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ABSTRACT 

The growth of cities has always been a matter of interest in academic research. In order to better 
understand the built environment, researchers have resorted to decomposing the several layers, which 
constitute the history of cities and, hence, their growth. Processes of city growth can be observed 
through the analysis of a given period of time and it is this analysis that enables the critical description 
of the evolution of a city. The relevance of this topic is built upon the belief that by critically describing 
the evolution of a city, one may shed light on the consequences of that evolution and critically assess 
the future. In this research, this critical assessment intends to lean towards street network growth. The 
research focuses on the review of top-down urban planning approaches such as the implementation of 
Master Plans. 

This study proposes to assess the relevance of planned urban growth regarding the urban street 
network as a counterpoint to its actual growth. Both scenarios are expected to deliver different 
outcomes concerning the accessibility of the city. Accessibility becomes a central point of discussion 
as extensive research argues for its major role on the social and economic performance of a city. 

An approach within the realm of Urban Morphology is proposed. In more detail, the city of Porto, 
in Portugal, is used as a case study where an analysis of two Master Plans from 1947/54 and 1960/62 
is performed. This analysis is then compared to the actual growth of the city, which, besides 
incorporating part of the planned additions to the street network, also shows evidence of growth that 
was not contemplated. This approach suggests an innovative way of assessing the performance of top-
down urban interventions by quantifying growth in each stage of the city and in the Master Plans 
making it possible to measure the impact of each one. This comparison is the framework through 
which planned growth is assessed in a critical manner. 

The difference of results between planned and actual growth gives a comprehensive perspective 
of how Master Plans can affect the urban system and backs the discussion about how global and local 
structures endure those changes. 

In terms of results, the Master Plans are expected to impact both global and local structures of the 
city’s street network, but to what extent? The hypothesis is that although Master Plans may focus on 
the global structure of the city and unplanned additions, as an effective part of actual growth, have a 
more local impact, both scales have a symbiotic relationship where one is always affected by the 
other. 
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1. INTRODUCTION

Cities have processes of evolution, which surpass our own time-scale as human beings. This 
evolution can be described as a series of layers overlaid throughout a period of time. There is an 
implied continuity: while the built environment remains, societies change. Therefore, it is remarkably 
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important to understand how cities grow. By quantifying and classifying the growth of a city, it is 
possible to improve the decision-making process that will establish the premises for the future of that 
continuous growth.  

In this research, the impact of two Master Plans for the city of Porto, Portugal, is assessed. 
This investigation tries to shed light on the impact of planned growth. It does so by confronting those 
Master Plans with both the previous and subsequent states of the urban grid. This means that, on one 
hand, by comparing a Master Plan to the previous state of the network, it is possible to assess the 
expected impact and understand the intentions underlying such proposals and, on the other hand, by 
comparing it to its subsequent stage, it is possible to have a clearer picture of its impact. 

The field of Urban Morphology encompasses a set of methodologies capable of assessing how 
planned growth contributes to an accessible city both on a global and a local scale. Within the study of 
the urban form, there are several approaches with nuances that make them more suitable to different 
questions (Oliveira, Monteiro and Partanen, 2015). In this research, a configurational approach is 
expected to deliver the suitable methodology. This is so not only because this investigation aims to 
look at urban growth, but also, to understand urban growth through a specific point of view – that of 
the growth of the street network.  

At this point, it is important to understand why the street network plays such a major role. 
This urban element is the one elemental constituent of cities that binds together the other two – plots 
and buildings (Kropf, 2011) and holds the highest degree of persistence. Moreover, the street network 
is decisive in forming economically effective and socially sensible cities (Hillier, Penn, Hanson, 
Grajewski and Xu, 1993). The urban network, composed by all its constituents – streets, squares and 
public spaces, is the locus of social life. Plus, its growth is intimately related with how people move 
around the city as movement is encouraged or constrained by the street network itself, and therefore, by 
the urban form (ibid.). This leads to the prospect that accessibility plays an important role as it 
establishes how central locations are within the city grid. It is promising, then, to relate accessibility 
with growth. But how is it possible to measure accessibility in order to understand growth? The space 
syntax configurational theory proposes a methodology which contemplates the cognitive aspects in 
explaining how people understand the urban environment and how we choose route paths (Hillier and 
Iida, 2005). 

Furthermore, street network growth can be traced by identifying a range of patterns that can 
be related with the stages of evolution of the city. These patterns relate also with different fundamental 
positions that urban planners and architects have towards the street as an urban element (Marshall, 
2005). These different points of view and evolutionary states of the network affect the type of 
connections added during the growth process. Therefore, understanding the type of added streets – 
sorting them by its layout is a fundamental step towards understanding the growth of the network and 
its accessibility. 

The way cities grow is very much influenced as well by the actors involved in this process. In 
the 20th century, cities have been shaped by Master Plans, which reflect different ideas of the role of the 
street network. Oliveira (2016) explain that different actors have different roles in the process of 
physical growth of cities. On one hand, the authors distinguish the builders, architects and developers 
as direct agents of change; on the other, politicians and planners as indirect agents. The role of 
politicians and planners generally acts in two distinct functions: development control and planning. In 
planning, local authorities work towards the conservation of the built environment and towards the 
proliferation of new streets, plots and buildings by relying on future action of direct agents or, and this 
is the focus of this research, through the design of a proposal. This usually entails the presentation of a 
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Master Plan. This urban plan tries “to prepare the future of a city in many different dimensions, from 
physical (including urban form, transports and environment) to social and economic” (Oliveira, 2016). 
The author also states that concerning urban growth, what is “planned or individual action varies 
greatly” (ibid.), and that if there are Master Plans which have a long-lasting impact in cities, there are 
others which impact is fairly reduced.  

