in one group. Figure 4.22 

illustrates two types of hierarchy, a tree-like pattern and a semi-lattice pattern. The 

latter generates power law relationships which usually occur in complex fractal 

patterns (see also section 3.2.2.11, figures 3.12, 3.13). 

 
Figure 4.22: The tree like (left) and semi-lattice (right) hierarchies. 

The latter occurs in complex patterns. (Alexander, 1965; the figure 

reproduced in Batty and Longley, pp.53-54) 

 

Alexander‟s (2002a, p.151) property of “strong centres”, and Ruskin‟s (1903, vol.15, 

p.164) “law of principality” also imply the importance of hierarchical relationships. 

Both advise that designers should arrange their material so that one element would be 

more important than the rest, and that the others would group with it in subordinate 

positions. Thus, in order to conceive the coherence and the congruence of any design, 

the structural hierarchy of its components must be clear and correspond with that of the 

whole object in the eyes of the viewers according to the multi levels of conditions and 

the circumstances of magnification (changing the scale). 
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Criterion 5 – Change over time/space: Changing character and size can be seen in 

many fractals. According to Ruskin (1903, vol.15, p. 171), „if there is no change at all 

in the shape or size of the objects, there is no continuity; there is only repetition. It is 

only the change in shape which suggests the idea of their being individually free… 

from the law that rules them, and yet submitting to it‟. Crompton (2002, p.457) 

referred to Ruskin‟s (1903) rules of composition and stated that it is the essence of a 

fractal that it cannot be simply periodic.  The simple formal repetition results in an 

array of self-sameness while the small changes create self-similarity/self-affinity. 

 

The processes of creating a fractal object accept change over both space and time. The 

change over space in a fractal architecture means that the designer provides the 

observer who explores the building from inside and outside with a variety of 

perspectives. In other words, „elements of e.g. a façade – columns, capitals, base, 

architraves etc – can be grouped in a way that there is more than one equivalent 

interpretation presented to the observer‟ (Meiss, 1991, p.45). An example of this 

quality can be found in the Eurhythmics Center designed by Enric Miralles (figure 

4.23, right); the resulting sections reveal a sequence of varying perspectives as one 

walks from section A to G and H to P. 

 

However, the change over time means the user of the building or, in the case of a city, 

the people who use the city space, can change some parts of the original design in 

order to adapt it to new needs (see also unfolding property suggested by Alexander, 

2002b, pp.300-322, 400-401). Time has an important role in the degree of complexity 

that a building or an urban space demonstrates. Having referred to Victor Hugo‟s 
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statement, “Time is the architect”, Jencks (1997, p.74) wrote that that the details which 

were added over time would give „organizational depth‟ to that space. 

 

In Chartres Cathedral, for instance, change was allowed after two destructions by fire, 

which is very obvious in its two spires; one belongs to the Romanesque period and the 

other was built later in the Gothic style (figure 4.23, left). Furthermore, the cathedral 

was not built in a day; it took one hundred and fifty years of concentrated passion of 

many building campaigns to create layers of details at the building‟s different scales. 

More examples can be found in places that were renovated or even converted to adopt 

new functions. In fact, if a building or an urban place can adapt to a new situation and 

can serve many different purposes over time, it lives more, and thus contributes to its 

sustainability – (see also the quality of “robustness” in urban design terms; Bentley et 

al, 1985). If not, it will inevitably die after a few years of use. 

 

 
Figure 4.23: An example of change over time, Chartres Cathedral‟s spires, France (left). 

An example of change over space, the plan, and sections of Eurhythmics Center, Alicante, 

Spain, designed by Enric Miralles (right). (Left, Bony, 1983, p.97; Right, Jencks, 1997, 

p.174) 
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To sum up, it can be claimed that a piece of architecture or an urban space can be 

evaluated as fractal, if its fractal dimensions remain high at different scales of 

observation and the components of its hierarchical structure obtain more if not all of 

these features: “integrity and multiplicity”, “self-similarity”, “hierarchies of 

connections”, and “change over time/space”. To maintain the focus, this research will 

not go beyond this point. Further research would be needed to explore the idea of 

fractal architecture to make valid evaluations possible.  

 

 

4.2 Part Two: Fractal City; Applications of Fractals and 

Complexity Theory in Urban Planning and Design 

The first part of this chapter discussed the applications of fractals and complexity 

theory in the field of architecture. The literature related to the theory of fractal cities 

will now be reviewed. The literature review revealed three themes in which the 

applications of the complexity theory could be identified: a) conceptualizing city 

complexity, b) simulating city complexity, and c) measuring city complexity. 

Reviewing all of these in detail is beyond the focus of this research. However, it is 

essential to explore briefly each of these themes in order to understand the nature of 

urban evolution, in terms of the title of this thesis. 

 

Therefore, this part comprises three main sections. In the first section, complexity in 

planning and design is conceptualised by highlighting the essence of the transition 

from conventional planning (top down land-use policy and planning) to complex 
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systems planning (bottom up fractal base planning). The weaknesses of traditional 

planning approaches in the 20
th

 century will be outlined to show how the new views 

based on complexity theory may change the way we plan and design our cities. Later 

in this part, the core idea behind fractal cities will be discussed as applied in city 

simulation and urban measurement. The second section introduces some basic 

simulation models, and the third section will focus on measuring urban complexity as 

it contributes to the empirical stage of this research.  

 

4.2.1 Conceptualizing city complexity  

In chapter two, the failures of conventional (Euclidian) geometry in analyzing city 

form and change were discussed. By identifying the features of complexity and their 

analogues to urban systems in chapter three, it was argued that cities should be viewed 

as complex systems. In this section, the literature will be reviewed to argue that 

conventional theories in planning and design have failed to understand the complex 

nature of cities, and therefore, the methods taken from such views and implemented in 

practice today have also failed to achieve their goals in predicting and controlling 

effectively urban shapes and behaviours.  

 

Mashhoudi (2007, p.55) argues that humankind‟s efforts through history in designing 

new urban settlements have always raised a significant question. “How can one 

person or a group of people control the change or decide on the shape of a city that is 

supposed to accommodate numerous people with a wide variety of activities for a 

long time, while having an efficient system?” According to Shane (2005, p.305): 

„The belief that one person can control a whole city or urban situation, 

marks a crucial difference between Modernist designers (who affirmed it) 
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and postmodernist designers (who do not)…. The attempts of the 

structuralist and rationalist designers to construct a language of urban 

architecture that included all the traditional elements of the city as a 

Newtonian clock coordinating the universe by simple laws – all organized 

around an unanswered question of control.‟ 

 

The utopian blueprints prescribed in the last century to encompass the distinct features 

of societies in order to control urban change have been the main goal of contemporary 

master planners. Cilliers (1998, p.112) who also rejects the validity of utopian 

approaches, states that: 

„Whether or not we are happy with calling the times we live in „postmodern‟, 

there is no denying that the world we live in is complex and we have to 

confront this complexity if we are to survive, and, perhaps, even prosper. The 

traditional (or modern) way of confronting complexity was to find a secure 

point of reference that could serve as foundation, a passe-partout, a master key 

from which everything else could be derived. Whatever that point of reference 

might be – a transcendental world of perfect ideas, the radically sceptic mind, 

the phenomenological subject‟. 

 

Cilliers (1998) believes that following such a strategy constitutes an avoidance of 

complexity. In fact, the obsession to find one essential truth blinds us to the bottom up 

self-organising nature of complexity. The core discussion here is that the notion of a 

“top down controller” is simply impossible given the degree of complexity that 

modern cities manifest, and thus any successful control must probably operate from 

the bottom up. The chief consequence of this bottom up revelation, according to Shane 

(2005, p.305), is that there will be „no longer a place for a master plan or a master 

planner‟.   

