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Abstract 
 

 

 

 

 

This thesis investigates the location of economic patterns in urban form through an empirical study of 

Cardiff, UK. It focuses on two central questions: First, whether and how the location of economic 

activity is affected by the spatial configuration of the built environment – the physical pattern of 

streets and buildings, and the connectivity of the spaces that result from their placement. Is there a 

systematic relationship between these two kinds of order? Second, what systematic patterns and how 

are they articulated at the local architectural scale – how it is shaped and designed? It is suggested 

that understanding the locational logic of activities in urban form will not only improve theories on 

urban economy and urban morphology, but also contribute to a new set of complementary tools and 

strategies for designing urban environments.  

 

A novel combination of ‘Space Syntax’ and urban economic techniques are used here to analyse the 

case study data on land use distribution, rent values of different kinds, real estate properties and 

housing tax valuations. Through a series of street accessibility metrics, which are hypothesised to 

affect the location of socio-economic activities, the thesis applies these methods across city scales as 

follows: first, the research uses a ‘bid rent’ approach to investigate how different land uses compete 

for a location, by analysing distance from an urban centre based on the connectivity of streets. This, in 

turn, informs patterns of centrality – places that can be reached by everyone through the intersection 

of roads. Second, it examines patterns of residential tax values, distinguishing between purely 

domestic and mixed-use types. Third, it analyses the architectural adaptability of mixed-use buildings 

and their dependency on urban location. 

 

The results confirm that economic activity in Cardiff is significantly affected by the street network 

configuration. The street configuration shows that its topology, its metric dimensions and angular 

change between streets are factors that identify use-mix profiles throughout the city in relation to 

rent price. Residential tax value is strongly related to the street layout, substantiating the link 

between urban design decisions and the cost of location. Results also show that spatial accessibility at 

a local design level defines types of mixed-use buildings in relation to the street layout. The findings of 

this thesis will inform planners and economists, who benefit from an empirically-based consideration 

of how street and building design affect local land values, and also architects and urban designers, 

about how spatial configuration affects land use, accessibility and locational decisions, thereby 

demonstrating how design decisions may also be economic decisions. 
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“Under the seeming disorder of the old city, wherever the old city is working successfully, is a marvelous order 
for maintaining the safety of the streets and the freedom of the city. It is a complex order. Its essence is 
intricacy of sidewalk use, bringing with it a constant succession of eyes. This order is all composed of 
movement and change, and although it is life, not art, we may fancifully call it the art form of the city and 
liken it to the dance — not to a simple-minded precision dance with everyone kicking up at the same time, 
twirling in unison and bowing off en masse, but to an intricate ballet in which the individual dancers and 
ensembles all have distinctive parts which miraculously reinforce each other and compose an orderly whole. 
The ballet of the good city sidewalk never repeats itself from place to place, and in any once place is always 
replete with new improvisations.”  

–Jane Jacobs, The Death and Life of Great American Cities (1961). 
Photograph by LN. 
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INTRODUCTION 
 

 

 

 

 
This thesis is about the relationship between two kinds of spaces in the city: economic space and 

urban-architectural space. It originates from a belief that the notion of distance and scale requires 

rethinking in order to understand the relationship between architecture and economy. Distance from 

the centre of the city, and the idea of being in or near a central place, has been fundamental in 

describing the structure of urban settings and the economic implications of a spatial location, 

disregarding at times the ability of architecture to inform the economic effects on the city as a whole.  

 

The thesis addresses the question of whether there is a systematic relationship between the spatial 

configuration of the built environment and the location of economic activity and, if so, how this 

relationship is understood in the local built form, by studying a Welsh city that has historically been a 

multi-centric settlement. The case in question is Cardiff, the capital city of Wales. The principal 

sources of data used are rent values, housing tax property values, land uses and historical maps. 

