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Introduction: 

Fractal dimension assessment of the urban environment provides a mathematical 

method for spatial quantitative analysis. The fractal maps created in the previous 

chapter facilitate spatial analysis and suggest a new approach to urban pattern 

recognition in terms of fractal identification and classification. Fractal maps also 

provide the basis for more precise measurement of the degree of change that an 

urban pattern experiences over time. In Chapter Seven, the result of the case study 

examination will be analysed and the complexity of the urban patterns will be 

fractally interpreted. Figure 7.1 illustrates the structure of the issues that will be 

discussed in this chapter.  

 

 
Figure 7.1: the diagram shows the structure of Chapter Seven and 

highlights the main subjects. 
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7.1 Part One: Fractal identification of urban patterns 

7.1.1 Fractal map as an urban fingerprint 

Urban morphologists study „the physical (or built) fabric of urban form, and the 

people and processes shaping it‟ (Larkham, 1991, p.55; see also Larkham, 2004b). 

The concept of urban fingerprints is based on the idea that correlation between urban 

form and people (socio-spatial processes) will result in a unique form for each part of 

a city. From a morphological point of view, although the nature of this correlation 

varies from case to case, the behaviour of agents of urban change determines how an 

organizational relationship is constructed between each basic urban unit and its 

neighbourhoods at local levels and with other parts of a city at macro levels. Such 

processes are unpredictable (as discussed in Chapter Three), and differ from case to 

case, which consequently results in 'a unique form' for each part of a city.  

 

The uniqueness of each urban form can be identified by measuring the level of 

complexity that it exhibits. Aerial photos used as a means of remote sensing data for 

textural urban analysis can provide a vast amount of information about underlying 

morphological complexity including building density, street frequency, street size, 

characteristic building materials, density, type, clustering of vegetation, etc, which 

can be analysed together or separately at any required city scale. Fractal dimension 

analysis of an urban pattern has the potential to identify mathematically the level of 

complexity underlying its structure. Fractal maps demonstrate visually such 

complexity, and therefore, can be considered as a kind of urban morphological 

fingerprint. 

 

During the last two decades, a number of attempts have been made to identify a 

kind of fingerprint or textural signature for city patterns similar to DNA in 
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biology. Some of these approaches have focused on coding the elements that 

constitute socio-economic patterns (e.g. Dodge and Kitchin, 2005) and some have 

emphasized physical features of urban patterns (e.g. Webster, 1995; Steadman, 

2008). It can be argued that the latter approach might better represent city identity. 

For example, urban morphological categories will be defined by housing density 

better than population density. The reason should be obvious, as population 

density could vary between neighbourhoods of the same housing density. Webster 

(1995, p.295) writes: 

 

„The urban feature defined by its physical elements, might better 

represent city identity than the one defined by its underlying social 

elements‟ (Webster, 1995, p.295). 

 

 

The approaches to morphological pattern identification also fall into two groups: 

structural and statistical. The structural methods are based on the idea that urban 

patterns comprise some simple shapes. The composition or reoccurrence of these 

primitive shapes can produce different pattern types (see Lynch, 1981; Marshall, 

2005). While planned or semi-planned patterns can be identified by structural 

methods, they cannot easily distinguish differences between various patterns that 

can be classified under the term organic. However, statistical methods seem to 

have fewer restrictions as they are mainly based on mathematical interpretation of 

urban forms and patterns. Marshall (2005) provides examples of both methods 

with an emphasis on the first group. 

 

In this sense, the fractal assessment technique developed in this research to 

produce fractal maps can be categorised as a statistical method. Moreover, it is 

close to the technique employed by Webster (1995) who also used aerial photos 
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for textural quantitative analysis. The fractal maps of the case study of Shemiran 

and sample cases of Tajrish and Velenjak (see figures 6.10 and 6.11 in Chapter 

Six) have been produced based on the unique structural properties of their 

neighbourhood units; therefore, like other textural analysis methods, they can be 

thought of as a kind of morphological fingerprint. However, the advantage of the 

fractal fingerprints suggested in this research over other approaches (including the 

one suggested by Webster, 1995) is that the other statistical approaches are 

usually limited to one particular morphological property and restricted to only one 

specified urban scale, while the fractal approach is more general.  

 

7.1.2 Fractal Neighbourhood Identification code (FNID) 

The method developed to produce the fractal map (see Chapter Six, section 6.3.3) 

can be shortened and amended in order to create a unique Fractal Neighbourhood 

Identification code (FNID) for each neighbourhood. Having assessed the fractal 

dimensions of the neighbourhoods in Tajrish, there is no need to convert them to 

pictorial data. Instead, fractal dimensions at local, district, and city scales are to be 

examined and added to the fractal dimension of each neighbourhood (figure 7.2). 

The fluctuation of fractal dimensions in table 7.1 indicates that the urban patterns 

at different scales of the city are not self-similar; in other words, the patterns 

demonstrate different degrees of physical complexity at different scales of the city 

hierarchical structure (compare with figure 3.25, in Chapter Three). 

 

Box 

size  
1 5 10 20 35 50 75 100 

Scale 

of 

test 

1 pixel = 

100x100 

metres 

1 pixel = 

500x500 

metres 

1 pixel = 

1000x1000 

metres 

1 pixel = 

2000x2000  

metres 

1 pixel = 

3500x3500  

metres 

1 pixel = 

5000x5000 

metres 

1 pixel = 

7500x7500  

Metres 

1 pixel = 

10000x10000 

metres 

F(b) 1.6527 1.6934 1.8125 1.7910 1.7690 1.7015 1.5923 1.6810 

Table 7.1: Estimating the fractal dimension of Tehran by fixing the input image size 

varying the scale of the city. 
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Figure 7.2: The number of occupied built-up 

units (defined by occupied pixels) in Tehran‟s 

aerial photo (2002) at different scales (defined by 

box size) calculated by Benoit Software 1.3 (box 

counting method).  