 

Jacobs (1961) is one of the first theorists who attacked modernist city planning and its 

solutions in which idealistic orders of blueprints are prescribed. She argued that this 

kind of planning, which treated the city as a machine, could not handle the nature of 
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the city as “organized complexity”. Even 45 years after Jacobs wrote „The Death and 

Life of Great American Cities’, it remains the classic book on how urban planners and 

their linear simplistic models have destroyed functioning cities. It is widely known for 

its incisive treatment of those who would tear down functioning neighbourhoods and 

destroy the lives and livelihoods of people for the sake of groundless but intellectually 

appealing modernistic utopian ideas. Shane (2005, p.307) argues that „even Lynch 

(1981), who was critical of modernism, retained the modernist planners‟ overview, 

drawing beautiful sketches of views from 30,000 feet and helping by his diagrams 

eradicate Boston‟s red-light district in Scollay Square‟. The modernists‟ notion of “top 

down land use planning” and their “linear-equilibrium urban models” still dominate 

city planning in practice (see Batty, 2007; Verburg et al, 2004; Briassoulis, 2008; 

Byrne, 2005). 

 

The idea of controlling city changes through deterministic and top down oriented plans 

was the modernist planners‟ solution for the poor living conditions of the industrial 

cities of the 19
th

 century. In the last century, the science of planning responded to city 

problems through two major transitions (table 4.4). In the first half of the 20
th

 century, 

the prominent view was of the “City as a Machine” (the first transition) and the 

prevailing view in the second half was of the “City as a System” (the second 

transition). In the following sections, these two transitions should be addressed in 

order to highlight the failure of top down planning approaches. It will then be 

discussed how the science of complexity can make the third transition in terms of 

bottom up complex systems planning (see also table 4.1, the sections related to 

planning at regional and city scales).  
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Planning 

in 

Transition 

Transition 1 Transition 2 Transition 3 

City as Machine City as System City as Complex 

System 

1900s-1950s Howard (1989, 1902) 

Geddes (1915) 

Jeanneret – Le 

Corbusier (1929) 
Bauer (1934) 

Mumford (1938) 

Stein (1951) 

 

  

1960s-1980s 

 

Osborn et al (1965) Lynch (1960,1981)  

Crane (1966, 1977) 

McLoughlin (1969) 

Chadwick (1971) 

Faludi (1972) 

Dennis (1970, 1972) 

 Davies (1972) 

 

 

Jacobs (1961)  

Alexander (1977, 

1987) 

Chadwick (1977) 

Batty (1985) 

1990s-2000s  Alexander (2002, 

2004) 

Batty et al (1991, 

1992, 1994, 1995, 

1999, 2005, 2007, 

2008) 

Byrne (1998, 2001, 

2003, 2005) 

Briassoulis (2000, 

2008) 

Cooper (2000, 2003, 

2005, 2008) 

Cilliers (1998) 

Hamdi (2004) 

Healey (1997, 2003) 

Marshall (2009) 

Mashhoudi (2007) 

Portugali (2000) 

Wilson (2000) 

Table 4.4: Planning transitions in the 20
th
 and 21

st
 centuries and some key 

references of each period. 

 

4.2.1.1 Transitions in urban planning and design 

4.2.1.1.1 City as a Machine - Planning transition I: 

„The city as a machine can grow, and it can do so in generally predictable 

directions and in large, mechanical increments‟ (Shane, 2005, p.46). 

 

From the early years of the twentieth century, the trend of urban planning (particularly in 

the UK and US) was towards comprehensive plans with certainty, under the influence of 
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pioneers such as Ebenezer Howard and Sir Patrick Geddes (Hall. The proposition of the 

utopian concept of the “Garden City” was, in fact, a reaction to the poor living conditions 

of industrial cities in the 19
th

 century. Byrne (1998, pp.141-142) states that the blueprint 

suggested by Howard was based on the idea that „land use planning was an effective 

mechanism for achieving physical health through separation of people from pollution, a 

notion of considerable contemporary relevance in the late 20
th

 century‟. Based on 

Howard‟s (1898) idea, the growth of a metropolis (e.g. London) should be halted by 

repopulating the countryside and building self-sufficient settlements around the main city. 

„These settlements were to have much open space; their economic and social structures 

were to be controlled‟ (Larkham, 1991, p.42). They were to be connected by tramway 

and high-speed train systems, and the location and the size of every land use were to be 

determined such as: 

 Industry, schools, housing, greens, etc – each in its own allocated areas as planned 

 Commercial, club, and cultural places – usually in centre(s) 

According to the theory of the garden city, each of these small towns was to be of a 

certain size encircled with a belt of green agriculture. The green belt was to be managed 

to prevent it from ever becoming urbanised. The town, in its totality, was to be 

permanently controlled and protected by the public authority to prevent speculation or 

supposedly irrational changes in land-use, population, density, and size – the maximum 

population, for instance, was to be held to 32,000 and 58,000 inhabitants for each of the 

small towns and the central older city respectively (see Osborn and Mumford, 1965). 

Geddes (1915) extended Howard‟s concept to the planning of whole regions. Under such 

regional planning, garden cities would be rationally distributed throughout large 

territories, merging with natural resources, balanced against agriculture and woodland, 

forming one logical whole (Welter, 2002). 
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The ideas of Howard and Geddes were followed by many planners and designers during 

1920s and afterwards, such as Lewis Mumford, Clarence Stein, Henry Wright, and 

Catherine Bauer. Even planners with no particular interest in the idea of the garden city 

were intellectually governed by underlying principles of the garden city (Jacobs, 1961). 

The most radical mechanistic idea of city planning was suggested by Le Corbusier in the 

1920s. In his dream city, the Radiant City, he proposed a vertical version of a Garden 

City, an idea of skyscrapers and super-blocks within a great park (figure 4.24). In Le 

Corbusier‟s vertical city, all social and spatial elements were determined: 1200 

inhabitants per acre, the land occupied by high density skyscrapers mainly 

accommodating low-income people, high-income people would be in lower, luxury 

housing around courts, and the ground level left for restaurants and theatres, etc. Most of 

the ground could remain open for green space and transportation including great arterial 

roads for express one-way traffic.  

 
Figure 4.24: The sketch for the centre of Paris proposed by Le Corbusier based on his 

theory of the Radiant City. (Jeanneret, 1929, pp.174, 175, 200, 280) 
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Jacobs (1961) claimed that up to the mid-20
th 

century, an increasing number of housing 

reformers, zoning planners, highway planners, legislators, land-use planners, and 

modernist architects popularised such simple mechanistic and easily comprehensible 

ideas of super-blocks, project neighbourhoods, and the unchangeable plan. The result, 

in fact, was „anti city planning‟, she argued: 

„the mechanistic way in which cities were conceived and planned was 

entirely counter to the diversity that made up vibrant and living cities, with 

the result that post-war urban planning (and modern architecture) were 

killing the heterogeneity and diversity that characterized urban life‟ (Jacobs, 

1961, pp.21-22, also quoted in Batty, 2007, p.7). 

 

 

It was, in fact, a mechanistic and Laplacian version of urban planning in which the 

future would be predicted and determined if comprehensive research was undertaken 

on the past and the present. Batty (2007) referred to Jacobs‟ statements and marked the 

failure of such superficial mechanistic view of modernist planners. He pointed out, „In 

the mid-20
th

 century, the prevailing view of society was one which treated social 

structure akin to the way machines functioned... the metaphor of the city as a machine 

ignored self-determination and was only barely applicable in the most cursory ways to 

social problems‟ (Batty, 2007, pp.3-7). Norman Mailer described the image of 

American cities in the early 1960s as: „the runway destruction and development 

creating empty landscapes of psychosis‟ (quoted in Jencks, 1997, p.77).  