Although based in the field of architecture and urban design, this study also looks at theories on urban 

economics and the configuration of the built environment, and reviews a considerable literature on 

mixed-use development. It attempts to unpack the concept of centrality, which is frequently used to 

describe distance in terms of accessibility and location, although it is critically the conceptualisation of 

distance which seems to be most closely associated with centrality. In addition, the adaptation of 

mixed-uses, particularly in commercial-residential buildings, is examined in some detail in order to see 

if they present a pattern of location in different parts of the city and in what kinds of morphological 

situations they develop. 

 

The purpose of this introductory chapter is to outline the key reasons that motivated this research. 

The following section discusses the background of the research problem being raised. The next 

section presents the problem statement of the thesis, explaining how the research fills the gap in 

current empirical studies, followed by the objectives of the study and the key methods used in this 

thesis, whilst the section following presents the scope of the study. This chapter ends with a 

description of the chapter structure of the remainder of the thesis. 
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I. Background 

 

The problems of distance and scale 

 
The relationship between architecture, economy and space relates to a general idea of what makes 

cities grow. This idea is grounded on the understanding that a city is essentially a social phenomenon. 

What makes economic expansion happen in the first place is an issue that has been addressed in a 

variety of disciplines, ranging from economy, sociology and geography to urban planning and design. 

However, the root of the problem is not only what makes it happen, but also the scale in which it 

occurs. Urbanisation can be said to be a reflection of individual decisions on how land and built forms 

are structured in order to shape a city’s development and growth. Whether these decisions are of an 

economic or social nature, they are decisions materialised as actions in space, taking effect in multiple 

ways in an urban settlement, from the building form to the city scale. In this sense, one of the major 

challenges in urban planning and urban economics is how to understand the relationship between the 

spatial configuration of cities and its influence on the social life of their inhabitants.  

 

In urban planning, the dynamics of the built environment have been approached from a global context 

addressing city scale processes that at times fails to understand the reality of the “kind of problems a 

city poses” (Jacobs, 1961:558). It can be argued that these arguments were developed partly in 

response to large-scale projects1 where the use of urban design resulted in a limited social and 

economic scope of interventions (Hoffman, 2000). The critique of these interventions also suggested 

they were the result of influence from traditional urban planning proposals that were highly criticised 

for their design limitations, failing to explain the complexities of social and economic problems (Soria 

and Mata, 1892; Howard, 1904; Le Corbusier, 1967; Figures i, ii, and iii).  

 

Urban theorists and scholars have contended that the problem is how cities are viewed as material 

objects to be designed, rather than as a process of how a city is put together. What the community in 

reality needs and searches for was considered more important than first planning or designing an 

urban fabric. This form of thinking raised discussion about the ‘spontaneous’ order of cities, 

particularly in the works of Jane Jacobs (1961) and Christopher Alexander (1964, 1966), which argued 

that society builds bottom-up processes, posing a challenge to urban planners, whereas ‘non-plan’ 

solutions (Price et al, 1969; Barker, 1999) focused attention on spatial and social processes; processes 

that did not necessarily correlate to the built form for which the design was originally meant. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  An example is Pruitt Igoe, a large urban housing development in St. Louis, Missouri, completed in 1955.  The 
development was planned according to the modernist principles of Le Corbusier, and comprised of 33, 11-storey 
high-rise blocks made up of small individual apartments. See also: www.soc.iastate.edu/sapp/PruittIgoe.html 
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Figure I (top). The Linear City. Soria and Mata. [(1892) 1998]. 

Figure ii (middle). Garden City. Howard, E. [(1904) 1998]. 