 

Figure 7.2 plots the number of occupied pixels, as representative of built up areas, 

on a graph of which different city scale levels (the horizontal axis) is illustrated. 

The slope of the resulting line of the graph is the average fractal dimension 

assessed for the city hierarchical structure at its different scale levels. As shown in 

table 7.1, the F(b) is changed when the measurement is carried out at different 

scales.  

 

 
Figure 7.3: The hierarchical logic behind FNIDs and the number of neighbourhoods 

participating at each level of calculation.  
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The complexity of a single neighbourhood varies if that neighbourhood is observed 

at different scale levels of the city hierarchical structure. For instance, the complexity 

of neighbourhood T-N11 (figures 7.3 and 7.4, D) in Tajrish is 1.7106 (Fb) if 

measured at a local level where there are only 24 other neighbourhoods participating 

in calculations, and Fb is 1.7562 if measured at district level (Shemiran, figure 7.4, 

B) where so many other neighbourhoods are added. In the same way, the scale 

ranges for varying fractal dimensions over the city must take many local areas per 

district, and many neighbourhoods per district, and so on (figures 7.3 and 7.4, A).  

 
Figure 7.4: Fb measured for Tehran at different scales; A) The city scale, B) 

The district scale, C) the local scale, and D) the Neighbourhood Scale. 

(Haghani, 2004, p.7) 

 

Table 7.2 contains the fractal dimensions assessed for different scale levels, 

resulting from each calculation using the Box Counting method. The Benoit 

software presents the average dimension as its main output, which in this case of 

the Tehran city scale, would be 1.6918. F(b) can be measured for district, local 
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and neighbourhood scales (shown in Figure 7.4 and table 7.2) if their respective 

images is used as input data.  

Scale Level of Calculation Fb   Scale Level of Calculation Fb   

Whole Tehran  1.6918 Shemiran, the north of Tehran 1.7562 

Tajrish  1.8047 Neighbourhood no.11 in Tajrish 1.7106 

Table 7.2: The assessed fractal dimensions for the different scale levels of the city of 

Tehran. 

 

The sequence of assessed fractal dimensions from the neighbourhood to the city 

scales can creates a unique FNID for Tajrish-N11. In the case of 2D image 

analysis, the fractal dimensions are always more than 1.0000 and less than 1.9999, 

therefore FNID can be created with the decimal numbers as shown below: 

    -            -      -       

 
  

A FNID contains 16 digits in four sequential sections, A-B-C-D, where each part 

demonstrates the city ID, the district ID, the local ID, and the neighbourhood ID 

respectively. In the same way, FNIDs of other neighbourhoods can be calculated. 

Table 7.3 and 7.4 show the results for 8 sample neighbourhoods, 4 in Tajrish and 

4 in Velenjak. 

Selected 

Neighbourhoods 

in Tajrish 

 

T-N1 

 

T-N10 

 

T-N11 

 

T-N15 

 

FNID 

 

6918-7562-8047-8502 

 

6918-7562-8047-5366 

 

6918-7562-8047-7106 

 

6918-7562-8047-7882 

Table 7.3: FNIDs of the neighbourhoods T-N1, T-N10, T-N11, and T-N15 in Tajrish. 
 

Selected 

Neighbourhoods 

in Velenjak 

 

V-N1 

 

V-N12 

 

V-N19 

 

V-N23 

 

FNID 

 

6918-7562-4659-2166 

 

6918-7562-4659-4512 

 

6918-7562-4659-4277 

 

6918-7562-4659-3065 

Table 7.4: FNIDs of the neighbourhoods V-N1, V-N12, V-N19, and V-N23 in Velenjak. 

 

As shown in the table, the selected neighbourhoods in Tajrish have 12 digits in 

common relating to A-B-C while only the last 4 digits relating to their 

neighbourhood IDs are different. In the same way, the FNIDs of the neighbourhoods 

7562 6918 8047 7106 
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in Velenjak have similar 12 digits and only their last 4 digits are unique (table 7.4). 

This indicates the uniqueness of each FNID, and also the degree of 

homogeneity/heterogeneity of the patterns at different scale levels. For instance, the 

last four digits of the neighbourhoods T-N1, T-N11, and T-N15 are similar, and 

therefore, homogeneous. The last 8 digits of FNIDs relating to local and 

neighbourhood levels of Tajrish and Velenjak (compare table 7.3 with 7.4) are 

notably different, indicating that the patterns of these two areas are heterogeneous.  

 

In short, three main advantages can be outlined for FNID. Firstly, FNID suggests that 

the degree of homogeneity and heterogeneity of urban patterns can be measured 

mathematically. It can be used as a controlling tool to direct urban new developments 

and interventions to be built within certain ranges of fractal dimensions. This could 

provide an effective way to conserve urban qualities by a more accurate and at the 

same time more flexible method than the current type of tight restriction.  

 

Secondly, FNID suggests an accurate method for patterns recognition. The method 

proposed here assists transfer of the geometric shapes to the numerical codes 

extracted from the existing urban patterns. Therefore, FNID can be defined as a 

mathematical signature that recognises more accurately the differences in physical 

complexity of different neighbourhoods. Thirdly, it can be suggested that FNID is a 

more abstract, but accurate, way to identify urban patterns, as compared to fractal 

maps, because it provides an exclusive pattern identification code for every 

neighbourhood of the city – it is also arguably unique worldwide. Finally, the 

similarity and dissimilarity between each section of 4-space FNIDs are an indication 

of homogeneity and heterogeneity of the patterns at different city scales. While such 

similarities can be used to group similar patterns under one category or class, a 
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fractal map is an easier tool – as compared to an FNID – to seek groupings of similar 

patterns or pattern classification, which is the subject of the next section.   

