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Early Bronze Age settlements with a similar two-partite spatial distinctions were Sévrier-
Les Mongets at Lake Annecy, France (Billaud and Marguet, 2005, p.176, Fig. 5a) and Zurich-
Mozartstrasse, phase C1A, Switzerland (Schmidheiny, 2011, p.79–90).

The first part of this paper looked at spatial configurations of Late Neolithic and Early Bronze 
Age villages. However, the author is obliged to admit that his initial aim to trace developments 
which could be compared with the ‘law of natural movement’ conceptualised by Hillier et al. 
could not met. To make up for this deficit, it is necessary to include further archaeological and 
socio-spatial aspects to find answers why this failed.    

3. RESULTS

The previous part of this paper looked at spatial developments of prehistoric settlements 
between 2nd half of 4th and mid 2nd millennium BC. One remaining problem to trace the ‘law 
of natural movement’ in these settlements is their relatively short live span. The use of open 
fires in wooden houses covered in reed posed a constant fire hazard and far too often resulted 
in devastating incidents. However, natural science and spatial analysis allow a glimpse into 
social and economic organisation of these societies.

Interesting to notice is the rather strict spatial configuration – almost some kind of ‘cultural 
fingerprint’ – during Cortaillod Culture in western Switzerland. With the recurrent growth 
pattern of ‘a pair of houses including an open space in between’ (‘XX o y-configuration’) it 
could be argued that these open spaces were ‘private’, while the central lane e.g. found in Sutz-

Figure 10 - Concise-sous-Colachoz, phases E12 (1637-1619 BC) fewest line axial line maps.
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Lattrigen, Hauptstation innen SW (Figure 3) and only suitable for movement, could be seen as 
‘public space’. 

Arbon-Bleiche 3 was discussed for its two special structures along most integrated axial lines 
(Figure 5). It remains impossible to attribute these structures to anything comparable to retail 
businesses in the widest sense. However, pottery remains indicate long-distance contacts down 
the Danube River and suggest inhabitants of different origins and with various organisational 
strategies living together at Lake Constance.

Already in Early Horgen Period during the last third of 4th millennium BC, open space within 
settlements seems to have been reduced to narrow lanes only suitable for movement. Convex 
gathering space, important for reproduction of society has to be expected outside villages. 
However, those areas are seldom excavated due to financial restraints as well as political 
pressure, and may not reveal much structural remains.

In Late Horgen Period (beginning 3rd millennium BC) many lakeside settlements saw their 
integration core reduced to almost a single straight line. Indications of a reclusive society can 
also be found in the limitation of imports from other areas. During this period many villages 
were built onto hilltops or hill promontories (Biel, 1987). Although none of them is suitable for 
more detailed Space Syntax Analysis, their defining segregating outline, further underlines a 
more reclusive background of their construction.

Space Syntax has provided comprehensive studies into spatial configurations and power 
structures (e.g. Markus, 1993). While these Late Horgen Period settlements reveal justified 
graphs comparable to prisons, there is no archaeological evidence of any central decision 
taking authority. However, the residential buildings are all dead-end-spaces with the same 
‘programmatic label’.  Therefore, these villages followed a ‘strong program’ in how their social 
script was embedded in space through a pattern of distribution, affordances and labelling 
(Capillé and Psarra, 2014, p.24). But what was the reason for their inhabitants to live there in 
the first place? 

Latest DNA results indicate large scale migrations from the Pontic-Caspian steppe towards 
western Europe. Furthermore, a decline in Neolithic activities around 3000 BC could indicate a 
social crisis (Kristiansen et al., 2017). Even an early form of plague (Rasmussen et al., 2015) may 
have triggered such reclusive reactions.

Although ‘prehistoric information propagation’ of such events and resulting psychological 
reactions of the recipients cannot be reconstructed, the author thinks, that ‘fear’ can be 
assumed as one. Consequently, inhabitant-stranger-interactions may have been controlled and 
could well have taken place on dedicated locations outside settlements.

A symbolic link between living quarters and their surroundings during Late Horgen Period can 
be found in Sutz-Lattrigen, Kleine Station (2849–2754 BC). This lakeside village had a central 
access way pointing straight towards a huge cup-marked boulder on dry land (Hafner and Suter, 
2004, p.22, Abb. 8). If inhabitant-stranger-interactions indeed took place ‘extra mural’, the ‘law 
of natural movement’ would not be traceable within Late Horgen Period settlements.

Little new input on spatial configurations could be traced during Corded Ware Culture (in 
Switzerland c. 2750–2400 BC). The spatial layout of e.g. Zurich-Mozartstrasse seems to appear 
almost as some kind of ‘reset’ to Early Horgen Period level. 

The migration background to the emergence of Corded Ware Culture has previously been 
explained. Strontium isotope, genetic and dietary analysis on skeletal material suggest for a 
time slot parallel to Zurich-Mozartstrasse high mobility and “stable female exogamy” in Corded 
Ware societies of southern Germany (Sjögren et al., 2016, p.27/33). Although some of these 
women came from non-Corded Ware groups (ibidem), it would on the ‘receiving end’ call for 
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‘sufficiently permeable’ Corded Ware settlement configurations to encourage encounters, 
which could explain this ‘spatial reset’.

On the other hand, fundamental changes occurred during Bell Beaker Phase (c. 2900–1800 BC). 
Although the current data base leaves much to wish for, spatial configuration of this phase 
seems to have been somehow ‘reversed’. Striking are great distances between buildings. These 
were at least the length of a building apart, while in Horgen Period only narrow lanes separated 
houses. 

Particular care seems also to have been taken to keep open spaces between Bell Beaker buildings 
when houses were rebuilt. Therefore, the recurrent growth process of these settlements could 
best be described as ‘a primary cell within an open space’ or ‘y o X-configuration’. Possible 
keys to this particular spatial behavioural can be found on different levels, of which some have 
started much earlier. 

During the 28th century BC existed several long lasting villages parallel in the same micro 
region of Lake Biel/Bienne (Hafner and Suter, 2004, p.20) and Lake Constance (Billamboz et 
al., 2010, p.265, Abb. 7). These villages were in viewing distance from each other and are likely 
to have caused an augmented awareness of co-presence. While large open grassland did not 
yet exist in the hinterland of Lake Constance (Lechterbeck et al., 2013, p.12), this increased 
awareness of co-presence along lake shores may not only have encouraged interactions but, 
in stress situations, also increased competitive fears among different groups. As a result, an 
enhanced ‘group awareness’ may have developed.

Added to this, houses were now more often repaired and renovated. During 35th century 
BC, several attempts to found new villages around Lake Biel/Bienne failed and houses were 
abandoned shortly after being constructed (Hafner and Suter, 2004, p.16, Abb. 2; 17, 18). In 
the 28th century BC existed villages over three or four generations (e.g. Vinelz-Hafen, 2774–
2701 BC; Hafner and Suter, 2003, p.29) and buildings were maintained of longer periods (Suter 
and Francuz, 2010, p.202), house 2 in Saint-Blaise/Bains des Dames, Switzerland even over a 
century (Gassmann, 2007). Therefore, people having grown up in such long-lasting houses may 
have developed a personal ‘space-time-identity’ closer related to these buildings and handed it 
down during the socialisation of their own descendants. 

Corded Ware Culture introduced from 28th century BC onwards with its burial practice of single 
graves – at least on a gender level – a new concept of ‘self identity’ or ‘individualism’ in the 
widest sense. Even though there were differences between these two culture, aspects of ‘self 
identity’ developed further among Bell Beaker people and can best be seen in their children’s 
graves. Even burials of very young children already followed the adult practice of gender-
specific, bipolar inhumations (Figure 7). It is therefore discussed, whether Bell Beaker children 
were born into pre-destined roles of e.g. man/woman, husband/wife, etc. (Nadler, 2006; Turek, 
2000). 

In these changing social contexts, also the primary cell of a house would play an important part. 
It may transform its role from ‘a simple shell’, which provided shelter from the inclemency of 
the weather, to a physical symbol of a social entity – we may call ‘family’ or ‘clan’ in the widest 
sense – for which the house it occupied was the physical manifestation (Coudart, 1999,  p.537). 

This tangible symbol of ‘family’ would consequently have to be ‘displayed’ by its inhabitants 
to mark their distinction to others. Therefore, the open space surrounding Bell Beaker houses 
previously discussed had to be maintained and distances kept to neighbouring buildings. Such 
distinctions would occur until the understanding of ‘family’ had become an established part of 
‘space-time-identity’ in the entire society. 
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Indications of when the concept of ‘family’ may have been entrenched in society are individual 
burials arranged in grave groups. Such burial groups can be distinguished at the transition 
from Bell Beaker Culture to developing Early Bronze Age period. Graves e.g. in Singen, 
Nordstadtterrasse, Germany (c. 2150 BC) still followed the Bell Beaker pattern of flexed bipolar 
inhumations but were arranged in different groups (Krause, 1988; Stockhammer et al., 2015, 
p.20). 

Such burial arrangements shifted the focus from the still relatively fleeting duration of 
settlements to more ‘generation-spanning’ environments of cemeteries. It consequently ‘freed’ 
the spatial configurations of Early Bronze Age settlements from the ‘obligation’ of keeping 
distance to neighbouring buildings and ‘allowing’ to return to clustered villages. Earliest Early 
Bronze Age settlement at Lake Constance revealing such configuration was Bodman-Schachen 
I, Bauphase 1 with nine buildings in two irregular rows and radio-carbon dates of the 19th 
century BC (Köninger, 2006, p.94 and p.95, Abb. 85).

In later Bronze Age periods and with the idea of ‘family’ or ‘clan’ further developing, grave 
clustering in huge burial mounds became a more dominant expression of social structures. Such 
widening familial relationships and social differentiation with more or less successful agents, as 
well as resulting contractual dependencies, eventually formed the basis for the development of 
bigger political and economical entities across Europe. 

And from an archaeological research point of view, the ‘y o X-configuration’ of Bell Beaker 
settlements may actually hold the key why no lakeside settlements of this culture have 
been found so far. Although the author does not want to exclude this possibility, Bell Beaker 
settlements following a ‘y o X-configuration’ and built onto beach platforms or into lakes 
themselves, would most likely have consisted of single houses built in considerable distance to 
each other and being connected to dry ground by individual elevated walkways. However, to 
identify such structures it would be necessary to survey large underwater areas and tree-ring 
date each and every single wooden post. To identify more Bell Beaker settlements, the author 
argues that it may therefore be necessary to abandon the idea of ‘typical clustered villages’.

4. CONCLUSIONS

The author had to admit that he failed in his initial attempt to trace the ‘law of natural movement’ 
and its subsequent economic feedback-loop in prehistoric settlements. However, with a more 
spatial based focus on social changes, the transition from Late Neolithic to Early Bronze Age 
was revealed as very important. 

Fundamental social changes took place during End Neolithic. Migrating people from the east 
brought not only a new language, economic background and burial practices but also different 
‘space-time-identities’ with them. They fusioned with local groups into Corded Ware Culture, a 
gradual process of acculturation and integration, which took several hundred years. 

It cannot be excluded that the ‘law of natural movement’ may have developed in Late Neolithic. 
However, social changes overshadowed these spatial developments and “it was only on the 
advent of the Middle Bronze Age that cultural homogenization prevailed” (Kristiansen et al., 
2017, p.338). 

It is therefore likely that only from Middle Bronze Age onwards, socio-economic conditions 
with ‘individually acting producers and consumers’ in a more modern sense may be found. And 
it may be worth to analyse settlements of younger prehistoric periods with Space Syntax to 
trace the ‘law of natural movement’.
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ABSTRACT

Increasing residential segregation in cities gives public spaces a more important role in solidarity 
processes, bringing people together, supporting movement, co-presence and co-awareness. 
Local squares thus have the greatest significance providing an arena for social interplay 
as people become co-present.  Earlier studies showed that high spatial integration plays an 
important role for the mix of locals and non-locals besides aspects relating to population 
density and land use.

The purpose of this paper is to reach a better understanding whether also more local properties 
that characterize a square influence co-presence. Further, more squares are added to represent 
a broader spectrum of neighbourhoods which will help us understand whether network 
integration is important in all types of neighbourhoods. Thirdly, this study will help to inform 
whether earlier findings by Legeby in Stockholm, Södertälje and Gothenburg can be confirmed 
which allows us to generalize these findings.

The amount of people co-present in squares and the share of non-local visitors are studied as two 
indicators (or aspects) of co-presence. The empirical data was collected through observation 
including snapshots and interviews. The number of people present in the public squares was 
noted and the interviews were used to measure the share of non-locals. The spatial analysis 
includes besides integration and betweenness, an analysis of density (both population and 
building density) and land uses accessible from the squares within various radii. Also, geometric 
characteristics such as size, shape and enclosure of the squares are included in the study.

The result shows different patterns of co-presence in the 12 studied squares, especially if we 
distinguish squares in the most central area of Gothenburg with squares located at a longer 
distance from the city centre. Some findings confirm earlier findings and allow us to generalize 
the findings as other findings seem not to be relevant in all cities. Further, pure geometric 
properties of squares do not show strong correlations with co-presence. We can thus conclude 
that the local design intervention of squares cannot promote co-presence very well without the 
support of urban structure.
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1. INTRODUCTION

In many European cities the history of massive post-war housing expansion has left a legacy 
of notoriously segregated suburbs. The problems related to segregation and exclusion in 
Swedish cities are currently being discussed “to an extent not experienced before” (Legeby et 
al. 2015, p. 239). This is reflected in policy documents, municipal budgets and Comprehensive 
Development Plans. However, the situation is more complex with some suburbs suffering social 
problems much more than others (Vaughan 2005; Vaughan and Arbaci 2011).

Earlier studies have shown that public space has an important role to play as it can contribute 
in a positive way to solidarity processes, bringing people together, supporting movement, co-
presence and co-awareness (Hanson 2000, Hanson & Zako, 2007; Legeby 2013; Netto, 2016). 
Public space is thus not only urban design elements important for enabling travel between 
destinations, but has an important role to play in providing a social arena for social interplay 
(Olsson 1998; Gothenburg Comprehensive plan 2009). The routines of day-to-day life result in 
social interaction and cultural exchange including the negotiations of views and norms (Giddens 
1984; Zukin 1995) and can potentially contribute to overcoming social exclusion (Legeby 2013; 
Young 1996).

Architecture and urban design are seen in this debate as playing a central role for counteracting 
segregation, confirmed by formulations found in policy documents. But how do we know what 
kind of design principles lead to less segregation? Earlier studies highlight the importance of 
urban space which frames and supports everyday life in the city such as streets, squares and 
parks (Hanson & Hillier 1987; Vaughan, 2005; Hanson & Zako, 2007). With whom we potentially 
share the street and what resources are within easy access as we perform our day-to-day 
routines, it is argued, is of utmost importance for matters related to social exclusion (Vaughan 
2015). Earlier studies of squares and centres in Stockholm and Södertälje (Sweden) show that 
specific configurational properties have great impact on the pattern of co-presence, both in 
terms of the amount of people present in public space and the inflow of non-locals (Legeby 
& Marcus, 2011; Legeby, 2013). The latter is argued to be as an indicator of diversity as people 
coming from different parts of the city and becoming co-present at the square/centre in 
question. More specifically, it is found that segregation of public space, a limited spatial reach 
and an uneven distribution of spatial centrality, appears not to favour exchange between 
neighbourhoods or access to urban resources across the city – findings that are highly critical 
for the urban segregation issue (Al Gatam 2012; Legeby, 2013, p. ii; Legeby et al., 2015).

A study in Gothenburg (Legeby et al., 2015) showed similar patterns, but no statistical analysis 
was carried out at that stage and the 9 squares studied were all located in neighbourhoods 
developed following modernistic planning ideals. Further, the variables studied did not include 
other variables that might be of importance such as the working population and access to 
different kinds of services (e.g. shops, restaurants, amenities), which was found to be important 
in Stockholm.

The central question for this paper is therefore not primarily whether spatial form influences 
co-presence, but merely how in more detail it does so and whether the findings in Stockholm, 
Södertälje and Gothenburg are similar so that we can start to generalize the findings to at least 
the Swedish context at large.

The study presented in this paper will therefore contribute to these earlier findings in two ways: 
firstly, by adding more squares representing a broader spectrum of neighbourhood types in 
Gothenburg (e.g. different typologies and different periods in history) and by adding all variables 
used in the earlier study in Stockholm, we can compare the results with the Stockholm case. 
Secondly, by adding some basic urban form characteristics of the squares themselves (e.g. size, 
enclosure and height of the surrounding buildings) that were not included in Stockholm and 
will give us insight whether the design of the square itself is of importance to co-presence or 
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not. We find this important as it is a question that is highly relevant for architects and planners 
involved in the design of public space and the importance of such design features is argued 
by some to have a huge impact on the performance of, for instance, squares. As in the earlier 
studies (Legeby, 2013) two aspects of co-presence that are argued to influence the character 
of urban life and thus affects what kind of urban networks or solidarities may emerge are 
included. Firstly, ´intensity´ in public space measured as the average amount of people present 
at the square on weekdays and secondly, ´diversity´ or mix of people measured as the share of 
non-locals using the median metric distance to the home addresses of the people present at a 
specific square. Statistical analysis is then used to establish to what extent the inflow of non-
locals corresponds to certain other attributes. 

In the following section, the method will be explained including a discussion about the selection 
of squares, how the observation study was conducted, which spatial variables are included 
and how these are measured. In the section that follows, the results of the statistical analysis, 
relating the observation to the spatial analysis, are presented and in the last section the findings 
are discussed.

2. METHODS

2.1 SELECTING SQUARES

For the selection of squares, we used four criteria to ensure a good spread in spatial characteristics 
in terms of population density, centrality, size and enclosure. The accessible population was 
measured as the number of people living within a 500 metre walking distance from the square. 
Centrality was measured using betweenness1 at 2-kilometre radius which have the potential to 
support the active presence of people and the resultant urban economy (Remali et al. 2015). 
Enclosure was measured as the share of the perimeter of the square that was built upon. This 
will be explained in more detail in section 2.32. The values of each indicator are divided into 
three groups by natural breaks and the range of each group is shown in table 1. Putting the 
criteria of four indicators and squares into a selection matrix, we ensured to select different 
types of squares. As a result, 12 squares were selected (see figure 1). Besides three squares 
in the neighbourhoods Friskväderstorget in Norra Biskopsgården (1950s), Kyrkbytorget in 
Kyrkbyn (1950s) and Komettorget in Bergsjön (1960s) that were also included in an earlier 
study in Gothenburg (Legeby et al., 2015), 9 other squares were selected: Gustav Adolfs Torg 
(inner city, 17th century), Lilla Torget (inner city, 17th century), Masthuggstorget in Masthugget 
(mid-18th century), Kaggeledstorget in Torpa (1940s), Doktor Fries Torg in Guldheden (1950s), 
Radiotorget in Järnbrott (1950s), Trätorget in Björkekärr (1950s), and Brotorget and Johan 
Sannes Torg in Sannegården (2000-).

1	 A measure of centrality developed by Freeman (1977). It analyses how often a segment is passed using the 
shortest paths between every point to all other points in the system within a certain radius.

2	 This paper is the result of a Master Thesis conducted at Chalmers University of Technology by Kailun Sun and 
more details can be found in the report ´Making Squares: a study of urban form and co-presence´.

Table 1 - The values of the four selecting indicators: accessible population, betweenness, 
size and enclosure
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Figure 1 - The selection of squares

2.2 OBSERVATIONS

The empirical data contains two aspects of co-presence – ‘intensity’ and ‘diversity’ - and was 
collected through observation. Firstly, we counted people present at the square for a period 
of four minutes. These counts were repeated every hour for one day starting from 8:00 in the 
morning until 18:00 in the afternoon. These are then added up and divided by the total amount 
of counts during a day to arrive at the median momentary intensity.

The interviews were conducted to collect information about whom visits the square and why. 
Only one question of these interviews was used for this paper which is the question of the home 
address of the people visiting the square. The interviews were conducted on a weekday between 
8:00 and 18:00, in between the counts that were done every half hour. Based on these home 
addresses we were able to measure the distance of the home address of the person visiting the 
square to the square in question. In this study ‘locals’ are defined as those living within 1000 
meters of walking distance from the square. This distance is easy walkable (about 10-15 min) 
and has to do with how many of these neighborhoods are used, a kind of primary catchment 
area of the different neighbourhood centres and squares. Living further away increases the 
chance that residents will use another square/centre or another tram or bus stop. Besides, we 
used the median distance to these home addresses as a proxy for the mix of people co-present 
at the square where we don’t have to make the somehow arbitrary choice of the 1 kilometre 
threshold for being local or non-local. We used interviews to collect the information about 
the home addresses of the visitors. The interviews were conducted in between observing the 
intensity, meaning that we have data for diversity from people interviewed on weekdays from 
8:00-18:00. The information about the home addresses was analysed and the distance from 
the square to these addresses calculated. Some addresses are located really far away from the 
squares and these influence the average levels. We therefore used the median value which is 
not skewed so much by extremely large or small values, and so may give a better idea of a 
‘typical’ value. This is also a way to deal with addresses located in positions not covered by the 
axial map.
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2.3 SPATIAL ANALYSIS

The spatial analysis of the squares and its surroundings will be carried out in a way that 
acknowledges the city as an urban system that makes sense for where people are and how 
they move around. We distinguish four levels of spatial analysis: patterns of centrality using 
network analysis; patterns of population density including both residential population and 
working population; patterns of land use where we analysed the proximity to different kind of 
services; geometric characteristics of space from the scale of the local square to the scale of the 
neighbourhood.

The centrality analysis includes two network analyses of centrality, betweenness and integration 
from local to global scale. Analysing the spatial integration of a system defines how accessible 
each space (or its representation: the axial line) is from all other spaces (or axial lines) in the 
system (Hillier & Hanson 1984, Hillier 1996). In a way, it is a method used for describing how 
far away or how ‘deep’ each space is in the system, in relation to all others. Another way of 
measuring centrality is to analyse how many distance-minimising paths there are between 
every pair of segments. This is a way to identify important links connecting the spatial system 
is called betweenness.

Further, a series of attraction analysis were conducted including accessible population 
(residential and working population), accessible built density (measured as volume per area, m3/
m2), network density (measured as street length per area, m/m2), accessible services (amount 
of public amenities and food related services including cafes, groceries and restaurants3) and 
public transportation (amount of stops resp. amount of different lines). All were conducted 
at three scales of walking distance, that is, 500m, 1km and 2km, except for public transport 
(number of tram/bus lines but not number of stops) which was only calculated for a 500m radius. 
These analyses were done counting the amount of, for instance, restaurants, accessible within 
a distance of 500m using the street network. This means that the outcome depends both on 
the amount of restaurants (or any other attraction) and on the street layout. A grid-like pattern 
will give rather equal access in all directions and a tree-like street pattern tends to reduce the 
area one reaches, its spatial reach (Legeby, 2013) (see figure 2). This area one can reach (i.e. 
spatial reach) is a variable in the statistical analysis as well as it is used to calculate density in for 
instance accessible population density, accessible built density and accessible network density 
(Berghauser Pont & Marcus, 2014; Berghauser Pont & Haupt, 2010; Peponis et al., 2008).

3	 For public amenities the following land uses are included: libraries, sport facilities, leisure space, etc; for food 
services the following land uses are included: cafés, restaurants and groceries.

Figure 2 - Spatial reach of two squares where the area is drawn using a convex hull based on the end points 
of the street segments reached within 500m walking distance
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Thirdly, three more local urban form analyses were conducted including the size of the square, 
the enclosure of the square and the average height of the buildings that enclose the square. 
The size of the square was measured by drawing boundaries for each square, according to 
Gothenburg aerial map, excluding the adjacent streets. For enclosure, the polygon of the 
square was used in the measure of enclosure (see figure 3) where the length of the boundary 
that touched buildings is divided by the total length of the boundary. In cases of a setback, 
where the buildings do not directly front the square, but have for instance a street dividing 
them from the square, an offset was used; the offset is set until it cuts through main buildings. 
In this case, the percentage of the offset boundary cutting through buildings was counted. To 
capture the vertical dimension of the physical space at the square, the average building height 
was measured along the boundary of the square or the offset as explained earlier, weighted by 
the length of the shared perimeter4.  

2.4 DATA BASE AND MODEL

The network model used in the study is the hand-drawn axial map (and the segment map is 
derived from it). The axial map represents the pedestrian network, thus motorways and ferries 
are excluded. This is the same map as was used in the earlier study (Legeby et al., 2015). The 
geographical data as well as observation data of three squares, Friskväderstorget, Kyrkbytorget 
and Kommettorget, also come from the work of Legeby et al. (ibid). New observations were 
added in 2016. Most of data is on address level except for the population data, which is 
aggregated into cells of 100x100m. Analysis of building densities use data of building heights 
that were extracted from a laser dataset containing a Digital elevation model (DEM) and Digital 
surface model (DSM)5. Then, DEM was subtracted from DSM to make a new surface model 
called Digital height model (DHM) which contains the real height values of the features on the 
ground. In the final step, building footprints were added and the average height value of each 
footprint was considered as the height of each buildings6.

2.5 STATISTICAL ANALYSIS

In the statistical analysis, we looked for correspondence between the observations (intensity 
and diversity of people co-present) and the spatial analysis of the 12 squares. Sometimes we 
divided the data in two groups; on the one hand squares in the city centre (Lilla Torget and 
Gustav Adolfs Torg) and on the other hand all other squares. We did this because the squares in 
the centre often stood out from the other squares. They had, in comparison to other squares, 
an extreme high diversity and intensity of co-presence as can be seen in figure 4.  One can 
almost say that they represent another category, different from the other 10 squares which we 
from now on will refer to as non-CBD squares. This group should be studied separately from the 
squares in the centre (from now on referred to as CBD-squares) as some details of the trends 
in these non-central areas will be hidden because of the dominance of the CBD squares when 
looking at all of them at the same time. When discussing results, we will both discuss them for 
all squares and for the non-CBD squares separately7.  

4	 GIS software MapInfo Pro. 15.0 and the Place Syntax Tool 2.10.7 are used for the spatial analysis.
5	 Lantmäteriet (https://www.lantmateriet.se/); the average resolution used for the preparation is 2m.
6	 See Berghauser Pont et al., 2017 for extended description.
7	 In statistical analysis SPSS (IBM SPSS Statistics 22) is used.

Figure 3 - Local urban form analysis
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3. RESULTS

In the following section we will present the results of the observations of people counts (to 
measure momentary intensity) and the interviews (to measure the share of non-locals), the 
spatial analysis and the relation between these two. The results of the spatial analysis will 
be shown starting with the configurative properties, followed by the analysis of accessible 
population and amenities and lastly the very local geometric properties of the squares. In 
section 3.3 the relation between the spatial analysis and the amount of people being present 
at the squares (intensity) is discussed and in section 3.4 with the share of non-locals (indicating 
diversity)8.

3.1 OBSERVATIONS

Gustav Adolfs Torg had the most visitors among all squares and Johan Sannes Torg got the least 
(see table 2). Further, the charts (figure 4) show very clear that two squares have many more 
visitors and a higher share of non-locals than all the other squares. These are the two central 
squares we referred to earlier as CBD squares: Gustav Adolfs Torg and Lilla Torget. Gustav Adolfs 
Torg had a median of 57 people visiting the square on our 4-minute counts. The average for all 
squares was 19. The share of non-locals is 93% which is very high in comparison to the average 
of 50%. We discussed these two groups of squares, CBD and non-CBD, already in section 2.4 
where we proposed to look at the results of the statistical analysis for all squares and when 
excluding these two, what we called, CBD-squares.