Figure iii (bottom). 1967’s Le Corbusier’s Radiant City 3D model, 2011. Le Corbusier Season, Barbican Exhibition. 
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In The Death and Life of Great American Cities (1961), Jane Jacobs argued that the order present in well-

functioning urban areas emerges as a result of human action and not in design; it arises from a myriad 

of individuals pursuing their needs within a framework of rules encouraging cooperation over 

aggressive formal policing. One of Jacobs’ major contributions in urban planning is her conception of 

cities as “problems of organized complexities” which entail “dealing simultaneously with a sizeable 

number of factors which are interrelated into an organic whole” (1961:564-565). Indeed, the challenge 

is not only to account for the large number of factors to be taken into consideration, but the 

interrelationships between the factors. Therefore, a form-process dialectic cannot be explained in one 

single component, but in the combination of one component to another. The notion of complexity 

evoked by Jacobs suggests that any particular interaction between form and use could take shape in 

many ways depending on additional factors. She explains this view by offering the example of city 

neighbourhood parks: 

 

“Any single factor about the park is slippery as an eel; it can potentially mean any number of 

things, depending on how it is acted upon by other factors and how it reacts to them. How 

much a park is used depends, in part, upon the park’s own design. But even this partial 

influence of the park’s design upon the park’s use depends, in turn, on who is around to use 

the park, and when, and this in turn depends on the uses of the city outside the park itself. 

Furthermore, the influence of these uses on the park is only partly a matter of how much 

each affects the park independently of the others; it is also partly a matter of how they affect 

the park in combination with one another, for certain combinations stimulate the degree of 

the influence from one another among their components. In turn, these city uses near the 

park and their combinations depend on still other factors […] No matter what you try to do 

with it, a city park behaves as a problem in organized complexity, and that is what it is. The 

same is true of all other parts or features of cities” (1961:565-566). 

While Jacobs’ ideas were also subject of criticism by urban planners (Mumford, 1962), the field of 

urban design has gradually acknowledged the importance of social life in cities, offering different views 

of linking social qualities in the built environment. This progression began to build a significant corpus 

of work that started to connect the design of cities to other disciplines. Specifically, this was seen in 

urban sociology in the work of Manuel Castells (1977), Henri Lefebvre’s concept of the production of 

social space (1974) and Mark Gottdiener’s concept of the social production of urban environments 

(1985), and in geography in the work of Edward Soja (1989) and David Harvey (2001). Furthermore, 

the propositions of theorising about the qualities of the physical configuration of cities were 

developed accounting the social value of design (Alexander, 2005, 2002a, 2002b; Alexander et al, 

1977; Doxiadis, 1968; Lynch, 1960, 1984). Accordingly, the theoretical foundations of the geometry of 

the built environment became relevant amongst scholars who offered a view of how diverse actors 

affect the spatial structure of cities (Martin and March, 1972; March and Steadman, 1971; March, 1976; 

Hillier and Hanson, 1984; Marshall, 2005, 2009). Taken together, the inception of urban design as 

social process became a condensed praxis that allowed penetration of an analysis of urban form in 
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relation to a wider field of knowledge (Cuthbert, 2006). While cities continue to grow physically, the 

real knowledge of their social organisation distinguishes the relevance of economic processes in cities. 

Max Weber’s Economy and Society (1968) expressed this consideration arguing that urban life in its full 

complexity could only be explained through the invisible web of economic and social processes.  

Jacobs’ readings of cities had a consistent development of a methodologically individual approach 

which extended to a distillation of an economic framework. Beyond the profound influence of Jacobs’ 

ideas in the field of urban planning, her real contribution, as she believed, was on economic theory 

(Nowlan, 1997; Steigerwald, 2001). Her economic writings represent a logical extension of her micro-

based approach to understanding the social order of cities and also testify to the importance of the 

‘kinds of problems cities pose’ (Jacobs, 1961); from how cities depend on one another for economic 

development and expansion (ibid: 1969a, 1969b, 1980) to how the global economy is a dynamic 

network of great cities (ibid: 1984, 1992, 2000). While a number of her proposals have been 

questioned by economists (Glaeser et al, 1992; Glaeser, 2011), her work within economic literature 

has served as a starting point for empirical research amongst economists (Lucas, 1988; Romer, 1986) 

and in more specialised fields such as urban economics and economic geography (Florida, 2004; 

Hospers, 2002; Ikeda, 2011).  