In terms of expected findings, Master Plans are due to introduce more consistent grids, and 
arterial connections that will resonate on the global structure of the city. This is so as the planned 
development of a whole urban system tends to think of the territory as a unity, rather than in isolated 
interventions that have a smaller impact in terms of scale and are more related with unplanned growth 
or bottom-up interventions. Although these developments tend to respond to local and every-day 
necessities in an effective way as the already reviewed logic present in the emergence of urban 
settlements may apply.  

Nevertheless, the development of main streets and the global structure of the city is expected 
to have an impact on the local structures. The street network is a continuum and therefore there is a 
definite symbiotic relation between local and global grids. The research will try to understand, first, 
how the relation between the two changes due to the Master Plans’ proposals and, second, how 
differently that relation effectively turned out on the actual growth of the city. This relation will start to 
shed light also on socio-economic consequences of urban grids by hinting on local segregation and 
economic development, although those results would need further research to be validated.  

2. DATASETS AND METHODOLOGY

In this research, a GIS environment was used. The mapping of the relevant states of the street-
network had the axial maps of Porto (Oliveira, 2013) as a basis. These graph models, and raster images 
of each Master Plan were geo-referenced and then its corresponding street network was traced with 
vector lines, where each line corresponds to a new or existing street. Furthermore, the axial maps were 
segmented as a necessary part of the methodology.  

2.1. Map regression 
Documenting urban form data in different stages of evolution of an urban settlement is not 

new in the field of Urban Morphology and this technique is commonly known as map regression or 
comparative chronological analysis (Kropf, 2011). The author describes this process where “the 
sequence of available historic maps and plans (i.e. any plan older than the most current) is collected, 
reproduced at the same scale and compared visually (or digitally processed), ideally with the aid of 
transparent overlays)” (ibid.). Furthermore, the author argues that it “helps to identify character areas 
because each area of growth in its turn will have been designed according to the structures, types and 
styles of its time. Each period leaves its own, distinct forms and, as clearly shown by architectural and 
urban history, styles and structures change progressively over time”. Pinho and Oliveira (2009) also 
describe the methodology of vector redrawing of previous and current states of cartographic 
information and layering them on top of older cartographic information as a way to accurately observe 
the evolution and growth of urban form over time. This was the technique used in this research. By 
geo-referencing all the datasets, it was possible to understand the growth of Porto’s street network. 

2.2. Quantifying patterns of growth 
Stephen Marshall (2005) proposes an ABCD typology that is capable of identifying different 

stages of the evolution of an urban settlement, the A-type being the oldest streets and the D-type 
standing for more recent additions. In order to quantify such patterns, there is the need of an abstraction 
of the absolute measures of streets – therefore, the author proposes a configurational analysis. In this 

3

 Proceedings of the 12th Space Syntax Symposium 



abstraction, each street is represented by a line and each line is composed by two nodes as the way two 
consecutive lines meet is through a node. Plus, when two of more lines with different directions meet 
in one node there is a junction in the street network. Therefore, identifying networks that are composed 
by T- or X-junctions can be achieved by sorting the type of connectivity the nodes of the street-
network have. In other words, by identifying the properties of the constituent parts of junctions. 

When assessing the type of network grid, it is important to capture the heterogeneity 
underlying it. Therefore, the methodology should be able to capture urban blocks with different shapes. 
If one understands that the type of junctions is associated with the form of the block, and that it is 
possible to quantitatively sort the type of junction, one can conclude that, by resorting to the elemental 
types of junctions, it is possible to “gain a finer-resolution appreciation of the morphological 
continuum, by demonstrating some simple quantitative parameters (…) that may be used to analyse 
and characterize street patterns” (Marshall, 2005). These features are directly related with different 
layouts that can be traced to the ABCD typology suggested by Marshall (2005) and, therefore, resonate 
different stages of evolution of the street-network.  

There are two simple configurational types that can be assessed: 

- First, the ratio of T-junctions, that is the number of T-junctions compared to the total
number of junctions, or, in other words, the ratio of nodes that serve as intersections to
three line segments; second, the ratio of X-junctions, that is the number of junctions that
serve as intersection of four or more streets, or line segments. These ratios tend to lie
between zero and one, given that most street networks are composed by both types.

- The cul ratio and the block ratio, which sorts out the number of cul-de-sacs relative to the
sum of cull-de-sacs and urban blocks and vice-versa. Cul-de-sacs are defined as the
segments, which connect to the wider street-network through only one of its extremities;
blocks are defined as the urban blocks, which are surrounded in all its sides by street
segments (Serra, 2014). The values of these ratios also range between zero and one.

Stephen Marshall (2005) uses this approach to characterize the different types of networks of the 
ABCD layouts: 

For the sake of comparing different urban systems, it is possible to visualise the results of both 
sets of ratios in one diagram. In this squared diagram, the top and bottom values stand for the relation 
between cul-de-sacs and urban blocks. The relation between T- and X-junctions is represented on the 

fig. 1  T and X ratios plotted agains cul and block ratios. 
The diagram shows the performance of the 
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sides of the square: on the left, the T ratio and on the right side, the X ratio. This quantification shows 
how “griddy” or tree-like an urban system is relative to the type of crossroads, blocks and cul-de-sacs it 
has.  

This approach will be used in this study in order to quantify the urban growth of the street 
network of the City of Porto in different phases. The comparison of such results enables an objective 
appreciation of each stage.  

2.3. Quantifying global and local structures in different systems 
The current study came across one problem concerning the urban continuum under analysis. 