8	 The overview of all correlation results can be found in appendix 2.

Table 2 - Observations: intensity and diversity

Figure 4 - Chars with results of intensity and diversity
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Besides these values, it is also of interest to consult the maps where the locations of the 
home addresses are plotted and one can see how these are distributed. Figure 5 shows that 
for some squares such as Gustav Adolfs Torg, the red dots are spread out over large parts of 
the city. At Kaggeledstorget, on the other hand, most visitors live in the same or in adjacent 
neighbourhoods; the dots on the map are more concentrated. In other words, the latter is 
mainly used by locals and the average distance from home to square is short. If we now again 
look at the numbers (table 1), we see that 93% of the visitors at Gustav Adolfs Torg are not local 
(i.e. they live further than 1 km away from the square); Kaggeledstorget on the other hand, is 
more local, with only 45% non-locals. The lowest share of non-locals is found in Johan Sannes 
Torg, but here we only had very few people visiting the square which might have affected this 
outcome. In addition, it is possible to see that the river Göta älv seems to have a barrier effect at 
many squares as most visitors live at the same side of the river where the square is located. The 
two inner city squares being the exceptions.

Figure 5a - Maps with the distribution of home addresses (6 squares)
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Figure 5b - Maps with the distribution of home addresses (6 squares)

3.2 SPATIAL ANALYSIS

3.2.1 CONFIGURATIVE PROPERTIES

Integration and betweenness are two measures that describe the configurative properties as 
well as centrality in cities, properties that have proven to be of great importance for different 
kinds of processes taking place in cities, not least social processes that are at the core of this 
paper. The 12 squares studied are located in neighbourhoods with different centralities. The 
neighbourhoods in the north, for instance Bergsjön where Komettorget is located, are less 
integrated compared to the neighbourhoods in the south of the Göta River (see figure 6a). When 
looking at betweenness, we can see that the neighbourhoods in the north are more fragmented 
with ‘islands’ of higher betweenness values instead of a continuous path as we see in the south 
(figure 6b).
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Figure 6 - Integration and betweenness maps

Figure 7 - Accessible population in Gothenburg

3.2.2 POPULATION DENSITIES

The areas surrounding the squares cover low, medium and high-density areas, both in terms of 
accessible working and residential population. If we look at the population accessible within a 
radius of 500m walking distance, most squares in the modernist neighbourhoods have a rather 
low working population. The two CBD squares are located in neighbourhoods with a very high 
working population, but a low residential density (see figure 7a). The highest working population 
within 500m walking distance is found around Gustav Adolfs Torg with almost 25.000 persons 
and the least around Johan Sannes Torg with only 150 jobs. Accessible residential populations 
spreads from 1.379 to 5.144 persons within the same radius of 500m.
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3.2.3 PROXIMITY TO SERVICES

CBD squares have access to a much higher amounts of services than the other squares. The 
non-CBD squares with low numbers of accessible service usually have public transport, public 
amenities and food service, but only few of each; they have a grocery, a café/bakery, a bus/tram 
stop, some public amenity, etc., and offer the basic setup for daily life. The biggest variation 
in the amount of accessible services between squares is found when analysing accessible food 
services; the difference can be more than 10-fold.

Figure 8 - Accessible public amenities and accessible food service

3.2.4 GEOMETRIC CHARACTERISTICS OF THE SQUARES AND ITS SURROUNDINGS

The built density, measured as volume density, is highly correlated with total population 
density, but does not distinguish between working and residential population as we will soon 
see, is of importance. The difference in network density relates directly to the area of reach. 
Both are higher in the more central areas than in the areas with a more tree-like setup dominant 
in the suburbs.

3.3 RELATION BETWEEN THE SPATIAL PROPERTIES AND INTENSITY

3.3.1 CONFIGURATIVE PROPERTIES

The strongest correlation between integration and the amount of people is found at the R4, 
6 and 10 and less on both very local (R2) and global scales (R14 and higher) . By taking out 
the CBD-squares from the analysis, however, no correlation is found. Integration, it seems, is 
mostly an indicator for the centrality of the squares and explains the difference between the 
centre and suburbs, but it does not explain the differences between the squares located outside 
of the city centre (i.e. the non-CBD squares). The correlation between the amount of people 
and betweenness is found significant at radii 1km and 2km when all squares are included. Here, 
the correlation is stronger (r = 0,81) when the CBD-squares are excluded, at least at radius 1km. 
In other words, betweenness shows a strong relation with the amount of people both in the 
non-central areas and when all squares are included; betweenness thus seems to be important 
for squares in order to be used intensely.
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3.3.2 POPULATION DENSITIES

A strong correlation is found between population density and the amount of visitors counted 
at the 12 squares. Noticeably, it is the working population that seems to play an important 
role, as we did not find correlations when looking at only the residential population. Highest 
correlations are found at the most local scale, radius 500m (r = 0,86). This confirms earlier 
findings by Legeby (2013) in Stockholm and Södertälje (2010). However, by taking out the two 
CBD-squares, none of the variables are significant anymore. The huge variation in working 
population in the city with very high numbers in the centre and very low in the rest of the city 
can be the reason for these results.

3.3.3 PROXIMITY TO SERVICES

The correlations with the amount of service found in proximity of the squares are strong when 
all squares are included. Without CBD-squares, however, no significant correlations are found. 
This corresponds to the findings we discussed earlier when looking at population density. The 
presence of many services and high population density seem important for the amount of 
people using the squares, but differences in the amount of people counted at the non-CBD 
squares cannot be explained by population density nor by the amount of services found in the 
vicinity of these squares.

3.3.4 GEOMETRIC CHARACTERISTICS OF THE SQUARES AND ITS SURROUNDINGS

A higher spatial reach, higher built density and network density on a local scale (radius 500m) 
is important for the amount of people counted when all squares are included. However, again, 
as we discussed so many times earlier, when excluding the CBD-squares, no correlations are 
found. When it comes to the size of squares and enclosure, this is not important at all; not when 
all squares are included and not when we reduce it to the 10 non-CBD squares.

3.4 RELATION BETWEEN THE SPATIAL PROPERTIES AND DIVERSITY

3.4.1 CONFIGURATIVE PROPERTIES

Strong correlations are found between integration and diversity for all squares throughout 
all scales, measured both as share of non-locals and measured as median distance to home 
address. By taking out the CBD-squares, no correlations are found. For betweenness we find 
correlations for radius 1km and 2km, but most significant results are found for 2km using the 
share of non-locals. This result is even found when only looking at the 10 non-CBD squares. In 
other words, the connections between adjacent neighbourhoods is important in the design of 
squares if the goal is to have a higher share of non-locals present at these squares. Further, as we 
discussed in section 3.3 also for the amount of people, betweenness showed a high correlation. 
Betweenness at 1km and 2km scale thus seem to play an important role in the discussion on 
co-presence. We will return to this shortly.

3.4.2 POPULATION DENSITIES

Population density shows very high correlations with the share of non-locals when all squares 
are included, and again, as we have seen earlier, the working population is giving higher 
correlations. The results without the CBD-squares show only correlations at the 2km radius and 
surprisingly, the residential populations gives the highest correlation (r = 0,65) when correlating 
with the share of non-locals. Working population correlates but with a low level of significance 
(p-value at the 0,1 level). When we, instead of share of non-locals, correlate the median 
distance to home addresses with population density, the working population gives the highest 
correlation (r = 0,61), but again with a low p-value. We might thus conclude that a higher share 
of non-locals is related to population density in general, but that working population has an 
important role to play and only increasing the residential population is not enough. In other 
words, we find here an indication for the importance of mixed neighbourhoods.
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3.4.3 PROXIMITY TO SERVICES

The same trends are found when the share of non-locals is correlated with the proximity and 
access to public amenities, public transport and food services; strong correlations when all 
squares are included and none when the CBD-squares are excluded; except for public transport. 
The amount of public transport stops shows a high correlation when using the share of non-
locals (r = 0,81) and moderate when using the median distance to home addresses (r = 0,63). 
The amount of cafés, restaurants and grocery stores (i.e. food services) shows a correlation (r = 
0,56), but with a low significance (only at the 0,10 level) and any conclusion would therefore be 
highly suggestive. That public transport might play an important role for the share of non-locals 
is not so surprising and can be related to betweenness where in both cases infrastructure allows 
for people to visit the area. The presence of public transport allows people from far away to visit 
the squares and is thus an effective ´door´ to enter the square from neighbourhoods elsewhere 
in the city.

3.4.4 GEOMETRIC CHARACTERISTICS OF THE SQUARES AND ITS SURROUNDINGS

Spatial reach is important at radius 500m and a general high volume and network density 
seems important at all scales. When excluding CBD squares, only accessible volume density 
at 2km walking distance shows a correlation, but weak and with low significance. However, 
this confirms our findings for the population densities discussed earlier. When it comes to the 
size of squares and enclosure, no correlations are found. We can thus conclude that for the 
share of non-locals, the geometric characteristics do not play a role of importance. This does, 
however, not say that these characteristics are unimportant. They might be highly relevant for 
the experience when visiting the square, but this is not the question this paper tries to answer.

4. DISCUSSION AND CONCLUSIONS

From the results of the statistical analysis, we see clearly different patterns of co-presence in 
the 12 studied squares in Gothenburg. Firstly, the clear difference between the CBD and the 
non-CBD squares. This is by no means a surprising finding, but for practice and not least for 
politicians working with urban planning and design, it can be good to be aware of the fact 
that what you have in the most central areas cannot easily be copied to peripheral areas with 
less centrality and less density. Adding only density, we have seen, will not do the job. It is the 
combination of both, that makes central areas and squares crowded. However, when it comes 
to the amount of non-locals, we found a strong correlation with betweenness at 2km radius. This 
means that squares that are not so intensely used, still can have a diversity of people visiting 
them, that is, both local and non-local visitors. In design terms, this means that we need to 
design the relations between neighbourhoods so that people pass a square in neighbourhood X 
when moving from neighbourhood Y, via X to Z. This is an important finding as it can in a positive 
way contribute to solidarity processes, bringing people together (Hanson 2000; Hanson & Zako 
2007; Legeby 2013), social interaction and cultural exchange including the negotiations of views 
and norms (Giddens 1984; Zukin 1995) and can potentially contribute to overcoming social 
exclusion (Legeby 2013; Young 1996). These findings correspond to the conclusions from the 
earlier study in Stockholm, Södertälje and Gothenburg allowing us to generalize these findings, 
at least for Swedish cities.

For all other variables, the huge variation between CBD and non-CBD squares are dominating 
the more nuanced variations between the non-CBD squares. CBD squares have a much higher 
centrality (in terms of integration), much higher number of people working, higher network 
densities, many more amenities, and all this overshadows so to speak the minor variations 
of these variables in the non-CBD squares. This is the reason these squares were analysed 
separately.

When analysing the non-CBD squares, only few variables seem to be of importance. For the 
intensity of people, it is only betweenness at a radius of 1km that correlates. For diversity we 
found only three important variables (that correlate): betweenness (radius 2km), population 
density (within walking distance 2km) and the number of public transport stops (walking 
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distance 1km). Thus we can try to conclude that for squares located in less central areas (areas 
with relative low integration values), betweenness is the key to activate squares. In other words, 
the importance of spatial conditions is more clearly seen here than in the city, and in order to 
get a less segregated square, we need to put more emphasis on the configurational design of 
the square, or, in other words, we need to better connect neighbourhoods to promote through 
movement. Adding more shops and attractions would probably not change so much and we 
could even go so far as to say that when spatial interventions are successful, it becomes more 
probable that new shops will occur as a result of an increase in people visiting the square.

A surprising result is that the amount of accessible jobs (i.e. working population) that was shown 
to be important in Stockholm and Södertälje when correlated to the share of non-locals does 
not show similar strong results in Gothenburg. The correlation found in Gothenburg is modest, 
but with a rather low level of significance. Accessible residential population, though, shows a 
stronger correlation. This is something that should be looked in more closely in the future.

The pure geometric properties and especially the very local ones such as size of the squares and 
enclosure did not correlate at all with intensity nor diversity. We can thus conclude that without 
the support of urban structure, the design of the squares itself cannot drive a more diverse 
inflow neither have impact on the amount of people present. Instead, we should improve the 
configurative properties and sometimes dare to invest outside of the square when we want 
to create a square that can attract larger numbers of non-locals to contribute to solidarity 
processes and potentially contribute to overcoming social exclusion. This does not imply that 
the design of the square itself is not important, but this cannot make them more crowded nor 
more diverse.

The conclusions presented here are based on the empirical data that were collected on 
weekdays, from 8 o’clock to 18 o’clock. During this time of day, most people show up in public 
space when they commute to work, have lunch, have coffee break and go home from work. 
However, the pattern of co-presence on weekends, if we would have the empirical data on 
weekends, might change the results considering the different purpose and destination of 
journeys and the flexible time people have to go out in public space during weekends. 

Further, it should be stated again that this study is based on only 12 squares, or 10 squares when 
excluded the two CBD-squares. This is a rather small amount of samples for the correlation 
analysis. In other words, the reliability of the result relies on the selection of few squares. For 
the results that confirm earlier findings in Stockholm, Södertälje and Gothenburg, we can 
be confident that the results are robust. However, those that show discrepancies need to be 
interpreted cautiously.
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APPENDIX 2

CORRELATIONS WITH 12 SQUARES (INCLUDING CBD SQUARES)
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CORRELATIONS WITH 10 SQUARES (EXCLUDING CBD SQUARES)
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ABSTRACT

The research that anchored the study to be presented here forwards a comparative analysis 
of two cities sited in opposite continents across the Atlantic – Natal in Brazil, and Dakar in 
Senegal – aiming to draw attention to similarities or “points of approximation” concerning the 
nature of their foundation, their urban development and the relations they have sustained with 
their territories. This paper addresses specifically the spatial imprint, which resulted from, and 
upheld, the establishment and expansion of the two cities, as concerns topological accessibility 
and the formation of centralities, in diachronic and comparative perspectives. Natal and 
Dakar were both founded within the context of the European mercantile expansion, serving as 
spearhead settlements for conquering, consolidating and controlling territories under colonial 
rule as well as giving support to commercial routes. Their privileged positions, east and west 
of the Atlantic, also rendered them key roles in overseas routes connecting Europe, Africa and 
America, particularly in the so-called “Golden Age of Aviation” (1920s and 1930s), and in World 
War II, when they became strategic points in the international geopolitical scene and sites of 
important military bases. Natal and Dakar were examined by means of space syntax procedures 
(axial and segment analysis) to represent successive stages of their urban expansion along the 
20th century and enable comparison of morphological features amongst development phases 
for each city and between them, in the light of the literature about their urban character and 
transformation during the studied time-span. The diachronic configuration analysis revealed 
expansion axes that anticipate future occupation, exposing how accessibility properties shifted 
over time and centralities were created, thus showing the physical imprint of actions (or their 
absence) that structured the urban milieu and defined the social distribution of inhabitants in 
both cities. Besides adding to the understanding of our common historical legacy, this brief 
insight shows that despite the radical sociocultural differences concerning the two cities, the 
physical attributes of their natural sites coupled to the roles they played in the world political 
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scene, and to the social logic of space in national and global capitalism, have left formal imprints 
that indicate similar processes of accessibility formation and transformation throughout time 
and how these accessibility patterns have been unequally reached by socially distinct people.

KEYWORDS

Space configuration, Urban expansion, Points of approximation, Natal, Dakar

1. KNITTING POINTS OF APPROXIMATION ACROSS THE ATLANTIC

The research on which this study is based aimed to explore similarities between two cities sited 
opposite one another across the Atlantic – Natal (Brazil) and Dakar (Senegal) – concerning their 
physical relations with their territories and their urban development since their foundation. It 
was developed along ten years (2006 to 2015), involved fieldwork in both cities and rooted papers 
that addressed findings from consecutive stages of the research progress, now being gathered 
into a forthcoming book (Teixeira, 2017). These findings outline “points of approximation” 
linking the history of the two cities that are ingrained in their physical milieu. Based on a 
gargantuan effort of textual and iconographical data collection, the analysis about how the two 
cities related to their territories as they expanded in time, carried on by Rubenilson Teixeira, the 
researcher who conceived and coordinated the project, was complemented by space syntax 
analysis for which we were invited to collaborate. The study herein presented stems from 
such collaboration, dealing with topomorphic relations of Natal and Dakar in diachronic and 
comparative perspective. It specifically addresses the spatial imprint, which resulted from, and 
upheld, the establishment and expansion of the two cities, as concerns topological accessibility, 
the formation of centralities, and the distribution of functions. 

A crucial obstacle to the study was the meagre array of detailed cartographic records 
(displaying the complete street grid) for both towns, more so for Dakar, despite the efforts of 
the historiography research team to gather maps from digital and printed sources. The problem 
was partly overcome by the acquisition of a few precious items, courtesy of overseas researchers, 
or during scrutiny in the archives of academic foundations in Dakar, although the short time 
available for fieldwork, within the limits of the research project, impeded a thorough search. At 
length, an array of maps from various sources, epochs, information content and accuracy levels 
was examined and helped to clarify aspects concerning the morphological nature of the physical 
artefact of Dakar in combination with the literature. Of these, the ones we considered that 
represented more clearly the street grid at consecutive time intervals were chosen to anchor 
the configuration analysis, which progressed independently from the historiographical review, 
with researchers meeting on occasion to compare findings regarding the physical objects that 
comprise both cities, especially Dakar since that of Natal had been an item of morphological 
investigation for decades. Configuration findings were however refined in recent times for both 
cities through the application of later space analysis tools, which although not substantially 
altering previous results, contributed to further their comprehension, especially regarding the 
formation and co-existence of distinct centralities. 

Natal and Dakar were examined by means of axial and segment analysis to represent successive 
stages of their urban expansion along the 20th century with the aim of inquiring on the possible 
interplay of morphological features and the character and function of certain places, to enable 
comparison among development phases for each city and between them, in the light of the 
literature about their urban character and transformation during the studied time. Despite the 
representation difficulties and the distinct investigation paths trod by the researchers – that 
of understanding urban form and function from the historiography and that of understanding 
social history from spatial relations – the two sets of findings mostly confirmed and reinforced 
one another.

Various “points of approximation” were disclosed throughout the investigation of 
historiographical and iconographical records (Teixeira, 2017, passim). Of these some that have 
particularly strong physical expressions and may be considered as common imprints bridging 
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the two cities are: (1) geographic limits and natural barriers orientate their expansion; (2) long 
axes, formerly roads connecting isolated settlements, conduct the expansion by linking the 
old town centre to strategic locations (of which air fields deserve distinction), and generating 
a new powerful accessibility network that unites and sets apart, also functioning as border 
lines to define social clustering within the territory; (3) expansion axes distribute accessibility 
unequally along the territory creating routes that develop in certain directions, which will 
become privileged exclusory urban areas; and (4) occupation patches sprout from tracts of land 
interspersed amongst main axes giving rise to new centralities that may respond to the needs 
of socially diverse residents.

2. NATAL AND DAKAR: TWO CITIES SEPARATED AND UNITED BY AN OCEAN

Natal and Dakar were both founded within the context of the European mercantile expansion, 
serving as spearhead settlements for conquering, consolidating and controlling territories 
under colonial rule as well as giving support to commercial routes that bonded colonies to their 
respective metropoles. Their privileged positions, east and west of the Atlantic, also rendered 
them key roles in overseas routes connecting Europe, Africa and America, particularly in the 
so-called “Golden Age of Aviation” (1920s and 1930s), and in World War II, when they became 
strategic points in the international geopolitical scene and sites of important military bases. 

Natal was founded in 1599, by royal decree, the year following that of the construction of the 
Reis Magos fortress, one of many erected along the South American coastline as part of a 
defence strategy to protect Portuguese / Spanish domains (the two crowns were united from 
1580 to 1640) in South America. The settlement, said to have been designated as “town” from 
start, though being nothing more than a poor hamlet, was established in the hope of providing 
some support to the fortress, constantly ransacked by Indians and smugglers (notably French 
invaders). Surrounded by the wide estuary of the river Potengi (the “great river” that gave 
name to the state of Rio Grande do Norte, of which Natal is the capital city), the ocean and a 
desert of sand dunes stretching out east and south, the town suffered severely during the Dutch 
invasion (1630-1654) and remained isolated and poor for nearly three centuries so that in 1899 
the estimated population was little more than 16,000 souls. 

The 20th century brought trade growth, immigrants, the dawn of aviation and hordes of transitory 
people following the installation of military bases during World War II. New neighbourhoods 
(Cidade Nova, Alecrim and Rocas) enlarged the 19th century urban occupation formed by 
Cidade Alta (or “high town” the foundation site on the hill overlooking the river) and Ribeira 
(the “riverside” surrounding the harbour)1. The new neighbourhoods signal the socioeconomic 
logic of territorial occupation that would shape Natal along the century. Cidade Nova, the first 
planned residential neighbourhood was conceived under precepts loosely guided by garden 
city principles with broad tree-lined avenues flanked by detached houses with front gardens; 
bordering country land that belonged to prominent families was turned into valuable urban 
ground, which would, from then on, concentrate public and attract private investment, thus 
becoming a high-status location to this day. Rocas, on the contrary, was gradually occupied 
by poor migrants, mostly peasants driven out of their land by the severe droughts that made 
surviving impossible in the sertão hinterland. Another frequent destiny for newcomers, the 
Alecrim – the first arrival point as one approached Natal from the hinterland by the neighbour 
town of Macaíba – developed into a residential and commercial location, later to become the 
most densely populated part of town, mainly inhabited by middling social sectors.

In the early 20th century Natal, therefore, comprised Cidade Alta, Ribeira, Alecrim, Cidade Nova 
and Rocas. In the foundation site of Cidade Alta, churches and public buildings signalled its 
religious and administrative functions and the variety of house forms indicated a socially mixed 
residential ensemble; Ribeira, site of the harbour, the railway termini and later, of a hydroplane 
base was rapidly being consolidated as the new active centre whereas Alecrim developed into 
an alternative centrality especially as concerned the commerce of farming goods. Cidade Nova 

1 “Upper town” and “lower town” settlement comprise a mode of occupation extensively adopted by Portuguese 
founders. Salvador, in Bahia, and Olinda, in Pernambuco, are two notable such cases in Brazil, as is Lisbon itself.
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and Rocas were sparsely occupied as residential neighbourhoods for the richer and the poorer, 
respectively.

Besides the hydroplanes base near the harbour, land airfields were built in the vicinities of the 
town in the late 1920s, initially by French companies in a location known by the Indian toponym 
of Parnamirim. A direct navigation route between Natal and Dakar was started at the time to 
aid the newly born transatlantic aviation link. 

Parnamirim was also the location chosen by the American forces to build what was considered 
as the most important military base outside the United States territory at wartime. A second 
base, controlled by the Brazilian military (namely to keep up some appearances of authority) 
was also established there. The South Atlantic route, departing from Miami, Florida, with stops 
in the Caribbean, Brazil and Africa, mostly through a Natal-Dakar direct link, gains importance 
after the unsuccessful attempt from British and French forces to take control of Dakar in 1940. 
From September 1941 on and until the end of the war the American base of Parnamirim is said 
to have been crucial as part of the attack strategy for the allies. Historians (i.e. Hendricks, 1992 
:43) mention, for instance, 1675 combat planes having passed through Natal in March 1944.

By the end of the war, other neighbourhoods were being developed from settlements – mostly 
poor – along the coast (Praia do Meio and Areia Preta) and the river (Quintas), as well as in the 
vacant grounds (Lagoa Seca) interspersed amongst roads running to other towns and hamlets. 
The south and east parts of Natal spread from the old town centres of Cidade Alta and Ribeira, 
through the first planned residential area of Cidade Nova – current neighbourhoods of Petropolis 
and (part of) Tirol – branching into a series of axes that link Natal’s municipal perimeter to those 
of Parnamirim, Macaíba and beyond.

The north part of town across the river – the Zona Norte (North Zone) – remained as a small 
settlement alongside the road to hinterland and coastal regions until the 1970s when it was 
developed as a residential area, predominantly to accommodate low income housing estates. 
It is now undergoing a process of centrality generation brought about by the expansion and 
conurbation of municipalities and settlements within the great Natal and strengthened by the 
proximity to the new airport located in the neighbouring town of São Gonçalo do Amarante.  
Natal’s population grew from 103,000 inhabitants in 1955 to approximately 800,000 in 2005, 
considering the municipality boundaries and to 1.3 million people (2010 census) considering 
the nine municipalities that comprise its metropolitan area, spreading both sides of the Potengi 
and along the coastlines, north and south of the river estuary. 

In the 19th century an estimated population of 12 thousand Lebou people lived in the settlement 
denominated Dakar. In 1857, the town of Dakar was planned and established on a high land or 
Plateau. In the early 20th century – according to the studied map dated 1908 (SECK, 1970: 124-
125), the urban occupation had nearly doubled having stretched in all directions but mainly 
towards south (Cape Manuel) and west. 

The great epidemic of 1914-15 led to the construction of the Medina – a regular grid of 
orthogonal streets built over a swampy terrain – and consequent separation of the population 
in two urban settlements: the Plateau for the French, the Medina for natives, well set apart by 
a non aedificandi area. Thus, the construction of the Medina turned out to be an obstacle to 
the town growth as the neighbourhood (and its cordon sanitaire) isolated the old town centre 
from the north of the Peninsula. The imposing barrier of the Medina was eventually overcome 
as the land where construction was formerly prohibited appears in a 1934 map comprising an 
allotment showing signs of occupation though sparse, in the area where Rebeus now stands. 
By that time, investments had turned the harbour into one of the most important French naval 
bases in the Atlantic and a key support point for the action of the allied forces – naval and air – 
from 1941 on. 

As had occurred in Natal, there were two aviation fields in Dakar before wartime: the formerly 
military aerodrome of Quakam, out of town, and a maritime hydroplane base (in Bel-Air), from 
where planes arrived and departed to overseas routes across the Atlantic. Besides these, a third 
aviation port was built in 1941 as part of the complex pertaining to the American military base, 
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initially in Rufisque, later transferred to Yoff. To a considerable measure therefore, aviation 
shaped the territory and sat the pace for urban development along the 20th century Dakar.

By the end of World War II the city had expanded from the extreme south of Cabo Manuel 
towards northwest and northeast, in the directions of Almadies, N’Gor, Yoff and Camberène. 
However, these areas were still not part of the urban grid that had spread throughout the south 
half of the Peninsula so that the former route des puits, or “wells way”, present day Bulevar du 
Presidente Habib Bourguiba, located half way up the land (figure 9), marked the town limits 
until the 1950s. Scattered settlements lay to the north and northwest of that road, some of 
which surrounding the military airfield of Quakam, in 1945. Lebou villages and territories had 
suffered constant subtraction and shifting, being pushed beyond the area of Quakam. The 
population grew from 92,000 in 1939 to 382,000 in 1960 (FREUND, 2007: 66) and to the present 
day estimated over a million people within the city borders and nearly two and a half million in 
the metropolitan area.