 

In The Economy of Cities (1969a), Jacobs presents a theoretical framework in which she describes what 

cities should look like and the requirements for economic development. Her definition of a ‘city’ as “a 

settlement that consistently generates its economic growth from its own local economy” (ibid: 262) 

was centred in two main things. Firstly, she argues that cities were formed directly out of hunter-

gatherer societies, which then added agriculture to their economic activities. This questions the 

‘agricultural primacy’ theory that is normally held in urban studies (Bairoch, 1988): that small bands of 

hunter-gatherers gradually settle down in agricultural settlements, which then expand to villages and 

onwards to cities. Secondly, she explains that cities develop by adding new kinds of work to their 

existing economies, then develop these new types of work into export businesses serving other cities 

and use the imports gained from this export work to develop still more kinds of businesses2, in a 

repeating cycle (1969a pp.3-38). In Jacobs’ terms, trade of animals was necessary to the discovery of 

agriculture and husbandry implied also that these discoveries had to move out of the city due to land 

competition. 

 

Despite the lack of empirical research in Jacobs’ economic theory, one of the key issues she 

successfully contributes is the process of exchange, first and foremost a social process that creates 

economic situations. Key factors such as trade, location and the production of markets, all implicit in 

Jacobs’ observations, have been addressed from early spatial descriptions of urban settlements in the 

attempt to explain their economic growth and the importance of a central location. These 

descriptions were represented in urban land models that initially focused on the principles of 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  This referred to the role of small businesses in creating new lines of work as opposed to the large businesses that 
can lead to stagnant company towns, like the city of Detroit.	  	  
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agricultural land (Ricardo, 1817; Von Thünen, 1826), to describe how socio-economic forces act upon 

urban spatial structures addressed by sociologists (Burgess, 1925) and economists (Hoyt, 1933, 1939), 

and the central locations of markets in urban settlements (Christaller, 1933). However, the study of 

economic processes relating to spatial form increased the level of complexity by adding other 

environmental factors. Addressing the spatial organisation strongly influenced by concepts of location 

and distance, the gradual analysis of urban settlements introduced more normative models that linked 

transportation and land uses (Lowry, 1964; Echenique and Williams, 1980; Putman, 1983, 1991).  

 

The analysis of city growth traces back to Jacobs’ arguments about the complexities of social orders 

and exchange as the economic value of social life. There is little consensus, however, over the 

significance of urban-architectural form in urban economic theory. It is argued that the holistic view in 

urban planning and urban economics is that despite the acknowledgment that urbanisation is 

influenced by social and economic processes, they fail to recognise how these processes are both part 

of the resulting landscape of a city and the architecture that organises its geography. Therefore, the 

question of whether the physical configuration of a city has any significance in social and economic 

processes remains contested. This thesis brings to the fore several considerations of why this view 

should be addressed in different aspects. 

 

First, the change and growth of cities demands more attention to understanding how the activities of 

city dwellers are affected by the design of the built form. The use of space in cities has been rapidly 

taken by urban localities, even increasing faster than the urban population itself (UNFPA, 2007). Yet, 

where and how land is incorporated in cities has social and environmental implications for future 

populations. Thus, the urban growth and sustainable use of space in cities has become increasingly 

important to the understanding of how the physical configuration of the built form affects the way 

people live in it. Configuration refers to the arrangement of various spatial elements of the built 

environment; how these elements are put together and how they relate to each other –parts that 

make up a whole system (Hillier and Hanson 1984). This can be interpreted as the geometry of built 

forms and its streets, connecting paths, the network of streets creating routes, the shape of open 

spaces and the physical pattern of urban infrastructure. These aspects require further empirical 

research. If the physical configuration of the built environment is neglected it would be disregarding 

the qualities that imply the economy and social life of cities. 