 

4.2.1.1.2 City as System - planning transition II: 

Before the mid-20
th 

century, it was believed that the city must be designed in a specific 

area and its future expansion must be controlled. With the influence of systems theory 

in the 1960s, predicting the growth and change in activities of cities as the main 

intention of traditional urban plans became obsolete. The concept of dynamic systems 

theory motivated planners to revise traditional urban planning. In Britain, for example, 



Chapter Four: The applications of complexity theory and fractals 

 

www.fractalmorphology.com 170 

„the approach sustained by developments in planning theory and method was 

popularised in various texts such as McLoughlin‟s (1969) Urban and Regional 

Planning: A System Approach, Chadwick‟s (1971) A Systems View of Planning, 

Faludi‟s (1972) Planning Theory and so on‟ (Batty, 2007, p.7).  

 

The systems approach can be considered as the second transition in planning in the 20
th

 

century. The former methods – in which master plans, with their architectural projects 

were fixed – were replaced by “plans with policies” to provide more flexibility to the 

way in which cities were developed in the future. Byrne (1998) marked this as an 

important, logical, and practical progress in planning: 

„The move in the post-Second War period towards a system conception of 

planning, embodied in the UK‟s planning system by a shift from “map-

based land use” planning to the “document-founded structure plans”, was a 

perfectly logical development of planning as practice‟ (Byrne, 1998, p.142). 

 

The aim of designing new cities was to create a system that would easily encompass all 

the activities of numerous people, while having the power to be flexible in favour of 

the dynamic concept of a city. New issues such as structural theories and systems 

theories contributed to the understanding of the city as a system in a new way, where 

numerous subsystems interact to create the whole. Based on this view, urban design 

and planning were aimed at predicting the structure of a city that could accept growth 

and change. A revision in size and capacity can be seen in the cities designed after the 

Second World War - especially in the UK (see Larkham, 1997, 2003, 2008). „In 

designing the new city of Milton Keynes with a free-economic system, the goal was to 

create a structure with the maximum capability for flexibility and development‟, and 

„the designers of Islam Abad and Saadat city followed this aim too‟ (Mashhoudi, 2007, 

p.56).  
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According to systems planning, the city was no longer viewed as a simple element 

with a clear definition. In designing a city, a system was discussed as being flexible, 

expansible and without former traditional limits. Thus the structural approach to 

systems discarded the method, which took the city to be complete and outlined every 

element. This new view of the city inevitably changed the principle of urban planning 

and how goals must be achieved. Design and change in this view should obey a 

hierarchical structure. Therefore, planners set up some priorities in order to maintain 

and enhance the main structure of the city and to develop other parts in more flexible 

but still in a coherent way according to the whole structure.  

 

In 1977, „David Crane proposed that urban designers and planners priority should be to 

create first the public element of a city (the element in which the public sector will 

invest). These elements and the factors that are controlled by the public sector, will 

then guide the activities and the factors of the private sector, which stand at a lower 

hierarchical level‟ (Mashhoudi, 2007, p.57). This made the distinction among elements 

that play a structural role in the city. The goal was to define a systematic and 

hierarchical relationship among structural elements by which any change or evolution 

in any other element of the city is to correspond to the construction of whole system 

structures and become harmonious with the main structure.  

 

4.2.1.1.3 Advantages and limitations of systems planning: 

Indeed, as soon as the systems approach was articulated, its limits became evident – in 

both the spatial and social urban aspects. From the social point of view, it ignored the 

rationality which interpreted working-class action (local) as the basis for the universal 

progress in a city (global). Byrne (1998) argued that despite systems planning claiming 
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to assert value neutrality, in practice it served capitalist development interests – those 

involved in the construction and development industries. From the spatial point of 

view, this approach thinks of cities as systems in “equilibrium” with planning aimed at 

maintaining this equilibrium (Chadwick, 1971). This clearly conflicted with 

innovation, competition, conflict, diversity and heterogeneity; all hallmarks of 

successful democratic city life which led us to the new paradigm of “complexity 

theory” (Batty, 2007).  

 

In theory, planners as engineers were aware of the potential of systems theory; 

however, in practice, they usually took up more simplistic and linear models of the 

systemic approach where they were generally incapable of directing spatial 

understanding and social evidence in the formation of objectives. According to Batty 

(2007), casting most urban problems into such narrowly defined domains was simply 

not sensible and feasible, and much of our understanding and their planning remained 

beyond the systems approach. 

  
„Intellectually too, it was clear that what had emerged was a rather narrow 

view of the way systems behaved: most systems were not in quiet and 

passive equilibrium but in turmoil much of the time while the idea of 

evolution to new conditions implying different structures and behaviours 

was simply beyond this kind of thinking‟ (Batty, 2007, p.7). 

 

 

However, the system-based structure planning process was not a disaster as it had a 

representative democratic element, a considerable element of public consultation, if 

not participation (see Dennis 1970, 1972; and Davies, 1972). „The planning disasters, 

which played an important part in the discrediting of planning as part of collective 

intervention, were largely the work of simplistic architects and road engineers, both in 

partnership with civil engineering capital‟ (Byrne, 1998, pp.142-143, see also Hall, 
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1980). In summary, the main advantages and limitations of systems planning can be 

outlined as: 

 It demonstrated some democratic elements in terms of public 

consultation – but not public participation. 

 It considered the free interaction of subsystems generating flexible local 

forms as private elements – but only within a hierarchical framework of 

relationships with the public elements as the main structure of an urban 

system, in which their positions should be predetermined. 

 It revised fixed land use-based master plans to more flexible policy-

based master plans – but still through the top down view with 

predictable outcomes, trying to keep the system in equilibrium (within 

certain targets). 

 

In designing a city, a system was discussed as being flexible, expansible and without 

former traditional limits. In this sense, it can be claimed that the systems approach was 

a more realistic version of master planning. Nevertheless, its overall view remains the 

same following top down deterministic logic. 

 

4.2.1.1.4 Planning in the conventional top down approach:  

In fact, from the Renaissance to the Modern Era, rationalism and utopian ideas have 

been dominant (Cilliers, 1998). The idea that urban form and function could be 

„controlled‟ and „planned‟ to meet certain goals and targets was a natural extension of 

such logic. Absolutism of modern science and the persistence of rationalists and 

structuralists in obtaining a certain, definite, and the unchangeable image for the laws 

of existence became the base for studying the city in the 20
th

 century. The most 
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common fact in mechanical rationalism (the first transition) and systematic 

structuralism (the second transition) is that both have a top down routine.  

 

The city planners of the 20
th

 century tried to imagine conversation between urban 

factors from a top down perspective and to create overall structures to serve local 

actors‟ needs. The top down routine sometimes has political expediency – particularly 

in developing countries. In such cases, the plan will not have a practical purpose; 

hence obviously it does not serve local actors‟ need at all. However, even in the cases 

where top down planning follows practical purposes, mostly it cannot satisfy the 

ground problems at local level. It can be claimed that the conventional planning is a 

long process short on product, despite the demand from most poor people for the 

opposite (see Byrne, 2003; and Hamdi, 2004). That is one of the fundamental problems 

of top down master planning. The following example given by Hamdi (2004) describes 

what is usually happening in conventional planning practice: 

 
„…somewhere along the way a few projects will have got started – some 

housing will have been built, a road, a clinic, an upgrading project or two or 

an outmoded sites and service project – but not enough to make a real 

difference because, by the time you have done all planning and thinking, you 

will have probably run out of money anyway for the doing. In any case, in the 

time it has all taken, the government will have changed, the international 

/national focus will have moved on to some other new agenda of priorities, the 

cease fire amongst warning factions will have been called off and your 

favourite mayor will have been moved on or been displaced. And probably, in 

the time it has all taken, the problem on the ground at local scale will have 

changed or disappeared or managed by local people in their desperation, and 

other problems will have appeared. Local problems and issues will, therefore, 

be reshuffled and redefined to fit the strategy plan which, by this time, will be 

too expensive or too difficult to change‟ (Hamdi, 2004, p.104). 