Notwithstanding the long historical processes that bound the fate of these two cities together, 
since the dawn of mercantile globalisation round the Atlantic, aviation stands out as the key 
point of approximation as concerns the physical marks left on their spatial configuration to this 
day. Geographic proximity was the crucial point at the time of the heroic transatlantic flights in 
the 1900s and 1930s, and even more dramatically so, in the 1940s. 

In both cities, other than the facilities demanded by the economic mechanisms of the post-
industrial revolution world, such as a railway network and a large-scale harbour, important 
urban equipment installed in the early 20th century – the hydroplane base and airfields – are 
there to make the Atlantic air crossing feasible. Various aspects render such equipment highly 
and similarly important in the two cases as pointed out by Teixeira (1917: 256): in both cities the 
harbour, the railway termini and the hydroplane base are closely linked in space thus impacting 
strongly the coastal areas where they are located; the airfields although sited at a considerable 
distance from the urban limits at the time, become attraction poles for the urban growth, 
especially during and after the War. 

The geopolitical circumstances of Natal and Dakar at the dawn of aviation against a background 
of a continuously exacerbating process of social differentiation and distribution within the 
urban milieu will shape their configuration, allowing for the retrieval of marks which reveal how 
the human action over the territory has engendered unequal levels of accessibility and diverse 
modes of centrality.

3. MATCHING HISTORICAL RECORDS AND DIACHRONIC SPACE ANALYSIS – THE 
PHYSICAL IMPRINT

In previous research phases, the topological accessibility of streets in Natal and Dakar was 
collated to information about evidences of human activity and social cleavages, stemming 
from the notion that high topological accessibility is an indicator of consolidated or potential 
centrality (Hillier and Hanson, 1984), understood as a concentration of diversified activity. 
Contemporary sources – photographs, live and virtual (google images) observations – as well 
as iconographic and textual records from earlier times were examined in search for the physical 
aspects of these places, for signs of economic status, for the presence of buildings that might 
benefit (and intensify) movement of pedestrians and vehicles in open public spaces. 

Syntactic measures and references converged to outline a hierarchical contour of topological 
accessibility that shaped occupation and revealed the material imprint of actions (or their 
absence), which structured the urban milieu and defined the social distribution of inhabitants in 
both cities. Accessibility anchored the formation and transformation of centralities, which were 
unequally appropriated by social groups, and responded to different needs and possibilities 
being, in turn, instrumental for redefining occupation, social distribution, configuration and so 
on. 

Having confirmed the confluence of axial accessibility and references about the urban 
occupation and expansion from the 19th to the late 20th century in both towns, we proceeded 



Proceedings of the 11th Space Syntax Symposium

WEAVING A BRIDGE ACROSS THE ATLANTIC:
Points of Approximation in the Spatial Structure and Urban Character of Natal (Brazil) and Dakar (Senegal) 116.6

to explore space configuration through later, more detailed representation procedures with the 
aim of investigating relations that might have escaped axial analysis.

In the diachronic configuration analysis of axial maps, future occupation and new centralities 
that would relate to the global spatial structure at consecutive time periods were indicated 
by expansion axes that anticipated them. The segment analysis confirmed and refined those 
findings, adding nuances concerning the development of most potentially passed-through 
thoroughfares and, by fine-tuning findings using metric scales, signalled the presence of 
simultaneous centralities related to the demands and circumstances of diverse social spheres.

Linear representations of Natal have been explored as a basis for various studies since the 
1990s. The ones examined here represent the town configuration in 1924, c. 1940, c.1970 and 
2002. The earlier representations were based on a town plan commissioned by the government 
of Rio Grande do Norte, in 1924, to subsidise the water and sewage services. Only the streets 
sided by continuous buildings, as shown in the plans, were considered for the 1924 linear 
representation; these, plus planned and unoccupied streets (dotted lines), made up the 1940 
(circa) representation, considering that it was round that time that they became more densely 
occupied (Figure 1a). Natal’s representation of approximately 1970 was constructed over a large 
blueprint – a patchwork made up of successive updating amendments – courtesy of the state 
water and sewage supply company2. The 2002 map was drawn over a digital base issued by the 
municipality administration of Natal.

The first linear representation of Dakar used in our research was drawn over images displayed 
by Google Earth in 2012. Lines were erased from this representation to model the city in 1930, 
1945 and 1964, according to historical maps that were gradually found along the phase of data 
collection. In this process, some simulation was necessary. The best cartographic representation 
of Dakar immediately after its independence in 1961 – a city plan produced by the geographic 
institute of Paris in 1964 – did not include the north of the peninsula, where a street grid, 
although sparse, was clearly defined in the map of 1945, indicating the urban expansion move 
towards north and northeast. The north axes shown in the 1945 map were, therefore, added to 
the 1964 map. We must concede that this is hardly a faithful representation, considering that in 
the 19-year break between the two plans, a denser tissue would be expected to have developed 
there (figure 1b). However, we believe that by applying such artifice more gains than losses 
were achieved in terms of representation. 

The current segment analysis for Natal and Dakar was hence based on those previously 
explored axial maps, whose findings shall be briefly exposed next, since they were confirmed 
by the segment analysis.

2   Companhia de Águas e Esgoto do Rio Grande do Norte - CAERN. In the 1990s, CAERN’s geographic information 
system was being created so that this (and other) blueprint was still being used as reference for managing the 
water and sewage service.
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Figure 1 - Cartographic bases: A - Natal in 1924 (only roads sided by building representation considered) and 1940c 
(all roads considered) (top); B - Dakar in 1930, 1945 and 1964 (bottom)
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3.1. NATAL’S CENTRALITIES: SHIFTING, EXPANDING, MULTIPLYING 

In Natal, the town foundation nucleus – Cidade Alta – “the high or upper town” sited on the hill 
top facing the river, concentrates all highly accessible axes until around the mid-19th century 
when the most integrated road is that which connects Cidade Alta and Ribeira, “the riverside or 
lower town”, by the river’s edge, where the harbour was (and still is) located. 

The strong magnet of the harbour and later that of the railway and the hydro aeroplane base 
concur to turn the lower town into the heart of the urban scene until around the 1950s, and 
very especially during the war years. Even though regular space syntax analytical procedures 
fail to account for accesses through water, rail and air, the effect that these transportation 
means exerted over the grid, conducing to its rapid growth, was strong enough to define an 
accessibility core formed by the street grid that linked the two parts of town. By 1940, when 
Ribeira was at its peak as the active town centre, most highly accessible streets are again part 
of Cidade Alta’s grid. The new integration core is located further east of where it had previously 
been formed, pulled by the highly connected regular grid of Cidade Nova, the residential 
neighbourhood planned in the early 20th century for the economic elites that, although still 
a slowly expanding and low density neighbourhood, was becoming increasingly occupied. 
Not surprisingly, after the war, the active centre returns to Cidade Alta, partly also due to the 
shrinking roles of previously key transportation modes located in Ribeira. Trains were being 
substituted by motor vehicles, hydroplanes ceased to exist in this part of the world, and sea 
journeys were gradually being ousted by air trips. The new airport, which originated from the 
military air bases built during the war was located further south (and well out) of town until the 
late 1970s. 

Figure 2 - Global accessibility (normalised integration – NAIN) in Natal: high accessibility links Cidade Alta and Ribeira 
(a) in 1924; starts shifting towards Cidade Nova (b) round 1940; shifts further south to Lagoa Nova (c) in the 1970s; 
and expands from there (d).

After 1970, following the intense urban expansion in Brazil and in Natal, the accessibility core 
stretches and partially shifts south-eastwards, alongside and parallel to the road that linked the 
harbour to the military base and airfield of Parnamirim, site of Natal airport until 2014. Scattered 
within the city’s street grid and in its fringes, poor residential enclaves appear, thickens and 
multiply, almost always configuring spatially segregated, labyrinthine tissues. 
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The morphological imprint of Natal’s expansion along the 20th century examined by means of 
diachronic segment representation confirmed findings from previous axial analysis, contributing 
a few points worth mentioning. The accessibility calculation (normalised integration – NAIN, 
figure 2) exposes an urban tissue that encapsulates and conducts accessibility along certain 
directions leaving out huge parts of town. It is worth noting, for instance, the vast tissue of 
highly integrated segments that spreading from the east side of town – Lagoa Nova, Alecrim, 
Tirol and Petrópolis (the last two neighbourhoods being part of the former Cidade Nova) is 
channelled into a southeast (eng. Roberto Freire avenue) and a southwest (BR101) line. Most of 
what lays out of the large integration core or away from the cone formed by these southeast-
southwest-running lines present the greens and blues of segregation.

The representation of most potentially passed-through thoroughfares (normalised choice – 
NACH, figure 3) shows that the 21st century main road structure, although clearly defined in 
the 1970s, appears to have suffered a reductive process which shrank (in relative terms) the 
number of roads with high potential through-movement in the central area, strengthening the 
main road circuit.

Figure 3 - Potential through accessibility (normalised choice – NACH) in Natal: high potential through movement 
permeates the whole tissue in the early 20th century (a) and (b); and defines a hierarchical foreground in the 1970s 
(c), which will be strengthened in the 21st century (d).

In the early 21st century grid structure represented (as segments) within a catchment area of 
1200m (figure 4d), two cobwebs of warm colours signal centralities in the north and southeast 
halves of town. This contrasts with representations of previous expansion phases, when there 
would be only one town centre, topologically speaking, that of 1970 being the most widespread. 
The southeast centrality spans from the regular grid of Petropolis/Tirol to the tightly woven 
tissues of Lagoa Nova and Alecrim, being, in fact, a faithful representation of Natal’s active 
centre at metropolitan scale as this area concentrates the most volume and variety of urban 
functions and uses (figure 5-top). 

The representation also catches the active centre of Parnamirim, the tourism and leisure 
compound of Ponta Negra, and the suburban centres of Neópolis and Felipe Camarão, which 
are, all of them, centralities, although of different natures and social meaning.

The accessibility scale, therefore, picks up well established centralities as concerns movement 
(vehicular and pedestrian) and functions (number and variety of non-residential uses), as, for 
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instance, the important arteries of Bernardo Vieira and Salgado Filho avenues (figure 5 bottom 
left). But the red-orange-yellow segments also pick up crossroads on which a modest array 
of first need facilities – supermarket, chemistry, etc. – concentrates (figure 5-bottom). This 
appears to relate not only to differences in the functional nature of those centralities or to the 
socioeconomic profile of the area’s residents, but also to demarcate temporal stages of the city 
expansion and transformation, by signalling a suburban centrality of fairly recent formation 
that will most probably be embodied in the larger metropolitan active centre in the near future 
(Vaughan, 2015), or become a large active centre in its own right.

Figure 4 - Accessibility within a catchment area of 1200m (integration 1200m) in Natal. 1924 (a); 1940 (b); 1970 (c); 
2002 (d).

Figure 5 - Centralities of diverse scales and functions in Natal: (top) Felipe Camarão, Potengi, Alecrim (Bernardo 
Vieira av); (bottom) Neópolis, Ponta Negra, Lagoa Nova (Salgado Filho av.).
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3.2. DAKAR’S CENTRALITIES: SHIFTING, EXPANDING, MULTIPLYING

In Dakar, high topological accessibility navigates from the Plateau – to this day the formal city 
centre – to the Medina, spreading northwards from there: northwest towards the airfield of 
Ouakan; north until reaching the crossroads that branches west to the airport of Yoff, and east 
into the road to Rufisque; and northeast, bifurcating into a route to the hydrobase of Bel-Air 
and another running past it towards Hann. 

Round 1930 the accessibility core was formed by the tightly knitted street grid of the Plateau. 
Poor residential settlements occupied low accessibility enclaves within the main street grid and 
especially in its fringes (Figure 6a). The long highly accessible Pasteur/Jean Jaurès avenue (figure 
6A) runs across the grid, bordering the Plateau’s integration core, and joins the likewise Blaise 
Diagne avenue that transects the Medina, signalling the northwest expansion and the shift of 
topological accessibility towards Quakan, to be confirmed in the segment representation of 
1945 (figure 6b).

Figure 6 - Global accessibility (normalised integration – NAIN) in Dakar. (a)  1930; (b) 1945; (c) 1964; (d) 2012.

By 1945, besides the very integrated Blaise Diagne avenue (Figure 6b), the north sector of the 
Medina contains highly accessible axes that foretell the dislocation of accessibility northwards 
and herald the occupation of the large central area of the Peninsula after the war. Sparse 
patches of buildings near the airfields of Quakam and Yoff strengthen the attraction power 
exerted by them. The villages of N’Gor, Yoff and Cambérène remain isolated, flimsily connected 
to the overall spatial structure by a few lines.

In the segment analysis calculated to gauge potential through accessibility (normalised choice 
– NACH, Figure 7d), the two expansion axes that stemming from Dakar-ville, the town centre, 
stretch along the coast to the northwest and northeast of the Peninsula, flank the areas 
where the airfields of Quakan and Yoff were established. A line bisects the angle formed by 
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the two expanders, defining a third axis in post-war Dakar (1964 map, Figure 7c). Autoroute 
N1 will connect the wide central area of the peninsula gradually to be occupied by residential 
neighbourhoods, mostly low cost at first, then housing estates for the middling sectors, setting 
the founding grounds for what is referred to as Great Dakar. In the late 1960s, the city comprises 
four zones: Dakar-ville, the old and to this day established city centre; Great Medina; Great 
Dakar; and the Industrial Zone. The latter includes the railway network area, the dockland 
and the industrial sector, being linked by the centre-Northeast axis running towards Rufisque 
(Figure 08).

Figure 7 - Potential through accessibility (normalised choice – NACH) in Dakar. (a) 1930; (b) 1945; (c) 1964; (d) 2012.

In the segment map showing the most passed-through roads in 1930 (figure 8A), three of the 
routes that demarcate the urban limits in 1862, 1908 and c. 1915, according to Teixeira (2017), 
based on Seck (1970:149) appear highlighted: (1) the south-north running Av. Du President 
Lamine Gueye (though a pale blue), the urban borderline in the 19th century; (2) the lines west 
of it connecting the present day avenues Pasteur/Jean Jaurés, Petersen and Blaise Diagne; and 
(3) the southwest end of avenue Malick Sy, that sat the boundary beyond which nothing could 
be built in the early 20th century.

In the likewise representation of 1964, two other boundaries are highlighted: (1) the Boulevard 
President Habib Borguiba, which limits the northern urban area with continuous grid at the end 
of the war (figure 8C); and (2) the curved line running from the city centre towards northwest – 
current Voie de l’Alternance or Route the Front de Terre that demarcated the urban boundary, 
according to Seck (apud Teixeira, 2017), in 1967.
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Figure 8 - The linear skeleton of potential through accessibility (choice) in Dakar. A) 1930; (B) 1945; (C) 
1964; and (D) 2012.

Figure 9.- Accessibility within a catchment area of 600m (integration 600m) in Dakar. A) 1930; (B) 1945; 
(C) 1964; and (D) 2012.
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When the grid structure is calculated to account for relations within a metric distance of 
600m, various simultaneous centralities emerge. In the 1964 segment map, Dakar-ville, the 
traditional centre on the Plateau surfaces as a tightly knitted central grid (figure 9C). In the 
Medina, centrality appears diffused throughout its regular grid and in the north settlements 
– round Grand Dakar, Biscuiterie, Dieuppeul – curved ways running south-north retain high 
topological accessibility within the partially radial layout. 21st century Dagoudane Pikine (2012 
map, Figure 9D) contains some nuclei of high topological accessibility, perhaps the strongest in 
the whole urban structure, within a catchment area of 600m. Grand Yoff,  Yoff and Cambérène 
also comprehend webs of highly accessible streets defining a local integration core, and in the 
villages located in-between the present Internacional Aeroport Léopold-Sédar-Senghor of 
Dakar (in Yoff) and the old airfield of Ouakam, an embryonary integration core indicates the 
formation of a sub-centre.

Figure 10 - Diverse centralities in Dakar: (Top) Grand Yoff, Biscuiterie, Pikine; (bottom) Grand Dakar, Medina, Plateau. 
Source: Google Maps Street View, access on April 2017.

4. IN THE GUISE OF CONCLUSION

Why was it that Natal and Dakar, despite being abundantly cited in the contexts of the war and 
the early stages of transatlantic air crossing have deserved so little saying about the material 
urban expression of their parallel historical roles? The desire to start filling this gap motivated 
this brief insight, sparked off by the intent to weave a comparative historical account of these 
two cities separated and united by an ocean, that set in motion the study conducted by my 
friend and fellow researcher Rubenilson Teixeira (2017).

Teixeira’s study, of which this morphological analysis is but a complementary contribution,  
furthers the understanding of aspects from our common South American and African historical 
legacy, highlighting the fact that notwithstanding their huge sociocultural differences, the roles 
Natal and Dakar played in the world political scene, which are closely related to the physical 
attributes of their natural sites, combined to the social logic of space in national and global 
capitalism have left common marks in their urban form.  Some of the marks discussed here – 
mainly the ones pertaining to the street configuration – reveal ways in which space has been 
handled over the 20th century to secure accessibility privileges that are unequally reached 
by people of distinct social stand, and ways in which those excluded from the privileged bits 
overcome segregation by building up other modes of centrality. Out of the myriad of aspects 
not addressed here it would be valuable to examine common features concerning the building 
ensemble in the two cities, particularly those of the peripheral centralities that appear to bear 
so many common traits at a first look. Another is the explorations of possible reasons why 
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whereas in Natal the metric distance of 1200m coincides better with multiple centralities, this 
is better attained in Dakar by a metric ratio of 600m. Would that mean that the more regular 
grid of Natal’s configuration is less favourable to pedestrian movement than that of Dakar? 
Yet another is the examination of the nature of these multiple centralities that at face value 
appear to be split into those for the rich and those for the poor, but that we know to be much 
more complex than that in sociocultural aspects, with modes of interface among residents from 
distinct backgrounds and between residents and visitors, being only one of the most obvious 
aspects demanding investigation.

Geographic features and proximity at a continental scale were crucial factors that triggered 
the destinies of the two cities in similar lines from the start, being intensified at the time of the 
early transatlantic aviation routes. It was, however, the human action directed at setting people 
and cultures apart the matrix that shaped and carries on shaping accessibility and centrality 
in the two cities, of which the purpose to persuade the rich and thrust the poor out of town in 
the planned residential neighbourhoods of Cidade Nova (Natal) and Medina (Dakar) are highly 
emblematic examples.
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ABSTRACT

The second most important economic pole in the State of Rio Grande do Sul, Brazil, corresponds 
to an agglomeration of thirteen cities located in its northeast zone. They are mid-sized cities 
whose municipalities concentrate seven per cent of the state population and fifteen per cent of 
the State Gross Product.

In 2013, this group of municipalities, despite not exactly presenting the main characteristics 
that commonly describe a metropolitan phenomenon, such as large population, commuting 
and conurbation, was institutionalized as the Metropolitan Region of Serra Gaúcha - MRSG, 
when political reasons overcame technical delimitation criteria.

However, the territory in between those cities shows interesting peculiarities which deserve 
to be examined face to the model of the post-industrial city, spreading over diversified, 
fragmented, heterogeneous, dense or diffuse zones with different growth dynamics. Relations 
between accessibility and land use at different scales over MRSG territory need to be better 
understood on this contemporary context. The investigation is aided by recent developments 
of Space Syntax tools, which have been efficient to describe large complex systems.

The present paper brings part of the results of the ongoing exploratory research about 
spatial configuration and regional structure, which aims to review criteria for delimitation of 
metropolitan areas in Brazil. It uses a geo-referenced data base which contains over two hundred 
thousand plots of electric energy supply for the great majority of the activities developed in the 
region. These locations were correlated to syntactic measures of closeness and betweenness 
centrality based on the whole axial segments network, in order to investigate land use and 
occupation patterns representative of a contemporary territoriality in the southern part of the 
country. Demographic census data were also used to verify correlations between income and 
location.

The results point out to significant centrality changes when municipalities are globally analyzed; 
to the existence of industrial activity being developed in rural areas; and to the fact that 
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residential areas are not only inserted into urban zones but also in the rural territory, although 
the highest family incomes are more concentrated in the inner city.

KEYWORDS

urban and regional planning, spatial configuration, space syntax

1. INTRODUCTION

In a general sense, the purpose of regional planning actions is to reduce the imbalances 
between territories at different scales, in order to promote social and economic development, 
with better labor, housing, health, leisure and culture conditions for the population.

France, England, Italy, Sweden, and other countries where regional planning has a long tradition, 
present nowadays significant results regarding to industrial and culture decentralization, 
agriculture modernization and tourism development (Tavares, 1996).

Despite being one of the most important economies in the world, Brazil presents high levels of 
social and economic inequalities among municipalities, what reveal a lack of effective up to date 
regional policies (Neto, 2009). In the 60’s, they were somehow implemented regarding to the 
macro-regions of the country, much more based on fiscal incentives for industrial development 
poles than focused on the municipalities possibilities and sustainability.

In the last decades, the regional issue, in Brazil, has been directed mostly to the metropolitan 
problem, which is strongly marked by the fact that there are strictly three government levels 
in the country: the municipal, the state and the federal. The regions themselves do not have 
institutional power, what makes integrated planning actions a difficult task.

However, it is argued, there is an emerging necessity of Brazilian communities to belong to 
some kind of institutional association, what results in political initiatives to create metropolitan 
regions. In fact, there are nearly 70 metropolitan regions in the whole country and most of them 
were delimited with basis in unclear criteria. Excessive number of municipalities, overlapping 
delimitation, unjustified inclusion and exclusion of cities are the components of a conceptual 
distortion and misunderstanding about the metropolitan phenomenon.

Naturally, the first step on any possible regional delimitation approach of the territory is to be 
conscious of the environmental, social and economic issues, which extrapolate the municipal 
scale, and that are obviously related to the state and federal context.

In fact, regional delimitation, is not a simple process, mainly when it deals with the complexity 
of urban dynamics. Some authors use to say that delimitation happens to be discriminatory, 
in a certain way (ABRANTES et al, 2010). Actually, it is very difficult to draw a line separating 
a diversified territory with a fragmented and heterogeneous occupation, formed by dense or 
diffuse zones with different growth dynamics, from an exclusive rural one.

However, in some way this is necessary to be done, in order to be put in evidence where the 
strongest dependence relations between parts and the whole happen to be. This is the case of 
Metropolitan Region of Serra Gaúcha - MRSG, which is here taken for a deeper investigation. 
It was recently instituted, by the State of Rio Grande do Sul Government, based exclusively in 
the notion that the agglomeration of municipalities was important for the State because of 
its intense industrial activity. Other important aspects were not taken into consideration like 
population density, urban occupation continuity and commuting which indicates a metropolitan 
dynamics (Ugalde et al, 2015). The ongoing exploratory research, intends to introduce the spatial 
variable as an element to be considered on the delimitation of metropolitan agglomerations.

So far, parts, on traditional approaches, are taken as surface units such as demographic census 
sectors, districts or neighborhoods, which do not allow a deeper spatial analysis. Space syntax, 
combined with GIS tools, offers an interesting methodology supported by a consistent theory 
for morphological analysis based on space disaggregation and differentiation, which has been 
efficient for urban and regional structures identification.
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This paper aims to present the results of the mentioned research, regarding to three of its 
main goals: to identify the global spatial structure of RMSG from the emergence of patterns of 
accessibility, centrality and distribution of important economic activities; to verify the degree 
of dependence of each municipal spatial structure from the global regional structure and to 
analyze the possibilities of urban expansion face to natural conditioning, particularly regarding 
to topography. Main industrial location will be examined and correlated with accessibility 
patterns, because of its importance in the regional economy and to contribute for a discussion 
about the rural / urban dichotomy in the studied territory.

2. BRAZILIAN INSTITUTIONAL CRITERIA FOR THE DELIMITATION OF METROPOLITAN 
AREAS AND URBAN AGGLOMERATION

The first Brazilian metropolitan regions were institutionalized based on studies developed 
by the official statistics and geography institute (IBGE), in 1969, aiming to conceptualize the 
metropolis, metropolitan areas and metropolitan regions as well as to stipulate delimitation 
criteria, which resulted in three categories: demographic, structural and integration.

Regarding to the demographic criteria, the central city should not have less then 400,000 
inhabitants, according to 1970 Census. Its population density should be more than 500 
inhabitants / km² and satellite cities’ should not be lower than 60 inhabitants / km². There also 
should be a variation of at least 45% on municipal population from 1950 to 1960.

Structural criteria, regarded to economic aspects and commuting, required that 10 % of the 
population of each municipality should be working in industries or number of commuters not 
to be less than 20% of the dormitory cities population. Besides that, the regional Industrial 
Gross Product should be three times higher than the Agricultural Gross Product, considering 
the group of municipalities within the region.

The integration criteria states that at least 10% of each municipal population should take two-
way daily trips, either to the central city or to the other ones, besides the number of phone calls 
to the central city, which should be over 80 per terminal.

One of the first metropolitan regions delimited in the country was the Metropolitan Region 
of Porto Alegre, in 1967, when 14 municipalities fulfilled those requirements plus the ones 
regarding to urban occupation continuity and functionality, that is, some infrastructures, 
facilities and services were offered only in some cities. Meanwhile, other rules were approved 
regarding to the inclusion of municipalities in pre-existing regions, which will not be mentioned 
here due to the article extension limits.

In 1988, the Federal Constitution designated the states to create and regulate metropolitan 
regions but didn’t include any criteria for their delimitation. The lack of rationality on many 
state administrations led, for example, to the zoning of the whole territory of the State of Santa 
Catarina into metropolitan regions.

More recently and in order to avoid these distortions, a federal law, called “Metropolis Statute” 
introduced new concepts based on influence regions of cities. However they are not very clear 
and directly applicable in complex territorial situations.

The Metropolitan Region Serra Gaúcha fulfills partially the criteria mentioned before. The main 
city of the region is Caxias do Sul with a population of approximately 470,000 inhabitants. 
However its population density is not higher than 286 inhabitants / km² whereas only six out of 
the thirteen municipalities have densities over 60 inhabitants / km² (Figure 1).
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Figure 1 - Satellite image of MRSG with the federal and state highway network. Source: Produced by Geographer 
Vagner Mengue.

Table 1 shows the percentage of the Economic Active Population working on factories what 
reinforces the industrial character of this region, in such a way that the industrial Gross Product 
is 17 times higher than the agricultural value. Therefore, it seems that there is no doubt about 
the economic profile of those municipalities. However an important criterion was not attended. 
The amount of commuting trips for work and educational purposes, except for Carlos Barbosa, 
Flores da Cunha and Garibaldi, remains below 10% of their total population, according to the 
demographic census of 2010. Later in this article, an spatial analysis regarding to conurbation, 
which is, together with commuting, fundamental for a metropolitan region delimitation will be 
done.
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MUNICIPALITY EAP (habitants) EAP on industry %

ANTÔNIO PRADO 13,906 4,337 31

BENTO GONÇALVES 91,432 37,089 41

CARLOS BARBOSA 26,406 12,504 47

CAXIAS DO SUL 354,737 153,465 43

FARROUPILHA 55,969 25,720 46

FLORES DA CUNHA 24,224 9,411 39

GARIBALDI 27,865 11,741 42

IPÊ 6,216 1,558 25

MONTE BELO DO SUL 2,654 381 14

NOVA PÁDUA 3,058 412 13

PINTO BANDEIRA 0 0 00

SANTA TEREZA 1,989 251 13

SÃO MARCOS 17,977 7,839 44

TOTAL 626,433 264,708 42

Table 1 - Economic Active Population on industrial activity in MRSG (Source: IBGE).