As the City of Porto is integrated in a wider urban area that is designated as the Metropolitan Area of 
Porto, to analyse it alone, it was necessary to mitigate the problem of the edge effect (Gil, 2015). What 
happens when analysing a model with artificial boundaries (in this case, the administrative boundary of 
the City of Porto) is that, by excluding the elements beyond this boundary, we’re skewing the results of 
the analysis, as all analytic algorithms are fundamentally relational. One way to overcome this problem 
is to set a radius of analysis that is smaller than n. There is no definite way to mitigate this problem 
(ibid.), but to reduce the metric radius on the global analysis effectively reduces biased results. In order 
to get better results, research has also shown that the axial maps should be transformed into segment 
maps (Turner, 2007). Segment maps are constructed from axial maps, where axial lines are broken at 
their intersections (Space Syntax Glossary, 2018). In the present research, two measures were used: 
integrations and choice. In segment analysis, integration is a good predictor of the potential of each 
segment to become a desired destination within the system. It measures how important a segment is 
relative to all others concerning the shortest angular paths from all origins to all destinations. Choice 
measures the potential of a segment to be used as a route from all locations to all destinations in the 
system. 

Segment maps of the five stages of the street network under analysis were created. These 
stages correspond to each of the two Master Plans and to the previous and subsequent stages of each 
one of them.  

Another problem that helped forming the methodology was the need to compare different 
independent systems. The answer to this problem lies in the normalisation of the measures of choice 
and integration. According to Hillier, Yang and Turner (2012), “with these two normalisations of the 
basic syntax measures, we hope we have shown that we can indeed not only compare cities, but streets 
in one city with streets in others. We can even compare a street with a city, since the numbers indexing 
both share the same scale and mean the same thing”. Besides this, normalised measures enable 
insightful consideration about the structure of cities. In the same publication, Hillier et al. (2012) argue 

Pre-Master Plan 1 
(1948) 

Master Plan 1 
(1947/52) 

Post-Master Plan 1 
and Pre-Master Plan 

2 (1960) 

Master Plan 2 
(1960/62) 

Post-Master Plan 2 
(1978) 

Models Analysis 

Comparison 1 

Comparison 2 

Table 1.  Methodology overview 
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that the maximum value of the normalized choice is an indicator of the degree of structure of a system 
and this allows comparisons between cities with a high maximum – highly structured, and those with 
high mean normalised values – reflecting grid-like properties but not necessarily in association with 
high structure. On the other hand, the maximum value of normalised integration indicates how easily 
accessible the system is concerning its global network and the mean value of the same measure 
suggests the ease of accessibility of the local network of the system. In the authors’ words: “so mean 
and max NaIn [normalised integration] show the ease of accessibility in the foreground (max) and 
background (mean) networks in the usual syntactic sense, while mean and max normalised choice 
(NaCh) index the degree of structure in the system: the mean NaCh the degree to which the 
background network forms a continuous grid with direct connections, rather than being broken up into 
discontinuous sub-areas; while max NaCh represents the degree to which the foreground grid 
structures the system by deformations and interruptions of the grid” (Hillier et al., 2012). 

In this research, the normalisation of the measures of integration and choice were used to 
compare the different stages of the road network in both the Master Plans and their associated historical 
plans. This was used to identify potential changes on the local and global networks of the city. In order 
for the comparison to be effective, there is a way of visualizing how each system performs in terms of 
mean and maximum NaIn and NaCh - all at once. This visualisation was proposed by Hillier (2012) 
and is called the Star Model. This model is a graph with two axes - one vertical and the other 
horizontal. On the higher and lower points of the vertical axis are the values of mean NaCh and mean 
NaIn, respectively; on the horizontal axis, the maximum values are depicted – on the left for NaIn and, 
on the right, for NaCh (Space Syntax Glossary, 2018). This enables a clear understanding of the 
performance of several systems and their differences. 

The normalisation of the choice measure can also tell us more about the global structure of 
cities and compare it across different cases. Bill Hillier et al. (2012) suggest that by establishing a 
threshold value for the depiction of the segments within a segment map, it is possible to highlight the 
global structure of that system. The authors argue that the value of 1.5 tends to define the threshold 
between global and local structures. 

This methodology was also applied by Navarro-Amezketa, Baptista and Heitor (2015) in 
order to analyse the urban growth of fishing towns in southern Portugal. The authors compared two 
distinct stages of local towns with a time span of forty-four years and assessed the impact of mass 
tourism that hit the Algarve towards the turn of the century. Relative to the normalisation of choice and 
what that can tell us about the structure of the city, Navarro-Amezteka et al. (2015) argue: “considering 
a global structure and how town sectors are accessible to each other and to outside sectors, the analysis 
suggests three structural features: 1) radial structure connecting the town centre to the outside; 2) 
lateral structure, connecting the town sectors independent of the centre; and 3) ring structure in specific 
scales to make local areas accessible to each other and the radial and lateral structures”. This structure 

fig. 2  Star Diagram, where values are plotted as standard 
scores, hence varying between 3 and -3 about 0  
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can be visualized on the Idealized Geometric Diagram (Hillier et al., 2012), which shows the structure 
of the city by highlighting the routes that were explained.  

On the comparison of fifty cities, Hillier et al. (2012) compare the values of NaCh and NaIn 
and report on the relation between the local and global grids in each city. Looking at the example of 
Manhattan, New York, the authors argue that the high performance of mean NaCh and relatively low 
value of maximum NaCh may indicate that Manhattan is a spatially democratic city given that its 
strength is in the grid as a whole and not in particular segments, or streets. This also means that there’s 
a certain lack of foreground structure and that the whole grid tends to the foreground, which may be an 
evidence of an economically led system. On the other hand, the authors note that Beijing has a low 
mean NaCh, indicating a geometric grid in association with a complex internal structure that results in 
“divided areas that create a clear hierarchy between global and local structures” (Hillier et al., 2012) 
Furthermore, the low value of maximum NaCh hints on a poor global structure. The authors reflect that 
such grids mirror the “spatialisation of top-down social order, rather than economic activity” (Hillier et 
al., 2012).  