 

After all, if master planning, in its conventional top down routine, is not working 

properly, then, the principal question is “where is planning best placed?” (Hamdi, 

2004) In chapter three, it was concluded that cities demonstrate the characteristics of 
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complexity, and therefore, they are to be studied and treated as complex systems. Batty 

(2007), Briassoulis (2008), and Byrne (2003) clearly state that a clear planning 

transition is taking place away from classical thinking (positivism, reductionism, linear 

and static worldviews) towards complex systems thinking  (alternative epistemologies, 

holism, nonlinear, and dynamic worldviews, which are all the hallmarks of complexity 

theory). In fact, this is „the concentrated action of millions of individuals and agencies 

that generate structures of complexity that are virtually impossible to manage, control 

or redesign from the top down‟ (Batty, 2007, pp.3-4). 

 

4.2.1.2 City as complex system (planning transition III) 
 

Cities should be identified, understood, and treated neither like 

simple mechanical systems nor like disorganised complex systems, 

but as „organized complexity‟ (Jacobs 1961, p.434). 

 

 

From the two earlier transitions, urban planning, as a science, has been significantly 

developed to serve many aspects of city life. However, it has not yet coped with the 

uncertainty and intrinsic complexity of the city system. Despite the recent theoretical 

developments in understanding of urban complexity, the linear top down planning 

approach with absolute authority over the time-place dimensions – inherited from the 

last century – is still dominant in practice. This approach would reduce the complexity 

and dynamics of the urban systems to a series of “static slides” designed once with 

certainty (certain targets), and this would be far from the fact that cities are not systems 

in equilibrium (Bak and Sneppen, 1993; Bak, 1996).  

 

Planning practice, therefore, calls for another transition responding to the dynamics of 

the complex city system. The third transition suggests that views of planning must 
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change from the city whose physical form and function can be determined, designed 

and manipulated (the city system in equilibrium) to the city whose temporal and spatial 

characteristics is far from equilibrium (the city system in fragile equilibrium). „This is 

a switch from thinking of cities as being artefacts to be designed to thinking of them as 

systems that evolve, that grow and change in ways that might be steered and managed 

but rarely designed from the top down‟ (Batty, 2007, p.3).  

 

4.2.1.2.1 Planning as a complex bottom up approach: 
 

„[cities] are to be viewed and manipulated like a living systems with the 

implication that life, hence city form, emerges from the bottom up following 

the Darwinian paradigm of evolution‟ (Batty, 2007, p.9). 

 

Since the late 1980s, there has been a growing trend towards complex systems 

planning (see table 4.4) suggesting a radical shift from top down and centralized 

structures of government and management to much more decentralized organizations 

(see in particular, Batty, 2005, 2007, 2008; Byrne, 2001, 2005; Briassoulis, 2000, 

2008; Healey, 1997, 2003). These writers suppose that effective actions and decisions 

come from the individuals and agents who respond to their environment and each 

other, competitively and collaboratively from the bottom up. Therefore, urban planners 

and designers have been advised to shift their focus from top down control to bottom 

up. The main challenge, however, is “how?”  

 

 

There are two views about how such a shift should be applied to planning. While the 

radical approach is based on a complete abandonment of top down control, the 

moderate approach suggests an active planning, somewhere between the bottom up 

and top down processes of decision-making.  Nevertheless, both approaches follow 



Chapter Four: The application of complexity theory and fractals 

 

www.toofanhaghani.com  177 

very similar principles, but with a different emphasis. While the first group emphasizes 

chaos theory and transitions from order to emergent chaos (e.g. Cartwright, 1991; 

Byrne, 1998, 2003; Shane, 2005), the second group emphasizes complexity theory and 

the importance of transitions from chaos to complex order (e.g. Cilliers, 1998; Hamdi, 

2004; Batty 2005, 2007; Mashhoudi, 2007).  

 

The first group of proponents of the complexity theory deny the validity of 

comprehensive approaches in terms of master planning or other authoritarian 

centralisms and instead emphasized on a kind of „incrementalism‟ as the only 

appropriate planning approach. In fact, This first group reject the need for an overall 

control in terms of „master plans‟ in a belief that cities are to be controlled only 

through the bottom up logic.  Cartwright (1991) and Shane (2005) showed such a 

belief in the following statements: 

„With hindsight, we can see the post-structuralist and deconstructivists were 

right to describe the city as a chaotic situation of competing systems…. The 

chief consequence of this revelation was that there was no longer a place for 

a master plan or a master planner. The complexity of city‟s various 

autonomous systems, each with its own logic, meant that nobody could 

coordinate everything‟ (Shane, 2005, p.305). 
 

 
„On an incremental or local basis, the effects of feedback from one time 

period to another are perfectly clear. This is a powerful argument for 

planning strategies that are incremental rather than comprehensive in scope 

and that rely on a capacity for adaptation rather than on blueprints of results‟ 

(Cartwright, 1991, p.54). 

 

To incrementalists, planning will have been calling for “public participating”, “self-

regulating”, and “self-policing” strategies, which are emerging from bottom up 

processes, resulting in a flexible matrix of possibilities to operate without central 

control. David Byrne, who has investigated the application of complexity theory in 

social engineering an urban system, proposed a complex-based social model in which 
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the collective agency of free citizens as „the proper actor of democratic modernity‟ 

chooses a future that would be formed from the range of possibilities that might be. He 

wrote that: 

„An engineering of bottom up process applied to social sciences is based on 

understanding of how things became as they are and simulation of how they 

might be in the future‟ (Byrne, 1998, p.167). 

 

According to Byrne (1998, p.143), „The condition space defines possibilities – the 

plural is crucial – planning is about which outcome is achieved…. This method is 

about alternatives; about different way in which things might be done in order that 

different sorts of futures might come into being. The following statements from Shane 

(2005) and Byrne (1998) show where this kind of approach to complex system 

planning may take us. 

The important thing about planning is that it is about choices and the 

important thing about chaos/complexity programme in relation to planning is 

that it provides a rational framework, which is not based on simplistic 

determinism but rather is explicitly founded on reflexive social action. …what 

is interesting is that a chaos/complexity perspective on the governance of 

cities suggests that mass participatory processes are not only morally 

preferable but actually represent the only process through which the 

achievement of unificational non-divisive urban forms may be possible…. It is 

perhaps where complex general system might take us – a decent sort of utopia 

after all‟ (Byrne, 1998, pp.142-143). 

 

„We can also see that this chaotic situation has an emergent logic of its own, 

produced non-centrally by actors designing systems across vast territories 

without regard for other‟s decisions, each adding their own system as a new 

layer to existing topography, historic structures, and landscapes…. Each actor 

follows their own logic, creating a life-world that is a mixture of the usual 

urban concerns: land and property, trade and market share, social and political 

position. Each actor forms their own hybrid priorities and sets goals in the face 

of competing actors, contesting for territory‟ (Shane, 2005, p.306). 

 

From this point of view, developments take place by successive and often incremental 

adjustments, and therefore, only bottom up control makes logical sense. They argue 

that local and global actors on the ground meanwhile create independent lines of 
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communication using their own logics, unimaginable by large-scale plans. While the 

view of this group asserts the bottom up planning process of competing actors as the 

only possible and valid approach, there is also another view on the implication of 

complexity theory for planning in which the need for overall top down controls is not 

completely rejected.  

 

The second group join with the first in rejecting the validity of top down conventional 

master planning and focusing on the bottom up. However, while the first group claims 

that the higher controls do not have any function, the second group believe that the 

control from the top down and bottom up should be considered side by side – with the 

emphasis on the latter. According to the second group, controls, whether local or 

global, are not to be imposed by the blueprints of a planner or a group of planners but 

from the bottom up through hierarchical control systems of individuals, groups, local 

communities, institutions, organizations, and governments.  

 

„No one would pretend that cities and societies only grow in competitive 

and uncoordinated fashion from the bottom up for individuals act in 

groups, they form institutions with governments of various kinds acting 

in top down fashion but at different levels…. Complexity theory just 

changes the focus from top down to bottom up, but with structure and 

order emerging as much, if not more, from the bottom up‟ (Batty, 2007, 

p.4). 