 

7.2 Part Two: Fractal classification of urban patterns 

7.2.1 Advantages of fractal classification 

From a simple description of planned/unplanned patterns (e.g. as given by Kostof, 

1991) to more detailed descriptions (e.g. as given by Lynch, 1981), some urban 

morphologists have sought to suggest different ways of classifying urban forms and 

patterns. However, even the detailed classifications have sometimes been associated 

with ambiguity when interpreting and categorising some patterns. Marshall (2005) 

noticed this problem and stated that, in some cases, the same form could be described 

by different labels. Conversely, a particular label may have different structural 

connotations, and therefore, it might be used to describe quite different patterns in 

different contexts. Marshall (2005, p.75) concludes that recognition and 

representation of urban patterns are perhaps „in the eye of the beholder‟. 

 

While each method of pattern classification might have its own advantages, one of 

the advantages of the fractal classification of urban patterns is that it can provide a 

mathematical gauge for classifying urban patterns based on the degree of complexity 

that their shapes demonstrate. In this sense, urban patterns can be classified 

independently of the eye of the examiner by assessing their fractal dimension and 

illustrating their complexity in terms of fractal maps. The other advantage of fractal 

classification is that it could assist urban planners and particularly urban 

conservationists in identifying more accurately the boundaries where planning 

restrictions might be applied to maintain the urban physical characteristics of the 

designated areas.  
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The complexity of urban form is always a matter of degree. The fractal map produced in 

the previous chapter (figure 6.11) suggests a classification method by dividing the range 

of assessed fractal dimensions (1.1000 to 1.8999) into eight classes, indicating the 

degree of morphological complexity that each part poses. The number of classes can be 

adjusted according to the purpose of examination by changing the number breakpoints 

while dividing the range of fractal dimensions. Eight classes introduced in Chapter Six 

was an introductory example – maximising the number of classes by decreasing the 

range of fractal dimensions in each class. However, in this chapter, the assessed fractal 

dimensions are divided into three ranges – a) lower than 1.4000, b) between 1.4000 and 

1.6999, and c) above 1.6999 – to facilitate pattern recognition. In this way, the urban 

patterns can be classified as low, medium, and high complexity respectively. The 

pictorial version of these ranges has been illustrated in figures 7.5, 7.6, and 7.7. 

 
The initial comment on these figures is that the classified patterns cannot be separated 

with precise linear boundaries. Since each class has some overlaps with the others, they 

can only be separated by fuzzy boundaries. These figures also show clearly the 

dispersion of each class. For instance, figure 7.5 illustrates how the patterns with high 

degree of complexity distributed over the district of Shemiran (e.g. the urban patterns 

around A1, and A10, Tajrish, Darakeh, the two old centres in Shemiran). 

 
More importantly, the overlaps between two classes indicate the area that an urban 

pattern begins distortion. Figure 7.8 highlights the areas that the patterns with high and 

medium degree of complexity begin to distort (highlighted with yellow colour). The 

overlaps between the first and the third class indicate the critical areas (highlighted with 

red colour). Further comments are elaborated for each class separately in the following 

sections. 
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Figure 7.5:  Fractal classification of urban patterns; the patterns with high physical 

complexity (fractal dimensions above 1.6999) have been highlighted. 

 

 

 
Figure 7.6:  Fractal classification of urban patterns; the patterns with medium physical 

complexity (fractal dimensions between 1.4000 and 1.6999) have been highlighted. 

 

 

 
Figure 7.7:  Fractal classification of urban patterns; the patterns with low physical 

complexity (fractal dimensions below 1.4000) have been highlighted. 
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Figure 7.8: The areas which their patterns begin to be distorted are highlighted in yellow, and 

the areas with highly critical status are marked in red. 

 

7.2.1.1 Urban patterns with high complexity: 

Figure 7.5 exemplifies the areas of the case study in which the urban patterns have 

a high degree of physical complexity. The shapes of the patterns in these areas 

(labelled from A1 to A11) are mostly curvilinear, resulting from gradual organic 

development of their neighbourhoods. Some contain radial branching shapes with 

one or two urban local centres such as A9, A10 (figure 7.9, below), and A5,; some 

have linear tree-like shapes such as A3, A4, A6, A7, and A11,  with no specific 

centre (figure ?7.10), and some are composed of a mixture  such as A1, A2 

(Figure 7.9, above) and A8. 

 
The examples given in figure 7.9 had all been small villages – like Tajrish – that 

evolved gradually over a long period before being engulfed in the metropolitan 

spread of Tehran. It seems that their physical complexity has persisted up to the 

present except for those parts which have recently experienced rapid changes (the 

analysis of such changes will be discussed later in this chapter). This also suggests 

that the areas around the centre of old neighbourhoods have generally high fractal 

dimensions. In other words, the older is more complex. 
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Figure 7.9: Some examples of the old and organically grown urban 

patterns with high physical complexity. Tajrish Bazaar (A1), Darband 

(A2), Chizar (A9), and Darakeh (A10). 

 

 

Figure 7.10 shows some of the patterns with high physical complexity which have 

linear tree-like branching shapes. For the cases of A3, A6 and A11 (figure 7.5, 

and figure 7.10) the reason for having high complexity can be interpreted as their 

gradual development along a natural geographical element (the seasonal canal) 

over centuries (e.g. A6). In the case of A4, the complex urban patterns developed 

along an old route (Niavaran Street) connecting Tajrish to the Niavaran Palace 

(figure 7.10). The only planned road in this area which demonstrates high spatial 

complexity on both sides is Vali-Asr Street (figure 7.10, A7). The street was 
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ordered by Reza Shah (the first king of the Pahlavi period) to connect the south of 

Tehran to the north (Tajrish) in 1928 (Sotoudeh, 1995).  

 

 
Figure 7.10: Some linear examples of areas with high physical 

complexity (Fb>1.6999). The gradually evolved pattern alongside the 

natural seasonal canal (A6) and the fractal patterns along historical routes 

(A7, Vali-e Asr Street, and A4, Niavaran Street). 