What is important in this type of analysis is the possibility to understand the relationship 
between background and foreground structures – the fragmentation of local areas may indicate a level 
of segregation and less accessible residential areas, whereas a strong grid may reveal spatially 
accessible neighbourhoods capable of fostering economic and social activities. On the other hand, a 
clearly structured foreground grid might hint on a legible urban environment that “could reflect a 
creative process in which growth is led linearly by the creation of the foreground grid, and the 
background grid than fills in the interstitial areas. This foreground line led process of growth could in 
itself be the simple reason for the strength of the foreground network and the less strong background 
network, and at the same time for the close interrelation between microeconomic activity and the 
residential network”.  

This methodology will be applied to the different stages of the urban network of the City of 
Porto and to the Master Plans in order to understand the changes of the global and local structures of 
the city and the relation between them. 

3. RESULTS

3.1. Master Plan 1 - The Plano Regulador do Porto (PRP) 
“The main concern of the PRP was the overall city structure and organization” (Marat-

Mendes and Oliveira, 2013). The plan proposed by the engineer Almeida Garrett, Oliveira and Marat-
Mendes argue, was, as opposite to its predecessors, capable of presenting a citywide coherent view of 
the street-layout of the city. The plan defines four scales of intervention: first, the neighbourhood scale, 
which has as an elemental unit the primary school and would cover an area affecting up to 130 

fig. 3  Idealised Geometric Diagram where 1) radials; 
2) laterals and 3) rings
source: (Heitor et al., 2015)
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families; second, the bairro unit (a slightly bigger scale than neighbourhood), with a larger primary 
school and covering up to 2,000 to 4,000 inhabitants; the third scale within the city was parish, which 
had well-defined administrative and religious boundaries and would serve 5000 to 12000 inhabitants; 
fourthly, the urban unit, which would comprise a number of parishes and should not be larger than 
70,000 inhabitants (ibid.). It is possible to see this organisation of different tiers as a singular way to 
secure the effectiveness of top-down policies. This way, the plan would be taking into account a finer 
resolution of the urban tissue.  

Marat-Mendes and Oliveira (2013) also argue that the plan proposes a new fundamental 
network for the city comprising radial and ring roads. Furthermore, this new network it presents a 
coherent view of the whole city, contrary to the previous proposals, which were either fragmented or 
non context-based. In more detail, the PRP presents a range of radials: Avenida AIP (towards Rua 5 de 
Outubro) and Via Norte connecting different points of the city further north and the Avenida Fernão de 
Magalhães, a main radial in the eastern part of the city, linking the City Centre to the edge. 
Furthermore, the plan proposed the construction of two other bridges linking south and three main 
rings: one on the riverside, linking the City Centre towards east and west; another on the edge, just on 
the administrative border and another one in the middle of both. “The extension of the east-west axe of 
Rua da Constituição (one of the most important streets in the city layout) in a far more realistic vision 
than the previous proposal of the Campos Plan. Based on the Muzio Plan, the PRP included,  

also, the extension of the Boavista / Gonçalo Cristovão axe towards east, designing an east/ west axe 
that encompassed the whole municipal territory” (Marat-Mendes and Oliveira, 2013).  

The PRP is considered by Marat-Mendes and Oliveira (2013) “the most remarkable” of the 
eight Master Plans for Porto prepared between the 19th century and the beginning of 21st century. 
Oliveira (2013) notes that most of the key-connections of the plan were in fact built but in a period of 
time far too extensive and with nuances affected by the subsequent plans.  

3.2. Master Plan 2 - The Plano Diretor da Cidade do Porto (PDP) 
The second Master Plan under analysis is the Plano Diretor da Cidade do Porto (PDP) 

(Master Plan of the City of Porto) by the architect Robert Auzelle and it was designed between 1960 
and 1962. In order to understand this proposal, one should understand the architect’s methodology and 
how that set a new planning culture in the context of Porto’s urban planning. Juncal (2012) argues that 
this methodology entailed, first of all, assessing Porto’s topography by assembling a long-needed 
model of the entire city, which allowed a more comprehensive knowledge of the planned territory; 

fig. 4  The Plano Regulador do Porto, 1947/52, by the Eng. Antão de Almeida Garrett, orifginally  drawn at the 
scale of 1:20,000  source: (Câmara Municipal do Porto, 2018) 
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second, an interdisciplinary team composed by historians, sociologists and demographers besides the 
urban planning team – this enabled a more comprehensive understanding of the city on its most 
important non-formal attributes; and lastly, the application of the CIAM (Congrès Internationaux 
d’Architecture Moderne) principles of the Functional City – living, working, recreation and circulation, 
expressed reformulated concepts of urban mobility and the emergence of new building schemes, which 
didn’t rely on the street as a public space. The author concludes by arguing that this set of hybrid 
references, named by Grande (2011) as Organic Functionalism, can be traced to the French school of 
urbanism, which is characterized by its conservatism and fascination for the Athens’ Charter (Juncal, 
2012). Oliveira and Pinho (2008) argue that Auzelle’s previous work, “clearly adopted the modern 
fundamental principles of separation of walking and car traffic, provision of large green spaces and 
strict functional zoning. In the case of Oporto, this last principle, together with the then dominant 
market forces, was responsible for an almost eradication of the housing function in the centre of Oporto 
– a serious problem the city is still facing forty years later”.