 

Second, the complexities of city form begin with ordinary people forming informal relations with one 

another in neighbourhoods in which they live or work. Community networks emerge and thrive 

when people are able to have different forms of exchange and encounters with acquaintances or 

strangers in streets, sidewalks and other public spaces. These forms of exchange within a 

neighbourhood or district are what is sometimes called ‘mixed-uses’ (Rowley, 1996). Schools, places 

of worship, shops, offices, residences, theatres, restaurants located in the same vicinity help make it 

interesting and attract more people who are likely to encourage still more diverse uses (Hillier, 

1996b), influencing the economic development in a city. The dynamics of economic expansion and 
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contraction trace the emergence and changes over time in urban institutions and community 

networks of trust to the decisions of individual agents (Jacobs, 1961). Indeed, this issue has been 

raised in the management of spontaneous order (Webster and Lawrence, 2003), in which institutional 

analysis of cities and their planning, using transactions costs and property rights, have described how 

urban order evolves as individuals cooperate in cities for mutual gain. Cities and their economies 

work at the micro level and the relevance of trade in urban economic theory should acquire more 

attention also at the local city scale and not only as an urban scale process. 

 

Third, the former mention follows the relevance of architecture in social and economic processes. 

Activities of individuals which have been historically accommodated by cities are constrained by the 

geometry of the built form; this issue has been raised by Davis (2012), expressing that within a 

building different activities are adapted over time, allowing its functional and design flexibility to 

respond to locational contexts. Indeed, buildings accommodate the socio-economic needs of 

individuals, which makes them important in two main characteristics: They are potential locations for 

local production and they are potential generators of creating central urban places. These two aspects 

of architecture take their relevance within a wider system of economic factors, such as the role of 

prices or rents. This calls for a better understanding of how spatial geometry plays an important role 

in defining location, and its potential of being a central place within a city, by distinguishing the distance 

shaped in the urban street network. Changes in the built form, such as adaptable building types, 

respond to the pathway configuration of their urban location. Distance as an inherent property of the 

urban configuration can inform about the built form as much as the urban form structure of a city, 

rather than just defining patterns of land use distribution that are frequently applied in urban land 

modelling. 

 

Fourth, learning from past precedents of representing and modelling urban processes, research with 

more methodological rigour is needed amongst designers in order to form a constructive knowledge 

about cities. Following early writings on morphological studies (Alexander, 1964) and configurational 

perspectives (Hillier and Hanson 1984), and the implementation of urban land modelling (Lowry, 

1964), new developments of technological tools and availability of data have become an increasing 

support for the study of complex relationships of city form and use. Tools like geographical 

information systems (GIS), statistical software and computer-aided design (CAD) have become widely 

accessible to researchers and practitioners. In parallel, the availability of digital databases that include 

geographically-referenced information of buildings, streets, topology, postal addresses, land uses and 

transport network (Ordnance Survey in the UK) or open source data maps (OpenStreet Map) have 

also developed in conjunction with novel spatial analysis tools. The advantage of these tools is they 

allow the study of the configuration of cities by adding more sources of information than merely 

architectural plans or maps – interviews, observations, historical archives, social and economic data 

and aerial photography of cities. 
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This thesis introduces a configurational approach to the built environment by studying the geometric 

structure of streets, buildings and patterns, and how these relate to various economic functions. 

Rather than examining only on the location of various modes of economic properties within the city, 

the thesis focuses predominantly on the relationship between these elements within different scales in 

the city. Offering an alternative view of architecture and economic studies, the analysis of the 

research focuses on aspects of what makes people travel from one place to another, what activities 

make a location different from another, what enables a location within a network of streets to 

produce a greater or lesser demand of the flow of people.  

 

In a sense, some might argue that this study does not deal with architecture per se, but rather an 

economic study of the built environment. Yet, the attempt to capture the dynamics that emerge from 

economic functions in a city is first and foremost architectural. All the individual acts of construction 

within the city have a direct formal relationship to the formation of the city as a whole. The function 

of how such built forms emerge, from an economic point of view, has been poorly attended in 

practice and academia. It is thus argued that, in order to have a better understanding of architecture 

in its socio-economic form, it is necessary to address from where these forms arise – the various 

economic functions that shape a city. This study explores these relationships, examining how research 

findings, based on substantive amount of data, can contribute to the knowledge of planners, 

economists and designers. The following section, then, discusses how this thesis will help fill a gap in 

analyses that have been made in economic and configurational studies. 

