
 

  
 
 
 

 
 

 

 
 
 
 
 
 
 
 
 

 
 

Introduction 

The spatial form of cities in Israel has been studied while focusing mainly on the processes and 
ideologies involved in the creation and establishment of its urban system (Alterman and Hill 
1986, Brutzkus 1964, Efrat 2004, Marom 2014, Rotbard 2015). Those who have dealt with the 
spatial forms of the built urban environment have concentrated primarily on small-scale studies 
at the level of building clusters, blocks, streets, neighborhoods and quarters (Aravot and            
Militanu 2000, Battat - Aviram 2014, Cohen and Amir 2008, Hatuka et al. 2012, Jacobson 2013, 
Marom 2009, Paldi and Wolssohn 1989) with little attention directed to the city level, especially 
regarding street patterns. 
 
The creation of Israel's urban space, including the street network, was mainly done in the 20 th 
century. Prior to Israeli independence in 1948, urban space was developed according to the 
pre-modern planning approach, characterized mainly by a street pattern that is nearly            
orthogonal, and oriented toward pedestrian movement (Omer et al. 2015). In contrary, the 
space planned after the independence followed modern and late-modern planning approaches 
based on the hierarchical classification of streets, with a strong orientation toward vehicle 
movement (Aravot and Militanu 2000, Rofè and Omer 2012). These two general street pattern 
types in Israeli cities were investigated with respect to the integration level of the street network 
(Omer and Zafrir-Reuven 2010), walkability level and pedestrian volume distribution (Omer et 
al. 2015, Lerman and Omer 2013) and land use distribution (Omer and Goldblatt 2015).             
However, no comprehensive study was conducted on the characterization and classification of 
street patterns that exist in the Israeli urban space. 
 
The aim of the present study is to identify and characterize the street patterns found in Israeli 
cities according to the urban planning approaches – pre-modern, modern and late-modern – 
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Abstract: Street patterns of Israeli cities were investigated by comparing three time 
periods of urban development: (I) the late 19th century until the establishment of the state 
of Israel in 1948; (II) 1948 until the 1980s; and (III) the late 1980s until the present. These 
time periods are related respectively to the pre-modern, modern and late-modern urban 
planning approach. Representative urban street networks were examined in selected cities 
by means of morphological analysis of typical street pattern properties: curvature,        
fragmentation, connectivity, continuity and differentiation. The study results reveal              
significant differences between the street patterns of the three examined periods in the             
development of cities in Israel. The results show clearly the gradual trends in the              
intensification of curvature, fragmentation, complexity and hierarchical organization of 
street networks as well as the weakening of the network's internal and external             
connectivity. The implications of these changes on connectivity and spatial integration are 
discussed with respect to planning approaches. 
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that dominated three periods: (I) the late 19th century until the establishment of the state of  
Israel (1948); (II) 1948 until the 1980s; and (III) the late 1980s until the present. Due to the  
intensive development of new cities in each of these periods, Israel provides an appropriate 
setting for the examination of the effects of each urban planning approach on the urban street 
network.  
 

In the following sections we first discuss the role of the street network as an urban form           
reflecting and constructing the social and cultural context. We then briefly present the types of 
cities found in Israel as well as the features of their development and their street patterns. A 
description of the relevant methods for the characterization and classification of street patterns 
and the method chosen follow afterwards. Finally, we summarize and discuss our results.  
 

Street Patterns and Urban Form 

 

Traditional and modern urban morphology research has considered the street network as one 
of the basic elements of urban form (Hillier 1987, Kropf 2009, Marshall 2005, Moudon 1994, 
Moudon 1998, Oliveira 2013). Some studies have used urban street patterns to characterize 
the nature of the physical form of cities in a particular country, society or culture (Asami et al. 
2001, Bonine 1979, Porta et al. 2012, Read 1999, Strano et al. 2013). Other studies have used 
street patterns to learn about the evolution of urban form over significant periods connected to 
the development of metropolitan areas (Southworth and Owens 1993, Wheeler 2008). Due to 
these studies and many others, it is clear that street network is a primary element of urban form 
that serves as the skeletal structure of urban space with important effect on the function of  
cities.  
 