 

An important common characteristic of A4 and A7 is that they have both been 

substantially regenerated during the last two decades and new buildings with very 

diverse developments and building types replaced the old ones. It seems that the 

main reason that the high physical complexity has been maintained along these 

routes is the impact of the old tall trees planted on both sides of the streets (see 

also figure 7.25 and Appendix D). This clearly indicates the role of trees in 

maintaining physical complexity of these areas. 
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7.2.1.2  Urban patterns with medium complexity: 

As explained in Chapter Five, the original urban patterns in Shemiran followed a 

traditional Iranian garden layout with comparatively large plot sizes. The new 

modern type gradually replaced the traditional types (see figures 5.13 and 5.14) 

with rather smaller plot sizes when the city of Tehran expanded towards its 

suburban villages. The reason for this is obviously related to the significant 

increase in the land price, which encouraged urban developers to divide them into 

smaller plots with new boundaries to build up more dense and modern residential 

neighbourhoods (Sotoudeh, 1995). The result of such a transformation is the 

emergence of a typology consisting of modern buildings in pure rectangular plots 

surrounded by an organic street layout. 

 

 
Figure 7.11: Some examples of urban patterns with medium complexity 

(1.4000>Fb>1.6999). This class is mainly observed in an urban neighbourhood typology 

that consists of the rectangular plot patterns embodied in their organic street patterns. 
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The majority of the neighbourhood patterns marked in figure 7.6 as medium 

complexity consists of such a typology. They have inherited their main structure 

and their street patterns (figure 7.11, bottom) from the past with seemingly 

irregular shapes resulting from their organic and gradual evolution. However, 

apart from the street patterns, their neighbourhoods‟ plot layouts have been 

mainly regenerated at architectural scales and each of the large plot sizes divided 

to form smaller plots with pure\rectangular shapes (figure 7.11, middle). The 

fractal dimensions of these neighbourhoods are mainly between 1.4000 and 

1.6999 and, therefore, they can be classified as patterns with medium physical 

complexity (figure 7.11, above). 

 

Larkham (1996b) explains the logic behind the emergence of such a typology 

through Conzen‟s (1962) concept of Longevity. According to this concept, change 

tends to occur faster on smaller scales. He explains that as properties are bought 

and sold through the years, buildings decay and change more rapidly than plots, 

and plot size and pattern may change much more rapidly than the street pattern. 

Therefore, in terms of longevity, „there is a hierarchy of streets, plots, and 

buildings in that order‟ (Larkham, 1996b, p.32). He also argues that even in a 

modern urban landscape, where change on large scales occurs quickly, Conzen‟s 

concept is still applicable. 

 

7.2.1.3  Urban patterns with low complexity: 

The areas with low physical complexity are highlighted in figure 7.7 (C1, C2…, 

C12). These areas have generally been developed within the last four decades (after 

the first master plan of Tehran in 1968) and they have mostly planned urban layouts 

where regular Euclidian geometry dominates. The majority are the residential areas, 
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which have been developed during the fast expansion of Tehran towards its suburbs 

and are less than 40 years old. Their streets have gridiron patterns with a defined 

hierarchy connecting them to the main structure of the city. 

 

The residential neighbourhoods of Shemiran with low complexity are either totally 

designed including the blocks, plots and their constituent buildings (e.g. C1, C3, C9), 

or partly designed – excluding their buildings (e.g. C4, C6, C8, and C12). Although 

the latter group have slightly higher fractal dimensions, all can be classified fractally 

in the category of low complexity (figure 7.12). 

 
Figure 7.12: Some examples of urban patterns with low complexity (Fb<1.4000) and the 

rectangular plot patterns embodied in their planned street patterns. 

 

 

In addition to the new residential developments, the areas marked C1-a, C1-b, and 

C1-c (figure 7.13) are relatively large plots where the site layout and buildings were 

designed in pure Euclidian shapes for particular events or purposes (university 

campus, meeting hall, exhibition). The fractal dimensions assessed for these parts 
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are 1.1812, 1.0731, and 1.1240 respectively, which reveals that they also have very 

low physical complexity. 

 
Figure 7.13: Examples of designed areas with low physical 

complexity, the University of “Shahid Beheshti” (C1-a), 

“Ejlas-e Saran” Meeting Hall (C1-b), and the site of 

International Exhibition of Tehran (C1-c). 

 

 

7.2.2 Discussions of Fractal classification of urban patterns: 

It can be noted that in some cases where street patterns are geometrically regular 

(Euclidian), their fractal assessments might indicate a medium complexity, while a 

low complexity could be expected (e.g. B2). This might result from the degree of 

complexity demonstrated by other constituent parts of those areas rather than the 

structure of their streets. As the research uses aerial photos as its prime data source, 

the composition of all urban elements constituting an urban pattern (plots, buildings, 

trees, etc) is taken into account. However, it is possible to test the complexity of each 

urban element (block pattern, plot pattern, building pattern, etc) individually. For 

this, an element type should be selected (e.g. streets) and other urban elements 

removed from the aerial photos before fractal examination. Alternatively, other 

sources of data can be used – as input data – in which an urban element is solely 

represented (e.g. a street map in the case of assessing a street pattern).  
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In the examples given in figure 7.11, similar street patterns demonstrated similar 

degrees of physical complexity. However, there are also areas with similar street 

patterns whose fractal patterns express different degrees of complexity (e.g. A5, 

B19, C2), or areas with similar complexity might have different street patterns 

(e.g. B2, B16). This indicates that classification of the street patterns does not 

necessarily conform to the fractal classification of urban patterns. For instance, the 

street patterns of areas C2 and A5 can both be classified as curvilinear (see 

Marshall, 2005), while they are fractally classified under different categories. 