 
 

The supporters of the second view admit that actions for planning and developments 

must be taken at both local and global levels. However, they believe that this requires a 

hierarchy of levels of control in which some sort of top down and bottom up processes 

interact in a feedback loop to control and facilitate the process of change in city. 

„There is a need to drive imperative of rights, to connect practical work with strategic 
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work, freedom with order, small-scale organizations with large-scale organizations, top 

down coordination, and bottom up design‟ (Hamdi, 2004, p.93). This view recognizes 

the need for both opposites, not one or the other alone. 

 

4.2.1.2.2 Conceptual complex planning models: 

The conceptual complex planning models call for the features that constitute the city as 

complex system. In Chapter Three, the characteristics of complex systems and their 

analogies to this urban system were identified, including “Deterministic Chaos”, 

“Feedback”, “Sensitivity to Initial Condition”, “Limited Predictability”, “Emergence”, 

Self-organization”, “Adaptability”, “Hierarchy and Levels of Scales” and “Fractal 

Generated Patterns”. Any constructive attempts to apply complexity theory to planning 

and design have to acknowledge and incorporate these features not as epiphenomena, 

but as the constitutive elements of complex systems. These features are central to any 

complex urban modelling in its all related fields from physical/human geography, 

socio-economic studies to planning and urban design. Hamdi (2004) and Mashhoudi 

(2007) propose two conceptual planning models (Action Plan and Fluid Plan 

respectively) that define the role of planning in a way that serves both local and global 

actors. What follows is a summary of these two models. 

 

a) Action plan: 

The planning model suggested by Hamdi (2004) defines the planning role where it 

can serve both local and global actors in a cycle of a top down and bottom up process 

as opposed to the conventional planning model with only a top down approach 

(figure 4.25). 
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Figure 4.25: Above, the conventional planning; top down process of a number of decision 

makings which leads to conflict when it comes to implementation at local level. Below, 

the action planning; a balanced process of decision making from bottom up together with 

top down in which national and local processes control each other. (Hamdi, 2004, p.102) 

 



Chapter Four: The applications of complexity theory and fractals 

 

www.fractalmorphology.com 182 

In figure 4.25 (above) Hamdi shows the routine in conventional planning. As 

illustrated, following data collection and analyzing existing situation, objectives and 

priorities are set based on what planning deems necessary or desirable, or both, in the 

national or even global interest. The strategic plans then will be set up by a series of 

policies. It can be assumed that if good policies are made, good programmes will 

somehow follow. these policies aim to reflect the local needs. Then the larger order of 

structure will be designed first into which projects must fit, denying all the novelty 

discovered in the community (local scale). Such a process is top down. The 

relationship between the top and the bottom is awkward at best and is sometimes in 

stark and open conflict. All this is reinforced by the planning process itself. 

 

Instead, Hamdi (2004) suggested that the order of work can be reversed (figure 4.25, 

below). The loop of policy planning will then concentrate on problems, opportunities 

and priorities derived from the ground (Local scale). This will be on the assumption 

that the bigger picture, the larger order of plan or policy, if it is to serve the interests 

and needs of people, will derive from all small and successful initiatives going on in 

the community. „And so working with local counterparts, starting small and starting 

where it counts, we build up the larger plan for social enterprise and good governance 

based on new forms of mutual engagement, a revised policy of land tenure, a spatial 

structure plan of infrastructure development, etc‟ (Hamdi, 2004, 105).  

 

The planning model that Hamdi suggested is based on the fact that the larger plan is 

built up through bottom up processes associated with alternatives. The analysis of each 

alternative will reveal the gaps in our knowledge, an assessment, and provide a better 

understanding of what impacts we are likely to achieve, what harm it might do. This 
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may lead us to more targeted data searches or surveys that will better inform our 

planning about local problems, opportunities and local risks and that, in turn, may 

demand revisiting our goals and priorities and so on. The process is, therefore cyclical 

and Hamdi (2004) claims that it is more likely to lead us to a policy environment 

which is at once connected to issues on the ground and which facilitates emergence 

(bottom up processes), rather than determine the future.  

 

b) Fluid-plan: 

Mashhoudi (2007) also referring to the failure of conventional planning, suggests a 

conceptual fractal-planning model named the Fluid Planning Model. He claims that his 

model reflects the city complexity in which: 

„Firstly, the city will be viewed as a chaotic system with all its resulting 

features including, emergence, creativity, unpredictability, sensitivity to 

its initial conditions, etc; and sees disorder and uncertainty as a unique 

basis for order that stems from the complexities of the environment.  

 

Secondly, the new decisions are constantly made by citizens. Therefore 

the spatial system will itself receive input of conflictive data which needs 

interpretation by the system to be accepted as constructive (informative) 

or to be discharged as destructive (noise). 

 

Thirdly, the role of planners is interpreting the data which is collected 

from the interaction of individuals and society to recognize them positive 

or negative feedback. However, the final decision makers are not the 

planners, but the people. This is only possible by formulating a cognitive 

framework of subsystems‟ (Mashhoudi, 2007, pp.61-62). 

 

According to Mashhoudi (2007), a cognitive framework is a semi-topologic 

scheme of the city in clear layers to understand the qualities in the urban system as 

potentials for remaking and renewing the organization of the city. This framework 

can be used as an outlet to facilitate the flow of information between Macro-

systems and Micro-systems, in order to have a firm base for planning of the city. 

The Fluid Plan does not determine the functions and land use of the city; instead, it 
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presents some alternative images for the future of the city, without determining 

them as final. It allows information to flow between different hierarchical 

organizations. This increases the divergence of scenarios during planning and 

interactions‟ process of subsystems to achieve the optimum time-place situation 

(choosing the best option at the relevant time and place). Mashhoudi‟s (2007) 

model also includes two particular suggestions about urban morphology: 

 

1- Eliminating unrealistic official borders and Euclidian boundaries 

that separate the areas, district, and regions, instead, drawing a 

map based on its real morphological qualities. 

2- Asserting qualitative/quantitative structural laws as fractals in 

order to create flexibility as well as composing shapes and forms 

without imposing a simplistic view (e.g. reductionism) on the 

innate complexity of the urban environment. 

 

While the systems approach of the late 20
th

 century suggested “public consultation” as 

part of the planning process, both Hamdi‟s action-plan and Mashhoudi‟s fluid-plan 

emphasise public participation. However, their models are very rough and still at very 

conceptual level. They did not elaborate how the models might work in practice. 

Nevertheless, both models certainly demonstrate some of the main features of the 

complexity approach such as processing data from the bottom up, which are essential 

for a “constructive realism” – as Mashhoudi (2007, p.59) noted: 

„The complexity theory signifies the active chaotic urban system as 

an independent and open organization, opposing to the certainty of 

utopian views. Hence, “constructive realism” can provide a firm 

basis for the natural growth of the city and individual and social 

dynamics.‟  
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4.2.2 Simulating city complexity: 

 
„Computer-based simulation modelling, e.g. Cellular Automata (CA), is based 

on a precise recognition of the non-linear character of city systems. It provides 

a new systems-founded rationalism in planning as a process‟ (Wyatt, 1996, 

p.650). 

 
In a world where global interventions fuse in subtle and diverse ways with 

local action, CA (Cellular Automata) looks like a paradigm for the 21
st
 

century, resonating with everything from the postmodern mathematics of 

fractals and chaos to the cry of development theorists „Think globally, Act 

locally‟ (Batty, Couclelis, and Eichen, 1997, pp.160-161). 