Despite the fact that the street pattern is only one of a city's features, it provides fundamental 
indications about the phases of a city's development and the forces behind this development 
(Anderson 1992, Asami et al. 2001, Bonine 1979, Oliveria 2013, Read 1999, Southworth and 
Owens 1993). For example, studies starting from the 90's show that the most recent patterns, 
those characterizing the suburbia and urban sprawl, are disconnected and serve to further  
fragment the urban space (Filion and Hammond 2003, Song and Knaap 2004, Wheeler 2008).  
 
Generally speaking, the differences between street pattern types are related to urban planning 
approaches (Hebbert 2005, Marshall 2005). Areas which were created following pre-modern 
concepts are characterized mainly by a street pattern that is nearly orthogonal, and without a 
clear hierarchical classification of streets. In contrast, areas that were established and             
developed during the second half of the 20th century, under modern planning concepts, are 
characterized by a tree-like street pattern associated with the concepts of ‘functional hierarchy’ 
of street networks and the ‘neighborhood unit’ (Rofè and Omer 2014). The concept of 
‘functional hierarchy’ aimed to separate traffic movement from accessible land uses while the 
concept of ‘neighborhood unit’ was suggested to design a functional infrastructure for               
residential communities. Thus, these street networks are vehicle-oriented and aimed to create 
safe and proximate communities by means of closed street patterns, cul-de-sacs and wide 
roads leading fairly directly from one neighborhood to another within the city (Filion and              
Hammond 2003, Marshall 2005, Southworth and Ben-Joseph 1995, Southworth and Ben-
Joseph 1996).  
 
The differences between street patterns are also associated with the pedestrian volume             
distribution and walkability level (Baran et al. 2008, Hajrasouliha and Yin 2014) and with the 
distribution of non-residential land use (Porta et al. 2012, Scoppa and Peponis 2015). Street 
patterns have also a great impact on the social dimension of the urban environment (Grannis 
2005, Jacobs 1993, Southworth and Ben-Joseph 1996). For example, in the empirical studies 
conducted in several American cities, Grannis (2005) found that racial similarity among             
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neighborhoods, like metropolitan macro-level segregation, emerged primarily by means of      
spatial connections constructed through tertiary street networks rather than simple                
geographical distance. More specifically, racial similarity emerged between neighborhoods 
connected through internal pedestrian streets, a trend that was limited by the presence of non-
pedestrian streets. Grannis (2005) called this kind of neighborhood a 't-community' so as to 
indicate the role of pedestrian-oriented tertiary streets in creating social communities and 
neighborhoods.  
 
The consideration of street networks effect on the perception of the urban built environment is 
demonstrated by concepts such as ‘experiential network’ – the pattern formed when the street 
networks lack continuous boundaries (Stanton 1986), or ‘street neighborhood networks’ –           
urban neighborhoods formed of short blocks (Jacobs 1961). Street networks are also integral 
components of perceived neighborhoods which represent subjectively bounded neighborhoods 
or territories (Schnell et al. 2005). Lynch (1960) describes the function of street networks in the 
spatial cognitive representation of urban areas as follows: "The paths, the network of habitual 
or potential lines of movement through the urban complex, are the most potent means by which 
the whole can be ordered" (Lynch 1960: 96).  
 
Street patterns are directly relevant to three of the urban environment's physical characteristics 
– differentiation, complexity and visibility – each of which can potentially affect the human expe-
rience and spatial behavior (Cubukcu and Nasar 2005, Montello 2007). Differentiation 
(distinctiveness) is the degree to which networks have a unique layout; in the case of streets, 
differentiation implies the ability to distinguish street network 'parts' according to the density, 
length and form of their streets. Complexity refers to the relations, composition and organiza-
tion of these street networks. Visibility or visual access is the degree to which the different parts 
of the street networks (streets or segments of streets) are connected through vistas or visual 
lines. These morphological features are used in the current research to describe and classify 
the development of streets patterns in Israeli cities.  
 