From a morphological point of view, the main difference between C2 and A5 is 

that the first has been created by design while the second one is the outcome of a 

gradual (organic) growth. In other words, fractal classification might better 

address the nature of urban growth, change and pattern evolution than other 

classification methods. This issue will be elaborated in the next part of this 

chapter.  

 
7.3 Part Three: Measuring the change in urban patterns 

7.3.1 Change analysis of the urban patterns of Tajrish from 1956 to 2002 

At the case study examination stage (Chapter Six), fractal dimensions of 24 

neighbourhoods in Tajrish were assessed for the year 2002. The same method was 

employed to measure fractal dimensions of these neighbourhoods in the past by 

using aerial photos of Tajrish for the years 1956, 1969, and 1979. The result of the 

fractal assessment for these years can then be compared with a more recent time 

(in the year 2002) to measure accurately the degree of change occurring at the 

local scale (Table 7.5) and at the neighbourhood scale (Table 7.6). 
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Table 7.5: The fractal dimensions of the urban patterns at local scale of Tajrish for 

the years 1956, 1969, 1979, and 2002 (the area size of 1200metre×800metre 

squares). 
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Figure 7.14: the chart shows the 

change in physical complexity of 

Tajrish at local scale from 1956 to 

2002. 

 

According to figure 7.14, and table 7.5, fractal dimension assessment can explain 

the degree of changes occurring in the physical complexity of the urban pattern of 

Tajrish from 1956 to 2002. The aerial photos show that some of the large plots 

and vacant sites were built upon between 1956 and 1969 and the amount of green 

space also increased (figure 7.15, for a larger version of the aerial photos see 

appendix E). These two reasons are enough to increase the complexity of urban 

patterns in Tajrish in 1969. The line of the fractal dimension change (figure 7.14) 

also indicates the degree of physical complexity was sustained between 1969 and 

1979, while some large-scale urban interventions and the newly imposed 

modernist pattern can account for the decreasing complexity in 2002. Table 7.5 is 

based on the fractal assessment of the area size of 1200x800 square meters. 

However, if that area is split into sub-areas of 200x200 square meters, the change 

can be assessed for each individual neighbourhood (table 7.6). 

The Assessment years 1956 1969 1979 2002 

Fractal dimension 1.7583 1.8631 1.8570 1.8047 
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Table 7.6: The fractal dimensions of 24 neighbourhoods in Tajrish for the years 1956, 

1969, 1979, and 2002. 

 

 

The procedure explained in the previous chapter can be carried out to convert the 

numerical data of table 7.6 to pictorial data of figure 7.15. The fractal palettes 

illustrated in figure 7.15 have been compared to measure the changes occurring in 

each of the neighbourhood units in Tajrish from 1956 to 2002. While the 

numerical data provide an accurate mathematical comparison, the pictorial data 

provide a visual comparison capturing the decrease or increase in physical 

complexity of each neighbourhood.  

Neighbourhoods’ 

ID 

Fb-1956 Fb-1969 Fb-1979 Fb-2002 

Tajriah-N1 1.5702 1.7781 1.7570 1.8502 

Tajriah-N2 1.4326 1.7394 1.6998 1.7239 

Tajriah-N3 1.6520 1.7760 1.7714 1.7458 

Tajriah-N4 1.7732 1.8779 1.7128 1.7898 

Tajriah-N5 1.7452 1.8254 1.6391 1.7329 

Tajriah-N6 1.4342 1.4354 1.6182 1.7016 

Tajriah-N7 1.5780 1.7362 1.6939 1.7460 

Tajriah-N8 1.6125 1.7073 1.7197 1.7554 

Tajriah-N9 1.7901 1.7949 1.6743 1.7758 

Tajriah-N10 1.6321 1.6967 1.6892 1.5366 

Tajriah-N11 1.8079 1.7984 1.8161 1.7106 

Tajriah-N12 1.5956 1.7672 1.6656 1.6346 

Tajriah-N13 1.7317 1.7536 1.6982 1.7593 

Tajriah-N14 1.6625 1.8005 1.7713 1.7808 

Tajriah-N15 1.7432 1.8168 1.8084 1.7882 

Tajriah-N16 1.6640 1.7585 1.7785 1.7846 

Tajriah-N17 1.7249 1.7685 1.6764 1.7500 

Tajriah-N18 1.7621 1.8547 1.7955 1.7849 

Tajriah-N19 1.7513 1.8418 1.7669 1.7567 

Tajriah-N20 1.7659 1.8428 1.7981 1.7751 

Tajriah-N21 1.7156 1.7599 1.8536 1.7768 

Tajriah-N22 1.7756 1.8381 1.7510 1.7141 

Tajriah-N23 1.7926 1.8256 1.7259 1.7388 

Tajriah-N24 1.8120 1.8334 1.7393 1.6996 
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Figure 7.15: Fractal Dimensions of 24 neighbourhood units of Tajrish for the years 

1956, 1969, 1979, and 2002 (each unit is equal to 200metre×200metre squares). 
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Figure 7.16: the fluctuation of fractal dimensions for individual 

neighbourhoods of Tajrish between 1956 and 2002. 

 

The result of the test reveals that the fractal dimension method as a spatial 

assessment tool is very sensitive to urban morphological change. The column 

charts in Figure 7.16 illustrate the fluctuation of fractal dimension for each 

neighbourhood from 1956 to 2002. The rise and fall in fractal dimensions of the 

neighbourhoods depend on the degree of changes occurring in their constituent 

components. Some of these changes have been analysed in figures 7.17 and 7.18 
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and the fractal analysis charts of the other neighbourhoods have been added in 

appendix F. 

 

As expected, in the case of the neighbourhoods that have experienced significant 

physical transformations (e.g. N1, N2, N3, N10, N12), their respective fractal 

dimensions have changed. For instance, a large area in neighbourhood N10 was 

demolished in 1997 to become a bus terminal (marked in figure 7.17). The fractal 

analysis indicates that the spatial complexity of N10 fell significantly between the 

years 1979 and 2002. However, in the case of N1, two major rises can be detected. 