The Auzelle plan represented the opening of the city to a new type of urbanism, one that 
would privilege car mobility and allow a new profound development affecting not only Porto, but also 
the whole area around it. This corresponds to the juxtaposition of heavy infrastructure to the city’s 
urban tissue, where the VCI is its main proponent – an internal ring, serving most purposes already 
suggested on the PRP, but in the form of a motorway, giving preference to car-oriented design, rather 
than mix-use urban frontages. The plan was in fact structured in two types of linkages: the radials 
present within the motorway ring and those outside of it. The other key-proposals of the plan were the 
reinforcement of the outer ring of the city – Estrada da Circunvalação, and the riverside ring, the 
Marginal. Finally, the plan also showed the main internal axis, where the extension of Rua da 
Constituição and the Marginal played a major role on east-west routes, and a new bridge connecting to 
Vila Nova de Gaia represented a major north-south route improvement.  

3.3. Patterns of growth in Porto 
Concerning the patterns formed by the urban network of Porto, as expected, all systems kept 

the same general pattern of growth during the time-span of thirty years, which separate the oldest 
model (1948) from the most recent (1978).  

Diagram 1 shows the plot of the results of all systems that were analysed. It is possible to see 
that Porto’s growth ranges from 0.70 to 0.77 on T-ratios; 0.23 to 0.30 on X-ratios; 0.11 to 0.20 on cull-
ratios and 0.80 to 0.89 on block-ratios. If we look at the ABCD typology proposed by Marshall (2005), 
it is possible to argue that Porto is located on the C-type quadrant of the diagram, but performing a 
higher ratio of X-junctions (crossroads) – and, obviously, lower ratio of T-junctions (three-way 

Fig. 5  the street network of the Plano Diretor da Cidade do Porto. In red: main linkages outside the proposed city-
ring; in blue: main linkages inside the the proposed city-ring source: (Figueiredo, 2018) 
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junctions). This implies that although the pattern is close to the C-type, it still has a more connected 
grid than that of the C-type. As it becomes clearer that Porto’s network is slightly “gridier” than the C-
type, it is also important to note that, in terms of X/T-ratio balance, Porto performs similar to the A-
type pattern. 

This mix of A-type and C-type gives way to characterize Porto’s network as characteristic 
(Marshall, 2005). While the A-type stands for an irregular grid with a rudimental radiality that is 
usually found in city centres, the C-type is described as widely spread across the city, as it can be found 
in several areas, but tends to work towards a suburban setting with its fair share of cul-de-sacs and a 
hint of tributary distribution. Nevertheless, it also stands for the growth driven by main radials serving 
a global network and integrating/ segregating the local structures “behind” them. If the A-type, by its 
angularity and width differences, sounds just like a description of Porto’s City Centre, the C-type 
seems to describe the process of growth present in Porto – along main radials that play a major role in 
accessing the more local networks. 

Diagram 1 then demonstrates that Porto’s network can be described as “semi-griddy: refers to 
typical grid-like layouts with a variety of T- and X-junctions, typically found in the inner areas of 
traditional settlements” or even as “semi-tributary: refers to the kind of pattern typically found in older 
suburban neighbourhoods, with some degree of layering and some use of cul-de-sacs (…) these are 
mainly configured with T-junctions” (Marshall, 2005). In terms of connectivity, it is possible to say 
that Porto could be described as having intermediate connectivity as Marshall (2005) describes these 
network types as “suburban ‘grids’ and cellular” and argues that they have a relative connectivity of 
0.39 and 0.385 – type A and C, respectively.  

Going back to the description of Porto’s network as characteristic, Marshall (2005) argues: “the middle 
type is not just some intermediate case between grids and tributaries, but has distinct properties of 
complexity (and irregularity) that set it apart from the other two types. This clearly suggests that the 
characteristic irregular, traditional pattern occupies a region of distinct structural consistency, and is 
not necessarily an ‘amorphous’ form at all. Indeed, it is possible to recognise this distinct type of 
structure as characteristic structure” [original emphasis]. 

Still reporting the results of the street pattern analysis and resorting to Marshall’s (2005) 
description of results of demonstrative cases, it is possible to say that Porto’s network can be described 
as conjoint. Conjoint patterns seem to start from radials, as is the case of Porto, but do not hold all the 
tree-like growth characteristics as they allow the inter-connection between branches. This means that 
while still relying on arteriality, Porto seems not to have a high level of access constraint. The actual 
growth of the city seems to indicate that, in terms of X- and T-junctions ratios, (where the T-ratio 
increased) the city evolved towards an ever-more similar street network as that preconized by the 
demonstrative case of the C-type. 

As a conclusion, it is possible to argue that a mixture of regularity and irregularity composes 
Porto’s urban network. Furthermore, the general pattern of Porto street network is constituted mostly 
by T-cells, meaning that most junctions are intersections of three streets, making it more irregular and 
therefore, again, relying on main arterials. Regarding this pattern, Strano, Nicosia, Latora, Porta, and 
Barthélemy (2012) argue “recent studies have shown that the abundance of T-shaped crossings seems 
to be typical of self-organised or ‘organic’ urban networks, (...), while the grid-like layout is particular 
to cities whose shapes are the result of large-scale top-down planning efforts”.  
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3.4. Comparison I 1948 – PRP – 1960 
The following sections give a comprehensive understanding of the Plano Regulador do Porto by 
comparing it to the city network as it was in 1948, before the plan, and in 1960, after the plan was 
presented. First, a comparison of the street network patterns is presented and, second, an explanation of 
the relation between fore- and background grids, by using the normalisation of the accessibility 
measure of integration and choice, is provided.  