3. THE RURAL-URBAN DICHOTOMY AND “O NOVO RURAL” IN BRAZIL

The previous paper about the mentioned ongoing research brought a brief review about the 
basic characteristics of metropolitan areas in a context of globalized economy as well as the 
importance and possibilities of regional delimitations (Ugalde et al, op cit.). The metapolis was 
described as the model of fragmented, heterogeneous and diffuse post-industrial city spread 
over a territory that gradually loses its characteristics of a typical rural environment.

Caiado and Santos (2003) verified that the main feature of the socio-spatial transformations is the 
conurbation growth together with a weight reduction of agriculture activities on employment 
and income of the families living in rural areas in the State of São Paulo, Brazil. The structuring 
and expansion of real state market, organized in different stages of the merchant capital 
reproduction (land subdivision, construction, incorporation, financing and sale) intensified 
verticalisation with residential and corporative buildings, as well as the implantation of 
medium-class private gated communities on peripheral neighborhoods without infrastructures. 
Slums appearance on almost all small cities regardless their size became the expression of a 
contradictory urbanization pattern, resulting from the urbanization of the capital and to the 
capital.

Not only urban areas have changed their features. Regarding to rural areas, agriculture and 
cattle raising achieved higher levels of technology, demanding less manual work and higher 
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levels of instruction in the rural labor market. However there are still traditional agriculture 
areas where low technology practices are still adopted. The fact is that they are not able to 
describe and explain the demographic and labor market dynamics anymore. According to the 
authors, other rural activities, not related to agriculture, are emerging from the increasing 
urbanization process of the rural territory such as: accommodation and hospitality, tourism, 
leisure, environment preservation, floriculture, crafts, and others.

Tourism in rural environment comprises spa resorts, defined as places devoted to enhancing 
overall well-being through a variety of professional services that encourage the renewal of mind, 
body and spirit, rural convention centers, training places for executives, ecological tourism, 
adventure tourism, business tourism and others. This economic sector increases territory 
valorization, through environmental, historical and cultural protection. Family small enterprises 
can offer products to specific groups of consumers that, for being small, do not stimulate big 
companies to be in the business.

Blakely and Bradshaw (l985) emphasize that, despite all these changes, rural policies are 
still focused basically on rural population segregation including transportation, housing, 
education and health improvement. Planners and authorities are not conscious yet about the 
new necessities of rural zones, related to a post-industrial society. One of these necessities 
is, for example, a sustainable zoning for a more diversified land use based on environmental 
protection.

In the next sections, considerations about rural territory of MRSG will be made regarding to 
industrial activities.

4. THE COURSE OF THE RESEARCH

The previous paper brought to discussion the syntactic analysis of five municipalities belonging 
to MRSG: Caxias do Sul, Farroupilha, Bento Gonçalves, Garibaldi and Carlos Barbosa (Ugalde 
et al, op.cit.). The global space integration of the agglomeration was analyzed aided by 
Depthmap (Varoudis, 2012) and ArcGIS software. After processing the global integration of 
each municipality up to the limits of their boundaries, it was possible to observe changes on 
closeness centralities when each one of these parts were put together as a whole.

Afterwards, a considerable set of land use data was obtained to overlay the configuration, 
allowing an overview of possible relationships between syntactic measures and basic 
urban activities related to commerce and services, industry and housing. For that purpose, 
approximately 52,000 geo‐referenced water consumption measure points were provided by 
the State Sanitation Company (CORSAN‐RS). The number of units linked to each point also 
permitted a preliminary analysis of activity densities.

For the present analysis, approximately 232,000 geo-referenced electric energy consumption 
measure points were provided by RGE, the electric energy supplier for the region. Each point is 
categorized according to the National Classification of Economic Activity, what makes possible 
to relate activity locations with syntactic variables. This set of data represents an advantage 
compared to water consumption measure points because activities located in rural areas might 
not need a public water supply, but they are totally dependent from electricity.

Presently, the axial map of the whole region, composed by 13 municipalities, is complete. It 
consists of approximately 93,000 axial lines and 142,000 segments. The necessary operation for 
the analysis were processed by Depthmap X in combination with ArcGIS, and QGIS integrated 
to Space Syntax Tool Kit (Gil et al, 2015)

4.1 THE GEOMORPHOLOGICAL ANALYSIS

The course of the research firstly leads to a natural environment analysis because it becomes 
necessary to evidence the main characteristics of the MRSG site, specially regarding to 
geomorphologic aspects.
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Regarding to the geomorphological characteristics, the study area is inserted in the 
Geomorphological Region of the Planalto das Araucárias, belonging to the Geological Survey 
of Paraná (RADAM, 1986). The Geomorphological Region of the Planalto das Araucárias 
is characterized by relief forms carved in acidic and basic volcanic rocks of the Serra Geral 
Formation (CPRM, 1998; IBGE, 1986).

According to Pinheiro (2000), the geomorphological unit of Serra Geral, in turn, is subdivided into 
two compartments, Aparados da Serra and Área Serrana (in which the study area is inserted). 
The Área Serrana is characterized by forms of relief marked by deep and intense dissection with 
marked structural control, occurrence of structural grooves of various orientations and fluvial 
channels adapted to them. The main drainage axes refer to the Caí, Turvo and especially the 
Taquari-Antas rivers.

In this context, MRSG presents variants, from fairly rugged relief areas, mainly in the central 
and southern portions of the study area, where the Caí and Taquari-Antas rivers are located, 
where edges and strands of great slope can be observed, to areas with smoother relief, in the 
northern portion.

Figure 2 shows how environmentally conditioned the territory of MRSG is, specially by Antas 
River, which practically divide the territory in two parts: municipalities of Ipê and Antônio Prado, 
located in the northern part and the rest of them in the southern part. High slopes, specially 
along the main water courses also constraint urban occupation.
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Figure 2 - The image in the left shows the superficial drainage natural system (in light 
green) with Rio das Antas (in blue). The image in the right position shows the layer of 
slopes above 30% (in red). Source: Produced by Geographer Vagner Mengue with 
information from IBGE processed by software ArcGIS.
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4.2 THE CONURBATION ANALYSIS

A significant feature of the metropolis is the urbanization crossing administrative borders 
on the territory. Measuring conurbation is not a simple task. The continuity of the territory 
occupation is different according to the scale of observation. Two hundred meters is an 
international parameter as being the maximum distance between buildings, but what density 
of these buffers can be taken as a continuity of occupation. Figure 3 shows the circles with a 
100 m radius delimiting 200 m from one spot to another, in two different scales of observation: 
1/100.000 and 1/10.000

Figure 3 - A 100 m buffer centered in each electric energy consumption measure point, processed and 
observed in ArcGIS, in scales 1/100,000 (left) and 1/10,000 (right). Zoom to Caxias do Sul / Farroupilha border 
(white vertical line). Source: Produced by Geographer Vagner Mengue with information from RGE processed 
by software ArcGIS.

Another aspect to be considered is that, according to legislation, the question to be answered is 
if there is conurbation among municipalities. Therefore, municipality is the spatial unit formally 
considered. Although this question is not properly adequate to the complexity of the spatial 
phenomenon, the density of occupation along borders was examined. Legislation establishes 
that state government should regulate land subdivision projects located inside a 500 m buffer 
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along municipality borders. This distance was then taken for the evaluation. The result is 
illustrated on figure 4. Actually, there are conurbation zones and, consequently only parts of 

Figure 4 - Municipal borders and intensity of territory occupation per linear kilometer. Source: Produced by 
Geographer Vagner Mengue with information from IBGE processed by software ArcGIS.

the borders can be considered to be linking two or more municipal urbanization processes. The 
main borders are among Carlos Barbosa, Garibaldi, Bento Gonçalves, Farroupilha and Flores da 
Cunha.

Regarding to other possibilities of measuring potential conurbation under the syntactic point-
of-view, there should be remembered the studies proceeded by RIGATTI (2009), and RIGATTI 
and UGALDE (2007). Those contents are still being discussed in order to subsidize the final 
research report.

4.3 THE SYNTACTIC ANALYSIS

The part-whole problem is brought to discussion in the research project because its main 
purpose is to identify a spatial structure of the MRSG and to observe if it is strong enough to 
justify the institutionalization of a regional entity of thirteen municipalities. For this approach, 
space disaggregation is essential to be done so that the complexity of spatial relations can be 
captured. Therefore the axial map, composed by approximately 93,000 lines, represent the 
road and street regional accessibility grid.

The degree of dependence from each “municipal part” to the “regional whole” can be evaluated 
by closeness centrality and betweenness centrality, which correspond, in Space Syntax, to 
integration and choice measures.
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Figura 5 shows global integration (Rn) of MRSG. The color gradient, from red to dark blue, 
indicates the rank of integration values from the more integrated axial lines to the more 
segregated ones. Thus, on one hand, we can observe a high concentration of integrated lines 
relatively close to the central part of the configuration, practically corresponding to the cities 
of Caxias do Sul and Farroupilha. Certainly, this happens not only because that is the zone of 
the least topological distances from each line to all the other ones, but mainly because a large 
quantity of long and highly connected lines are located there. Accessibility is largely privileged, 
what reflects on high densities of population and activities related to commerce and services.

On the other hand, there are zones of high segregation, not only for being near the edge of 
the configuration, but mainly for being parts poorly connected to the whole. That’s the case 
of Antônio Prado and Ipê, which are practically separated from the rest of the municipalities 
because of Antas River.

Figure 5 - Global integration (Rn) of MRSG (in the left) and Local integration (R3) processed by Depthmap.

The global integration visual analysis based on Depthmap output evidences a difficulty as far 
as the representative colors get more distant from the red color. It becomes more difficult to 
distinguish the differences among global integration values. Local integration (r3) was tested 
as an option to identify more localized centralities. In fact, they emerge as shown in Figure 5. 
However, the algorithm measures the importance of each line up to 3 direction changes or 3 
depth steps. Therefore there is a surface limitation within the global configuration and it does 
not reveal properly the global integration gradient in those parts of the whole which are more 
distant from the center.

In order to better visualize the global integration nuances, a simple method is created for the 
purpose of this investigation: after running the algorithm for global integration on QGIS, the 
group of values of each municipality are selected in order to be processed individually. Because 
the axial map is geo-referenced, it is possible not only to better visualize global integration 
variation but also to compare the change of centralities when the municipality is embedded in 
the regional configuration. Figure 6 shows the result.
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Figure 6 - Global integration (Rn) of each municipality joined together in the same MRSG axial map. Federal and 
State highway network is highlighted in light grey. Source: Assembled by Architect Cláudio Ugalde. Data processed 
by Space Syntax Tool Kit for QGIS.

On one hand, the more integrated lines in each municipality tend to be closer to the federal 
and state highways which, in most cases, are the straightest connection between cities. The 
least direction changes decreases topologic distances and those spaces become the preferred 
locations for attraction. In Figure 07, some examples of this increasing tendency can be verified.
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Figure 7 - Centrality gradual change from urban cores to more peripheral areas in São Marcos, Carlos Barbosa 
and Bento Gonçalves. Source: Shape files shown on Figure 6 overlaying satellite image.

Some smaller urban concentrations, like Pinto Bandeira and Nova Pádua, which are not directly 
accessible by those highways, tend to be polarised by larger concentrations as Bento Gonçalves 
and Flores da Cunha, respectively.

Another contribution to the discussion about how each municipality is configurationally affected 
by the global regional system, was based in a comparison between global integration of each 
municipality with their global integration when embedded in the regional whole. Figures 8 and 
9 illustrates four charcteristics of centrality change in Garibaldi, Caxias do Sul, Ipê and Monte 
Belo do Sul.
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Figure 8 – Global integration (Rn) of Garibaldi and Caxias do Sul in two different  contexts. On the left side, integration 
up to the borders of the municipality. On the right side, municipality embedded on the global regional system. 
Source: Assembled by Architect Cláudio Ugalde. Data processed by Space Syntax Tool Kit for QGIS.
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Figure 9 – Global integration (Rn) of Ipê and Monte Belo do Sul in two different  contexts. On the left side, 
integration up to the borders of the municipality. On the right side, municipality embedded on the global regional 
system. Source: Assembled by Architect Cláudio Ugalde. Data processed by Space Syntax Tool Kit for QGIS.
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The urban concentration of Garibaldi, the city itself, is in fact, the most integrated area of the 
municipality and is located relatively close to RS 122 and BR 453. This is very clear. However, 
there is a group of lines which are more integrated than the ones in historical center, influenced 
by an even more topological proximity to the rest of the system, what is propitiated by the 
highways. Thus, there is a centrality change process in course in so far as the urban expansion 
connects to them.

The city of Caxias do Sul is in fact the most integrated one, not only in the regional configuration 
but also when centrality is measured up to the limits of its own territory. Besides some reasons 
pointed out before but also for being intersected by BR 116 and BR 453. The first one, built in 
1941, attracted urban expansion to the east, regarding specially to industrial location and the 
second one, built in 1972, have supported mostly logistic and large size commerce.

Another interesting situation comes up with the case of Ipê, where the original urban core 
acquire importance at the regional scale. In the individual analysis, centrality is located a little 
further north, where, in fact, the level of occupation and activitiy is very low. On the contrary, 
Monte Belo shows a significant centrallity displacement from the historical urban core to a 
paralell road, which is the shortest route to Banto Gonçalves, where different land uses are 
consolidating.

Space Syntax presents another important measure, significantly correlated with through 
movement: choice. The measure highlights the most used spaces which tend to be least angle 
paths taken on journeys between each pair of segments in the spatial configuration (Hillier 
2010).

Based on the reasonable idea that easy through movement within the city-region is an strategic 
element for development, the choice network was identified in order to examine how present it 
is in the territory of each municipality.

According to Jiang (2009), a quantity follows a power law when the probability or frequency of 
its value varies inversely as a power of that value. This is what happens regarding to the potential 
quantity of through movement in a spatial configuration. Based on previous investigations 
(Newman, 2005), he argues that majority of traffic, approximately 80% occurs in the top 20% 
of streets and the top 1% of streets account for more than 20% of traffic. Least angle choice has 
been powerful on expressing this phenomenon.

In Figure 10(a), 5% of the highest choice values is represented. Practically the whole highway 
system was captured, what reinforces the tendency of the mentioned municipal centralities 
change.
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Figure 10 – (a) Choice network in MRSG axial map (in yellow 5% of highest values and 10% in red). Source: Depthmap 
output from segment map processing. (b) Rural and urban MRSG territories occupation (in the left) and main 
industries highlighted (in the right). Image produced by Geographer Vagner Mengue with information from RGE 
processed by software ArcGIS.

Table 2 shows the number of segments of the choice network (10 % of the highest values) 
belonging to each municipality. The purpose of this statistics is to observe how connected 
each municipality is to the mobility regional network, potentially used for the transportation of 
passangers and products. On one hand, it calls attention that Monte Belo do Sul, with a small 
urban core, has a number of choice network segments / km² as expressive as Bento Gonçalves, 
while Caxias do Sul has a much lower quantity per square kilometer of its territory. Of course, 
these means have to do with the municipal surface, but the difference is the choice mean 
value of the segments. Thus, the routes inside Caxias do Sul are much more potentially used 
than the ones in Monte Belo. Any way, the distribution of choice lines over the territory should 
be investigated in order that the relationship among municipalities regarding to large scale 
movement can be better evaluated.
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MUNICÍPIO
Surface 

(km²)
Number of 
Segments

Segments / Km² Choice Mean Value

ANTÔNIO PRADO 347.3 687 1.98 627,991,754.60

BENTO GONÇALVES 273.9 1562 5.7 352,004,617.18

CARLOS BARBOSA 229.8 569 2.48 173,412,998.98

CAXIAS DO SUL 16.1 4780 2.9 540,080,776.23

FARROUPILHA 361.4 1569 4.34 814,045,498.20

FLORES DA CUNHA 272.4 944 3.47 841,155,902.74

GARIBALDI 1.8 653 3.89 572,090,696.10

IPÊ 598.8 894 1.49 216,969,416.55

MONTE BELO DO SUL 69.5 359 5.16 155,048,763.43

NOVA PÁDUA 103.2 225 2.18 183,241,257.19

PINTO BANDEIRA 105 244 2.32 158,706,681.95

SANTA TEREZA 73.9 226 3.06 153,604,749.28

SÃO MARCOS 256 713 2.78 224,235,531.69

Table 2 – Number of choice network segments (10% of the highest values) belonging to each municipality per square 
kilometer.

4.4 THE LAND USE ANALYSIS

The land use data base available has geo-referenced information about approximately 232,000 
geo-referenced electric energy consumption measure points provided by an electric energy 
company responsible for the service. The basic land use categories were partially analyzed 
by Ugalde et al (2015) for a group of 5 municipalities in MRSG. For the present paper, the 
whole metropolitan region is examined regarding to the industrial use divided in the 5 most 
important categories for the regional economy: leather, machines and equipment, metallurgy, 
furniture, textile and wine. Besides these products being sold all over, specially the wine, textile 
and furniture industries frequently also sell their products in showrooms located near by the 
factories, what attracts tourists and bring jobs to rural areas.

Figure 10 (b) shows the location of the whole set of dots, where an immense quantity of 
activities in rural zones can be observed. However when the selected categories are highlighted, 
it becomes clear that, except for the wine industry, according to Table 3, the majority of the dots 
still overlay the urban areas, what indicates that main industrial activity in the region is either 
dependent of urban accessibility and urbanization patterns or regulations are still stricted 
regarding to industrial activity. The wine industry, very representative of the regional economy, 
seems to be under two circumstances: a necessary location near the cultivation areas and the 
opportunity of bringing tourists to an interesting rural landscape. However, hospitality and 
accommodation for tourists are still very related to urban areas.
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Industrial 
Sector

Wine Furniture Metarllurgy Textilel Equipment Leather Hospitality

Total of                  
establishments

157 216 926 424 983 97 73

urb 
an

rur 
al

urb 
an

rur al
urb 
an

rur 
al

urb 
an

rur 
al

urb 
an

rur 
al

urb 
an

rur 
al

urb 
an

rur 
al

Number of           
establishments

58 99 172 44 874 52 420 4 902 81 90 7 65 8

% 36.9 63.1 79.6 20.4 94.4 5.6 99.1 0.9 91.8 8.2 92.8 7.2 89.0 11.0

Included in a 
100m buffer 
along choice 

network (20%)

100 115 467 254 498 56 56

Table 3 – Establishments of the industrial sector according to urban / rural zoning and to choice network buffering.

A 100 m buffer was set along the 20% top values of choice network in order to observe how 
dependent were those economic activities from a large scale movement grid. Expressive 
percentages regarding to wineries (100/157) and accommodation (56/73) tend to be located 
along choice network what suggests a stronger relation between the sector with consumers 
and suppliers from distant parts of the region besides a more local demand.

5.FINAL CONSIDERATIONS 

Some issues of the exploratory research were brought to discussion in the present paper. 
Presently, activity locations analysis cannot be operated with basis on homogeneous territorial 
units. Complexity resulting from relations, flows, dynamics, competition requires other 
models to be captured in different territory scales. In a network urbanism perspective, space 
disaggregated units associated to precise location of activities can lead to the identification of 
patterns of accessibility, centrality, movement and land use among others. This approach was 
here attempted to better know the city-region of Serra Gaúcha and how spatially dependent 
each of its parts depends upon the whole.

If global integration would be taken as a parameter, Figure 5 suggests that the municipalities 
of Ipê, Antônio Prado, São Marcos, Nova Pádua, Pinto Bandeira, Monte Belo do Sul and Santa 
Teresa should not be part of the delimitation. However when large scale movement (Choice 
10%) network is visualized, the smaller cities appear to be more dependent from the rest of 
region, meaning that they are more directly connected to the other municipalities, although 
not so intensively.

The intensity of connections among municipalities presupposes a potential conurbation, once 
the syntactic model deals with accessibility networks, but not directly with real occupation 
along them. Densities tend to increase in more accessible public spaces overtime and that is 
the case of an agglomeration with a great degree of discontinuity of occupation in territories in 
between yet.

Despite this discontinuity, the territory of MRSG is visibly dotted not only with an immense 
number of residences and agricultural infrastructure, but also with general retail (318), 
administrative and public functions (213), sports and leisure activities (85), services (19), 
specialized retail (15) among others. On the continuity of the research, correlations will be 
tested between configuration local and global properties with other activities different from 
industrial ones. Regarding to these ones, it was seen, they are still well correlated to the urban 
accessibility pattern, predominantly the traditional regular grid.
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The main purpose of delimiting metropolitan regions is the governance of public functions 
which  cannot be managed by municipalities in an independent way, such as commuting, 
natural environment resources and infrastructures going beyond municipal borders. Some of 
these functions are not sol clearly present in Metropolitan Region of Serra Gaúcha. However, 
for being still an incipient conurbation process, could be taken as an important fact to create a 
technical and political environment towards innovation on planning and governance initiatives.
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ABSTRACT

In order to meet the pressures of a growing population and employment base, a developing city 
in the Middle East is planning a new public transport system to allow its sustainable growth. 
Introducing a new mode of public transport to a city that has a complex urban structure and 
a dependency on car use necessitates specific design responses to inform the station design 
process. This paper focuses on a study at the micro scale level that addresses the impact of 
evidence-based design on contextualised architectural station prototypes. Furthermore, it 
addresses the processes of working with an architectural design office in creating dynamic 
design iterations. The research here is presented from a perspective of the process of iterative 
analytical study to real time projects, reflecting on the balance between academia and practice. 
In order to construct a set of design principles to station locations, three layers of potential 
movement patterns are analysed using agents based modelling: movement from station exits; 
movement towards station entrances and background movement generated through the 
spatial accessibility values of the surrounding context. In that respect, each prototype station 
has been contextualised to its unique site. Design proposals developed by architectural teams 
are informed through fine grain analysis of urban features such as pavement widths and signage 
locations. The analyses also inform the landscape design process through the positioning of 
street furniture in relation to potential movement patterns as well as the effect of shading and 
public realm quality through option testing. To integrate stations within their contexts they 
must have simple entrances and clear orientation from the points of exit. Overall, the dynamic 
nature of agent based modelling allows for rapid design feedback to occur permitting an 
iterative process of design development and optimisation.
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1. INTRODUCTION

Need for an analytical methodology

Cities in the need for urgent development are facing the challenge of creating sustainable 
environments through top down design proposals. In order for planned urban projects to 
adapt to the urban context it needs to consist of well-established conditions where the existing 
infrastructure can support new design proposals. However, this might not be the case in certain 
circumstances where the urban context is in the growing process and requires quick adaptation 
to a proposed urban project. At that point, as the complexity of the project increases, new 
methodologies are needed to incorporate to improve design development processes. In 
complex urban design projects, the use of analytical methods is believed to facilitate generating 
new design ideas, objective testing of design outputs and increasing the potential for successful 
design results (Karimi, 2012). It is further argued that this can be mainly achieved through a 
spatial approach. This paper represents a micro scale study of a new public transport system 
planned in a developing city in Middle East to meet the pressures of a growing population and 
employment base. In order to help allowing its sustainable growth, the study here proposes 
an analytical approach creating a design strategy that contextualises architectural station 
prototypes. It focuses on 72 metro stations to help deliver citywide improvements working with 
an architectural practice through a dynamic design iteration process. Through the process of 
interactive design feedbacks, it also reflects on the balance between academia and practice.

With the urge of delivering projects to deadlines, a vast majority of urban planners mainly 
concern about structural and formal aspects of the design and tend to disregard the unique 
values of spatial contexts. These failing approaches have been reconsidered by new environment 
designs aiming to ‘create life’ in cities where the roots of this idea has started with Jane Jacobs 
(1961) suggesting that there is a link between successfully designed environments and social 
outcomes. The issue of ‘creating life’ in cities has been further explored through the concept of 
‘architectural determinism’ discussing whether spatial environment can be used as a proxy to 
generate ‘life’. The relation between spatial and social aspects suggests that cities are formed 
of two parts: ‘a large collection of buildings linked by space, and a complex system of human 
activity linked by interaction’, namely the ‘physical’ and the ‘social’ city (Hiller and Vaughan, 
2007). However, the failure of initial studies seem to be the result of separation of the two and 
instead, taking ‘cities as one thing’ is further suggested for a more complete way of thinking 
and analysing urban systems as the sum of both entities. Space Syntax theory, developed in 
nineteen seventies, focuses on the relationship between space and society, arguing that space 
has a logic that can be studied to trace social origins and outcomes in a built environment 
(Hillier and Hanson, 1984). Moreover, the ‘configuration’ of space is suggested to be the key 
to a successful design emphasising on the impact of each spatial component to the whole 
network of the system (Hillier, 1998). From an analytical perspective, it is suggested that in 
order for an urban layout to be successful in generating ‘life’ it needs to consist of a field of 
potential encounter and co-presence that support integration and intelligibility (Hillier et al., 
1987). This idea suggests that movement in a built environment is mainly supported by spatial 
configuration, and therefore primarily should be analysed through the existing or proposed 
urban layout to predict potential ‘life’ in the public realm. In that respect, Space syntax models, 
formed of self-explanatory, clarified spatial representations propose a simple and quick way to 
test design proposals.

The lack of current public transport infrastructure and its dependency on car use makes the city 
difficult to provide necessary conditions for a new proposed public transport system. As the city 
has grown rapidly outside the historic core through large and continuous highways, the biggest 
challenge is to make the new public transport system work efficiently through stitching the 
disconnected parts in order to integrate stations within their contexts. This, in the micro level 
can be mainly achieved by creating more walkable spaces that can support diverse pedestrian 
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activities. Gehl (2011) describes walking as a type of transportation as well as ‘an informal and 
uncomplicated possibility for being present in the public environment’. This is not only crucial to 
enable accessibility to and from the stations but also to enhance the surroundings by providing 
potential movement that can support sustainability and improve future land use economy. This 
approach has been adapted to this study by measuring potential movement patterns through 
the space syntax agent-based modelling developed by Alasdair Turner et al. at UCL focusing 
on the relationship between the lines of vision and pedestrian movement. The studies have 
shown that there is a high correlation between the agents’ analysis and pedestrian behaviour 
in urban and building scales (Turner, A., 2007). Furthermore, previous findings on agent-based 
analysis suggest that human movement is highly related to the current location and orientation 
within the larger environmental system where a long distance vision and well-structured linear 
arrangement play a big role (Penn A., Turner A., 2002). 

Creating walkability in areas where there is lack of pavements and open spaces in addition 
to hot temperature climatic conditions has been a major challenge throughout the study. 
Other challenges included a short program, limitation on data availability and the pressure on 
providing quick response to the design team. However, using an analytical method for grouping 
station prototypes under a limited number of categories enabled giving quick design feedbacks 
and main guidelines developed through evidence based approach unique to station locations. 

Overall, the main purpose of this study was to integrate stations within their wider contexts 
focusing on the existing spatial conditions around the sites. This is provided in micro scale 
level study by analysing immediate surroundings of the station entrances in order to create 
ease of orientation through an improved wayfinding strategy. Also, the results informed 
landscape design team in order to optimise potential movement patterns and improve the 
overall pedestrian friendly approach in the city. The quick iterative feedback to the design team 
and interactive collaboration enabled this analytical technique to be applied as a guideline 
throughout the project providing immediate design responses to development process.