Analytical Framework 
 

Selecting Case Studies 
 

Previous studies have identified several types of cities in Israeli, each of which characterizes 
different periods and stages in Israel's development, and represent diverse political, cultural 
and social engines as well as planning approaches (Aravot and Militanu 2000, Efrat 1984). 
These city types are also characterized by typical street patterns (Pharhi and Zafrir 2003, Zafrir
-Reuven 2006, Omer and Zafrir-Reuven 2010), as illustrated in Fig. 1 by street networks of 
selected cities: 
 
Old cities – founded up to 1880, often centuries before the beginning of the Zionist settlement 
at the end of the 19th century (Fig. 1a). The number of old Jewish cities is relatively small; only 
five of them still exist as cores of contemporary functioning cities.  
    
Moshavot – agriculture settlements founded after 1880. They represent the beginnings of the 
Zionist settlement (Fig. 1b).  
 
Semi-agriculture suburbs – established during the 1920s and 1930s, they functioned partially 
as agriculture settlements (primarily domestic and limited) but also – and currently mainly – as 
a residential option for industrial workers and professionals (Fig. 1c).  
    
New towns – these towns were established after 1948. They represent the first urban              
expression of nascent post-independence Israeli sovereignty. These cities are generally              
divided into two subgroups, according to the period of their establishment: early new towns 
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(Fig. 1d) and late new towns (Fig. 1e).  

The literature also defines a type of city called central or metropolitan city that refers to the 
three largest cities in Israel. It is worth noting that each central city includes the street patterns 
presented in Fig. 1. 
 
As mentioned above, the distinction between these city types or urban areas is related to the 
urban planning approaches or doctrines by which they were established: urban environments 
established between the end of the 19th century and the establishment of the State (1948)           
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according to the pre-modern planning approach; urban environments established between 
1948 until the 1980s according to the modern planning approach; and urban environments  
established from the 1980s until the present according to the late-modern planning period 
(Aravot  and Militanu 2000, Farhi and Zafrir 2003, Omer and Zafrir-Reuven 2010, Zafrir-Reuven 
2006).  
 
Seven cities were selected to represent the street patterns of the respective planning                    
approaches, having networks constructed in different periods: Hadera, Netanya, Raanana and 
Rishon Le-Zion (Moshavot), Bat-Yam (Semi-Agricultural Suburbs), Ashdod and Eilat (New 
Towns) (Fig. 2a). These cities represent well the distinction between city types in Israel (Omer 

The Development of Street Patterns in Israeli Cities 

117 

Fig. 2 – (a) Representative street networks from different periods in the selected Israeli 
cities. P(n) = Sample of the pre-modern street network, M(n) = Sample of the modern street 

network, L(n) = Sample of the late-modern street network. 



 

 
 

 

and Zafrir-Reuven 2010) as well as different geographical areas in Israel e.g. metropolitan     
areas and periphery. We used several sources to identify and determine the street patterns for 
each period: historical maps, aerial photographs as well as GIS layers, with the last serving as 
the basis for the analysis. Since not all cities have been mapped continuously, we also used 
local planning documents found in municipal planning departments to determine the exact 
dates of the establishment of neighborhoods and areas. A sample of 15 representative street 
networks (square areas of 750 m x 750 m), 5 from each of these three periods were selected 
(Fig. 2b). These street network ‘patches’ are selected according to the period of establishment 

and their geographical location (e.g. the historical center of the city and new areas in the            
periphery) and the ability to isolate them from their immediate environment. The analysis aimed 
to reveal the morphological changes that characterize the development of street patterns in the 
Israeli urban space. 
 

Analysis Methods 
 

The study of street patterns includes issues of shape, form and composition to understand their 
basic characteristics and their evolution. Previous studies have classified street networks with 
descriptive tools and tagged them into prototypical names: Organic pattern, Grid, Orthogonal, 
Rectangular, Curvilinear, Tree, Capillary and so forth (Kostof 1993, Marshall 2005, Moudon 
1992, Southworth and Ben-Joseph 1996, Southworth and Owens 1993). However, the               
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street network, L(n) = Sample of the late-modern street network. 