The first is between 1956 and 1969 when the majority of empty plots were 

developed and occupied with buildings, and the second is from 1979 to 2002 

when the amount of vegetation increased (figure 7.17). 

 
Figure 7.17: Two examples of the neighbourhoods in Tajrish that have been undergone 

considerable changes in their patterns as reflected in their assessed fractal dimensions (the 

right-hand line charts). The large-scale change occurring in N10 has been marked with a red 

circle. 

 

Conversely, in those areas whose morphological components have changed 

relatively little, their respective fractal dimensions indicate less fluctuation over 

time. For instance, the low level of change to the constituent urban elements of 

neighbourhood N15 has led to its fractal dimension remaining more or less constant 

(figure 7.18). Neighbourhoods N11, N13, N16, N22, and N24 are similar to N15 in 
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this sense. For instance, in the case of N11, the physical complexity has been 

sustained for the years of 1956, 1969, and 1979. However, in that particular 

neighbourhood, the decrease between 1979 and 2002 can be interpreted as the result 

of the addition of the modern shopping mall – “Bazaar-che Ghaem” – alongside the 

linear traditional bazaar (marked with a red circle in figure 7.18). 

 
Figure 7.18: Two examples of the neighbourhoods in Tajrish that have undergone minimal 

change in their urban patterns as reflected in the fractal diagrams too. The only notable 

change has occurred in N11 (marked with a red circle) in 2002. 

 

7.3.2 Change analysis through the “add and remove” technique (A-R-Technique) 

The „add and remove‟ is a simple technique for measuring the potential future 

changes caused by urban policies or design proposals. This technique assists 

decision makers in testing how their decisions will change urban spatial 

complexity, and to choose the urban scenario which may better adapt to an existing 

urban pattern. Two examples are given below in terms of “proposal testing” and 

“policy testing” to show how this technique can be applied. 

 

7.3.2.1 Proposal testing:  

Both architectural projects and urban design interventions may maintain or change 

the physical complexity of an existing urban context depending on whether their 

proposed forms demonstrate the same degree of complexity as already exists. In 
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section 7.3.1, it was discussed how some urban projects changed dramatically the 

complexity of two neighbourhoods in Tajrish (the implementation of the bus terminal 

and the large shopping mall in N10 and N11 respectively, figures 7.17 and 7.18). 

This research suggests that the morphological impacts of new urban proposals should 

be tested in laboratory before they are implemented in reality. 

 
Figure 7.19: fractal assessment of a hypothetical design proposal for N19 in Tajrish. 

The fractal dimension of its neighbourhood pattern has been reassessed by replacing 

an existing urban form (left) with the proposed one (right). 

 

Assume that a developer suggests a high-rise building to be built as a replacement for 

the existing buildings in Tajrish-N19. The A-R-Technique can be used for 

reassessment of fractal dimension by removing the existing buildings and adding the 

site plan of that hypothetical project as shown in figure 7.19. In the case of that 

hypothetical proposal, the fractal dimension of the neighbourhood pattern in N19 

decreases from 1.7567 to 1.5917 (a 16.5% complexity reduction at the 

neighbourhood scale). If the impact of such a proposal is examined at a local scale 

(table 7.7), the change will be only 1.5% – dropping from 1.8047 to 1.7903. In the 

first instance, this small change has little impact at the district and city scales – FNID 

of N19 is changed from 7567-8047-7562-6918 to 5917-7903-7561-6918.   However, 

according to the butterfly effect (discussed in Chapter Three), even this 1.5% change 

at the local scale may turn into big changes at the city scale – taking into account the 
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number of incremental changes and their consequences when they accumulate over 5 

or 10 years time. Therefore, this 1.5% change at local scale (or 16.5% change at the 

neighbourhood scale) must be treated with extreme caution. 

The Scale of 

Assessment 

Neighbourhood scale 

(Tajrish-N19) 

Local Scale 

(Tajrish) 

Fb  bF  Fb  bF  

Fractal Dimensions 1.7567 1.5917 1.8047 1.7903 

Table 7.7: The degree of changes in physical complexity of Tajrish-N19 

imposed by a hypothetical proposal at neighbourhood and local urban scales. 

 

It would be possible for urban specialists or conservationists to use the existing 

FNIDs as benchmarks and to define an acceptable range of fractal dimensions for 

each part of the city at different scales (e.g. between the minimum and maximum of 

their FNIDs) in order to control the degree of urban morphological changes caused 

by urban interventions and to conserve neighbourhoods‟ identity in terms of its 

physical complexity. Accordingly, architectural or urban design proposals that are 

not within this range can be rejected. Nevertheless, in some cases, a kind of modern 

urban structure, or an avant-garde building, might be proposed to be built in an old 

urban fabric as an urban surprise (e.g. a landmark); this can be passed to urban 

specialists in a higher level of planning authority to allow such degree of change for 

that particular context or not. 

 

As the focus of the research is examining the change in complexity of urban patterns, 

the fractal analysis has been limited to the analysis of the patterns through aerial 

photos. However, for a comprehensive change analysis, other urban morphological 

features should also be taken into account, such as change in street elevations, street 

vistas, urban skylines, network pattern, landmark distribution, etc. For instance, the 

A-R-Technique can be employed to measure the change in urban skylines of T-N19, 

by redrawing the skylines based on the elevation of the proposed design and then 
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reassessing its fractal dimension using the “ruler method” (explained in Chapter 

Three, section 3.3.5.2). 

 

7.3.2.2 Policy Testing:  

Some urban policies might have direct or indirect impacts on urban forms and 

patterns. The degree of changes that these policies may impose on urban 

morphological features – particularly on the complexity of neighbourhood patterns 

– can be measured. As an example, one of the important and influential road 

regenerating policies of Tehran‟s master plan is the ‘Tarh-e Taariz’ (the street 

widening policy).  