2. METHODOLOGY

In order to simplify the process of design and implementation, a set of prototype stations 
has been identified during the studies carried out by the consultancy and architectural teams 
defining vertical and horizontal rail alignments and station locations. For each location a specific 
station prototype has been assigned and as a result, up to nine variations have been developed 
as a base around the architectural designs to progress. In order to provide feedback on the 
developing design process, Space Syntax methodology has been used to test the prototype 
station placement and its effects on urban integration and interaction with surrounding public 
realm. The methodology consists of two stages: firstly, deciding the locations of architectural 
prototypes to test and secondly micro scale level agent based analysis of the selected station 
locations.

2.1 FILTERING ARCHITECTURAL PROTOTYPES

The first step concentrated on creating an output to select the locations that are the most useful 
test cases to shape prototype stations. Limiting the number of locations to perform spatial 
analysis helped creating a practical framework enabling a quick process of responding to the 
design development. In that respect, a station profiling strategy is developed measuring urban 
characteristics around all stations in order to identify groups of potential locations. Profiling the 
city, nine locations have been identified to carry out spatial analysis. 

The principles of the filtering process considered a wide range of physical conditions that existed 
across the city from completely vacant land to intensely developed areas. Current highway 
infrastructure condition is also taken into account in order to respond to station allocations on 
different levels. The key performance criteria of prototype stations are formed around the idea 
that they can be applied in a range of physical urban conditions. To ensure that stations will 
work in all locations, the principle is based on testing them in the most physically constrained 
areas. In that case, if prototypes are developed within these constraints, they are assumed to 
work also in less constrained areas such as vacant sites. 
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The prototype station selection process is achieved through three filtering stages where each 
filter consisted of a specific aspect of the urban character. The first filtering condition was 
whether stations were located within town and multi-district centres due to the fact that these 
areas are where major future growth is proposed. This strategy enabled capturing the areas 
with future concentration of population and employment growth at the most accessible points 
to reduce pressure on the road networks. Therefore, developing prototypes that support the 
pedestrian activity within these centres and creating suitable public realm characteristics is 
considered to be vital. For the identification of station locations in these centres, Area Action 
Plans including future restrictions were used prepared by the consultancy team. As a result, 
17 stations were filtered among the total 72 stations. The second filtering system included 
identifying station locations based on their range of existing highway infrastructure conditions. 
Throughout the city, in multiple areas highway intersections have been separated vertically 
to improve traffic flows. This has exacerbated issues of severance for pedestrians, while also 
creating difficult physical conditions for rail infrastructure to adapt. Therefore all stations have 
been categorised according to whether they were allocated on highway infrastructure at one, 
two or three levels. Out of the selected 17 stations, 11 had one, three stations had two and the 
last three stations had three levels of highway infrastructures. Lastly, the stations were filtered 
based on the spatial accessibility and the level of development around their surroundings. This 
was identified based on the assumption that the more developed areas would create more 
physical restriction to respond than less developed or vacant lands. A measure combining 
the pedestrian network with the level of development has been prepared through the spatial 
accessibility model and the land use data. At the conclusion of the final ranking process, a set 
of potential prototype locations has been identified. The diagram below illustrates the filtering 
process of the architectural prototypes (Fig. 1).
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Figure 1 - Filtering process of the station prototypes
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2.2 ORIGIN DESTINATION WEIGHTED AGENT BASED MODELLING

Following the filtering system of the station prototypes, the final selected 9 stations have 
been tested through micro scale agent analysis. The purpose of this analysis was to develop 
a methodology that could be replicated for other prototypes and their test locations. The 
principles of the analysis included providing suggestions to improve wayfinding quality of 
station exits such that the generated movement patterns would complement the proposed 
urban context. Moreover, in order to integrate stations within their contexts the station 
entrances are suggested to be visible and easily accessible to users and easy for pedestrians 
to orient themselves within the city from the point they exit the stations. Positioning of street 
furniture, shading effect and public realm quality were also analysed in relation to potential 
movement patterns. 

The agent models were weighted by origins and destinations in order to predict patterns of 
movement that the design options would generate. This approach has been previously adapted 
through assigning long distance vision and specific behaviours to agents (Penn and Turner, 
2003). In the origin-destination model, agents are programmed to move between certain points 
in a defined space; navigating through the space on the basis of what they can see at each point 
in space and deciding the direction of their next steps at every several steps. Once the agents 
enter a space, they choose the route that is easiest to navigate through and also that takes them 
nearer to destination (Ferguson et al., 2012). The final visuals of agent analysis represent the 
movement density in form of path overlaps where the higher movement density is represented 
by warm colours. Overall, for the number of people used in agent analysis was taken from the 
ridership figures developed by international planning and transport consultants1. However, in 
the absence of data, four assumptions were made based on prior research on the existing land 
use, density and movement conditions in the city:

a.	 Taxi drop-offs are estimated to accommodate 20% of the origin and destination 
movement.

b.	 Major land use attractors such as shopping malls, hospital, juma mosques and universities 
involve 30% of the origin and destination movement.

c.	 Public realm attracts the rest of the origin and destination movement distribution. If 
the station area lacks of any major land use attractors, 80% of the movement would be 
distributed to the surrounding street network based on their spatial accessibility. 

d.	 Light Rail Transit (LRT) attracts the percentage of movement obtained from the ridership 
figures based on its capacity and estimated use.  

The movement patterns in agent analysis were tested against two components: ‘spatial 
configuration’ and ‘land use attractors’. In that regard, ‘configuration’ is suggested to create 
‘through-movement’, whereas land use attractors generate ‘to movement’ (Hillier et al., 1993). 
The relation between ‘ attraction’, ‘configuration’ and ‘movement’ is further described as: “… 
movement is seen as being ‘to’ and ‘from’ built forms with differing degrees of attraction, and 
design is seen as coping with the local consequences of that attraction” (Hillier et al., 1993). The 
assumptions above represent the origin-destination based ‘to’ movement generated by land 
use attractors, whereas ‘through’ movement is tested along the spatial configuration using the 
spatial accessibility values of the public realm. Three layers of movement were tested in agent 
analysis: ‘from’, ‘to’ and ‘background’ movements which were then combined as all forms of 
movement attraction are argued to be interrelated (Griffiths et al., 2008). Firstly, the movement 
‘from’ stations was tested by releasing agents from the station exits which moved to defined 
destinations such as taxi drop-offs as well as land use attractors including mosques, retail units 
and offices. Secondly, the reverse movement was analysed where all agents were directed 
‘to’ station entrances. Thirdly, the background flow around the surrounding public realm was 
included where the highest spatial accessibility values of spatial model were used to distribute 
agent movement. Furthermore, climatic conditions have also been considered by weighting 
agent models with shaded areas aligned with day and night time scenarios.

1 Due to the confidentiality issues, the name of these companies or further references cannot be revealed.
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Overall, Origin-Destination distribution assumptions were used to demonstrate how pedestrian 
movement could occur in real time scenarios based on the modal split, the land use of the 
surrounding context and the spatial accessibility of the public realm. 

Finally, the results were used to produce opportunities and constraints principles identifying 
connections, open space location, key desire lines, frontage and interface characteristics. 
Iterative design feedbacks and guidelines have been provided to the design team by modelling 
further proposal iterations, testing and feeding back results through diagrams and workshops. 
Also, the results were reviewed against predefined design principles that facilitate movement 
around the stations while providing quality public realm. In order to ensure the adequate flow of 
station users and background movement while keeping land acquisition to a minimum, pavement 
widths were analysed around station placements (Fig.2). Using ridership figures per station 
location with Level of Service standards used by TfL (2010), the minimum land requirement 
was calculated and shared with the adaptation and landscape teams.  This enabled defining the 
capacity of space needed around stations with the aim of minimising cost. The iterative process 
has been achieved working closely with architects and giving feedback on weekly workshops 
that helped developing new versions of design for each station. The outcomes of new designs 
have been tested focusing on the way in which agents moved through spaces.  However, this 
paper will not focus on the detailed technical methodology of agent based modelling, instead, 
it will concentrate on the design feedback process reflecting on two selected stations as case 
studies.

Figure 2 - Sample of pavement width study indicating the minimum land requirement around the stations

3. ANALYSIS

3.1 STATION A

Station A is located within the oldest part of the city within an organically developed layout. 
Despite being situated at the heart of the city and within a close proximity to local pedestrian 
infrastructure, the main station entrance is located at the centre of a high-speed traffic 
roundabout with the lack of traffic lights as well as grade level pedestrian crossings. It also sits 
at the intersection of differing urban structures and land uses. The dense urban grain of the 
historic core interfaces with large block structure to the north and the lagoon and recreational 
green spaces to the west. Therefore, the station design and placement is an opportunity to 
weave these elements together and support a public realm that is conducive for movement. 
Moreover, it includes the potential to address urban severance by providing spatial conditions 
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to link across infrastructure. This would provide a major benefit to the existing population 
regardless of whether if they use the station. Therefore, the brief requires responding to the 
current station design in a way that it could integrate with the wider surrounding context 
through the identified key desire lines (Fig. 3). Also, the historical importance of its location 
and the proximity to one of the oldest landmarks gives it a symbolic mission to create a visual 
connection and accessibility with the historic core of the city.

Figure 3 – Key desire lines around the roundabout

The main tasks of the Station A were:

a.	 Overcoming severance between the station and its context caused by the lack of		
pedestrian crossings, bridges and underpasses around the roundabout.

b.	 Developing a legible design for the station exit/entry to ease way finding for the		
pedestrians.

Due to the traffic speed and technical regulations, the number of potential crossings that can be 
provided at grade level was limited. Collaborating with the design team, a single large shared 
surface to the south of the roundabout has been proposed in order to provide access between 
the station and the historic core. In the meantime, in order to restrict informal crossings at grade 
level, a pedestrian underpass design has been developed on the western end of the roundabout 
that connects the station to the lagoon bridge as well as the mosque. The proposed design 
firstly has been tested by movement of agents leaving the station and distributed towards the 
public realm
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Figure 4 – Origin (in blue), Destination (in red), Distribution and Agent Analysis of the proposed design

The initial experiment focused on the analysis of the underpass use, observing whether the 
agents would take the underpass to cross the street or if they would take the existing informal 
crossings around the medians. The main purpose of this testing was to find the ideal scenario 
where the use of informal crossings would be minimised. The analysis of the current proposed 
design has shown that the underpass is likely to be only used by people visiting the mosque 
and not crossing the lagoon. The result of this is that the lower level space will be underused 
for much of its time, and will not create an active piece of public realm. Also, the current design 
is compromised by the width and angle of the staircases. These make it difficult find, and may 
become crowded when they are used at peak times. In that respect, alongside with the current 
design two alternative options have been tested (Fig.5).

Figure 5 – Analysis of three options for the proposed underpass design (from left to right):	

The current proposed design, Widened entrance option, At grade level crossing option
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The first option retains the tunnel, but opens up the entrance to make it visible from a wider area 
and the second option proposes a crossing at grade to see whether this attracts more people to 
move through it than the tunnel. The findings of these tests suggest that the underpass should 
be widened, shifted to the south slightly, and that the two stairs at the entrance from the lagoon 
should be widened and turned in to a single large stair.

The second analysis focused on the spatial positioning and thus effectiveness of the secondary 
eastern entrance to facilitate movement to and around the station. In that regard, three options 
were tested to observe pedestrian movement patterns generated by the proposed design 
options: Multi-directional exit, Historic core facing exit, Drop-off area facing exit (Fig. 6). 

The results have been evaluated under five criteria:

a.	 Wayfinding and orientation with the historic core

b.	 Quality of arrival space and Level of Service

c.	 Minimisation of movement congestion at east exit

d.	 Minimisation of below grade disorientation toward east exit

e.	 Reduction of movement pressure from Central stairway from grade to concourse level

Figure 6- Options 1, 2, 3: Multi-directional exit, Historic core facing exit, drop-off area facing exit

The findings have shown that the first scenario with multi-directional exit works better than 
the other two options. The escalator positioning allows for passengers to view the historic 
core, drop-off areas and north crossing upon exit. The provision of space in front provides good 
level of service for movement. It also proposes a good opportunity for quality public realm and 
landscaping to facilitate movement toward surrounding destinations. On the other hand, the 
option 2 allows for exiting passengers to face historic core, however, movement toward the 
north crossing and drop-off areas are visually blocked. Also, the indirect movement caused by 
below grade angle-change holds the potential to cause congestion leaving the station. Lastly, 
the third option facing the drop-off area creates a visual block to the historic core where also 
the multi-directional movement in front of the exit has the potential to cause congestion.

Further analysis has been carried out of the latest design to see how placement and sizing 
of stairs affects urban integration. Recommendations have been made to show how the 
placement of stairs could be improved. In order to improve agent movement scenarios with 
a finer grain assessment, environmental survey studies have also been included in the agent 
based modelling. Considering the average thermal comfort levels against exposed hot 
conditions, ‘Day’ and ‘Night’ time scenarios have been tested to show the impact of climatic 
responses to proposed design (Fig. 7). The agent model in the ‘Day’ scenario has been weighted 
with the assumption that the shaded areas around the station concourse would attract 80 % of 
the movement whereas, the ‘Night’ scenario assumes that the movement will be unaffected by 
the shading provision where agents will move freely. The results have shown that, in the ‘Day’ 
scenario the movement on the underpass and the eastern escalators are higher than in the 
central staircases. Also, due to its strong visual connection and spatial accessibility the eastern 
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turnstile area is more likely to attract potential movement. Therefore, it needs a detailed design 
assessment that responds to any potential for future congestion. On the other hand, ‘Night’ 
scenario testing has shown that, the eastern staircase of the central link to the historic core 
may lead to potential congestion due to the fact that the western stair access is blocked by 
the proposed landscape design. As a result, the central staircases are suggested for further 
reshaping to ease movement between the historic core and the station.

Figure 7 - Agent analysis of the ‘Day’ and ‘Night’ scenarios

3.2 STATION B

Station B is planned in a more recently grown part of the city and located in the middle of a 
highway infrastructure and within a close proximity to a shopping mall. It also requires a link to a 
Light Rail Transit (LRT) station where a high percentage of interchange movement assumption 
was included in between both entrances. Analysis has focused to explore entry placement and 
landscape response to the station integration with the surrounding. An important element of 
the analysis was to consider the link between the LRT and MRT stations where at peak times 
the ridership figures for interchange movement accounted for 80% of the station related 
movement. The high potential of movement within and around the station led to a detailed 
analysis of the existing condition around the site as well as defining the key pedestrian desire 
lines (Fig. 8).

The main tasks of the Station B were:

a.	 Overcoming the challenges in existing condition caused by the lack of pavements, high-
speed traffic and pedestrian crossings.

b.	 Creating a link between the existing and future developments while developing a legible 
design for the station exit/entry to ease way finding for the pedestrians.

c.	 Creating a legible route between LRT and MRT stations that supports proposed		
retail units within the MRT station.



Proceedings of the 11th Space Syntax Symposium

USING AN ANALYTICAL PROCESS TO CONTEXTUALISE ARCHITECTURAL PROTOTYPES FOR METRO 
STATIONS 118.12

Figure 8 – Summary of key pedestrian desire lines shown in red.

The main challenge for the design development of Station B was adapting the proposed design 
to an existing context that lacked pedestrian infrastructure. In the current condition, with the 
absence of pavements, pedestrians are forced to walk through the existing car parking for the 
mall in order to access public realm on the west. In addition, the lack of pedestrian crossings, 
enforce pedestrians to cross the highway informally. In order for station to work optimally, 
it requires integration into its urban structure in a way that is conducive for access, use and 
comfort. Retail, green space and other land uses would also need to work together with the 
station to function effectively. In order for station entrances to work legible for pedestrians, 
crossings should be provided on key desire lines at grade level. However, due to the traffic 
regulations around the site no new crossings could be added to the current context. Therefore, 
the proposed design included a raised pedestrian bridge that connects east and west over the 
MRT station. The analyses consisted of testing the existing formal and informal crossings, the 
proposed pedestrian bridge and the proposed route between the MRT and LRT stations. The 
assumptions were made of two types of pedestrian movement: the interchange movement 
between the MRT and LRT and the movement in and around the urban area including ‘to’ and 
‘from’ the stations. 

The initial analysis has compared the impact of recommended design iterations by testing 
the existing and recommended options. The results have shown that, current crossings are 
not aligned with the desire lines between the entrances of MRT and LRT stations. The image 
below represents how changing the current widths and the locations of existing crossings 
(1 and 2) can improve the potential pedestrian movement between the two stations (Fig.9).  
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In the current proposed design, due to the narrow width and the angular change in crossing 
1, the main movement between the station entrances are attracted towards the western 
escalators. In the recommended option, by creating a larger shared crossing on the desire 
line, it is possible to reduce the number of crossings on the highways. Being located on the 
desire line with a high potential of background movement, this widened crossing has also a 
potential to support movement in the wider area. Also, the removal of other crossings from 
the highway concentrates the main movement pattern on the central area where new retail 
units are proposed. This does not only support retail activity but also takes the pressure off the 
pedestrian bridge. Thus, during the peak times, it needs to support approximately 5,000 people 
per hour. In order to make sense of this data, it can be compared to a previous study where it 
shows the number of people per hour in New Oxford Street as only 1,190 during the PM Peak. 
(Space Syntax Limited, 2014).

Figure 9 - Analysis of current design and the recommended option

Further studies included testing two other options both without the pedestrian bridge and one 
where the entrance is flipped. Then, the results have been compared by three criteria: distance 
between MRT and LRT, number of at grade level crossings with high pedestrian flow and the 
reduction in potential land take. The first option shows that, the removal of the bridge requires a 
grade level crossing (2) between the MRT and the Mall location. This crossing will be used more 
for MRT to Mall movement, whereas MRT to LRT will mainly rely on the wide at-grade crossing 
(1). The southern entrance will allow greater access to retail units as generated by station users 
moving toward or coming from LRT interchange. The distance between MRT and LRT stations 
in the first option is 390 metres. The number of grade crossings with high pedestrian flow is 4. 
The second option provides the closest proximity between the MRT and LRT stations by 270 
metres. The MRT entry to the north has clear line-of-sight through the wide grade crossing 
provision (1) to connect the MRT and LRT stations.  However, this option creates a challenge 
to support retail, but it does create an opportunity to add missing community infrastructure. 
The number of grade crossings with high pedestrian flow decreases to 3. Both options allow for 
reductions in potential land take areas by 2,910 square meters compared to the first option with 
the pedestrian bridge. All these option analyses provide different scenarios and urban impacts 
to consider during the design development process.
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Figure 10 - Analyses of further variations both without the pedestrian bridge and the second with also the entrance 
flipped

4. DISCUSSION AND CONCLUSION

The analyses have shown the ways in which an evidence-based analytical study can contribute 
to a real time architectural project through continuous feedbacks by providing strategic design 
guidelines. The two case studies reflected diverse design iteration processes differing from 
each other by spatial as well as historical contexts. Each case study required a unique analytical 
approach to prepare guidelines for equivalent prototype stations. The guidelines for the station 
design were mainly formed around improving the quality of public realm as well as supporting 
proposed land use for future developments. This has been enhanced in the micro scale level by 
providing simple interface for users to find the station entrances and ease of orientation within 
the city upon leaving the stations. The options were tested through agent based modelling where 
origin and destination assumptions were made based on ridership figures, land use attractors 
and the spatial accessibility around the stations. The results of the analyses showed potential 
patterns of movement generated by proposed design options that are reviewed against desired 
guidelines in order to inform the architectural team on regular weekly workshops. 

The study consisted major challenges throughout the working process. The first challenge was 
to accommodate proposed design to a context that lacked existing pedestrian infrastructure 
where the absence of pavements and crossings created constraints in creating walkable 
spaces around the stations. Secondly, the limitation of data availability made it difficult to 
test the design options by real figures. Instead, assumptions were created estimating the 
proportional distribution of agents for each destination where ridership figures did not include 
taxi-drop offs and land use attractors. Therefore, this methodology was tested on different 
scenarios to consider a variety of possibilities. Thirdly, hot temperature climatic conditions 
created challenges in enhancing the design of pedestrian activity in open spaces. This required 
additional considerations for design strategy to focus in creating comfortable environment for 
the use of public realm. In addition, agent based analysis remained inadequate in responding to 
certain aspects such as exact figures for potential congestion and movement density. Instead 
of quantifiable measures, agent based modelling helped defining the spaces for potential 
movement density that enabled proposing unique design responses to these challenges.

The study consisted of responding to existing difficulties through a variety of methodological 
decisions. In order to overcome the constraints caused by missing pedestrian infrastructure, 
each design option has been tested in a way that they could improve the current public realm 
conditions as well as enhancing future proposed designs. This has been enabled through the 
testing of background movement based on spatial accessibility levels on the existing public 
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realm. Combining three types of movements including ‘to’ the station, ‘from’ the station and 
background movements allowed overlapping the existing and future predicted movement 
patterns. This gave an opportunity to test all potential movement patterns at the same time 
frame.  Also, in order to understand the impact of climatic conditions on movement patterns 
and to decide on the allocation of shading elements, the analysis consisted of testing ‘Day’ 
and ‘Night’ time scenarios of proposed designs. This also enabled identifying areas with high 
risk of congestion due to shaded areas being chosen by the majority of agents where different 
design approaches can be adapted. Moreover, in the absence of concrete data on estimated 
numbers of movement, the assumptions in this this study formed an adaptable and flexible 
methodology that could be replicated to prototypical case studies in order to provide quick 
responses to the design team testing various scenarios. 

Overall, despite the limitations during the design development process, the adaptation of the 
space syntax methodology to test a large number of stations enabled a systematic, quantifiable 
approach for the basis of multiple case studies. The contextualising process of stations gave 
the benefit of time efficiency on planning multiple architectural prototypes. In addition, agent 
based modelling provided a fine grain study for each design option and to develop further design 
decisions. One of the benefits of agent-based analysis was to understand the issues where the 
internal wayfinding wasn’t integrated within the context. In this case, the results were used 
to improve current spatial conditions as well as future proposed design options. Agents were 
also helpful in identifying the lack of current pedestrian infrastructure through adapting the 
proposed design to existing context with lack of pavements or crossings. This allowed for 
specific issues to be addressed during the design development process through precise option 
testing of proposed designs. Agent based modelling also allowed testing the proposed designs 
in a precise way considering exact widths of crossings and proposed pedestrian bridges as well 
as underpasses. Also, the quantification of the movement patterns in certain areas allowed 
communicating the impact of design options to architects through benchmarking of previous 
precedent studies. Lastly, this study has shown the potentials of creating quick iterative design 
feedbacks on an architectural project reflecting on the collaboration between academia and 
practice.
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ABSTRACT

Natural movement is defined as the pedestrian movement potentially generated by the 
configuration of the street network irrespective of any other factors (Hillier et al 1993). The 
structure of the urban fabric is considered to be the primary generator of movement, although 
attractors such as specific ‘land uses’ for example, might also act as factors in generating 
additional movement. Traditional shops along a high street build upon the potential provided 
by natural movement. Conversely, the concept of shopping malls is to create attraction through 
concentrated land-uses (retail density) allied to car accessibility (regardless of pedestrian 
accessibility). The spatial juxtaposition of these two retail models therefore challenges the 
way the syntactic structure of the street operates, resulting in multiple frontages and points of 
access that may pose conflicting demands and a sense of disorientation. 

The case study is a shopping mall located in the Newcastle City Centre, bordered on one side 
by the high street and on another by one of the main city squares.  This ‘hybrid’ building has 
developed its own circulation system: it is publicly accessible but privately owned, which 
implies restricted accessibility over the course of the day and week. As such, accessibility is re-
evaluated depending upon the nature of the internal open space (privately owned but, at times, 
publically accessible). Accessibility is measured at the city scale, and the neighbourhood scale 
inclusive and exclusive of the internal open space. It is also assessed by the volume of shoppers 
entering the shopping mall’s 20 separate entrances and is linked back to the syntactic structure 
of the streets. Finally, the impact of movement generated by street structure on retail located 
in the shopping mall is analysed through the layout of a department store that fronts both the 
shopping mall (internal frontage) while having also maintained its traditional frontage onto the 
high street (external frontage). 

KEYWORDS

frontage, retail, shopping centre, high street, natural movement
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1. INTRODUCTION

Frontage is the place where public and private domains meet. It participates in both the 
definition of a building façade and the definition of a street elevation. It creates potential 
exposure of a privately own space to the public at large and it is used by real estate agencies to 
assess the value of land (commercial in particular, taxation). It is where one accesses a property. 
Some urban forms have dematerialised the frontage (suburban setbacks or modernist housing 
estate) and even in certain cases privatised and internalized it (shopping mall). 

This paper will look at the implications of internalised frontages in a traditional urban fabric, 
more specifically, their impact on movement. In the case of retail, the internalisation of frontages 
within a shopping centre model fully disregards the external frontage of the building. This 
internalisation is made explicit in the dumb-bell configuration pioneered by architect–planner 
Victor Gruen (1960). The dumb-bell plan is designed to minimize the distance between anchor 
stores (Maitland 1990), to maximize and evenly distribute movement, therefore exposure to 
all the shops (Jewell 2001). It is based on the principle of the high street with shops on each 
side of the street capped with an anchor store at each end (figure 01-c). By terminating the 
main thoroughfare at major shops, the model concentrates all its circulation to the centre and 
minimizes pedestrian traffic on the periphery. The location of attractors such as anchor stores 
in the layout of a shopping centre plays a strong role in equalizing pedestrian traffic throughout 
its main central circulation (Fong 2003).  As an introverted building type, the shopping mall 
doesn’t relate to its site, but capitalizes on the parking areas and access to arterial roads and 
motorways. The entrances of a traditional shopping centre are generally not highly visible and 
often through the entrances of the anchor stores. 

On the opposite spectrum of the retail model, the ‘live centres’ of cities are the places where 
activities, exchanges and interactions take place in a more intense manner. It is characterised 
by a higher density of people and frequency of movement. The High street (figure 01-a)  is often 
the focus of live centres with a high concentration of shops, activities and entertainment that 
benefit from its central location within the city fabric (Hillier 1999, Scoppa and Peponis 2015). 
In other words, there is a natural exchange of benefits between the economic activities and the 
configuration of the street network. However, the street network both generates and restricts 
its potential for traffic through its sole spatial configuration (depending on how availability of 
streets and connections).  The High street generates through movement and exemplifies the 
‘movement economy’ within cites which is “the reciprocal effect of space and movement onto 
each other to which is added the multiplier effect of land-use and building density” (Hillier 1996).
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Figure 1 - different types of retail: shops on a high street building on natural movement with external frontage only 
(a) – a department store on a high street internalizing part of its frontage around a central atrium/vertical circulation 
(b) – a dumb-bell type shopping centre using anchor stores and maximizing circulation with internal frontage only 
(c).

2.  INTU ELDON SQUARE: A SHOPPING MALL ON A HIGH STREET

The construction of a shopping centre next to the traditional High street intensifies the density 
of movement whilst establishing a tension between shops located within the shopping centre 
and those located along the High street. Since the space allocated to parking is minimised, 
alternative sources for shoppers are sought. A previous study looked at an enclosed shopping 
mall in a Downtown area in the US and questioned the benefits the shopping centre brought 
to the surrounding conventional shopping streets, finding the internal frontages to be more 
successful in attaining pedestrian numbers whilst limiting the spread to the outside (Lorch & 
Smith 93).