 

Since the 1980s a number of different simulation models have been suggested based 

on the features of complex systems such as CA (e.g. Couclelis, 1985, 1988, 1989; 

Phipps, 1989; Cecchini and Viola, 1990, 1992; Wu, 1996; Batty et al, 1994, 1998, 

2005), DLA models (e.g. Kadanoff, 1986; Bunde and Havlin, 1991; Batty et al, 1994, 

1997, 2005), Correlated Percolation (CP) models (e.g. Makse et al, 1995; Peterson, 

1996), CAST (Jankovic  et al, 2005), and so on. The main feature of all simulated 

urban models is that the algorithms of such models should allow bottom up data 

processing. The cells are usually conceived as occupying spaces with processes for 

changing the state of each cell through time and space. This means that data and 

choices run through by cells, with their positions and relationships, are not determined 

in advance. Conventional models, however, largely determine the scenarios that 

involve top down intervention. The other important feature of such simulative models 

is termed dynamic interaction. Change in one cell cascades across the city to many 

other cells, largely uncontrolled from outside. In other words, changes in one part of 

city have an impact on other parts.      

 

The most famous simulation models are known as Cellular Automata (CA) dated back 

to the very beginnings of digital computing in the early 1950s. Turing (1952) and von 
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Neumann (1966) who pioneered the notion of self-reproducible machines suggested 

that „organic development might be susceptible to computation‟ (Batty, 2005, p.67). 

Their ideas inspired many computer experts and mathematicians including John 

Conway (reported in Scientific American by Gardner, 1970) whose model, “Game of 

Life”, combined all notions of CA and simulated the key element of self-reproduction. 

According to him, life could be modelled on an infinite grid of cells, those which were 

active or alive being subject to a series of local rules pertaining to the birth of new cells 

and the death of existing ones. 

 

Conway‟s Game of Life model was then developed by a number of other researchers. 

„Tobler (1979) argued that CA could be applied to geographic investigation, Couclelis 

(1985, 1988, 1989) has used CA to model spatial dynamics, Phipps (1989), Cecchini 

and Viola (1990, 1992) have applied CA to a variety of geographic phenomena‟ 

(Cooper, 2000, p.136). CA and DLA (Diffusion-Limited Aggregation) are modelled on 

a grid of cells, which are subject to a series of rules governing the behaviour of each 

cell in relation to the behaviour of its neighbours. The essence of such modelling 

consists of the following four distinct principles, as Batty (2005, pp.68-76) states: 

 

1- There are a grid of cells – named by i {i=1, 2, 3,…, N}- representing a spatial 

or functional character (e.g. building blocks), and manifesting some adjacency 

or proximity to one another. 

2- Each cells can only take one state at any one time – named by Di(t) – from a set 

of states (D) that define the outcome of the system. (For the most usual and 

simple 2 dimensional grid case, the cell can take either states of Di(t)=0 or 
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Di(t)=1, indicating whether the cell is dead/empty or alive/occupied 

respectively). 

3- The state of any cell depends on the states and configurations of other cells in 

the neighbourhood of that cell (named by Ωi), as the immediately “adjacent set 

of cells” – cells that, in some sense, are nearby or next to the cell in question. 

4-  Finally, there are transition rules (ƒ) that drive changes of state in each cell as 

some function of what exists or is happening in the cells‟ neighbourhood. Then, 

the most basic mathematical interpretation of such transition rules at any time 

(t) will be: 

)1(])([  tDtDf iik   (equation 4.1) 

Through the transition rules (ƒ), the above equation determines temporarily the state of 

each cell as follows: 

a) Death in isolation:  

If the cell has less than two active neighbours, then it will become inactive – it will die 

in isolation.    

Σ Dĸ(t)<2 → Di(t+1)=0  (equation 4.2) 

b) Steady state: 

The cell remains alive if there are two or 3 live cells adjacent to it. However, the cell 

with only two live neighbours is alive but does not give birth, which implies a steady 

state. 

Σ Dĸ(t)=2 → Di(t+1)=1  (equation 4.3) 

c) Birth–growth: 

If there are exactly 3 live neighbours next to the cell in question, that cell is not only 

alive, but actively gives birth. 
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Σ Dĸ(t)=3 → Di(t+1)=1  (equation 4.4) 

 

d) Death-overcrowding: 

If a live cell is surrounded by more than three active neighbours, then it will die from 

overcrowding. This rule acts as a system feedback which controls the growth 

(Compare it with feedback in logistic equations 3.2 and 3.3 in chapter 3). 

Σ Dĸ(t)>3 → Di(t+1)=0  (equation 4.5) 

The dynamics of applying the rules can be visualized on a screen within an interface 

environment provided by a computer program. It is possible to program them in 

spreadsheets such as Excel, Lotous, Quattro-Pro or within the graphic capability of 

CAD and GIS software (Wu, 1996). For visualization, pixels represent the cells and 

they are allowed to accept states (on/off). Different fractal patterns emerge through 

running programs according the rules given to them.  

 

 
Figure 4.26: Structural (Sierpinski) order in one-

dimensional cellular automaton. (Batty, 2005, p.81) 
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For instance, one of the very basic CA models can be created by using a one 

dimensional string of cells where K=3 (the number neighbourhoods) and D=2 (the 

number states), with the central cell as Di=1 and all others equal to zero. This leads to 

the fractal pattern shown in figure 4.26 known as the Sierpinski triangle (see also 

figure 3.18 in Chapter Three). 

 

Neighborhood Type 1 2 3 4 5 6 7 8 

Configuration 111 110 101 100 011 010 001 000 

Transition Rule 0 1 0 1 1 0 1 0 

Table 4.5: the rule behind a one-dimensional cellular automaton, known as 

the Sierpinski triangle. (Batty, 2005, p.80) 

 

 

An interpretation of the rule leading to this pattern is given in table 4.5: „For any cell 

that either  “on” or “off”, then if there are no other cells “on” in its neighbourhood, the 

cell is switched off (dying from isolation)... If both the other two neighbours are “on” 

then the cell also dies from overcrowding. However if one of the cells in its 

neighbourhood is “on”, then the cell either stay “on” – remains on – or is switched on‟ 

(Batty, 2005, p.81).  

 

However this very organized fractal pattern with apparent order illustrated in figure 

4.27, will behave strangely in which 4 types/classes of dynamics may emerge if the 

program is run indefinitely within a closed system. Figure 4.27 illustrates these for 

types as; I) limit points or with point attractor; II) periodic structure which recur over 

fixed limit cycles with simple attractor; III) chaotic patterns with strange attractor; IV) 

and highly localized ordered patterns that reveals complexity. (Compare the diagram 

and illustrations in following figure with the Feigenbaum diagram illustrated in figures 

3.6 and 3.7 in Chapter Three) 
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Figure 4.27: Four types of dynamics for a two-state, three cell, one-dimensional 

CA model. (Batty, p.84) 

 

Diffusion-Limited Aggregation (DLA) models follow similar principles as CA models. 

DLA technique was suggested first by Witten and Sanders (1981, 1983). It was 

explored by Batty and Longley (1994) using the technique in greater depth to simulate 

urban growth. Batty (2005) illustrated its wider potential experimenting with a scaling 

model of urban form. The experiment of the DLA model involves planting a seed in a 

central place – at the centre of a two dimensional space (called a lattice) and building 

up a cluster around this seed by launching particles at some distance far away from the 

edge of the cluster (figure 4.28, Left). Each particle makes a random walk on the 

lattice until it reaches a lattice point adjacent to one already occupied by a particle 

where it sticks, or until it leaves the system by crossing its boundaries where it is 

deemed to have disappeared or been destroyed.     

 
Figure 4.28: Left, the mechanism of diffusion-limited aggregation. Center, DLA 

cluster developed from one seed. Right, DLA clusters developed from many seeds. 

(Left, Batty and Longley, 1994, p.255; Right, Batty, 2005, p.130) 
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Figure 4.28 illustrates the resultant clusters when only one seed or many seeds were 

developed. The area of the city would expand in proportion to the square of the radius 

of the cluster(s) developed by one or more seeds. Batty and Longley (1994) argue that 

DLA is similar – not the same – to a simple urban growth model, where the city grows 

by individuals locating next to or near individuals who have already clustered about 

the central point. Although DLA simulations are not identical to real urban structures, 

their similarities are strong and they can be used as a basis for comparison (Batty and 

Longley, 1994, p.244).  