 

Street widening has a long history both in Iran and worldwide (e.g. Haussmannised 

Paris and Reza Pahlavi‟s ideas for Tehran; see Chapter Five, section 5.1.1.3). The 

concept was also used in wide variety of “technocentric plans” proposed for British 

towns and cities during and immediately after the Second World War (Diefendorf, 

1989; Larkham, 1997).  

 

However, the complex process of preparing, approving and implementing a street 

widening plan introduced conflict, confusion and delay in some cases even when a 

high-profile expert was commissioned to produce it (see Larkham, 2009). 

Particularly, in the context of old British cities and towns, the street widening policy 

was eventually discarded in the favour of a new culture of conservation by the 1960s. 

In the case of Tehran, however, this policy is still in practice.  

 

According to the recent master plan of Tajrish, many existing streets should be 

widened and straightened. Its goal was to facilitate traffic movement and to improve 

accessibility in the case of emergencies (with the minimum width allowance of six 
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metres). This plan was initially prepared in 1992, and revised once in 2002 (see 

ACAUP, 2002; Municipality of Tehran, 2003). Planners identified many narrow 

alleys, cul-de-sacs, and old streets to be widened between 1 to 20 metres over a 

period of 25 years. The future physical consequences of such a policy at the 

neighbourhood level of the research case study can be analysed by the A-R-

Technique and fractal analysis method as explained below. 

 

Figure 7.20 illustrates the oldest part of Tajrish that streets have to be widened, 

extended, or straightened according to the new street layout. As the map shows, the 

new layout cut through some blocks trimming many building edges, which will 

considerably change the urban pattern of Tajrish in future. If the Municipality of 

Tehran can afford the cost, the marked areas will be gradually regenerated 

according to this layout. Otherwise, each building edge has to step back its owner 

applies for planning permission to whenever rebuild or renovate his property. 

 
Figure 7.20: The street widening plan around Tajrish Square. The map in the background 

is the existing situation (year 2002) and the map on the top left shows the new street 

layout. (Municipality of Tehran, 2003, unpaginated) 

 

The aim of the master plan of Tajrish is that the street widening plan will be 

gradually implemented and completed by the year 2017. The 2002 aerial photo of 
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Tajrish can be amended by adjusting the streets to show their proposed dimensions 

(length and width), and then the method explained earlier can be used to measure the 

change in the fractal dimension of its new status (table 7.8 and figure 7.21). In this 

test, changes that may occur in other urban elements have been ignored in order to 

discover the degree of physical change caused by this one policy alone. 

Neighbourhood ID T-N1 T-N2 T-N3 T-N4 T-N5 T-N6 T-N7 T-N8 
Fb for the year 2002 

 

Fb for the year 2017 

1.8502 

 

1.6630 

1.7239 

 

1.5732 

1.7458 

 

1.5530 

1.7898 

 

1.6287 

1.7329 

 

1.5943 

1.7016 

 

1.6430 

1.7460 

 

1.5228 

1.7554 

 

1.6059 

Neighbourhood ID T-N9 T-N10 T-N11 T-N12 T-N13 T-N14 T-N15 T-N16 

Fb for the year 2002 

 

Fb for the year 2017 

1.7758 

 

1.6437 

1.5366 

 
1.5034 

1.7106 

 

1.5905 

1.6346 

 

1.5558 

1.7593 

 

1.6101 

1.7808 

 

1.6097 

1.7882 

 

1.5911 

1.7846 

 

1.5443 

Neighbourhood ID T-

N17  
T-N18 T-N19 T-N20 T-N21 T-N22 T-N23 T-N24 

Fb for the year 2002 

 

Fb for the year 2017 

1.7500 

 

1.6074 

1.7849 

 

1.6134 

1.7567 

 

1.5702 

1.7751 

 

1.5791 

1.7768 

 

1.5808 

1.7141 

 

1.5617 

1.7388 

 

1.6035 

1.6996 

 

1.5749 

Table 7.8: The degree of change in fractal dimensions of the neighbourhoods in Tajrish if 

the street widening policy is implemented and completed (e.g. by 2017). 

 

 
Figure 7.21: The degree of change in physical complexity of the neighbourhoods in 

Tajrish if the street widening policy is completed (e.g. by 2017). 
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The test reveals the impact of the street widening policy over 25 years. It 

indicates that the degree of physical complexity will change considerably, if 

this single plan is completely implemented. Both Table 7.8 and figure 7.21 

clearly show a decrease in fractal dimensions of all neighbourhoods – 

particularly the oldest ones (e.g. N11 and N16). The result of fractal 

assessment also conforms to the statement, given by Alexander (2002b), that 

the application of linear geometry to an old context changes radically its 

physical characteristics and associates inevitably with thousands of mistakes 

(see Chapter Two, section 2.2.2).  

 

7.3.3 Vegetation, physical complexity and environmental 

sustainability 

While some architects and urban designers might have considered trees as 

minor elements in their designs or have left them to the interest of landscapers, 

recent developments in urban studies consider vegetation or green space at a 

local level as an important environmental criterion in terms of sustainable 

development, urban quality, and the quality of life (see Williams, Burton and 

Jenks, 2000; Brandon and Lombardi, 2005). Fractal dimension assessment 

could explain this and mathematically demonstrate the role of vegetation in 

maintaining physical complexity and environmental sustainability. 

 

The examination of different samples in the case study of Shemiran in general, 

and the neighbourhoods in Tajrish and Velenjak in particular, revealed that 

fractal dimensions in the areas that contain significant vegetation are higher 

than those that do not. For instance, the neighbourhoods V-N1 and V-N19 in 
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Velenjak have very similar urban patterns and building types, while the fractal 

dimension V-N19 is higher due to the amount of vegetation (figure 7.22). 

 

 
Figure 7.22: Aerial photos of V-N1 and V-N19 in Velenjak (2002) with similar plot 

layout and building type but different fractal dimensions. 