 

 
 

 

combination between the quantitative traditional Conzenian approach and the quantitative            
approach, particularly the space syntax approach (Hillier 1996), enables us to investigate and 
classify the street networks with more objective criteria (Filion and Hammond 2003, Ozbil et al. 
2011, Strano et al. 2013). More specifically, consideration is generally given to the geometric 
and configurational aspects of street patterns: length of lines, degree of curvature, number of 
intersections, number and size of blocks, connectivity, integration, fragmentation (Hillier 1996, 
Marshall 2005, Oliveira 2013, Southworth and Owens 1993). These features are applied with 
methods using topological, geometrical and metric terms that might also be relevant to human 
spatial behavior as well as for social and culture dimensions of cities (Hillier 1987, Hillier and 
Iida 2005, Jiang 2007, Porta et al. 2006).  
 
In order to describe and classify the development of streets patterns in Israeli cities in the           
current research we analyzed and measured the 15 selected street network ‘patches’ (Fig. 2a) 
according to the metric, geometric and topological features suggested in previous researches. 
More specifically, we concentrated on the following main morphological properties of street 
networks: curvature, fragmentation and fraction, spatial connection to the city, continuity and 
differentiation. Five variables were chosen to reflect these following morphological properties. 
We analyzed them on the basis of the measurements of different parameters in each of the 
street network ‘patches’, shown in Table 1. 

Curvature was measured by the ratio between the number of streets and the number of 
axial lines. Axial lines are defined as the longest straight lines of direct visibility and movement 
that pass through streets and open spaces, thereby creating a continuous network (Hillier 
1996). This measure indicates movement options having possible implications on environment 
perception (Montello 2007). A curved or broken street will exhibit several axial lines while a 
straight street will exhibit only one. We can therefore expect orthogonal patterns to have low 
curvature ratio values while curved patterns will have high values. 

The Development of Street Patterns in Israeli Cities 

119 

Table 1 
Morphological variables in selected street networks 

No. of 
T 

Junc-
tions 

No. of all 
Junc-
tions 

No. of 
Blocks 

No. of 
Cul de 
sacs 

No. of 
Axile 
lines 

No. of 
streets City and Period Sam-

ples 

23 29 18 5 46 53 Pre-modern- Netania P2 

33 43 29 7 61 62 Pre-modern (sample 1) - 
Rishon Le-Zion P3 

37 47 29 3 58 54 Pre-modern (sample 2) - 
Rishon Le-Zion P4 

21 27 16 5 39 34 Pre-modern - Raanana P5 
37 43 21 7 45 39 Pre-modern -Hadera P1 
21 26 14 18 45 31 Modern - Netania M3 
38 44 17 13 61 42 Modern -Rishon Le-Zion M4 
42 45 12 24 97 53 Modern - Eilat M1 
15 22 13 26 67 28 Modern - Ashdod M2 
33 36 18 14 62 30 Modern - Bat Yam M5 

30 22 18 11 56 43 Late-modern (sample 1) -  
Ashdod L1 

36 46 16 16 59 25 Late-modern (sample 2) -  
Ashdod L2 

17 22 14 29 69 46 Late-modern (sample 3) -  
Ashdod L3 

26 29 18 21 84 61 Late-modern (sample 1) - Eilat L4 
31 36 19 10 64 33 Late-modern (sample 3) - Eilat L5 



 

 
 

 

Fragmentation and fraction are measured by the ratio of cul-de-sac streets within the 
street network. We expect to find higher ratios of cul-de-sac streets in newer street patterns in 
light of the modern planning aspects of enclosure, neighborhood unit and hierarchical                
organization of street networks (Hebbert 2005). 

Spatial connection is measured by the number of connecting routes – access lines – that 
link a given street pattern to the entire city’s street network. Again, modern urban street pat-
terns are characterized by high levels of enclosure, particularly at peripheral locations in the 
city. Therefore, these patterns were expected to exhibit a limited number of access lines or 
External connectivity (Song and Knaap 2004).  

Continuity is measured by the percentage of T junctions out of all junctions. The basic 
assumption is that T-junctions will be much more dominant in modern and late-modern patterns 
(Marshall 2005). 