 

In summary, DLA models have advantages in presenting the characteristics of a 

complex organic growth. Their generated structures are familiar tree-like forms grown 

from the seed, manifesting self-similarity of form across several scales, and whose 

properties of scaling suggest that they are fractals. The great power of these techniques 

is that they link growth to specific geometrical forms. They can be easily generalized 

to other forms such as those with the characteristics of percolation clusters (see Makse 

et al, 1995; Peterson, 1996). They are consistent with the sorts of scaling found in the 

physics of critical phenomena, particularly in structures which are far-from-

equilibrium (see Feder, 1988; Batty and Xie, 1999). More importantly, the DLA model 

suggests a technique to define urban structures and to measure urban densities more 

accurately than existing quantitative models. For instance, populations can be 

measured more accurately at actual point locations, not over areas or volumes. 

 

In the last 10 years, more advanced models using simulation techniques have been 

developed. Langlois and Phipps (1995) examined how land uses restructure 

themselves to form self-organizing but segregated fractal patterns. More recently, the 
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applications of such segregated patterns emerged from explicit migration models have 

been developed by other scholars (e.g. Vanbergue et al, 2000). While these 

applications mostly focus on processing data, on one factor of the city – such as in 

“SimCity for Real” created by Clarke et al (2008) for simulating population patterns, – 

the City Analysis Simulation Tool (CAST) developed by Jankovic et al (2005) took a 

step forward to process many factors together including economics, land-use and 

transport (figure 4.29). What follows is a summary of how CAST processes data. 

 

Like other cellular based models, CAST uses a raster-based grid, which divides the 

city into cells. The classification of the cell type is based on the main land-use types 

(22 types). These are not separately mapped; rather they are treated as infrastructure of 

the cells. Central to the operation of CAST is the fact that in general there are not 

many top down imposed rules; instead the processes within the cells are free to evolve 

based on the rules within the cells. The model considers several flows within the city, 

but the key one for the CAST is the flow of money, the income of cells, gained 

through employment and from taxation (Jankovic et al, 2005). This flow of money 

(fitness) connects the cells and drives the changes: 

 Decrease/increase in fitness of cells 

 Intensification/decline of current activity within cells 

 Change of use of cell type (land-use) 

Jankovic et al (2005) claimed that CAST recognizes the city as an open system too 

and, therefore, some external rules such as planning policies such as sets of limits on 

height and density of buildings, or even the global actions such as the state of the 

world economy, can be imported to influence action within the cells.  
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Figure 4.29: Left, the diagram of flows in CAST. Right, examples of CAST output: a) the 

interface with cell expansion in progress, b) the interface with attractors and repellents, c) 

road flowing, obtained as an emergent property of the model, d) expansion of the land-use 

over time, e) two-dimensional land use with major and minor roads, f) a dynamic simulation 

with GIS data. (Jankovic et al, 2005, pp.9-12) 

 

The project was funded by the EU and its detail is not available to the public, and its 

validity has not been tested more widely by scientists and practitioners outside the lab. 

However, taking into account the limitation of any simulation models (CA, DLA, 

SimCity, CAST…), it can be argued that all these models somehow resemble the 

processes of change or growth in cities, but it can hardly be claimed that they can 

predict growth or change. This is firstly because the transition rules governing the 

growth of a city in reality are much more complex than those used in the proposed 

models, and secondly because of the nature of random behaviour in both CA and the 

real situation in a city, where given slightly different initial conditions, the outcomes of 

the process would be hugely different, and therefore, impossible to predict. 

 

In this sense, the main advantage of these models is at most in exploratory scenario 

making rather than forecasting (Wilson, 2000). Nevertheless, simulation methods can 

provide a more realistic and accurate vision on how systems behave, and therefore, 
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they are much more suitable for analyzing urban systems than the traditional 

deterministic methods. Wyatt (1996) stated that: 

„It should be fairly obvious that such a computationally intensive approach 

is far more flexible and adaptive than traditional modelling methods‟ Wyatt 

(1996, p.650). 

 

 

4.2.3  Measuring city complexity  
 

„Fractal measurement is useful as a method of simulating and testing design 

production incorporating the levels of complexity that typify urban 

development‟ (Cooper, 2000, unpaginated). 

 

Many authors refer to the fractal dimension as a means of measuring the physical 

complexity of city elements. Fractal measurement methods have been shown to be 

useful for studying urban forms from global scales (e.g. regional geography) to local 

scales (architectural design). At large city scales, Batty and Longley (1994) employed 

fractal measurement to reveal the complex and seemingly irregular physical urban 

form such as urban boundaries and city edges. At building scales, Jencks (1997), 

Bovill (1996), and others applied fractal dimension as a means of evaluating of 

architectural products, as discussed in the first part of this chapter. At the middle 

ground of city scale, however, Stamps (2002) and Cooper (2003) tested the concept on 

fractal skylines, Taylor et al (2001), Gotou (2002) et al, and Hagerhall et al (2004) 

linked fractal dimensions and landscape preferences,  and Cooper and Oskrochi (2008) 

employed fractal dimension as a potential tool for assessing levels of visual variety in 

street vistas. 

 

Cooper‟s (2000) work is a key reference in studying of urban morphological 

complexity. It explores comprehensive fractal measurements of different urban 

elements at the neighbourhood scale (street level) of the city of Oxford, including 
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street vistas, street elevations, skylines, and building lines. To establish his argument, 

Cooper (2000) compared the results of fractal measurements to a morphological survey 

of networks and streets, and to a subjective survey presenting expert perceptions of the 

sample in terms of permeability, legibility, visual variety, and enclosure. He concluded 

that the new sciences – fractals and chaos – are useful to urban design in terms of 

evaluating the complex nature of urban forms as a means of character assessment. 

More recently, Cooper and Oskrochi (2008) provide an example of how fractal 

analysis can measure the complexity of street vistas linking the calculation of fractal 

dimension to the perception of levels of visual variety present in everyday urban 

streets.  

 

 
Figure 4.30: Above, a greyscale image and its edge detected pixels of a street in 

Oxford which has a low fractal dimension (Db) of 1.434 with low visual variety. 

Below, another street in Oxford which has a high fractal dimension (Db) of 1.825 with 

high visual variety. (Cooper and Oskrochi, 2008, p.356) 
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Cooper and Oskrochi (2008) employed the “box counting” technique – introduced earlier 

in chapter three – for calculating fractal dimensions (Db) of textures extracted from 240 

greyscale images of selected streets in the city of Oxford. According to his survey, the 

resultant Db values for the 240 individual cases range from 1.434 to 1.825 (figure 4.30).   

 

By asking the respondent to score the visual variety of 26 sets of images, Cooper and 

Oskrochi (2008, p.360) concluded that „assessing the correlation between average visual 

variety scores and fractal dimension scores suggests that there is strong association 

between these two measures‟. They also argued that the fractal concept can be a formula 

for automatically achieving the degree of variety recognized as essential to human 

wellbeing. Cooper (2000, 2003, 2005) carried out similar examinations for a series of 

urban elements such as skylines, street elevations, street edges, etc and found that the 

fractal dimension responds sensitively to the spatial characteristics (e.g. permeability, 

legibility, visual variety). Accordingly, he succeeded to demonstrate the fractal 

measurement as a useful technique to quantify the urban design qualitative.  

 

At the city scale, Batty and Longley (1994) also presented a number of ways in which 

fractal measurement could be applied in studying urban structures, including urban 

boundaries and edges, fractal distribution of land-use and population, and fractal analysis 

of city size, growth, and change. In the case of the city boundary, they measured the 

fractal dimensions of urban boundaries of Cardiff in 1886, 1901, 1922, and 1949. Batty 

and Longley (1994, p.181) explained that „these times have been chosen because of the 

rapid urban growth of the city from a population of 80,000 to 230,000 during this period. 