 

 

II. Architecture, Urban Economy and the Need for 

Empirical Studies 
	  

The thesis examines the location of activities and their economic function in which the role of urban 

centrality is crucial. The main question of the thesis concerns whether the spatial configuration of the built 

environment affects the location of economic activity. Furthermore, the study takes into consideration a 

local-level approach, examining how the economic activities shape the architectural form. Therefore, 

the first question leads to a second one: If spatial configuration affects location of economic activities, how 

do these take effect in the built form structure?  

 

‘Spatial configuration’ is a term originally expressed by Hillier and Hanson (1984) in order to explain 

how buildings and settlements constitute a system of spatial relations, defining the concept as 

‘relations that account other relations’. Configuration, according to Hillier (1996b), refers to the 

spatial relations that make up buildings and cities (rooms in buildings, streets in cities) that take a 

certain size and form. In this sense, spatially speaking, buildings and cities are configurations that 

describe the connectivity and adjacency of spaces that result from their geometry. Therefore, spatial 

configuration is not only about connections, but also how the position of each space is related to all 
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others. In a word, association. The physical structure of cities is understood in the geometric layout of 

buildings and streets, and the circulation of routes that connect them. The way these urban elements 

are laid out results in spatial patterns of access and generation of land uses. Implicitly, this accounts 

for the relation between space and human activity taking place therein; people use space in different 

ways for different kinds of activities. Accordingly, the aim of the thesis, then, is to investigate whether 

the configuration of a city affects how a particular activity and its economic value is generated in one 

location in relation to other locations. This view is argued to be significantly important in order to 

understand it in different scales in the physical design of the city – from the distribution of activities to 

how particular spatial elements contain those activities; or put it alternatively, how economic actions 

operate in urban space and how urban space affects economic actions.   

 

The study of the spatial configuration of city form and its relationship with urban economic theory has 

given some attention to the way these two fields can be correlated through different approaches. On 

the one hand, location and its economic properties have been studied through the concept of 

centrality. In classic urban economic theory, and in particular in location theory, the notion of 

centrality is defined in terms of attractiveness (Losch, 1952; Isard, 1956; Alonso, 1964). Generally 

speaking, a central urban place is said to be a place where activities seek a location and the struggle 

for such location can be seen as the ordering of an urban settlement. Methodologically, these 

approaches to centrality do not account for the factors of what causes the location of activities to be 

more favourable in one place than the other. According to Cutini (2001), these factors can be from a 

historical perspective, in which centrality appraises the city centre as the most important urban 

central area; or from a functional point of view, where centrality is only seen as the density and the 

typology of located activities.  

 

In modern urban land modelling, centrality is explored with an increased level of complexity (Boyce, 

et al 1983; Hunt and Simmonds, 1993; Putman, 1998; Waddell, 1998a, 1998b) through the use of 

integrated land use and transportation models. Attention is given to how land use and transport, on 

the basis of the accessibility it provides, can determine spatial development. Using transportation 

networks, these models provide an analysis of the spatial accumulation that indicates intensity and 

concentration of land uses. The method, however, is strongly focused on land use and transportation 

planning field with hardly any consideration of the local scale built form. The limitations of this 

method have also been remarked (Blizzard, 1996), in the regard that land use modelling should place a 

greater emphasis on recognising the varying temporal and geographic scales relevant to different 

processes in urban development; should assess moving to disaggregate models and data; to draw on 

multiple disciplines and even to increase the use of GIS (Weatherby, 1995 in: Waddell, 2002).  