Differentiation is measured by the total area of city blocks – an area fully bounded by 
streets – in each pattern. The assumption is that pre-modern patterns exhibit many city blocks, 
with the amount decreasing in modern and late-modern patterns, where the existing of             
dead-end roads, pedestrian trails, curved and hierarchical street networks create large lots with 
scattered blocks. The ratio between the number of blocks and the number of axial lines in each 
street pattern was chosen to describe this property.    

 
The calculation and examination of the different measures were conducted with a GIS software 
(ArcGIS 10) and a Depthmap software (version 10.14). Depthmap (Turner 2004) was used to 
construct and measure axial lines. We also estimated ANOVAs in order to test the level of       
statistical significance of the differences between the street patterns.   
 

Results and Discussion 

The measurement results of the morphological features of each of the representative street 
networks and the statistical test are presented in Table 2. As it can be seen, the street pattern 
groups – pre-modern, modern and late modern – significantly differ according to these             
morphological features. The value of the curvature measure (the ratio of streets/axial lines) is 
close to 1 in the pre-modern street pattern, characterized by disordered orthogonal form, but it 
is much lower in the street patterns of the later periods, where the ratio streets/axial lines is 
less than 1 (i.e. more axial lines in the newer street patterns), which means relatively greater 
curvature. Fragmentation and fraction show much lower values in the pre-modern street pattern 
than in the newer patterns. This indicates that pre-modern patterns are characterized by             
greater continuity while the modern and late-modern street patterns are characterized by           
multiple dead-end streets and a high level of fragmentation. Similarly, the newer the pattern, 
the lower the level of spatial connectivity; patterns from the pre-modern period exhibit an            
average of 18.4 access lines while patterns from the modern period exhibit only 9.2 access 
lines. Areas exhibiting high numbers of access lines were indeed constructed in the 1950s. 
Although now located in the center of their cities (i.e. new towns) they are still poorly connected 
to the city's surroundings. Patterns from the late-modern period, being the most peripheral, are 
even less connected (an average of 7 access lines). As expected, differentiation exhibits lower 
ratios in the pre-modern period relative to the modern and late-modern period. However, the 
continuity of the street networks was found to vary little between the periods.  
 
Thus, a significant difference was found between the patterns of the three examined periods, 
especially between the pre-modern one and the later periods. The above findings suggest that 
the street patterns in the older pre-modern period are relatively more orthogonal with less             
hierarchy and well-connected to the city core. As time passes, the patterns become more             
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fragmented, less continuous and more poorly connected. A detailed examination of the                
differences between the newer patterns (i.e. the modern and the late-modern ones) shows a 
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Table 2 
Morphological features of selected street networks in Israeli cities  

by period of establishment 

Conti-
nuity 

Differen-
tiation  

A/B 

Spatial  
Connec-

tion 

Frag-
menta

tion  
C/S 

Curva-
ture   
S/A 

    

T Junc-
tions 
out of 

all 
Junc-
tions 

  
  

Ratio of 
no. of 

blocks to 
no. of 
axial 
lines 

No. of  
access 

lines be-
tween the 
sampled 

pattern and 
the city 

core 

Ratio  
be-

tween 
cul-de-

sac 
and 

streets 

Ratio 
be-

tween 
streets 

and 
Axial 
lines 

Period 
Periods of city 

planning 

 0.79 2.56 18 0.09 1.15 

Late 19th 
century 

until 
1950s 

Pre-modern - 
Netania 

 0.76 2.10 21 0.11 1.02  " 
Pre-modern 
(sample 1) - Rishon 
Le-Zion 

 0.78 2.00 20 0.06 0.93  " 
Pre-modern 
(sample 2) - Rishon 
Le-Zion 

 0.77 2.44 17 0.15 0.87  " 
Pre-modern –
Raanana 

 0. 86 2.14 16 0.18 0.87  " 
Pre-modern – 
Hadera 

 0.79 2.25 18.4 0.12 0.97   Average 

 0.8 3.21 10 0.58 0.69 50's-80's Modern - Netania 

 0.86 3.59 7 0.31 0.69  " 
Modern - Rishon 
Le-Zion 

 0.93 8.08 12 0.45 0.55 " Modern - Eilat 

 0.9 5.15 10 0.74 0.52 " Modern - Ashdod 

 0.91 3.44 7 0.47 0.48 " Modern - Bat Yam 

 0.86 4.7 9.2 0.51 0.59   Average 

 0.83 3.11 6 0.26 0.77 
80's till 
today 

Late-modern 
(sample 1) -  
Ashdod 

 0.78 5.13 6 0.64 0.30 " 
Late-modern 
(sample 2) -  
Ashdod 

 0.77 4.21 7 0.63 0.78  " 
Late-modern 
(sample 3) -  
Ashdod 



 