This period also marked the development of tramway system… predominant style of late 

Victorian worker housing … the pinnacle of industrial prosperity in Cardiff‟.  
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Figure 4.31: The city boundary of Cardiff in 1886, 1901, 1992, and 1949. (Batty and 

Longley, 1994, pp.175, 181) 

 

Batty and Longley (1994) first created a digitized format of Cardiff‟s boundary maps at 

these dates (figure 4.31), followed by calculating fractal dimension through four different 

methods: the Structured (Ruler) Walk, Equipaced Polygon, Hybrid Walk and finally Cell-

Count methods.  The results are summarized in table 4.6. 

           Method 

Years  
Fractal Dimensions 

Structured walk Equipaced Polygon Hybrid Walk Cell-Count 

1886 1.239 1.236 1.248 1.267 

1901 1.184 1.178 1.190 1.200 

1922 1.186 1.172 1.190 1.209 

1949 1.267 1.293 1.308 1.274 

Table 4.6: The results of the fractal calculation of Cardiff city‟s boundary by four 

different methods from 1886 to 1949. (Batty and Longley, 1994, pp.189-197) 

 

 

Based on the results of their fractal survey, Batty and Longley (1994) concluded that: 

firstly, the city boundary is multi-fractal across a range of scales; secondly, the fractal 

dimension decreases with the scale of control whenever and wherever the greater control 

had been instituted over physical development building technology and land development 

at smaller scales. Finally, they argued that it would be less clear how the fractal dimension 

changes at larger scales, although increasing mobility and accessibility could imply to 

decrease it through time.  

 

Batty and Longley (1994) have also carried out another survey to analyse fractally the 

growth of London from 1820 to 1962 (figure 4.32). They have suggested that the change in 



Chapter Four: The applications of complexity theory and fractals 

 

www.fractalmorphology.com 198 

fractal dimensions can be used as a sensitive indication of the change in urban form and the 

way a city grows.  

 
Figure 4.32: The growth of London from 1820 to 1962 and the change in 

the value of the fractal dimension. (Batty and Longley, 1994, p.239; the 

Fb values are added to the sides of the figure by the author) 

 

Batty and Longley (1994, p.236) state that „the increase in values during this time is quite 

consistent with our analysis of the growth of Cardiff…. as cities grow, they come to fill 

their space more efficiently and compactly (or at least homogeneously) due to better 
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coordination of development, and increased control over physical form due to better 

technology‟. Their observation, together with the similar work by Frankhauser (1997, 

1998) and Smith (1991), provided further evidence for their theory of fractal cities. The 

result of their work is summarized in table 4.7. 

 
Table 4.7: The preliminary evidence of the assessed fractal dimension for some cities 

around the world. (Batty and Longley, p.242) 

 

At regional scales, there are also a number of authors who have examined the 

applicability of fractal measurement in analyzing urban and geographical patterns such 

as the city as a surface (Broscoe, 1992; Batty et al, 1995); urban traffic network patterns 

(Jiang et al, 2002); river network patterns (Veltri, 2004; Schuller et al, 2001); and 

population density and distribution (Chen and Zhou, 2004; Clarke et al, 2008). For 
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instance, Chen and Zhou (2004) employed fractal measurements as a tool to reveal the 

scaling relationship between rank and size distributions of American cities based on 

Zipf‟s model. By making a set of simple models of multi fractal measure, they provided 

further evidence for symmetry law‟s of nature in geographical evolution. Chen and 

Zhou (2004, p.804) concluded that a) the multi-fractal measures reveal some strange 

symmetry in the regularity of urban hierarchical systems similar to the symmetry laws 

of nature; b) multi-fractal structure of urban hierarchies results from the contradictory 

action of the opposites between entropy-maximization and its counteraction in the urban 

system; and c) the result shows how order assorts with disorder, how the macro-state 

assorts with micro-state of urban systems, and thus nature harmonizes randomness 

process with the ordering principle by means of some simple self-organizing rules.  

 

4.3 Chapter Summary 

This chapter has examined the meaning of complexity, chaos, and fractals in the context 

of urban form and function. Fractal theory interprets the physical complexity of urban 

forms, while chaos theory could explain the functional complexity in the behaviour of 

urban actors. Recent developments related to the application of complexity theory to 

urban form and function were reviewed to show how architects, planners, and urban 

designers could shift their views towards what is claimed to be more realistic in terms of 

fractal architecture (part one) and fractal cities (part two).  

 

The first part explained the difference between the application of the fractal concept as a 

design tool and as a critical tool. The notion of fractal architecture was discussed through 

different examples employing fractal geometry as a design tool. It has also been argued that 

some buildings may only exhibit a sort of self-similarity which might be misinterpreted as if 
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they have a fractal quality. Euclidian geometry seems to be an inevitable part of their design 

processes, and in the most cases, they are arguably just a sophisticated design style rather 

than embodying principles of fractal geometry. Fractal quality is the product of gradual 

adaptation to environmental factors, and cannot be achieved all at once. The first part of this 

chapter suggested a list of criteria by which fractal and non-fractal architecture could be 

better distinguished. This list is not claimed to be comprehensive; however, it assists 

architects to approach the concept as a design quality rather than a design style. 

 

The second part of the chapter focused on the applications of complexity theory and 

fractals at the city scale to show how they contribute to conceptualise, simulate, and 

measure of urban complexity. Complexity theory forges a more conclusive link between 

physical form of cities and the various socio-economic processes that are central to their 

functioning. It teaches us that incremental bottom up behaviours of individual citizens and 

developers as urban actors at architectural scales play the main role in shaping complex 

urban patterns at micro city scales, and in generating emergent properties at macro city 

scales (see emergent self-organising properties of complex systems; Chapter Three, 

sections 3.2.2.7 and 3.2.2.8).  

 

Predictability and certainty as the traditional hallmarks of the top down urban planning 

have been criticised widely by the complexity theorists. In complex systems thinking, there 

is always the possibility that such systems can evolve to emergent forms and patterns. 

Complex systems theory suggests that cities evolve through the incremental actions of 

local agents, which generate highly ordered global patterns, and a small change in the 

behaviour of local actors may result in unexpected properties and patterns (see also 

Chapter Three, sections 3.2.2.5 and 3.2.2.6). Furthermore, on a global basis, cities as 

chaotic systems are unpredictable because of the cumulative effects of various kinds of 
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feedback. Cell-based urban simulation models provide detail analysis of the micro 

behaviour of local actors (cells) acting individually and interactively with a series of 

feedback effects.  

 

Therefore, cities are predictable only on a local basis; and the patterns that “emerge” from 

local interaction and random decisions of individuals are not possible to be determined by 

a comprehensive master plan. However, the bottom up nature of urban change has been 

ignored by many modernist planners in the 20
th

 centuries. Their proposed master plans 

have mainly followed a deterministic top down routine with predictable and certain 

outcomes simplifying urban problems for purposes of control (see also Chapter Five, 

sections 5.1.3 and 5.1.4, where it examines the failure of top down master planning in 

particular case studies of Iranian cities including Tehran).  

 

Experts in complex systems planning have proposed new planning models to replace top 

down urban planning with a bottom up approach (Chapter Four, section 4.2.1.2.2), 

however, their attempts have been only at theoretical and laboratorial levels. There are 

few practical tools available to provide this shift and to promote these models to a 

practical level. Fractal simulation models together with fractal assessment tools including 

the one developed during the course of this research contribute to the above need. This 

chapter reviewed some of the recent work of the researchers who employed fractal 

dimension as a means of measuring the physical complexity of urban forms from global 

to local city scales. The fractal assessment methods are shown to be useful in analysing 

the levels of complexity that an urban element poses. The following chapters aim to 

examine and analyse the research case study through the principles of complex systems 

thinking and fractal geometry in order to promote the current fractal analysis method to a 

more practical level. 