3.4.1 Street patterns 
By looking at the diagram 2, it is possible to say that both the 1948 and 1960 models have a 

equal X and T ratios of 0.24 and 0.76 respectively. Although the number of X- and T-junctions both 
increased as the network grew, on the 1960 model, the ratio between them remained unaltered. This 
means that there was no change in street pattern when it comes to the type of junctions. Regarding 
actual growth, the urban network kept relying on three-way junctions, which points towards a type of 
growth structured by radials and forming a T-cell pattern, where there is a grid formed mostly by three-
way junctions. 

On the other hand, still regarding the urban grid, there was an increase of the number of cul-
de-sacs, which caused the cul ratio to increase from 0.13 to 0.18 and, naturally, the block ratio dropped 
from 0.87 to 0.82. This means that the system became slightly less “gridier” and more tree-like.  

On actual growth, the city network grew towards a tree-like pattern but still kept its T-cell 
pattern, although clearly weaker. On the other hand, the PRP seems to present an alternative of growth 
that would go opposite to this tendency. The PRP model seems to increase the X-ratio from 0.24 in 
1948 to 0.30. The increase of four-way junctions is bound to happen more on planned growth schemes 
than in unplanned ones. Concerning the number of blocks, the block-ratio increases from 0.87 to 0.89. 
This means that the grid would have become stronger and slightly less reliant on main radials.  

Comparing the PRP and 1960 models, the same tendency applies, but the difference between 
cul and block ratio becomes more significant.  

It is possible to say that the type of growth that happened in Porto between 1948 and 1960 
follows a pattern that could be described as mostly unplanned. The fact that the type of growth is 
driven by opposite tendencies to those of the PRP shows that the PRP was not implemented in a 
coherent way, although most of its proposals would be followed up on subsequent Master Plans.  

1948 

PRP

1960 

PDP

1978 

1948 

PRP 

1960 

PDP 

1978 

diagram 1  Patterns of street network growth in Porto 
between 1948 and 1978, including planned and actual 
growth. Each system is plotted according to X and T 
junction ratios on lateral scales Block and Cul-de-sacs 
ratios on the top and bottom scales 
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3.4.2. Relation between global and local networks 
The values of mean and maximum normalised choice (NaCh) and normalised integration 

(NaIn) are standard scores and vary about zero. This way, it is possible to assess how each model 
performs in relation to all others. Furthermore, as it has been reviewed, the mean values provide a 
quantified performance of the local network, or background, and the maximum values deliver results 
on the performance of the global or foreground network. Moreover, while normalised integration 
shows the ease of access of both networks (mean – local network and maximum – global network), 
normalised choice shows their degree of structure. Mean NaCh is bound to depict the degree to which 
the background forms a continuous grid rather than being broken in discontinuous sub-areas and 
maximum NaCh values show the degree to which the foreground grid structures the system by 
deformations and interruptions of the grid (Hillier et al., 2012).  

1948 – PDP 
The star diagram of the three models, 1948, PRP and 1960, shows a clear above-average and 

higher performance of the PRP in all measures compared to the other two systems. This means that the 
PRP proposes a general improvement both on the global and on the local scales. 

Although scoring higher values on the overall, the relation between local measures and global 
measures seems to have changed. The vertices for local measures, in the 1948 diamond, seem to be 
further apart in relation to global measures, than on the PRP. This hints that the Master Plan would 
have had a greater impact on the global structure than on the local. This also seems to indicate that the 
urban system in 1948 has a stronger background than foreground. On the other hand, the seemingly 
perfect diamond of the PRP indicates an equally strong background and foreground network with a 
higher level of structure that resonates on the background grid.  

Still regarding the PRP performance, the increase in both background measures indicates that 
urban holes would have decreased, hinting on a less segregated system and more accessible residential 
areas (Heitor et al., 2015). Furthermore, Hillier et al. (2012) argue that a strong local structure 
advocates for a more democratic city, where there’s no single major connection. The grid’s potential 
resides on the whole, rather than in its parts. This goes in line with the performance of the PRP in terms 
of street pattern – it also seems to strengthen the grid by relying more in X-junctions.  

Regarding the urban structure, it is possible to observe a stronger central radial (Rua da 
Constituição), which traverses the centre of the model. In 1948, the system seems to have less 
structured radials. The PRP also presents stronger laterals, which enable the integration and 
accessibility of areas outside the centre.   

1948 

PRP 

1960 

diagram 2  Patterns of street network growth in 
Porto between 1948 and 1960, including planned 
and actual growth. Each system is plotted 
according to X and T junction ratios on lateral 
scales and Block and Cul-de-sacs ratios on the top 
and bottom scales  
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PRP - 1960 
On the 1960 model, the system shows lower scores in all values, meaning that there is a 

general worsening of both structures. The vertices of the 1960 model seem to reach higher levels on 
both global measures in proportion to its local measures, meaning that, this system has a different local/ 
global relation, prioritizing the global structure.  

This hints that, not only does the 1960 model have a more segregated local structure, but also 
that it is segregated by the global network. This same pattern is argued by Hillier et al. (2012) when the 
authors show examples where the “background network is fragmented into the areas defined by the 
foreground grid”.  

The idealised geometric diagrams shows that radials are weaker on the 1960 system and 
laterals fail to connect different parts of the city as well as the PRP does. 

1948 – 1960 
Regarding the actual growth of the city, it is possible to say that the process of growth resulted 

in a decrease of both mean and maximum NaCh. On the other hand, NaIn values seem to have slightly 
increased during on the 1960 model.  

Therefore, the city in 1948 had a stronger local and global structures and the tendency of 
segregation observed on the previous comparison can also be applied on the actual growth of the city, 
meaning that, even though with less impact, the local structure became spatially more segregated by 
the foreground network. This could have been avoided, at least, had the PRP been successfully 
implemented on a greater extent. 