Both models follow opposed modes of operation: the high street provides natural movement 
via its central and integrated location within the city centre upon which retail builds, while the 
shopping centre is designed to attract shoppers with ease of access (car + parking) and then to 
contain all movement within its precincts. By locating a shopping centre within a city centre, 
the shopping centre loses ease of access and attempts to capitalise upon the potential created 
by the natural movement of city centres.  

Shopping centre embedded within the urban fabric of a city centre is a fairly common one 
in the UK. With the exception of Sheffield, which boasts an open air shopping area (Orchad 
centre), each major city in the UK now has an enclosed shopping centre within its centre. Out 
of the 40 largest shopping centres in the UK, 15 are located within the city centre, 10 are fully 
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suburban (i.e. out of town and surrounding by parking areas) and 15 can be considered as 
mixed (with a looser fabric, often creating new cities). They could be described respectively 
as the ‘Major Urban Centre’ type, the ‘Regional’1 type and the ‘Urban Centre’ type. This paper 
uses the example of Intu Eldon Square, a shopping centre embedded within the city centre of 
Newcastle, which falls in the category of ‘Major Urban Centre’. It ranks 13th in terms of size in 
the UK and is located less than 5 miles away from the largest shopping centre in the UK – the 
Regional Metrocentre in Gateshead. Intu Eldon Square has been constructing in multiple stages 
using two existing anchor stores (flagship stores) located on the high street and the relocation 
of another. It opened in 1977 and is owned by joint venture by Newcastle City Council (40%) 
and Intu (60%). A later phase added another shopping centre ‘Eldon Garden’ onto the west 
side, thus expanding its total footprint. The latest development was the addition of an anchor 
store on its southern part in 2004 (figure 02-c) and the refurbishment of a new food court near 
Monument in 2016. The development destroyed a major part of the city centre and redesigned 
parts of a main square renamed ‘Old Eldon Square’ (figure 02-a). According to Maitland’s main 
categorisation of shopping mall layouts, it can be assimilated to the L shaped type (Maitland 
1985). 

The introduction of the shopping centre into the city fabric and the destruction (or internalisation) 
of existing streets is assessed by evaluating the impact at differing scales. The relationship of the 
high street and the shopping centre is looked at the scale of the city, the shopping centre and 
the shop. Firstly, and at the city scale, the paper concentrates on the effect of the assimilation 
of internal circulation to the public space and street network (global properties of the grid). It 
compares the syntactical core of the high street model with that of the shopping centre, as two 
independent systems, and their affect upon each other when combined into a single system. 
Based on this observation, the corridor and High street systems are compared. The second part 
focuses on the accessibility of the shopping centre itself and how it relates to the surrounding 
street and in particular, the High street. Accessibility is assessed as the volume of shoppers, 
or footfall, passing through the various entrances of the shopping centre and the location of 
theses entrances is evaluated against the surrounding streets, with emerging configurations 
highlighted. Finally, to clarify and distinguish the impact of both models, the paper examines 
the anchor stores of the shopping centre, with each having a different relationship to the internal 
corridor and the external street: one has an internal frontage only and is fully dependent on the 
shopping centre and its carpark, the second is equally accessible from the street and from the 
internal corridor of the shopping centre, and finally a traditional department store on the High 
street with internal access to the shopping centre as well as multiple accesses and frontages on 
other streets. This last model also clarifies the distribution of movement at the level of frontage 
for a single shop.

1   As defined by Costar.UK: ‘Major urban centre’: Shopping Centres in large towns and cities. ‘Regional’: Large, 
dominant regional shopping centres in out of town locations, covering a large catchment and which are the leading 
shopping destinations for those with cars. ‘Urban Centre’: Shopping Centres in smaller towns and suburbs.
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Figure 2 - Newcastle city centre in 1951 before the construction of the shopping centre (a) – the proposed 
project of the shopping centre in 1976 (b) – modification of the southern part with the establishment of 
Debenhams in 2007 (c)

3. INTERNALIZING PUBLIC SPACE 

How does the internal circulations of a shopping centre impact upon its surrounding streets and 
most importantly the existing High street? Is there a shift from an outdoor core to an indoor 
core by adding more streets to the system? Is there an increased or decreased integration? 

In order to understand the impact of internal circulation on the natural movement of the city 
centre, three axial maps are drawn to represent: the city centre, the shopping centre and its 
peripheral streets and finally the city centre with the internal circulation of the shopping centre.  
The city centre axial map (figure 03-b) is drawn from a pedestrian point of you, and as such 
includes elevated pathways, reminiscence of the 1960s urbanism and pedestrian paths through 
the two university campuses. The limits of the map follow existing boundaries that prohibit or 
make walking connections uneasy: on the north, the motorway and the town moor; on the east, 
the motorway; on the south, the topography and the railway; and on the west, the stadium 
and boulevards. The city centre has been greatly pedestrianised and restricted access has been 
given to bus and taxi traffic; the city established a shared surface system.

The shopping centre axial map (figure 03-a) includes the internal circulation that is accessible 
directly from the street or public space. Circulation is distributed on three floors; the main floor 
which is at the entrance level on the High street (Northumberland Street); the lower floor which 
is at the level of Old Eldon Square Garden and the Upper floor, which is not directly accessible 
from the outside with limited circulation (Eldon Garden) and has been omitted from the map 
for legibility. Vertical circulation is included in the axial map through either a sets of lines (stairs) 
or a single line (escalators) and elevators are excluded. Finally, the streets surrounding the 
shopping centre are included since they participate in the accessibility of the shopping centre 
and support its street frontage. They are extracted from the city centre axial map. 

The third map is the combination of the city centre and shopping centre maps into a single study 
(figure 03-c). Each of these maps represent a different perception of the city. The movement 
throughout the city when all shops are closed is represented in the city centre map. During 
opening hours, all accessible spaces are represented through the combination of the shopping 
centre and city maps. The shopping centre map is a proxy for the shopping experience as though 
the building was located within a suburban environment surrounded by parking lots; while the 
addition of the city centre streets represents its urban condition. 
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 The analysis of the map using depthmapX computes the integration [HH] values for each line. 
The mean integration values for each map is reported in Table 02. It shows that the shopping 
centre as an independent system has the overall higher integration, indicating that all spaces 
are in close proximity to each other. The design of the shopping centre aims to maximise its 
central circulation and to limit circulation at its periphery. On the other hand, the city centre 
benefits from the shopping centre that increases its overall integration by 5.5 percent (from 
(b) to (c)). When embedded into the city centre fabric, the shopping centre loses in overall 
integration by -5.6 percent (from (a) to (b)). 

n
Mean 

Integration
Diff. n

Mean 
integration 
(isolated)

Mean 
integration 

(embedded)
Diff.

Shopping 
centre (a) 110 1.404 -5.6% from 

(c) 5 1.99 1.54 -22.78%

City centre 
(b)

375 1.256 18 1.92 2.04 +6.01%

City centre 
+ shopping 
centre (c)

467 1.325 +5.5% from 
(b) 23 1.99 1.99  N/AIn
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Table 2 - mean integration values for each axial map, and for the integration cores (top 5%). The increase and 
decrease of mean value when the shopping centre is embedded in the city centre.
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Figure 3 - on the left: axial maps of Integration [HH]: red for the most integrated and blue for the least integrated 
values. On the right: the integration cores (top 5% and 10%) for the shopping centre and the peripheral streets (a) the 
city centre without the shopping centre (b) and with the shopping centre (c).
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Looking at the integration cores (Hillier and Hanson, 1984), the same set of axial lines that form 
the integration core (top 5%) of the shopping mall decreases by almost a quarter of its value 
(- 23%) when embedded into the city centre street network. By opposition the set of axial lines 
that forms the integration core of the city centre without the shopping centre increases by 6 
percent when it is included. 

The syntactic core of the city centre doesn’t shift with the introduction of the shopping centre 
but benefits from the internal circulation that increases its integration core by 6 percent, 
and the city centre overall by 5.5 percent. When thought of as an independent system that 
is disconnected from the larger context but includes the streets that run along its periphery, 
the shopping centre has its integration core located upon the upper level corridor linking two 
anchor stores and expands to its lower level and onto a major street. That major street running 
east-west, Blackett street, is common to all the integration cores with the 3 maps. 

4. CORRIDOR AND HIGH STREET

Can the internal circulation be assimilated to a high street? As a closed system, the shopping 
centre has a more integrated system overall with its most integrated street being the corridor 
that links the two main anchors. The highs street is located on the opposite side of the most 
integrated corridor. They are however on the same grade and are at least 4 steps away from 
each other. The high street, syntactically defined by Hillier (1999), has a very particular form and 
tends to produce a local intensification of the grid. In this case, the size of the shopping centre 
itself denies any fragmentation on the west side of the High street. The number of intersecting 
streets on the west of the upper part of the high street (Northumberland street) is very low 
compared to its lower part (Pilgrim street). As illustrated in figure 01, the surface taken by the 
shopping mall has removed all the existing lanes and back alleys that made this part of the city 
more connected (House and Fullerton 1955).  Furthermore, the intensification of the grid is 
prevented by the syntactic structure of the shopping centre which minimises connections at 
the periphery. Figure 04 shows the difference between the High street and the most integrated 
corridor of the shopping centre in terms of available spaces that are located one step (red) and 
two steps (black) away from the corridor. The 2 steps away structure considers the High street 
and the main corridor as points of departure and shows the amount of space available when 
changing direction twice.
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Figure 4 - the 2 steps away structure of the High street (a) and of the most integrated corridor of the shopping mall 
(b).

Only one direct connection is made between the high street and the shopping centre. Within 
the 2 steps away structure only two others spaces are picked forming a Y shape inside the 
shopping centre (figure 4-a – dotted lines). These three segments are not penetrating deep 
inside the shopping mall and remains very much at its periphery. Similarly, the structure of the 
shopping centre, from the most integrated corridor, shows that its location is deep inside the 
building (figure 03-b) with one connection to the outside linking it to a public square (Old Eldon 
Square), off the main road (Blackett street). 

Similar disconnections to the surrounding main roads were observed in a Dutch shopping mall 
(Teklenburg, Borgers et al. 1994). The weakness of the relationship between the High street and 
the shopping mall is already present in the design of the shopping centre, as first implemented 
in 1976. Interestingly the connection is not perpendicular to the High street but in the diagonal. 
There is a double connection that is perpendicular to the high street, following the existing lane 
(Prudhoe chare), but the door is located at its terminal rather than aligned with the High street, 
creating a corner condition for the diagonal entrance. It could be hypothesized that the high 
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street acts as an anchor store and caps the north-east end of the shopping centre. As such, the 
diagonal is designed to minimize the distance between the anchor stores internal entrances 
and the anchor ‘high street’ entrance.

5. ACCESS STRATEGIES

Syntactically it has been observed that the High street and the shopping centre follow two 
distinctive configurations and that their adjacency doesn’t necessarily mean that they are well 
connected. The impact of their spatial proximity with minimum connections is tested through 
examination of the ‘popularity’ of the shopping mall entrances. Despite their minimal direct 
connection, does the shopping centre depend or profit from the natural movement generated 
by the High street? What are the alternatives for the shopping centre? 

The ‘popularity’ of these two modes of retail can be assessed by the volume of pedestrians 
that pass through the entrances (exits) of the shopping centre, its footfall. The location of 
these entrances will show which surrounding streets bring shoppers in and out of the shopping 
centre. The 20 entrances of the shopping centre can be classified into three types: 7 street level 
entrances (direct access from street), 10 elevated entrances (stairs or escalator linked to the 
street) and 3 internal entrances (from the inside of the shopping centre or connected to parking 
deck). Within this collection of data, entrances through shops are excluded (12 or more) as well 
as services entrances. All observed entrances are mapped in figure 05. 

The volume of pedestrians is an average of multiple observations made over 2 Saturdays 
between 11h00 and 15h00, and one Thursday between 16h00 and 18h00. Observations were 
made by counting the number of pedestrians entering and exiting for 5 minutes at each entrance 
with a total number of people per minute being provided for each entrance2.  Table 03 shows 
that direct entrances from the street provide the largest volume of people, followed by the 
elevated entrances and the internal entrances linked to parking decks. The elevated entrances 
tend to be used more as exits rather than entrances, which can be easily explained by the effort 
required to ascend stairs to access the main floor from the street. 

2    Pedestrian counts were recorded with the help of Master and Phd Students: Yick Fong, Alex Furniss, Yuk Ting Lee, 
Daniel Rush, Dr. Kyung Seo, Melissa Tang, and Agnieszka Wir-konas.
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Figure 5 - location of entrances to the shopping centre, including access through the anchor stores (italic) – 
graph showing the volumes of shoppers passing through each entrance per minutes.
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Table 3 - volume of people per minutes entering and exiting the shopping centre per type of entrances.

Type entrance n
pp/min    
average

pp/min                
IN

pp/min           
OUT

pp/min       
TOTAL

1 – street level 7 57.03 213.6 185.6 399.2

2– elevated 10 7.22 29.4 42.8 72.2

3 – internal 3 5.93 9.4 8.4 17.8

total 252.4 236.8 489.2

Street n pp/min average pp/min IN pp/min OUT pp/min TOTAL

Northumberland 
Street

1 136.20 69.6 66.6 136.2

Clayton Street 2 50.60 45.8 55.4 101.2

Old Eldon Square 3 25.27 41 34.8 75.8

Percy Street 7 8.37 28.6 30 58.6

Blackett Street 1 51.2 27.2 24 51.2

Grainger Street 1 43.6 28.4 15.2 43.6

Morden Street 2 5.6 4.8 6.4 11.2

Newgate street 1 4.4 2.4 2 4.4

Prudhoe Chare 1 4 2.8 1.2 4

Prudhoe Place 1 3 1.8 1.2 3

Averaging observations, about 489.2 people per minute passed through the 20 entrances of the 
shopping centre, either entering (252.4/min) or exiting (236.8pp/min) and can be roughly split in 
half for each direction. When aggregated by street, the most used streets are Northumberland 
street, the high street; followed by Clayton street and Old Eldon square, both located on each 
side of Blackett street. Percy street comes in 4th position capitalising overall on its numerous 
entrances (7). The second entrance off the high street, on Prudhoe Chare is one of the least used.

If each entrance is taken independently (figure 05-graph), the main entrance of the mall remains 
on Northumberland street [01] with a capacity of 136.2 pp/min, which is more than the double 
of the volumes for the 2nd entrance and the 3rd entrances. The other most used entrances, with 
a volume of pedestrian between 50-60 pp/min [03, 05, 07], create an axis perpendicular to 
Blackett street and crosses Old Eldon Square.  Eldon Garden shopping centre doesn’t perform 
well overall, with less than 10 pp/min at its busiest entrance [15].

Three strategies for the location of entrances emerge from these observations (figure 06): the 
first capitalizing on a prominent location i.e. the high street (figure 06-a); the second placing the 
accesses in a line forming another axis (figure 06-b) and finally another strategy is to multiply 
the number of entrances along a street on each side (figure 06-c). While these strategies show 
how the shopping centre relates to the street and capitalizes on pedestrian from the street 
rather than relying solely on carpark, how do the shops locate themselves towards these two 
conflicting models?
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Figure 6 - Strategies to build upon the street network: high street entrance (a) – alignment of entrances to form 
an axis (b) and multiplication of entrances (c).
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6. FRONTAGE STRATEGIES

The originality of Intu Eldon Square is its use of an existing department store as anchor store. 
From an urban point of view, the typology of the department store is commonly defined by 
buildings that occupied entire city blocks. This allowed stores to maximise their presence within 
the city and to exploit urban situations / street-networks that afforded approach from several 
different directions with multiple store entrances (Figure 01-b).  Fenwick (FW) of Newcastle is 
something of a typological anomaly. Today the store occupies a city block, however this is a 
result of incremental growth over time rather than an initial statement of grand ambition. First 
only facing Northumberland street, it extended its linear facades on the high street, added a 
frontage on Blackett street, opened an access on the shopping centre and finally connected 
directly to the metro on its lower level. This building becomes an ideal candidate to understand 
how the dynamic of the high street cohabits with the dynamic of the shopping centre. It is 
compared with two other anchor stores: John Lewis (JL) which is located within the shopping 
centre without any street frontage, fully dependent then on internal pedestrian traffic and 
carpark access; Debenhams (DB) which is located on the opposite end of the shopping centre 
with a single entrance on Newgate street with some street frontage and a single entrance in the 
Shopping centre on the main level facing the main corridor. 

These selected anchor stores have each a different relationship to street frontage and to 
internal frontage. One is very present on the High street, one is fully dependent on the shopping 
centre, and the last one has equal street and internal frontage opportunities.  The volumes of 
pedestrians passing through their entrances are recorded in Table 04. 

Entrances Number of entrances Average of people per minute

IES 15 474.8

EG 5 14.4

Total shopping centre (street) 20 489.2

DB 2 66.9 

street indoor 1 1 25.3 41.6

FW 7 122.2

street indoor 6 1 73.0 49.2

JL 9 95.8

street indoor 1 8 7.6 88.2

Total anchor stores 18 18 284.9

street indoor 8 10 105.9 179

Table 4 - Volume of pedestrians per entrance per minute (footfall). Comparison between the shopping mall entrances 
and accesses through anchor stores. 
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Figure 7 - Strategies to locate internal entrances: high visibility entrance (a) – alignment of 
entrances to form an axis (b) and multiplication of entrances (c). Lower right: diagram of 
entrances location and active frontage for the anchor stores.
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The volume of people that uses in average the anchor stores to access and leave the premises 
of the shopping centre is around 100 people per minute (105.9pp/min). One person out of 6 
entering the shopping centre uses an anchor store entrance3.  From the three anchor stores, 
FW receives the more footfall at its entrances: 1.3 times more than JL and 1.8 times more than 
DB. Interestingly, JL which doesn’t have an external entrance has a larger volume of shoppers 
passing through its doors than DB. The diagonal entrance of the shopping centre connects to 
the internal entrance of FW [27] and one of the main entrance of JL [28], both facing each other 
on opposite corners. From that same location, FW entrances receives 1.2 times more passage 
and both are slightly more used to exit the anchor store and enter the shopping centre. 

One can observe that similar strategies used at the city scale to connect the shopping centre 
to its surroundings are applied to the location of entrances of shop internally (figure 07). FW 
capitalises on a single entrance located on a highly integrated space [27], JL multiplies the 
entrances to drain as much footfall as possible along the two corridors [28-29] & [28-31-30-33], 
DB and JL align their entrances creating a stronger axis [37-33-32]. 

Looking at the footfall per entrance in a single shop (Table 05), the most used entrance is the 
one located inside the shopping centre (49.2 pp/min), which represents a little less than half the 
volume of all passages (122.2 pp/min). The aggregation of the 3 High street entrances provides 
a similar volume (44.8 pp/min). The 2 entrances on Blackett street combined accounts for half 
of the internal volume (24.4 pp/min). It seems that the department store relies equally on the 
high street and the shopping centre. From the 3 anchor stores, its connection to the high street 
seems to benefit the volume of shoppers passing through its doors. 

7. FOOTFALL VERSUS NATURAL MOVEMENT

In the ‘fight’ for frontage, at the city scale, the High street wins over the shopping centre. 
When embedded into the surrounding fabric, the shopping centre has a lower integration value 
than when thought at its own system. The integration value of the High street and the street 
network overall benefit from the addition of the shopping centre circulation, with an increase 
ofintegration.At the accessibility level, the shopping mall is clearly building upon natural 
movement provided by the High street, and behaves like a traditional shop front. But it also 

3     There is an overlap for entrance [12] which is the carpark that directly connects to the anchor store, and is counted 
in both totals.

Table 5 - volume of people per minutes entering and exiting the department/anchor store Fenwick. Summary of 2 
observations on a Saturday midday (weekend peak time) and at 5.00pm on a Thursday (weekday peak time)

Entrance ID count location
pp/min                

IN
pp/min           

OUT
pp/min       
TOTAL

27 2  Indoor 22.4 26.8 49.2

21 2  High street 12.6 17.2 29.8

24 2  Blackett st 11.8 7.5 19.3

23 2  High street 6 3.7 9.7

22 2  High street 2.2 3.1 5.3

25 2  Blackett st 3.2 1.9 5.1

26 2  Metro 1.2 2.6 3.8

total 59.4 62.8 122.2
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develops alternative configurations to maximise accessibility from different fronts: alignment 
of accesses and multiplication of entrances.  At the shop scale, the internal entrances tend to 
have more volume of shoppers passing through their doors, shopping mall slightly wins. 

One can observe that the local intensification of the grid that naturally occurs as a consequence 
of movement economies is replicated to some extent at the scale of the building. There is an 
intensification of access (1) that creates more interconnections, and inter-accessibility. The 
second type of configuration observed is the alignment of accesses (2) building on co-visibility 
at the city scale. At the level of the corridor, this co-visibility is dictated by the design (dumb-bell 
layout) which minimises the distance between two anchor stores. Following this principle, the 
high street can be seen as acting as anchor store (3) to the shopping centre which ‘entrance’ is 
directly linked to other anchor stores entrances (Figure 08).

Because of their proximity, the high street and the shopping mall tend to negotiate movement 
in a fairly complex way. Depending on the scale of observation, the shopping centre or the 
high street benefits differently from each other. Globally the high street gains by the addition 
of the shopping mall. The shopping centre either acts as a traditional shop that built upon the 
potential of the high street (generator), either considers the high street as another anchor store 
(attractor). 

The distinction of generator versus attractor is legible in the way the two models of retail 
build on either natural movement or footfall. Both measure the presence of individuals but 
a distinction exists in the way they capture that presence. The success of a retail centre is 
measured by its footfall. Footfall embeds in its definition the notion of entrance and exit; it 
is linked to access points. Then the challenge of the shopping centre is to contain that footfall 
within its precincts. The first aim is to “attract” with in this instance a high density of retails 
within a single location and an ease of vehicular access; the second aim is to contain which is 
achieved by providing dinning, entertainment, and shopping opportunities. But physically, the 
containment is achieved by creating an internal circulation loop and by placing the accesses 
to the exterior at the periphery, away and not visible from the main loop. The retails on the 
high street on the other hand are dependent on through-movement that is intensified by the 
presence of adjacent streets. The status of High street is often dependent on the presence of 
shops but the presence of these shops is primarily the result of its location within the overall 
city fabric.
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Figure 8 - The High street as anchor store.  Combination of the three modes of retail in a single model.
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The problem is that when the attractor fails to attract, the shopping centre has no alternative 
to provide footfall. It is designed for a single purpose and when this purpose can’t be fulfilled 
anymore, it creates a space difficult to repurpose. In case of the High street, through movement 
will continue to exist without the presence of the attractors. The model of the shopping centre 
on the high street demonstrates how natural movement occurring on the high street contributes 
to the footfall of the shopping centre. In this case, the high street acts as anchor store of the 
shopping centre. It has shown that with providing the highest footfall, natural movement 
remains stronger than any attractor. 

This study has aimed to clarify the role of natural movement within shopping malls when locate 
in traditional urban fabric. Secondly it has tried to understand accessibility and its impact on 
types of entrance and frontage. Future work is intended to provide a more comprehensive 
model for retail location, based on frontage and access with the implications of single or multiple 
frontages for retail unit value also being considered. A more in-depth and more exhaustive set 
of observation should then provide more clarification on how movement is generated. The 
observations were limited to thresholds and accesses and doesn’t fully take into account the 
linear frontage along the street and corridor. Observations should be made at the level of the 
street or corridor segment for a better understanding of the two structures.
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ABSTRACT

Throughout history, transportation projects have attempted to offer full accessibility for their 
users. In terms of the overall street pattern, bridges are considered to be components which 
shape the urban form and affect the spatial configuration of cities. 

Transportation projects especially subways, bridges and new transportation modes such as 
tube tunnel, gained importance in İstanbul in the last decades. One of the projects; the Golden 
Horn Metro Bridge, which connects two parts of the European side of İstanbul (Sarıyer district 
in the north to Yenikapı, a major transport hub in the south) and has a station on the bridge, has 
caused major criticisms not just because of having these unique and significant characteristics 
but also because of the effects of the bridge on the silhouette of Historical Peninsula. 

The main aim of this paper is to analyze the impact of bridges on their surrounding environments 
and to explore the different influences of metro and vehicular bridges. Within this scope, three 
bridges located over the Golden Horn (the Atatürk, Galata and Golden Horn Metro bridges) 
which created connections between historical site of İstanbul and the newly developed CBD are 
chosen as case study. Area within 1km (0.6 mile) zones around the three bridges were analysed, 
and GIS-based urban pattern (street pattern, block size and building utilization) and Space 
Syntax (angular segment based integration and choice implemented in Depthmap) analyses 
were conducted for demonstrating the changes in the spatial organization of the area before 
and after the construction of the bridges and for explaining the different effects of metro and 
vehicular bridges.

The findings of the study indicate that after the construction of the bridges spatial values of the 
surrounding urban form have increased and the area has become more intelligible. Additionally, 
the study area has transformed into more divided streets and urban blocks and the number of 
buildings increased through time. On the other hand, it is observed that the metro-rail bridge 
system has less impact on the pattern and spatial configuration of the settlements when it is 
compared with the impact of the vehicular bridges. This study contributes to urban planning 
and design not only by making an analysis of the impact of different kinds of bridges on the 
spatial character of cities, but also by analyzing the effects of bridges in a historical city and by 
drawing comparisons between the pre- and post-construction processes.
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1. INTRODUCTION 

The Golden Horn region of Istanbul constitutes an important historical part of the city. This area 
has changed dramatically during its long history and the bridges which have been constructed 
along the Golden Horn are significant examples of these changes. Due to the effect of these 
bridges, the form of the settlements on the Golden Horn has changed, and by examining this 
change, this study analyzes the major effects of bridges on the form and spatial structure of 
cities.

This study can be considered important because it analyzes not only vehicular-pedestrian 
bridges, but also a newly-constructed metro-pedestrian bridge over the Golden Horn of 
Istanbul. To analyze the effects of bridges on spatial configuration, pattern analyses prepared in 
GIS (Geographic Information Systems) for different periods were examined. Space Syntax, the 
methodology of which measures the connectivity and accessibility values of a street network, 
was utilized to support the morphological results.

Space Syntax is a methodology that was developed by a team led by Bill Hillier (Hillier, 1996). 
This methodology is important as it gives consistent results based on the mathematical data 
created according to the open spaces within cities. It provides unique evidence-based learning 
by creating a systematic framework that allows comparisons between environments to be 
made (Peponis, 1990). Therefore, in this study a comparison between close surroundings of 
bridges are made by the help of syntactic measures and pattern analysis.

The main goals of the study are:

•	  to explore and analyze the pattern of settlements of the Golden Horn and determine its 
level of transformation 

•	 to analyze the spatial structure of the area by using Space Syntax and pattern analysis

•	 to discover the relationship between the urban pattern and changes in its syntactic 
measurements

•	 to discover the different effects of vehicular-pedestrian bridges and metro-pedestrian 
bridges on the urban form

2. METHODS

Within the context of this study, three bridges which span the Golden Horn; the Atatürk, Galata 
and Golden Horn Metro bridges (Figure 1) were selected to facilitate an analysis of the impact 
of bridges on settlements. These three bridges were selected since they make a connection 
between the neighborhoods of the Historical Peninsula, which is well-known for its historical 
background, and the newly developed CBD.  