 
 

 

consistent tendency over time – the intensification of the curvature and fragmentation as well 
as the weakening of internal and external connectivity of given street networks. Thus, the         
newer street patterns are more fragmented, with fewer city blocks and less connected to the 
city core. The one-way ANOVA comparing the street patterns of the three periods indicated a             
statistically significant difference between these groups (p<0.05), by all the investigated                
morphological features.  
 
The morphological analysis of street networks over time provides us with the following process 
as illustrated in Fig. 3: before the beginning of the major Zionist settlement (that is, the end of 
the 19th century), an organic old pattern was indeed to be found. Grids began to appear at the 
start of the 20th century created in part during the Ottoman period and in part during the British 
Mandate. However, the appearance of the two patterns was limited and local. In addition to 
these early street patterns, three additional types of patterns can be identified. Each of them 
represents a significant period of urban development embodying a planning approach and 
unique characteristics. These prototypical street patterns are as follows:  
 
The pre-modern disordered orthogonal pattern – employed from the end of the 19th century 
until the 1950s.  
   
The modern fragmented trees pattern – employed from the beginning of the 1950s until the 
1980s.    
 
The late-modern pictorial pattern – employed from the 1980s until the present. 
 
Each of the three main patterns is associated with a different explanation for its distribution: the 
disordered orthogonal pattern was in use during a few decades, from the late 19th century till 
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Conti-
nuity 

Differen-
tiation  

A/B 

Spatial  
Connec-

tion 

Frag-
men-
tation  
C/S 

Curva-
ture   
S/A 

    

T Junc-
tions 
out of 

all 
Junc-
tions 

  
  

Ratio of 
no. of 

blocks to 
no. of 
axial 
lines 

No. of  
access 

lines be-
tween the 
sampled 

pattern and 
the city 

core 

Ratio  
be-

tween 
cul-de-

sac 
and 

streets 

Ratio 
be-

tween 
streets 

and 
Axial 
lines 

Period 
Periods of city 

planning 

 0.89 4.67 7 0.34 0.73 " 
Late-modern 
(sample 1) - Eilat 

 0.86 3.37 9 0.38 0.33 " 
Late-modern 
(sample 3) - Eilat 

 0.82 4.1 7 0.45 0.58   Average 

4.557 4.928 58.248 11.447 8.818   F 

.046 .027 <0.0001 .002 .004   Sig. 

Table 2 
Morphological features of selected street networks in Israeli cities  

by period of establishment 

S = Streets; A = Axial lines; C = Cul-de-sac; B = blocks; T = T Junctions 
The bottom two lines show the results of the one-way ANOVA (df = 14) 



 

 
 

 

the 1940s – by the first Zionist settlers. These settlers managed to establish about 30               
agriculture settlements (moshavot), a considerable number of which became cities in which the 
core is characterized by this street pattern. The fragmented trees pattern was the major pattern 
adopted by government planners when building more than 30 new towns throughout the                 
country after the establishment of the state in 1948. This pattern was also used to develop a 
vast number of new neighborhoods in existing cities, in many of them with an extensive             
implementation of the ‘city garden’ model, and with a city center which is separated from the 
residential areas. The pictorial pattern is a popular creation of the private sector, which             
constructed new neighborhoods wherever possible once the major period of public construction 
ended in the late 1980s. This explains why this pattern is found in such a large scale and in all 
types of cities.  
 