3.5. Comparison II 1960 – PDP - 1978 
3.5.1. Street patterns 
The street patterns comparison diagram shows that the PDP proposed an increase on the block 

ratio compared to the 1960 system, from a value of 0.82 to 0.87. This increase of the ratio is due to the 
actual increase of urban blocks, given that the number of cul-de-sacs remained almost unaltered given 
the amount of new streets and growth proposed by the PDP. This increase points towards a stronger 
and more connected grid, one still relying heavily on three-way junctions and, as previously argued, 
with a characteristic character. The PDP tries to contradict the pattern of growth that the city had 
experienced in previous years by avoiding tree-like growth and proposing a type of growth that doesn’t 
restrain access and encourages links between the branches of the trees – this was explained as the 
conjoint property of the network.  

It is quite interesting to verify that in terms of grid layout, both the PDP and the 1978 system 
score 0.77 and 0.23 for T-junctions and crossroads, respectively. One hypothesis is that the plan was in 
fact implemented to an extent that resonated on the general performance street-layout of Porto, but this 
will be further investigated, as this is not the only evidence pointing towards this hypothesis. On the 
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other hand, the main difference between the PDP and the 1978 model is, again, the difference of block 
ratio. The earlier scores 0.87 and 0.13 for block-ratio and cul-ratio, respectively; and the latter, 0.80 
and 0.20. This means that even though the type of grid layout proposed by the PDP might have been 
achieved, the grid didn’t perform as well as the PDP envisioned.  

In fact, if one looks closely into the actual growth of the city from 1960 to 1978, one may 
argue that the tree-like tendency of growth that was observed from 1948 to 1960 kept going, although 
less significantly. This can be proven by the comparison of cul-de-sacs and block ratio on the 1960 
system and on the 1978: the earlier scores of 0.18 and 0.82 respectively, and the latter of 0.20 and 0.80. 
It is then possible to argue that even though the tree-like growth continues, it was possibly slowed 
down by the proposals implemented by the PDP, although further investigation would be necessary to 
corroborate this argument.  

3.5.2. Relation between global and local networks 
 1960 – PDP 

It is clear that the PDP presents a quite different network solution from the one suggested by 
the PRP. Nevertheless, the PDP still performs higher scores on both mean and maximum measures of 
NaIn and NaCh. This hints that the plan would have improved both the ease of accessibility of the 
network as well as promoting a higher level of structure. However, the PDP proposes different relation 
between the back- and foreground networks. While the local scores of NaIn and NaCh, on the 1960 
system, seem to score closer to the average – zero, the global measures perform well below it. This 
hints that, on one hand, there is a lack of structure of the global network, but also that there’s a strong 
background grid; on the other hand, the PDP shows a clear contradiction of this trend given that the 
foreground would have become more structured but would also segregate the background network. On 
the PDP, the process of growth would rely more on the radials of extension of the city, rather than 
providing connections between more local areas. 

PDP – 1978 
The comparison of these two systems is interesting in the sense that they present the same 

diamond form, only scoring different values. This shows that both networks have the same relation 
between global and local structure – a leading foreground grid and a more dependent and segregated 
background.  

The lower performance values of the 1978 network shows that there is an amplification of the 
problems of such global/ local relation, being that the foreground doesn’t reach its full potential of 
structuring the urban grid but still segregates the local network.  

The figures showing the highest performing streets in terms of NaCh, depict a more extensive 
impact of the foreground across the city by providing strong laterals that link east and west – such 
pattern is not observed on the 1978 map. 

In conclusion, it seems like the principles of the PDP were well implemented – there is a clear 
change of the local-to-global pattern from previous systems, but didn’t reach its full potential, possibly 
because the plan was not fully implemented. 
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1960 – 1978 
As the performance of the PDP and the 1978 networks seem to argue for the same relationship 

between global and local network, most changes that happened on the actual growth of the city were 
already noted. The local grid became more segregated, which can be also understood by the tree-like 
growth, as argued previously, that can be observed in this period. Therefore, connections between local 
areas became less reliable, increasing the urban holes and decreasing accessibility to residential areas.  

3.6. Results outlook 
The analysis showed a clear difference between the impact of the studied Master Plans. In 

fact, it showed evidence of an even striker difference between planned and actual growth of Porto’s 
network growth. Moreover, the same pattern can be observed on the analysis of added street typology. 
It is interesting to see that the weakening of the local structures can be traced to a tree-like type of 
growth. If we look at the growth patterns of the 1960 and 1978 systems, they have in common a higher 
level of tree-like growth, as the cul-de-sac ratio grows and the block ratio drops, and a lower structure 
of the local areas as the mean NaCh values also decline. On the other hand, it is possible to see higher 
values of mean NaCh on both the PRP and the 1948 system, exactly where the type of growth tends to 
be more grid-like.  This is an interesting finding, and further research would be necessary to confirm 
this same pattern in different systems.  

Concerning the actual growth of the city, if we plot the 1948, 1960 and 1978 systems together 
on the same Star Diagram, a clear deterioration of the local network becomes apparent. It is then 
possible to argue that the type of growth Porto went through between 1948 and 1978 worked towards a 
more segregated city relative to residential areas by the creation of urban holes. Regarding the ease of 
accessibility, the values of NaIn did increase slightly in the same period, hinting that Porto did improve 
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its accessibility rate not by creating a strong background grid but rather by relying more and more on 
global routes such as main radials. As it was reviewed in the literature, this model of growth, Hillier et 
al. (2012) argue, shows a city more reliant on a type of growth driven by economic development, 
although this would need more structural evidence. 