As a part of this study, not only the pre-, post- construction process of bridges but also two time 
periods, which urban pattern changed dramatically, were also analyzed. During the first – 1922 – 
the Islamic city image changed to that of a more cosmopolitan city; the organic pattern started 
to shift toward a grid pattern and the Republic was about to be proclaimed. In addition to this, a 
tram line was added to the Galata bridge. During the second – 1996 – several planning decisions 
were implemented in the study area, thus the patterns of the settlements were changed.



Proceedings of the 11th Space Syntax Symposium

120.3THE EFFECT OF BRIDGES ON THE SPATIAL CONFIGURATION OF CITIES: 
The Golden Horn, Istanbul case

Figure 1 - Silhoutte and sidewalks of the bridges

Empirical evidence was used to determine 1km as a distance that people can, and do, walk (Lee 
and Moudon, 2006). To determine the specific study area, 1km zones around the bridges were 
created and the road segments at the edge of these zones were selected as the boundaries of 
the study area. Natural borders and boulevards were also considered to specify certain borders. 
Thus, this area can be described as;

•	 a region with a focus on bridges

•	 a pedestrian-scaled urban space 

•	 a border that allows the effect of bridges on urban pattern to be observed more easily, 
and

•	 Divanyolu boulevard (the Mese, or main street of Constantinople) as the southern border 
of the study area (Figure 2). 

Following this, morphological analyses such as:

•	 street patterns

•	 urban blocks

•	 building level land use were conducted in ArcMap 10.3.1. 

To support this data, Space Syntax methodology was integrated into the study to allow angular 
analyses such as connectivity, integration r12, choice r3 and choice within 500 meters values by 
using UCL Depthmap 10 software (these measures are selected since these values show more 
significant results). Finally, these analyses were added to a table to allow  comparisons to be 
made.
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Figure 2 - Location and the borders of the case area.

Figure 3 - Historical development of bridges over the Golden Horn

3. ANALYSIS

3.1. HISTORICAL PROCESS OF THE BRIDGES

Historical background of the bridges over the Golden Horn dates to 1830s (Figure 3). Both the 
Galata and Atatürk bridges were originally constructed during the Ottoman period, while the 
Golden Horn Metro Bridge was constructed during the Republican period. These bridges are 
of great importance because they are located on the Historical Peninsula, which is listed as a 
World Heritage Site.

In 1836, the first historically-verifiable bridge was built across the Golden Horn. The bridge 
connected Azapkapı and Unkapanı, and was about 600m in length and 10m in width. The main 
reason for the construction of the bridge was the location of the imperial shipyards in Azapkapı. 
In addition to this, Pera(Beyoğlu) and Beşiktaş were not developed enough in the 1830s to 
support a connection between Karaköy and Eminönü, and Karaköy was not yet a busy trade 
centre, though it became so after 1838 (Celik, 1993).
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After this period, with the effect of increased transportation system between Karaköy and 
Eminönü the Sultan began to reside in a palace at Beşiktaş, known today as Dolmabahçe 
Palace. The population of Beşiktaş and Beyoğlu increased, and horse carts imported from 
Europe became more widespread. Therefore, the “Cisr-i Cedid” bridge, now known as the 
Galata Bridge, was built in 1845 (Cekmis Gorgulu and Hacihasanoglu, 2012). The original bridge 
served Istanbul for about 12 years, but discussions about replacing its wooden structure with 
one of iron began in 1869. The new bridge design was planned by an English company; it was to 
have been about 460m long and 18m wide, with 1.5m wide pedestrian sidewalks on both sides. 
The government agreed to the construction of the project, but the bridge plans underwent 
some changes (Celik, 1993).	

A new Galata bridge was built in 1912 and the old bridge was moved to a place between 
Unkapanı and Azapkapı. The new bridge had more advanced technology that allowed a tram 
line. Following this, replacement and reconstruction of the bridges continued during different 
periods. In 1936 Unkapanı bridge broke into pieces as a result of a powerful storm. Therefore, 
in 1940 Atatürk Bridge was constructed between Unkapanı and Azapkapı. In the 1970s an 
agreement was made for a new bridge with Japanese-German company. The bridge which is 
still in use having had much extension work carried out at several times has become a very 
important and busy highway. In 1987, construction work for the Galata Bridge of today started. 
This bridge has a drawbridge-style opening at its centre which allows ships to sail through an 
80m gap (Cekmis Gorgulu and Hacihasanoglu, 2012).  

3.2. CONSTRUCTION PROCESS OF THE GOLDEN HORN METRO BRIDGE

The construction process of the Golden Horn Metro Bridge first started with an announcement 
by the mayor of metropolitan Istanbul, Kadir Topbaş, in 2004. He announced that there would be 
a new metro bridge, and that it would become a new landmark for İstanbul (Vardar, 2014). With 
the construction of the metro bridge, the underground line from Hacıosman, (passing through 
4th Levent, Taksim and Şişhane), would reach the Yenikapı terminal and transfer station after 
crossing the Golden Horn (Cekmis Gorgulu and Hacihasanoglu, 2012). The project was approved 
in 2009 by the Conservation Board. Although the Historical Peninsula, where an abutment of 
the bridge is located, had been on the World Heritage Site list since 1985, the bridge project 
was not reported to UNESCO (Vardar, 2014). In 2009, when the construction of the project 
began, UNESCO stated that this project would damage the silhouette of Suleymaniye and the 
Historical Peninsula and warned that the area could be added to the World Heritage in Danger 
category (Bilgehan, 2015). After this warning, the project was revised and the height was 
decreased from 82 meters to 65 meters and  construction work was halted until 2011 (Vardar, 
2014). In 2012, the revised design of the project was approved and construction started again. 
The bridge eventually entered service in February 2014 (Figure 4).

Figure 4 - Entrance to the metro bridge (on left) and the link of the bridge to the Historical Peninsula (on right)
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3.3 PATTERN ANALYSIS

In the 1830’s, the Historical Peninsula was the center of the settlement and the Galata region 
was limited by its old borders. Outside these borders, however, there were newly developing 
settlements (Figure 5). 

During this period, as shown in the figure below, the continuous street segments along the 
Golden Horn shoreline were notable. The street pattern of the time was usually organic, except 
at the north side of the Golden Horn and the south-western side of the study area. 

Also during this period, the number of street segments totalled 437, while the average length 
of the streets was 152 meters. Additionally, the number of dead-end streets totalled 35 and the 
number of urban blocks totalled 148.

After the construction of the two bridges (in 1850), there were some changes to the morphological 
characteristic of the area. The number of street segments increased from 437 to 479, and the 
number of urban blocks increased from 148 to 185. Furthermore, some parts of organic street 
pattern located between the two bridges on the Galata side were rebuilt according to a grid 
pattern.

In addition to these impacts, the Galata Bridge became a part of the urban identity and the region 
around the bridge became known as Galata. The bridge became a symbol of the connection 
between the European and Turkish cultures as well as a physical connection between the two 
shores (Kuban, 1996).

During the 20th century, there were many different processes underway in the study area. 
Therefore, it was constructive to conduct an analysis across two different time periods. First, in 
1922, when the Republic was about to be proclaimed and a tram lane was added to the Galata 
Bridge, the number of street segments increased from 479 to 2454, and the number of urban 
blocks increased from 185 to 828. The average area of the urban blocks decreased from 27177 to 
5732 square meters and the number of buildings increased from 721 to 811. The most important 
buildings were the Sirkeci railway terminal (on the Historical Peninsula), two hospitals (Beyoğlu 
and Sankt Georgs) and the town hall (located in Galata). Additionally, after the establishment 
of the Republic of Turkey, Topkapı Palace was transformed into a museum at the date April 1924 
and it was also the first museum of the Republic of Turkey. Ministry of war was transformed into 
a university building in 1923.

Second, in 1996, after the planning processes around the Golden Horn, the number of street 
segments increased to 2568 and the average area of the urban blocks decreased to 5449 square 
meters. The number of dead-end streets decreased from 127 to 107.

In 2006, before the construction of the third bridge (the Golden Horn Metro Bridge), the number 
of urban blocks increased from 876 to 1088 while the average area of the urban blocks decreased 
from 5450 to 4526 square meters. In addition, the number of street segments increased from 
2568 to 3654 and the average length of the streets decreased from 58 to 48 meters. In addition 
to this, the study area now contains Istanbul Ticaret University and Kadir Has University. 

In 2016, after the construction of the bridge, the number of street segments decreased from 
3654 to 3648 due to the changing function of the shoreline. Additionally, the number of urban 
blocks decreased from 1088 to 1064, and the number of dead-end streets increased from 232 
to 237.
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Figure 5 - Changes in the urban form of the Golden Horn (only pre- and post- construction processes of bridges are 
shown in the figure) 
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3.4 SYNTACTIC ANALYSIS

In 1831, the highest value for choice (R3) was on the shoreline of the Golden Horn (Figure 6). 
On the other hand, the choice within 500 meters value was significant in both the Galata and 
the Historical Peninsula regions while the integration (R12) value was high in the Historical 
Peninsula. The integration (R12) and choice (R3) analyses emphasized three roads, the Ragıp 
Gümüşpala, Kadir Has and Atatürk boulevards. Galata Tower and its surroundings were defined 
as having high choice values. Unlike the integration analysis, the choice within 500 meters 
values do not show a hierarchical order. In 1831, the intelligibility value of the area was 0.196.

In 1850, connectivity measures moved towards the new bridge, and the highest integration 
value for R12 and choice value of radius 3 were recorded for Ragıp Gümüşpala Boulevard and 
the Galata Bridge. Additionally, high integration (R12) values continued through the south side 
of the Galata Bridge area. Moreover, the choice within 500 meters value was higher around 
the Galata Bridge, the Spice Bazaar and Galata Tower. It can be said with the effect of new 
bridge, the higher choice within 500 meters values moved from the Unkapanı Bridge to the 
Galata Bridge. 

The street network configuration in 1922 showed significant changes and an increase of the 
values for choice (R3) (from 3.14 to 3.28), connectivity (from 3.25 to 3.31) and integration (R12) 
(from 7.29 to 7.61). Accessibility of the area increased dramatically in this period due to the urban 
form changes, and both the Galata and Unkapanı bridges recorded the highest integration (R12) 
values. The Atatürk, Tersane, Ragıp Gümüşpala and Kadir Has boulevards were also defined by 
having the highest integration values. The choice (R3) value and choice within 500 meters value 
did not show any hierarchical order during this period. The intelligibility value was 0.223.

In 1996, street connectivity measures; connectivity increased from 3.31 to 3.41, the choice (R3) 
value increased from 3.28 to 3.30, and the integration within 500 meters value increased from 
7.60 to 7.65.

The integration analysis of the area verified the significance of the Atatürk Bridge, as well as 
the Atatürk and Şehzadebaşı boulevards. Choice (R3) values were high for the Atatürk, Ragıp 
Gümüşpala and Banks boulevards. 

In 2006, the most integrated space was still the Atatürk Bridge and its connection to the 
Kasımpaşa neighborhood. The choice (R3) value increased from 3.30 to 7.15 and the choice 
within 500 meters value increased from 3.34 to 6.97. Additionally the integration (R12) value 
increased from 7.45 to 7.57. In terms of choice (R3) and choice within 500 meters, Evliya Çelebi 
and Refik Paşa Boulevard have higher values. The intelligibility value dramatically increased to 
0.347 in this time period. 

The choice(R3) value and choice within 500 meters value were same before and after the 
construction. The integration (R12) value increased from 7.57 to 7.59 in 2016. This analysis 
emphasized the importance of the Atatürk Bridge, and the Refik Saydam and Evliya Çelebi 
boulevards. Furthermore, the Tersane, Ragıp Gümüşpala boulevards and Atatürk Bridge 
are distinguished by their high integration values, as are the Galata and Golden Horn Metro 
bridges. The choice (R3) value and choice within 500 meters value verified the significance of 
the Refik Saydam, Evliya Çelebi, Tersane boulevards and the Atatürk Bridge. The intelligibility 
value increased to 0.372 in 2016.
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Figure 6 - Changes in the spatial values of the Golden Horn (only pre- and post- construction processes of bridges are 
shown in the figure)
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4. RESULTS

Results of the study demonstrated that with construction of new bridges:

•	 number of urban blocks increased and blocks are divided by new streets or boulevards 
(Table 1)

•	 as the number of urban blocks increased, the average area of the urban blocks decreased

•	 syntactic measures; choice and integration values increased after the construction of the 
vehicular bridges (Table 2)

•	 especially after the construction of the second bridge, the number of buildings and new 
functions have increased (Table 3).

•	 intelligibility of the study area increased after the construction of the bridges.

Date 2016 2006 1996 1922 1850 1831

Street Pattern

Number of Street 
Segment

3648 3654 2568 2454 479 437

Average Length of 
Streets(m)

49 48 59 56 154 152

Number of Deadends 237 232 107 127 12 35

Urban Blocks
Number of Blocks 1064 1088 876 828 185 148

Average Area of 
Blocks(m2)

4578 4526 5450 5733 27177 31611

Buildings Number of Buildings 858 858 812 811 721 685

Date 2016 2006 1996 1922 1850 1831

Syntactic Values

Connectivity 2,40 2,40 3,41 3,31 3,25 3,23

Choice R3 7,15 7,15 3,3 3,28 3,14 2,91

Choice 500 metric 6,97 6,97 3,34 3,46 2,45 2,32

Integration R12 7,59 7,57 7,45 7,61 7,29 7,52

Table 1 - Urban form characteristic of the area around the bridges

Table 2 - Average syntactic values of the area around the bridges
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Table 3 - Building utilization of the area (m²)

Date 1831 1850 1922 1996 2006 2016

R² 0.196 0.144 0.223 0.137 0.347 0.372

Significance 0.01 0.01 0.01 0.01 0.01 0.01

N 917 1100 4656 4665 22558 22500

Table 4 - Correlation of bivariate connectivity and integration(n) data for different time periods

**. Correlation is significant at the 0.01 level (2-tailed).

Finally, intelligibility is a value which is derived from the correlation between connectivity 
and integration. A high correlation between two factors means that the spatial structure 
is intelligible, and  low correlation means that the spatial structure is not intelligible. Kubat 
(1997), discovered that the intelligibility value of the Anatolian towns she analyzed was 0.350, 
while that of the Islington area of London has been reported at 0.61-0.26 (Hillier, 1989), and 
that of Athens has been reported at 0.790 (Peponis et al., 1989). Also Pinho and his colleagues 
determined that global intelligibility value of Oporto (Portugal) was about 0,076 in 2005 (Pinho 
and Oliveira, 2009).  Therefore, it can be said that the intelligibility value of the study area (Table 
3) remained weak until 2006, and that this value then became similar to the finding of Kubat’s 
Anatolian towns. As an overall assessment, the intelligibility value of the area has increased, 
and it has become a place where people can learn about its large patterns from their experience 
of its smaller parts. 

5. CONCLUSIONS

As a result of these analyses, it is possible to state that the study area has transformed into more 
divided streets and urban blocks, and the number of buildings increased after the construction 
of the bridges. Therefore, as planned, Galata and Karaköy regions have become more accessible 
and more preferred areas; thus, new functions and buildings have been constructed. Although 
it is not possible to claim that the bridges are the only factors behind these changes, it can be 
stated that the bridges have created more accessible spaces. Although the bridges generate 
more accessible spaces on both sides of the Golden Horn, they created more complicated and 
crowded districts. 
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This study is an attempt to contribute to the literature by explaining the influences of bridges 
on urban morphological characteristics and street network configurations. Furthermore, it is 
clear that the metro bridge-rail system of the Golden Horn Metro Bridge has had less impact 
on the pattern of the settlements when it is compared with the impact of the vehicular bridges. 
The primary reason for this lower values is that there is no distinct, continuous pedestrian route 
in the north-west direction. Golden Horn metro bridge was built as a separated metro bridge 
which passes through the existent urban blocks and has only a pedestrian connection with the 
coastal area. Since it creates no significant change in the existing urban pattern, it shows low 
spatial values. There is no concern on the linkage of the pedestrian activities. However, just 
as with the Galata and Atatürk bridges, it is expected that with some new planning decisions 
(new routes connected to the main sidewalks and new functions around the Golden Horn Metro 
Bridge), the settlements around the bridge will become more accessible and integrated spaces. 

In conclusion, it is possible to state that bridges create more intelligible and accessible spaces, 
and because of the increases in choice values that they produce, they affect  preference 
rates within nearby settlements. Furthermore, new buildings with different functions can be 
integrated into neighborhoods which are close to bridges. Finally, the increased accessibility 
provided by bridges allows city development to be better organized.

6. NEXT STEPS

There should be future studies to analyze the new tube tunnel project planned for the Golden 
Horn. This tube tunnel project, which was announced by the mayor of the Istanbul Metropolitan 
Municipality, is intended to connect the Unkapanı region and the Kasımpaşa neighborhood. It is 
currently expected that this project will go into service in 2018, and will include the removal of 
the Unkapanı Bridge, thereby triggering a new series of transformations (Istanbul Metropolitan 
Municipality, 2016). It is expected that this study will be a beneficial source for future studies 
into the historical process and spatial changes that affect the neighborhoods which develop 
around bridges.
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ABSTRACT

This paper focuses on studying Cairo’s urban fabric, which is composed of a mixture of planned 
districts built by the government and private sector, and informal districts, self-generated to 
fulfil the needs of a rapidly expanding population. The case studies selected are continuous 
parts of the city that show variation in the urban fabric and a distinction between planned and 
informal districts. This paper argues that even though there is a high percentage of unplanned 
districts in close proximity to planned districts, the city as a whole functions and is connected. 
This indicates that there exists an underlying, naturally generated global structure, a super-
grid, which can be used to better integrate between the different districts, both planned and 
informal (Peponis et al., 2015). The study will show variations between the selected districts in 
terms of emergence, morphology and syntactical structure. The study will analyse syntactically 
the selected districts as they currently exist both locally within the district and globally in the 
entire case study. A similar analysis was conducted on informal settlements in Santiago, Chile. 
One of the principle findings was that the more spatially integrated the existing settlement 
is on its edge boundary with the surrounding urban layout, in terms of vehicular movement 
and local accessibility, the higher the level of self-generated economic activity and community 
development (Hillier, Greene, & Desyllas, 2000). This paper aims to build upon that, by exploring 
ways in which the existing informal settlements can be better integrated with the surrounding 
urban form to benefit the entire community by harnessing the super-grid. The analysis indicates 
that the highway super-grid is based on the pre-existing canal system in Cairo, but it is incomplete 
and creates a boundary around informal settlements rather than becoming a connector. The 
analysis also indicates that the main roads in informal settlements have developed using the 
same canal system super-grid and that this can be used to reconnect them to the city. After 
the initial syntactical and morphological analysis of the existing fabric, different approaches to 
create ‘syntactic stitching’ between the districts are suggested following the previous analysis 
and underlying global structure. The focus is on adjusting the existing fabric, such as aligning 
existing streets, creating new thoroughfares to increase edge movement and consolidation 
into the main urban form. 
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1. INTRODUCTION

This paper presents a case study on the western bank of the Nile in Cairo composed of a mixture 
of planned and informal settlements in close proximity, a pattern that’s repeated throughout 
Cairo. In this case study, the main transport highways form boundaries and overpass the informal 
settlements, creating a disconnection between the local neighbourhoods and the global city. 
These settlements have a coherent local structure but lack citywide connectivity. This increases 
segregation in the urban fabric and leads to lack of access to resources and services. It also 
increases densification within informal settlements, as they cannot grow outwards due to the 
highway hard edges, which leads to increased social segregation and lack of consolidation into 
the main urban form. 

Figure 1 - Satellite Imagery showing the case study highlighted in pink within the wider context of Cairo

1.1 INFORMALITY IN CAIRO: AN OVERVIEW

The estimate from the Ministry of Housing is a quarter of Greater Cairo is informal settlements, 
but independent researchers have placed that figure at more than half, with some estimates 
reaching two-thirds, depending on their definition of “informal”. The richest of the citizens live 
in desert satellite cities and gated compounds while the majority live in deteriorated planned 
areas or illegal, informal settlements (Sims, 2010).

1.2 STATE POLICY AND AL-MAJHUD AL-DHATI

In order to study informality, the state policies and laws that led to its growth must be examined. 
With the 1952, revolution came laws to change land ownership, known as the Land Reform 
Laws under Gamal Abdel Nasser’s Arab Socialism. Before the revolution, 3% of the population 
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owned 80% of cultivated agricultural land, with farmers renting their land from the aristocracy 
at high prices and taking on debts. The laws aimed to increase land ownership by allowing 
farmers to pay off the land over 30 years and set a limit of 200 feddans (100 acres) to the land 
one family could own. Land that was confiscated from families that owned above the limit was 
redistributed to the landless farmers (fellaheen) which comprised approximately 20% of the 
population (Osman, 2010).

After a number of revisions, these laws were abolished in the 1980’s with the rise of neoliberalism, 
but the farmers that owned their land retained ownership. In the 1980’s there was a period 
of rapid urbanisation, with the state encouraging construction and self-reliance under the 
neoliberal ‘Infitah’ or Open Door Policy, which aimed to increase private investment but led 
to reduced state social spending on housing, education and healthcare.  It was then informal 
settlements started to make an appearance (Singerman & Amar, 2006).

With citizens finding their needs not being met by the state they took matters into their own 
hands, building residences on their privately owned, agricultural land which eventually linked 
together to form coherent neighbourhoods. The residents linked these settlements to the 
utility and power networks, which was later formalised by the government. This gave rise to 
the concept of ‘Al-Majhud al-Dhati’, translated into ‘Self Reliance’, similar to the English phrase 
‘pulling oneself up by the bootstraps’ (Ben Nefissa, 2011). 

1.3 SPACE SYNTAX ANALYSIS IN CAIRO – SEGREGATION AS A WAY OF LIFE

 A study conducted in 2014 analysing Cairo’s urban structure and urbanisation process as a 
whole using space syntax methodology found that spatial segregation contributes to social 
segregation. The study also showed that the way in which new highways are constructed 
contribute to spatial segregation, separating neighbourhoods (A. A. Mohamed, et al, 2014) The 
main highway in Cairo, the Ring Road, is 8 lanes wide and 72km long. Part of the Ring Road 
passes through urbanised areas and agricultural land, creating an edge where neighbourhoods 
cannot expand and pedestrians cannot cross to reach other neighbourhoods, intensifying 
segregation. The type of settlement that emerge on agricultural land are usually informal, so 
this type of segregation disproportionately affects them. 

As described by Hillier (2010) there exists a deformed wheel structure on a metropolitan level 
but this global network is poorly connected to local neighbourhoods (A. A. Mohamed et al., 
2014). The deformed wheel is a semi-grid that forms in most cities, consisting of a central hub 
(core) of movement lines and a spatial rim, connected together by ‘spokes’ radiating from the 
core to the rim. This tends to indicate a more cohesive city and shows the public space structure 
in the city (Hillier & Stoner, 2010). On a global level in Cairo, this exists, but on the local level, the 
edge movement is not given a chance to form since the highways segregate neighbourhoods. 

Another study undertaken in the city of Assiut in Upper Egypt again looked at the city as a whole, 
with findings making the case for interventions that would alleviate the city’s morphological 
issues, namely conflicting spatial patterns that led to segregation and high levels of congestion. 
This would increase integration, creating a more efficient grid on both the global and local scale 
(A. M. R. Mohamed & Brown, 2009). Both these studies support the need for integration and 
started investigation into a ‘super-grid’ that can have local grids integrated into it. 

1.4 SPACE SYNTAX IN INFORMAL SETTLEMENTS

One of the most significant studies using space syntax analyses in informal settlements 
was conducted in Santiago, Chile. One of the principal findings was that the more spatially 
integrated the existing settlement is on its edge boundary with the surrounding urban fabric, 
in terms of both vehicular movement and pedestrian accessibility, the higher the level of self-
generated economic activity and community development. The spatial layout of the settlement 
and its relation to the wider urban context is one of the key factors in determining how well the 
settlement becomes consolidated within the larger urban fabric (Hillier et al., 2000). This gives 
an indication on why the informal settlements on the outskirts of Cairo are often considered 
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less economically active, since they are not well consolidated in the urban form because the 
highways form a hard edge where the edge movement of that settlement should be. 

A study conducted in 2007 in unplanned areas at the core of Jeddah, Saudi Arabia, indicates 
that limited physical interventions can enhance unplanned areas and contribute to the overall 
spatial integration of Jeddah. It presents similar a similar case to the urban fabric in Cairo; 
neighbourhoods that have a distinct local structure that doesn’t fit into the global structure  
(Karimi et al., 2007). The minor physical interventions proposed could be applied to Cairo, 
however the settlements in this paper are at the edge of the main city rather than at the core. 

1.5 THE SUPER-GRID

The super-grid is a way of differentiating between scales in the street network; the super-
grid itself consists of the primary road network, which then have local roads inserted into it. 
Another way of looking at it is to consider the primary road network as creating ‘super blocks’ 
and the local roads creating urban blocks. Within one super-block exists a neighbourhood, with 
the local streets either connecting to the super-grid of primary streets or forming a secondary 
network of minor streets. The super gird shows evidence of integration at the global scale; 
it starts with/includes to some extents the extension and peripheral streets of the deformed 
wheel. The super-grid and the local streets should be designed to interact with one another 
to promote connectivity, and there are four syntactical principles that can arise from the 
interaction of the super-grid with the local grid. Shortcut, which means that movement does 
not need to pass through the super-grid; Bypass, where the super-grid bypasses the local grid’s 
density, possibly resulting in faster movement; hierarchal, where the super-grid has fewest 
directional changes; and labyrinth, where the paths inside the local grid are shorter but the 
shortest route involves the super-grid. In general, the super-grid is more integrated than the 
system as a whole; however, the 2015 study deals with regular, linear grids (Peponis et al., 
2015). In this paper it is proposed that there is a super-grid linking the neighbourhoods together 
that accounts for the apparent functioning of Cairo as a whole even with the major spatial and 
morphological differences between neighbourhoods. In this case study, the highway super-
grid can be classified as bypasses, with the informal settlements containing shortcuts but with 
disconnection between the two. 

2. METHODOLOGY

2.1 CASE STUDY SELECTION AND BOUNDARY DETERMINATION

The case studies selected are located in western Greater Cairo, where planned and informal 
settlements are in close proximity to each other. Boundaries were determined by using 
‘apparent villages’ rather than official government boundaries, which are different from how 
people perceive the settlements. The types of boundaries encountered include highways, roads, 
and the Nile. Where an unclear boundary exists, as is the case with the Al-Mohandiseen and Al-
Sahafiyeen district, the ‘street face’ of neighbouring districts was included in the analysis since 
that is what the district interacts with as an autonomous unit. 