The examination of the evolution of street patterns established according to distinct planning 
approaches – pre-modern, modern and late-modern – reveals several morphological aspects 
that characterize the changes that have occurred in the Israeli urban environment. The               

disordered orthogonal pattern, which is related to pre-modern planning, is actually a grid          
pattern with some distortions in the length of its lines (i.e. dead-end streets) and their direction 
(i.e. diagonal streets), elements that indicate the presence of initial spatial organization in the 
street network. The fragmented trees pattern associated with modern planning is essentially a 
combination of curved lines and many dead-end streets as well as many T-junctions. Thus, this 
pattern is characterized by the domination of spatial organization and hierarchical structure. In 
addition, spatial fragmentation occurs at a more-local level. The pictorial pattern that developed 
from the 1980s and related to late-modern planning can be viewed as the intensification of    
spatial fragmentation and spatial organization at higher spatial level relative to the patterns that 
developed during the previous three decades. This pattern reveals the much greater presence 
of dead-end streets as well as areas distinguishable at the global level of the pattern, which 
contributes to a greater spatial fragmentation. Thus, relative to the initial basic organic and grid 
patterns of the early pre-modern urban environments, street patterns became much more          
organized yet spatially fragmented over time. This finding fits those of previous research (Zafrir-
Reuven 2006, Omer and Zafrir-Reuven 2010) that elaborated the strong relationship between 
city ages, period of establishment and observed street pattern.  
  
Regarding the geographic aspects of the street patterns described above, the first pre-modern 
disordered orthogonal pattern is located in core areas, mainly in moshavot and semi-agriculture 
settlements (their location can be seen clearly in Fig. 2a, in the cities Raanana, Hadera, 
Netania and Rishon Le-Zion). The modern fragmented tree pattern began mainly in the              
peripheral New Towns (see locations in Eilat and Ashdod, in Fig. 2a) but it was slowly added in 
new areas of older cities (see locations in Netania, Bat-Yam and Rishon Le-Zion, Fig. 2a). By 
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Fig. 3 – Prototypes of main street patterns found in Israeli cities,  
by period and planning approach  



 

 
 

 

the 1960s, this pattern had become the dominant pattern in new marginal urban areas     
throughout Israel (i.e. margins of older cities). Thus, despite its massive presence, the                    
pre-modern disordered orthogonal patterns still characterized the core of the cities, while the 
modern fragmented trees characterized their periphery. Only during the 1980s, the modern 
fragmented trees pattern became dominant. The late-modern planning approach introduced the 
pictorial pattern that provided some geometric order to the urban space. At first, it was                 
significant mainly in the periphery but it currently serves as a prominent street pattern in the 
new neighborhoods throughout the Israeli urban space.   
 

Conclusions 

In this paper we investigated street patterns of Israeli cities by comparing three time periods of 
urban development, each of which is related to a different urban planning approach – the pre-
modern, the modern and the late-modern. For this purpose, we used several morphological 
measures to describe the main street pattern properties: curvature, fragmentation, spatial             
connection, continuity and differentiation. The results indicate that clear distinctions can be 
found between the street patterns established according to the three examined planning         
approaches, each being strongly related to significant periods in the development of cities in 
Israel. The results show clearly constant and gradual trends in the intensification of the              
curvature, fragmentation and complexity level of the spatial organization of street networks as 
well as the weakening of the network's internal and external connectivity. 
 
These trends in the urban street network are quite similar to what was observed in many other 
countries. What is unique about the Israeli case is the rapid intensive urban settlement, which 
combines different urban planning ideas associated with diverse socio-cultural forces. Such 
diversity exists at the local scale of the neighborhoods and relatively small urban areas.  
 
The fact that the street patterns of the Israeli urban space clearly differ from one another to 
become more fractured, fragmented and disconnected over time has significant implications on 
the urban form but also on the spatial integration and functioning of cities. The study findings 
concerning the development of street patterns, and the impact of planning approaches on             
connectivity and spatial integration in this respect, may assist to deal with the present urban 
planning problems of sustainability and smart growth. For example, the difficulties in creating a 
walkable environment and integrated social and functional urban areas are associated with the 
modern and late-modern urban environment due to their low levels of spatial integration.             
However, further research on those implications can contribute to our understanding of how 
urban planning approaches acquired expression in the social and functional aspects of urban 
areas through the morphological features of street networks.  
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