Another promising way to look at the outcome of the analysis is to plot all systems in the 
same Star Diagram. Here, it is possible to observe the impact of the two Master Plans on their 
subsequent systems and conclude first, that the available data doesn’t show a clear impact of the PRP 
on the 1960 system. This probably means that the planned additions were poorly implemented. 
Furthermore, the PRP could have inverted the model of growth of Porto in the sense that it would 
contradict the trend of a weaker background and a stronger foreground. It seems like, had the PRP been 
fully implemented, both structures would have a more balanced relationship. This is the evidence 
present on the dataset of this research and further confirmation would be needed.  On the other hand, 
the actual growth of the city seems to resonate some level of influence of the PDP on the 1978 plan, 
meaning that the implementation of this Master Plan was partly successful.  

It is also possible to compare the two Master Plans directly on the same Star Diagram. The 
outlook of this plot shows that the PRP proposes a clear improvement on accessibility and city 
structure, more so than in the PDP. Furthermore, the local-to-global relation is different in both plans: 
as already argued, while the PRP proposes a balanced relation between both scales, the PDP depicts a 
clearly stronger foreground network. In conclusion, the Garret’s Master Plan would ensure less 
segregated residential areas as well as a strong foreground leading the economic development of the 
city. Although more evidence would be needed to corroborate such statement, this goes in line with 
judgement passed on this Master Plan by Oliveira and Marat-Mendes (2013) as “the most remarkable” 
plan proposed for Porto on the 20th century.  As for the PDP, it is unquestionable that this was the plan 
that influenced the growth of the street system the most. It also prepared Porto for a much-needed 
interconnectedness with its surrounding cities, but definitely relied on principles of design in line with 
the modernist view of the city, this can be corroborated, on a general note, by the increased reliance on 
the global structure and, on the specific case of the VCI – the motorway ring proposed in this plan. If 
we look at the idealised geometric diagrams of both Master Plans, it shows that although both plans 
propose a ring road that would connect the city east to west and north to south, this only becomes quite 
important on the PRP Master Plan, probably due to its urban character (linking to smaller streets) rather 
than the highway character proposed on the PDP, with fewer connections to the surrounding urban 
tissue.  
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4. CONCLUSION

In terms of results, it was argued that Porto’s city growth relies mainly on well-integrated 
radials that are also expected to lead the economic development of the city. Porto’s urban grid, results 
showed, is composed mostly by T-junctions with a high rate of urban blocks. This results in a 
characteristic structure that is mostly related with traditional settlements, and is described as an 
arrangement between connectivity and complexity that sets it apart from pure geometric grids or pure 
trees (Marshall, 2005) this finding also points towards a mostly unplanned street network (Strano et al., 
2007). Furthermore, Porto can also be described as having a conjoint street layout, where its process of 
growth happens as a tree, but in fact the branches of the tree are interconnected, allowing interchange 
between them. This means that, although Porto has a definite reliance on radials, it allows access 
within the more local streets. 

Regarding growth in the period under analysis, the research showed two different tendencies: 
one suggested by the Master Plans and another by the actual growth of the city. If both the PRP and 
PDP propose a type of growth relying on a stronger grid than that of its previous urban system, the 
actual growth shows a tendency of tree-like growth. More specifically, the PRP shows a grid relying 
more on crossroads than any of the other systems, while the PDP proposes a T-grid-like growth.  

Concerning the relation between global and local structures, the research showed that the 
actual growth of the city resulted in a steady weakening of the local structures in relation to the global 
grid. Regarding planned growth, the same tendency was observed on the PDP but not on the PRP. In 
fact, the PRP seems to propose an equally stronger local and global grid. This hints that, on the thirty 
years under analysis, Porto’s local areas became more segregated and more reliant on main radials. 
This finding seems to be in accordance to the tree-like type of growth that was observed.  

Literature seems to argue that this type of relation between local and global structures hints on 
an economic-led growth, where the global structure fosters economic activity and leaves unbuilt areas 
that are then filled with more segregated residential areas. Nevertheless, this would need further 
validation, which would possibly be the next steps of this research. This would entail a detailed 
analysis of the spatial attributes of land use, which would then also be related to the accessibility 
performance of the street network.  

The research also confirmed a more extended implementation of the PDP than that of the 
PRP. This could be related with the socio-political situation of the country at the time of each Master 
Plan. Even if both plans were presented in the context of a fascist regime – the Estado Novo, the 
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decade that followed the PDP would see the Revolução de Abril in 1974 implementing a democratic 
regime. The argument here, although in need of further validation, is that the Portuguese fascist regime 
tended to centralise all urban development investment in the capital rather than developing other cities 
in the country. The PDP contradicts this tendency and several of the proposals that aimed on the 
development of the whole region were in fact implemented on the longer term, giving way for the area 
to become economically competitive. These proposals were mainly related with highway connections 
within the city and were followed by the subsequent Master Plans, which proposed the integration of 
the region into a highway network linking Porto to Lisbon and to other cities in the north of Portugal 
within the subsequent decades. 

Finally, the research shows that Master Plans, by relying on key major connections within the 
city, will affect the accessibility to local areas, being able to either integrate or segregate them further. 
This is why a joint approach should always be considered both during the planning and the 
implementation processes. Local entities and citizens should be heard in both processes in order to 
achieve a more comprehensive understanding of how people use and perceive the city. Furthermore, 
the analysis showed that a poor implementation of the Master Plans coupled with an incremental 
growth of smaller and more local improvements works towards a weaker local structure, showing that a 
joint approach and open dialogue between municipalities and its citizens is one of the key enablers of 
good urban policy and development. 
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