2.2 SYNTACTIC ANALYSIS

The axial maps were generated in DepthmapX and analysis ran for both global and local 
integration. Open spaces that were not used as part of the natural pedestrian movement (e.g. 
open fields in the case of the informal settlements, and private sporting clubs in the case of the 
planned settlements, see fig.2) were disregarded in the analysis. The informal settlements were 
analysed by drawing axial lines between parcels, since the proximity of the buildings means 
that passing between them is difficult, especially for non-residents. The informal settlements 
also do not follow the building code for setbacks or maximum height, so most buildings are 
built to the edge of the plot and the resulting streets are very narrow, usually less than 3m. The 
planned settlements were analysed by building since there are setbacks and both residents and 
non-residents can pass between buildings (Howeidy et al., 2009). 
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All the analyses were run using CAPMAS Egypt (Central Agency for Public Mobilisation and 
Statistics) map data from 2004, except for Ard El Lewa, which was updated using satellite 
imagery and analysed in 2004, 2010, and 2016. The other settlements were only analysed once 
because the change over the 12 years was not significant.

3. HISTORICAL DEVELOPMENT OF THE CITY’S URBAN MORPHOLOGY

3.1 GEOGRAPHY

The sample encompasses various types of urban forms: organic, planned and informal. A 
distinction is to be made between organic and informal. Both are non-planned but differently 
structured due to the rate of growth and different type of aggregation; informal settlements 
tend to grow at a higher rate than organic settlements. From a morphological perspective, they 
are different in that historical organic settlements, the buildings aggregate to form enclosed 
public space, similar to mediaeval  Islamic cities (Bianca, 2000).

1.	 Addition/Aggregation (Organic)								      
In this case, individual cells (buildings) cluster together over a long period to form public 
space, creating small, dense groups of buildings with no apparent pattern. This type of 
growth is driven by the building, with the streets formed by the left over space after the 
buildings have clustered.

2.	 Infill (Informal)										        
This type of morphology is created when there is a pre-existing grid, in this case the grid 
of the agricultural land, and the buildings fill in the plots created by the grid. This type of 
growth is driven by the plots, and the streets are the edges of the plots, in this case the 
dirt paths used to access the agricultural land. This usually results in a very long block 
and narrow streets. The plot size and shape is a major influence on the buildings’ size and 
shape and the resulting streets. 

3.	 Setback on Parcel/ Subdivision (Planned)							     
This type is considered planned, the plots, buildings and streets are planned 
simultaneously, and streets form blocks that are split into parcels then have buildings 
built on the parcel with setback. The plot shape does not necessarily influence the 
building’s shape but there is usually a setback or height limit imposed by the planning 
authorities. 

Each morphology creates distinctive syntactic configuration within the hard boundaries. 

Figure 2 - Three Morphological Types
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3.2 URBAN MORPHOLOGY OF DIFFERENT CASE STUDIES

Al-
Mohandiseen

Al-
Sahafiyeen

Ard El 
Lewa

Bulaq El 
Dakrour

Mit Uqaba Zamalek

Date 1949 1949
Approx. 
1980’s

1560
Approx. 
1900’s

1869

Area(km sq) 2.92 1.16 3.08 3.75 0.47 2.46

Urban 
Morphology

Planned Planned Informal
Informal /
Organic

Organic Planned

Residential 
Density 

35, 000 35,000
Data not 
available

49,000-250,000
Approx. 
75,000

Approx. 
20,000 

Table 1 - Showing the classification and statistical details of each settlement

Ard El Lewa
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Figure 3 - The urban morphology of the case studies 
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3.2.1 ARD EL LEWA

Ard El Lewa became its own administrative unit in 1999, and since then the neighbourhood 
alliance has been conducting its affairs. The residents built their own access ramp to the 26th 
July corridor without government assistance to connect themselves to the wider urban network. 
The 26th July corridor flyover creates a boundary to the north of Ard el Lewa proper, and the 
upper part of the settlement is technically part of Imbaba. The syntactic axial analysis treats 
them as two distinct settlements because of the hard edge of the highway. As reflected by the 
actions of the residents, there exists a need to connect to the rest of Cairo and the surrounding 
urban fabric.

This is the only settlement to have experienced rapid growth in the past 12 years.  The linear 
grid reflects land ownership – the linear pattern is in agricultural land and the plot size reflects 
the measurements used by Egyptian landowners (kirat, feddan). The dimensions of the average 
land parcel are 450m x 25 m, when split into plots of land is approximately equal to one kirat, 
or 175m2. This can be seen in figure 4, which shows the process of infill the settlement went 
through. Stage one shows the agricultural land as it originally was, split into plots with dirt paths 
and the canal system irrigating the land. Stage two shows the canals dried up and transformed 
into roads, with spare and random buildings. The final stage shows the urban fabric as it is now, 
fully densified with the local access between buildings not visible. In stage four, that shows 
the base grid, the initial dirt paths between the agricultural lands were perpendicular to the 
canal that irrigated that part of the land, which means that not all the paths are aligned. These 
T-junctions, rather than crossings, prevent the formation of long north-south axis in the informal 
settlements, which means that the dried up canals become the main movement thoroughfares. 

3.2.2. BULAQ EL DAKROUR

Bulaq is the oldest settlement in this study, having been Cairo’s major port in 1560, and became 
an industrial district in the 19th century under Mohamed Ali’s rule. Over time, it has been the 
location of rapid urbanisation, with old housing and buildings being demolished to make way 
for high rise apartment blocks. Some areas retain the organic morphology while others have 
become informal (‘Bulaq | district, Cairo, Egypt’, n.d.). 

3.2.3 MIT UQABA, AL-MOHANDISEEN AND AL-SAHAFIYEEN

Mit Uqaba is an historic village, which is situated in the middle of the Al- Mohandiseen 
neighbourhood. It is visible on the original Survey of Egypt maps from 1939 and the Al-
Mohandiseen district was planned around it, starting in the 1950s as single storey villas and 
experiencing a building boom in the 1970s with high-rise apartment blocks being built and 
surrounding Mit Uqaba. In 1999, a large area of Mit Uqaba was demolished to build the 26th 
of July corridor, which resulted in splitting the village since there was no access to the corridor 
from the village and pedestrians could not cross it (Tadamun, 2013). Al-Sahafiyeen was built 
concurrently with Al-Mohandiseen, but is considered a different area since Al-Mohandiseen was 
originally planned to provide residence for Egypt’s engineers, and Al-Sahafiyeen was planned 
for journalists (ETH Studio Basel, 2008b). 

3.2.3 ZAMALEK

Zamalek is situated on Gezira Island of the Nile and is one of the most affluent areas of Cairo. 
In 1863-79, it was a botanical garden under Khedive Ismail, and in 1890, a master plan drawn 
up that consisted of palaces for the rulers and nobility. In the 1940’s it began being known as 
Zamalek. It is divided into two sections, the upper affluent residential area and the lower are 
which contains the Gezira Sporting Club and Cairo Opera House (ETH Studio Basel, 2008a). 



Proceedings of the 11th Space Syntax Symposium

121.9SYNTACTIC STITCHING:
Towards a Better Integration of Cairo’s Urban Fabric

Figure 4 - Showing the progression of land subdivision in Ard El Lewa to create its distinctive urban morphology, 
as well as the misalignment of streets that creates T-junctions rather than intersections (red circle).
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3.3 CAIRO’S HIGHWAYS AND CANALS

During the early 20th century, there existed a canal system stemming from the River Nile to 
irrigate the surrounding agricultural land. This was before the expansion of Cairo, when the 
majority of the population were farmers. 

Figure 5 - Map of the case study area in 1930 showing the majority of Cairo on the eastern bank of the Nile. The west-
ern bank is agricultural land with scattered villages (Mit Uqaba (red circle) and Bulaq el Dakrour (blue circle) are the 
notable ones) and the canals irrigating the agricultural land. (source: Survey of Egypt Maps, Rare Books and Special 
Collections Library; the American University in Cairo)

Looking at the urban fabric of Cairo today, it is evident that the layout of the canals and the 
agricultural land has influenced the resulting urban morphology of Cairo, creating a super-grid 
pattern that is followed by both planned and informal settlements.  In Cairo, the super-grid 
manifests as the highway system, which, in theory, connects the neighbourhoods of Cairo 
together. The main roads in the highway system are the Ring Road, which was designed to limit 
the growth of Cairo, the 26th of July Corridor, Gesr El Suez, the Autostrad (El Nasr Road) and 
Salah Salem, which were designed to link the neighbourhoods of Cairo to each other and to the 
Ring Road. Together they create a complex system of roads, bridges and flyovers that span the 
entirety of the city. However, due to the lack of pedestrian movement by these highways and 
the fact that they are very difficult to cross means that they end up creating a hard edge around 
neighbourhoods, as well as overpassing informal settlements which then have no connection 
at all to the super-grid. 
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4. SYNTACTICAL ANALYSIS OF INDIVIDUAL SETTLEMENTS

Bulaq El 
Dakrour

Mit Uqaba
Al 

Mohandiseen
Al-

Sahafiyeen
Zamalek

Ard El 
Lewa

Global Integration (n)

Maximum 2.453 1.616 4.050 5.159 3.465 2.279

Average 1.458 1.000 2.207 2.187 1.965 1.294

Minimum 0.732 0.551 1.034 1.477 0.835 0.786

Standard Deviation 0.269 0.199 0.428 0.552 0.398 0.241

Local Integration (n=3)

Maximum 4.553 3.155 5.742 5.343 4.827 4.445

Average 2.416 1.927 3.202 3.349 3.102 2.349

Minimum 0.727 0.333 0.333 1.517 0.947 0.626

Standard Deviation 0.629 0.482 0.760 0.527 0.588 0.618

Ard El Lewa

2004 2010 2016

Global Integration (n)

Maximum 2.441 2.059 2.279

Average 1.449 1.310 1.294

Minimum 0.679 0.633 0.786

Standard Deviation 0.289 0.257 0.241

Local Integration (n=3)

Maximum 5.344 4.937 4.445

Average 2.722 2.581 2.349

Minimum 0.566 0.689 0.626

Standard Deviation 0.610 0.567 0.618

Table 3 - Local and Global Integration values of Ard El Lewa settlement over 12 years 
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Table 3 - Local and Global Integration values of Ard El Lewa settlement over 12 years 

Figure 6 - Axial Analysis of all the case studies in 2016
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Figure 7 - Axial Analysis of Ard El Lewa over 12 years

After completing the syntactical analysis, the results show different syntactical structures 
based on the original urban morphology. Planned settlements (Al Mohandiseen, Zamalek 
and Al Sahafiyeen) have more highly integrated movement thoroughfares but also a higher 
standard deviation, indicating that there are areas that have a high level of movement, and 
areas that experience a low level of movement and thus decreased integration with the rest of 
the neighbourhood. This increased integration could be because the planned settlements are 
connected to the highways so there is an opportunity for the edge movement to occur. 

The organic settlement (Mit Uqaba) has the lowest level of global integration but also the lowest 
standard deviation in both local and global integration, indicating that the neighbourhood 
is integrated as a whole but the highway cutting through it and the lack of connection to Al 
Mohandiseen prevents it from being integrated into the wider urban fabric. The informal 
settlements are between the planned and organic settlements in terms of integration.

In terms of local integration, all the settlements have similar maximum integration and the 
standard deviation has increased, indicating that even in the informal settlements there are areas 
that are not well integrated into the neighbourhood. This is reflected in the syntactic structure 
of the different neighbourhoods. The informal and organic structure is more centralised and 
there is little movement on the edge of the neighbourhood, forming an incomplete deformed 
wheel structure. In contrast are the planned settlements, which have strong edge movement 
and spokes, connecting the edges together. In informal and organic settlements, the highways 
surrounding them become hard edges, disconnecting them from the city and supressing 
edge movement. In planned settlements (Al Mohandiseen, Zamalek and Al-Sahafiyeen), the 
highway acts as a connector since the settlements have access to the highway, promoting edge 
movement.
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Looking at Ard El Lewa (fig. 7) shows the changes in the structure and integration that have 
taken place due to rapid growth. Due to the type of urban morphology, the growth was 
predictable, but rather than extending further outwards onto agricultural land, it is limited by 
the hard edge of the highway and so increases in density. In 2004 the structure was starting to 
extend outwards towards the edges, becoming more centralised in 2010 as the density started 
to increase and finally very centralised in 2016, the centre being the bridges that cross over the 
26th July Corridor. While this may be the area that sees the most movement, it is also not a 
functional centre as technically it is where two edges meet. 

Figure 8 - Map showing the Canals as they were in 1926 (a) (Source: Survey of Egypt) and the 
resulting highways in 2016 (b).
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As well as the changing structure, the integration is decreasing as time passes. This is due to 
the increasing density of the settlement, which leads to decreased legibility from a visitor’s 
point of view. The settlement becomes less permeable and therefore less integrated; there are 
fewer movement thoroughfares due to the extremely long, linear grid. However, the standard 
deviation is decreasing, indicating that the neighbourhood is becoming more integrated as a 
whole rather than scattered areas that are integrated and areas that are segregated. 

5. THE CANALS AS SUPER-GRID 

If compared with the image of the canals and roads it is clear that the highways are built where 
old roads and canals used to be. There are two interesting observations: 

1.	 The most integrated streets in the informal settlements (see fig 8) used to be canals 

2.	 The most integrated streets in the planned settlements are ones that are connected to 
the highway system – which also used to be canals.

Following this analysis, it can be concluded that the canal system that existed in the early 20th 
century – used to irrigate the surrounding agricultural land – forms the basis of the “super-grid” 
that connects, or in this case disconnects, the city. This super-grid is reflected in both the planned 
highway system and the organically developed main streets in the informal settlements. Since 
the most integrated streets in the planned settlements are the ones that are connected to the 
super-grid, it can also be concluded that connecting the streets in the informal settlements 
to the highway grid (as was done in Ard El Lewa) will increase overall integration. Super-grids 
are usually created with the intention to create distinct neighbourhoods, only in this case the 
highways were created after the neighbourhoods with the intention to limit growth, becoming 
a boundary for separation rather than an interface for connection.  

This creates an ‘incomplete’ super-grid that follows the pre-existing canal pattern but does not 
complete it, interrupting the connection between the local and primary streets (highways). The 
size of the super-block created by the highways super-grid varies between 1-1.6 km since the 
grid created by the highways is deformed and spaced at different intervals. Contrasting with 
this is the canal system in which there is more of a regular grid, on average 0.5km, since it is 
designed to connect all agricultural land to the water supply.

However, the rural plots that form the streets are very narrow which would mean that there 
would be almost 65 local streets inserted into one super block as it stands now.

6. STITCHING APPROACHES

In this analysis, one stitching approach was tested. The 26th July Corridor was connected to 
the informal settlements (where it had previously overpassed) and a direct link created to the 
main Ard El Lewa Street that was formed from a canal. Minor adjustments were also made, the 
main streets in the informal settlements were also widened slightly so they can be represented 
by one axial line and more local streets were connected to the super-grid. These interventions 
were considered minor and theoretically feasible in a real life scenario. 

No Highway Connection Highway Connection

Maximum 4.004 3.149

Average 1.760 1.696

Minimum 0.730 0.788

Standard Deviation 0.499 0.347

Table 4 - Integration values of the entire case study with and without the highway connection 
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The results indicate that movement is spread throughout the neighbourhoods, instead of 
being concentrated in one planned settlement. The increase in integration is most noticeable 
in the informal settlements, which are seeing emergence of edge movement and a stronger 
connection to the planned settlements. There is also lower standard deviation, which indicates 
that there are fewer areas of extreme segregation. Figure 9 shows the increase in integration 
in informal settlements, and much higher integration in areas that were previously extremely 
segregated.

Figure 10 shows the changing syntactical structure of the neighbourhoods before and after 
connection. After connection, the centre of the neighbourhoods has shifted to an equal location 
and spokes have started to emerge into the informal settlements, indicating the potential for 
the deformed wheel structure to develop with further connection and intervention. While 
the changes are not major, there is significant change in both the syntactical structure and 
integration values of the neighbourhoods. 

Another approach that was considered involved aligning the streets in the informal settlements, 
but this proved to be difficult due to the misalignment of the initial base grid and the formation 
of T-junctions (fig 4) that the settlement followed. 

Figure 9 -  Integration map after the addition of connecting highway (before 
– top, after-bottom)
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Figure 10 - Syntactic structure after the addition of the connecting highway

7. CONCLUSION AND DISCUSSION

The canal system in Cairo was designed to be connected to the Nile and the agricultural land and be an integrative, 
equal opportunities system, providing irrigation to the land. With the rapid expansion of Cairo during the 1950s, the 
canals started drying up and left paths where they used to exist. Due to political pressures and a negative view of 
informal settlements, some of these paths were used to build highways that overpassed informal settlements and 
created a hard edge around them to prevent growth and promote segregation. Edge movement, which is vital to 
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consolidation into the main urban form, was supressed meaning that global integration and consolidation is not 
given an opportunity to form. The highways represent an ‘incomplete super-grid’ that does not create the necessary 
conditions for real superblocks to form, acting as a boundary to informal settlements and as a connector to planned 
settlements. In informal settlements, the main movement thoroughfares that emerged naturally are where the ca-
nals used to be, indicating that even though it was not planned, the canal system does in fact form the underlying 
global structure of this part of Cairo. 

There are different approaches that can be taken to increase the integration of all settlements. The main approach 
would be completing the super-grid using the canal system that it’s based on, by using the main roads in informal 
settlements to link to the highway system, creating a regular super-grid and reducing the size of the super-blocks. 
Another approach would be promoting edge movement by increasing crossing points over the highways and inci-
dence of local streets, tuning the relationship between the two grids as well as moving primary attractors to the 
edges. The super-grid can then be used to link the cores of the settlements and create edge movement, promoting 
a ‘deformed wheel’ global structure and increasing consolidation into the urban form, since syntactically they func-
tion well as discrete neighbourhoods. While one approach has been studied in this paper, further detailed study can 
be undertaken to determine the best stitching approach for different neighbourhoods. Further analysis is required 
before implementing such stitching approaches, and developing the Transformability index and route design (Karimi 
et al., 2007) has the potential for future scholarship.

The main limitation in this type of study is the accuracy and clarity of satellite imagery, especially historic imagery, 
which the analysis is based on. Care was taken to ensure that the maps are accurate and up to date in order to pro-
duce accurate results. Another limitation was the difficulty in analysing the super-grid because it is deformed and not 
spaced at regular intervals. This also means that it was not possible to compare it to similar super-grid analyses in 
other cities, but identifying the underlying structure of a deformed super-grid could be used to develop analysis tools 
to further the study of deformed, incomplete and naturally occurring super-grids. Using urban morphology as an 
analysis tool also highlights how super-grids can naturally occur, indicating that they are not just planned but rather 
can be an underlying system that actively shapes the morphology of the city.

The feasibility of implementing interventions should be considered, since prevailing negative attitudes against in-
formal settlements means that it’s difficult to integrate socially between settlements, even though they may be 
physically connected. The nature of the highways may also need to be changed in order to connect them to the roads 
in the informal settlements, since they are designed for vehicular movement, not pedestrian. Thoroughfares that 
are parallel to the highways can be made, as well as increasing crossing points connecting the two sides together.
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BUILDING AN INTEGRATED URBAN MODEL PLATFORM:
The case of the City of London

ABSTRACT

Cities are comprised of many interconnected and overlapping systems; so analysis and 
management of cities should be approached holistically. The city is primarily for people, thus 
the analysis, planning, and design of cities should focus on the outcomes that affect the lives of 
the people that use them.

To explore the potential of a holistic, multidimensional approach, an Integrated Urban 
Model (IUM) concept was previously developed to create spatial strategies for Jeddah, Saudi 
Arabia (Karimi, Parham and Acharya, 2015). The IUM used spatial network models weighted 
by estimated land-use based trip generation/attraction values to appraise proposals for 
development; this utilised the principal of Origin-Destination Weighted Choice (Karimi, Parham, 
Friedrich and Ferguson, 2013) to weight segment choice by the origin and destination values 
of paths that pass through it. The IUM approach allowed the impact of land use and spatial 
configuration to be assessed within one model, providing a clearer view of how people interact 
with space than modelling each element individually.

The IUM concept from the Jeddah project was built upon for the City of London Corporation 
to become a long-term framework for multi-dimensional holistic urban modelling; forming a 
key planning and design tool that can adapt to new ideas and datasets. The paper outlines the 
general framework of an Integrated Urban Model, before exploring how this framework was 
used in real-world practice for the City of London’s pedestrian movement model.

KEYWORDS

Planning process, sub-regional plans, integrated urban models, weighted space syntax analysis, 
planning option testing, densification.

1. DEVELOPING AN INTEGRATED URBAN MODELLING FRAMEWORK

The IUM platform is built around the spatial network of the area. This forms the foundation of 
the analysis; all other data layers are aggregated or disaggregated and translated to link with 
the spatial network model.
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The spatial network model on its own allows certain key network properties to be calculated, 
including:

•	 Betweenness Centrality/’Choice’ (Angular cost)

•	 Closeness Centrality/’Integration’ (Angular cost)

•	 Metric catchments (Metric cost)

Land use and transport data are key data layers to integrate with the spatial network model, 
as these are the most significant drivers of activity, along with the spatial configuration 
of spaces. The potential for further holistic analysis is enhanced when other data layers are 
carefully integrated and linked to the platform. For example, census data can be used to assess 
how spatial configuration and land use patterns in neighbourhoods relate to residential travel 
behaviour. A site allocation for employment land uses can be assessed based on access to 
residents with certain skills and the impact of development proposals on pavement crowding 
risk can be evaluated.

Figure 1 - Typical data inputs into the Integrated Urban Model

A key to providing meaningful insight to such holistic systems is to translate complex multi-
system relationships into human-based outcomes. How do different systems in a city influence 
people and vice versa? Do plans increase or decrease the quality of life? Does a city allow 
opportunities and choices for people in work and leisure?

In practice, using an IUM can be more than a simple model. Maintaining a persistent IUM 
framework with up to date data can perform as a hub for urban data and analysis for many 
disciplines, supporting interlinked urban planning and design and policy decisions with a 
suitably multi-dimensional approach. An IUM framework was built for the City of London and 
provided a useful opportunity to test and develop the methodology in practice.

2. CASE STUDY - CITY OF LONDON PEDESTRIAN MODEL

For the City of London Corporation, a district-wide model was commissioned to analyse and 
forecast pedestrian movement at a strategic level in the City. The model is designed to be a 
key input and assessment tool for strategic planning and city management duties such as the 
Local Plan, Development Control, Urban Design, Air Quality, and Highways. The key focus of 
this model was testing the impacts of developments and transport changes on pedestrian 
movement patterns and levels, including a predictive model for a future scenario of 2026, 
assisting the City in developing their future planning strategy.

Given that pedestrian movement was the key metric, the currency with which the layers in 
the model interacted is the unit of people. All elements of the model were converted where 
possible into matching measures of people flow (per hour or another time period); this ensured 
that the input and output were directly relatable to human-based outcomes.

Each address point unit or transport stop was assigned an estimate of people entering and 
exiting for the model periods. Where available, this was estimated based on land use and floor 
space figures, as well as using research on the trip generation characteristics of certain land 
uses.
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The land use and transport origin and destination values were assigned onto their closest 
spatial segments. The angular choice values are then calculated based on various radii of metric 
distance for comparison. The calculated choice values on each spatial segment were multiplied 
by the weight of the origin and destination values of the journey passing through a segment 
(Karimi et al 2013). This integration of models combines the movement potential of a street 
by virtue of its network connectivity and the movement potential of a street by virtue of its 
location on the shortest path between modelled land uses.

This model output was validated against historic pedestrian movement data collected through 
a number of pedestrian movement surveys undertaken over a 5 year period for Space Syntax’s 
various previous projects. The best fitting choice radius for the spatial network analysis was 
assessed based on the relationship with the recorded movement data. On balance the 
integrated weighted choice value tended to relate more strongly to pedestrian movement than 
the basic spatial choice value, suggesting that the land use/transport influence is a significant 
element in assessing pedestrian movement potential in cities.

It is important to note that the dataset was limited in sample size at around 400 locations, 
did not cover the entire street network evenly, and had a significant variation in survey dates. 
Therefore there was an inherent limit in the accuracy of the recorded data and its representation 
of reality, which in turn limits the accuracy of any correlation or calibration. 

Given the limitations, the model still provides a new insight into the strategic hierarchy of spaces 
in the City of London, the key being its ability to respond to land use and transport changes. 
Due to its ability to predict, the model was used to develop a future forecast model for the 
year 2026. Land use and spatial network changes were modelled based on planning application 
data. Changes in transport entry and exit volumes were estimated based on a general estimate 
for future population uplift.

Figure 2 - Cumulative impact of future development and transport change on pedestrian movement on Bishopsgate, 
City of London

The example in Figure 2 demonstrates how the IUM reveals the result of multiple cumulative 
impacts; Bishopsgate is predicted to experience increased pedestrian movement due to both 
the proximity to the cluster of high-rise developments and the spatial importance of Bishopsgate 
as a route between new developments and major destinations such as Liverpool Street station 
and Bank. Using the model the City can better plan for and manage this impact through their 
various responsibilities and duties, such as changing height limits, land use balances, urban 
design and street improvements amongst many others.

The model was built almost entirely on secondary data; including desktop study, existing 
mapping data, government records and survey data. However, the model still manages to be 
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a very useful and legible indication of how the City of London’s streets and spaces are used by 
pedestrians now and in the future. This strong foundation can be built upon by collecting high-
quality primary data on pedestrian movement, land use, and other human behavioural metrics 
to bring more resolution and accuracy to the model.

Since the IUM is a set of discrete but linked layers of data and models, it is flexible and capable 
of taking on new information and data as it becomes available. Ongoing development of the 
City’s IUM includes assessing pavement capacity against the model’s predicted increase in 
pedestrian movement, identifying risk areas that require more detailed study. The framework 
can therefore also be a starting point, providing high-level indications for the need for detailed 
studies and projects, ensuring that limited funding and resources can be allocated on the basis 
of objectively-assessed risks and opportunities.

A comprehensive IUM provides a clarity and authority which can cut across complex and 
subjective interactions concerning how space is developed and used. The positive and negative 
externalities of decisions can be estimated in a standardised and legible way, ensuring a fairness 
and reliability for stakeholders, building trust, increasing cooperation and understanding and 
improving planning and policy process outcomes for people.

3. CONCLUSION – OPPORTUNITIES OF IUM FRAMEWORK

The IUM framework is an ideal way of tying together many separate but linked dynamics of 
the city. It can simply enhance the insight of space syntax analysis, but it can also become a 
comprehensive framework that links the interactions of various urban systems. Through 
analysis and research the IUM can help assess the human-oriented outcomes of planning and 
designing these urban systems. The City of London is now utilising this methodology in their 
day to day planning and management for one of the most dense and economically active areas 
of London.

Urban data such as land uses, transport journeys and censuses are becoming more open and 
readily available. Use of mobile phone or automated sensors can bring a systematic overview 
of human movement patterns, refining theories of spatial interaction and increasing the 
confidence in predicting and planning. 

Rapidly advancing open source technologies, including OpenStreetMap, Spatial Databases 
and GIS, make construction of such models relatively fast, transparent and straightforward. 
Development of software which can collate, combine and integrate disparate data layers into 
models is ongoing, and offers the chance for the IUM framework to respond more quickly to 
new theories, discoveries and realities while retaining a central legibility and link to human 
outcomes.

Figure 3 - Disciplines that can use the IUM to collaborate with each other

nformation taken from the model is never isolated to one topic and will always allow a user to 
understand how one element affects the other. By integrating different elements of cities, it 
also integrates different disciplines (Figure 3), allowing holistic planning to truly be utilised in a 
multi-dimensional context.
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