 

 

The other way to examine the impact of vegetation on physical complexity is to 

compare the assessed fractal dimensions of a single neighbourhood at different 

periods. As seen earlier in the case of Tajrish-N1 (figure 7.17), the built 

components in this neighbourhood were unchanged between 1969 and 2002, 

while the decrease in the amount of vegetation caused a significant rise in fractal 

dimension. The impact of vegetation on spatial complexity can be observed more 

clearly if the same area is examined with and without trees. As the types of the 

trees in Tajrish are mainly deciduous, the best way for such a test is to compare 

the aerial photos in two different seasons. Figure 7.23 illustrates the aerial photos 

of Tajrish for winter 1965 and summer 1969 and their respective assessed fractal 

dimensions. There is little change in built environment and the trees will not have 

grown significantly in this period. 
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Figure 7.23: The aerial photos of Tajrish in winter 1965 and summer 1969. The fractal 

dimensions of many assessed neighbourhoods decreased in the winter. 

 

As there is only a three and a half year difference between these two photos, the 

urban built form did not have noticeable changes. However, the test clearly 

indicates that the degree of physical complexity of many examined 

neighbourhoods increased during the summer. Only the complexity of the 

neighbourhoods which did not have trees (e.g. N10, N15), remained constant in 

different seasons. As figure 7.23 illustrates, some of the neighbourhoods such as 

N5, N9, N17, N19, and N24 demonstrate similar complexity in the summer, but 

their fractal dimensions vary in the winter. Therefore, another point can be 

concluded from the above test: trees can contribute to a balanced spatial 

complexity in the areas composed of diverse built components.  
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Figure 7.24: A view of Vali-e Asr Street. 

(the photo taken by the author, March 2008) 

 

The role of trees in maintaining the balance of urban spatial complexity can also 

be observed in the case of Vali-e Asr Street.  The land use map (figure 7.25, left) 

indicates the existence of varied building types and street patterns on both sides of 

Vali-e Asr Street, while the mature trees (figure 7.24; Appendix D, figure D.4) 

provide a balanced physical complexity along the street (figure 25, middle). 

Accordingly, a hypothesis could be developed claiming that natural elements such 

as trees would sustain the level of urban physical complexity in the areas where 

built elements might change frequently. The fractal assessment method can also 

give extra weight to the statement, written in Tehran‟s comprehensive plans, that 

the remaining gardens and mature trees in the case study of Shemiran are to be 

conserved as part of the natural heritage of the city (ACAUP, 2002). 

 
Figure 7.25: The land-use map of Vali-e Asr Street (left), its fractal map (middle), its aerial 

photo (right). (Left, Municipality of Tehran, 2003, unpaginated) 
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7.4 Chapter Summary 

The results of the fractal measurements have been analysed quantitatively and 

illustratively in this chapter. The capabilities and advantages of the fractal analysis 

of urban patterns were discussed in terms of fractal identification, classification, 

and more importantly the examination of change over both place and time. Fractal 

maps were used as the basis for comparing, analysing, and interpreting urban 

patterns at different scale levels of the case study (with the emphasis on the 

neighbourhood scale).  

 

In the first part of this chapter, the potential of the fractal approach in identifying 

urban patterns was discussed in terms of urban fingerprints and FNIDs. Fractal 

maps demonstrate the complexity of urban patterns while FNIDs mathematically 

identify such complexity. An FNID can be obtained by assessing fractal 

dimensions an urban element at different levels in the city hierarchical structure 

from neighbourhood to city scales. FNIDs can be used as a benchmark by which 

any changes to urban patterns in the future can be measured. For instance, urban 

conservationists who are keen to preserve urban characteristics can use FNIDs to 

suggest a range of acceptable changes in fractal dimensions for each designated 

areas. It is a more flexible appraisal method, sustaining morphological 

characteristics while allowing innovation and redevelopment in a historic urban 

context. 

 

 

Another application of the proposed analysis method is the fractal classification of 

urban patterns. Having added the assessed fractal dimensions of different patterns 

to the database of ArcMap 9.2, the software could easily locate areas with a 
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particular degree of complexity. Fractal classification is a quantitative method 

and, therefore, the number of classes could be easily increased or decreased 

according to the required precision of the research. In the second part of this 

chapter, the patterns were classified within three categories of low, medium, and 

high complexity and the characteristics of their respective neighbourhoods were 

explained. Fractal classification can assist planners to gain further insights into the 

complexity of urban forms in terms of pattern recognition.    

 

The third part of the chapter focused on assessing and analysing the change in the 

urban pattern of Tajrish (the main case study) both as occurring gradually over 

time, or has been caused by urban interventions. Aerial photos of Tajrish from 

1956 to 2002 were analysed to examine the change experienced by each of its 24 

neighbourhoods experienced during this period and the results were interpreted. 

The results showed that time, natural, and geographical features are the most 

important factors influencing urban spatial complexity. Furthermore, a simple 

technique was devised to measure possible changes in the future (e.g. caused by a 

design proposal, or even an urban policy that has morphological consequences). 

The chapter also suggested the A-R-Technique to assess and predict such changes 

before their actual implementation. Urban specialists can then refer to the FNID of 

each neighbourhood to assess quantitatively the degree of change in its pattern 

caused by that urban intervention. As each individual neighbourhood has its own 

unique characteristics, it would then be the responsibility of decision makers to 

evaluate, judge, reject, or approve these changes. 

 

In summary, the proposed fractal analysis method was found to be useful for 

pattern recognition in providing a better understanding of the nature of urban 
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morphological evolution in the selected case studies. The same method can be 

applied to the entire metropolitan city of Tehran and more generally to any other 

city. Finally, it can be claimed that the fractal analysis of urban form is more 

precise and realistic than the conventional linear analysis based on Euclidean 

principles. Further outcomes and findings will be discussed in the following 

concluding chapter. 