 

On the other hand, research in configurational studies has addressed centrality as a ‘spatial process’ 

using spatial analysis (Hillier, 1999b; Cutini, 2001; Crucitti et al, 2006; Porta et al, 2006; Krafta et al, 

2011), in which the street network (representing the streets as segment lines in a map) is the main 

component. Centrality is approached in terms of its accessibility mainly in two ways: how places are 
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closer to other places and how a place can be a potential location to be traversed. Despite the 

shortcomings of this approach of network, which have been often remarked (Ratti, 2004; Hillier and 

Penn, 2004; Steadman, 2004), the method has proven to be effective in empirical research correlating 

spatial and economic variables (Chiaradia et al, 2009a, 2009b; Desyllas, 2004; Netto et al, 2012). 

However, there is hardly any research examining the concept of trade using economic variables that 

can explain the influence of urban configuration on how activities are located. Often, the focus of 

analysis in configurational studies has been about studying urban spaces in terms of spatial accessibility 

metrics, undermining the potential of the concept of distance. Distinguishing different forms of 

distances in the network of streets, for example in terms of the topology of the street network or in 

the metric dimensions of its streets, offers different approaches to understand urban centrality.   

 

Unlike the land-use transport modelling, the thesis offers a much more straightforward approach to 

combining two methods in order to explain trade as a form of addressing the location of activities. 

The thesis models a large dense urban area at a finer spatial resolution, taking the street segment as a 

unit of analysis. Using novel data from real estate agencies and the use of network analysis based on 

spatial configurations, this study considers the principle of trade, between the location and cost of 

land markets, expressed in Alonso’s urban model (1964). In addressing how the spatial configuration 

of the built environment may affect the economic activities at different locations within the city, it is 

also necessary to consider two things. First, the kinds of activities and how these take place in their 

architecture within the different locations that are being assessed.  

 

Second, to consider the definition of distance in the urban configuration, it is necessary to distinguish 

the spatial properties of the built environment in which distance can be measured. The configuration 

of the built environment can measure distance through its geometry, topology and physically in units. 

Simplistically, geometry concerns questions of size, shape and the relative position or arrangement of 

the parts of a figure. Geometry also implies space and structure. Topology concerns itself with the 

structure of sets of spaces. It is at its core a generalisation of distance that concerns the 

connectedness of spaces, its compactness (how much it can cover) and its convergence (how it 

comes together or is joined). For example, topology makes no distinction between two shapes if the 

one can be made from the other by stretching or twisting. Squares and circles are very different 

geometric objects, but they are topologically the same. Distance can also be considered as a metric 

unit of measurement of how the arrangement of spaces is formed. As such, distance is considered as a 

property within the street network – a street network that has an architecture, that is, a certain 

geometry, a certain topology and a certain scaling (Hillier, 2014). 

 

In urban economic theory, the view of the city is in the form of agglomeration, meaning the benefit to 

a firm by locating near another (Fujita and Thisse, 2002). The city is considered more as a collection 

of buildings for an economic purpose or a dense human settlement; it is also defined as any area 

where the value of the land may be governed by its distance to something; this something is usually 

the central business district or the city centre. This is where, according to the literature, many of the 
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residents within the city and suburbs will commute to work. However, this overlooks interesting 

issues in urban economic theory: why do multi-centric places emerge in the first place, if the city 

centre is where most of the residents commute? How does a particular location become 

agglomerated in comparison to other locations? Or even in economic geography theory where the 

focus is on the location, distribution and spatial organisation of economic activities (Weber, 1909; 

Krugman, 1996): what makes centres shift over time? It is argued that the conception of distance in 

relation to an urban location is poorly understood in these theories. 

 

The two fields of knowledge have strongly addressed the issue of centrality and the distribution of 

land uses, yet both fields lack a combination of their methods to better understand the city in its form 

and process. Urban economics has strongly addressed the dynamics of location in various kinds of 

modelling without giving much attention to urban form (Fujita et al, 1999; Fujita and Thisse, 2009). 

Studies on the configuration of the built environment have developed methods to explain social 

attributes of the built form (Hillier, 1996b), but have paid little attention to addressing urban 

economic theory. This thesis argues that the combination of a spatial and an economic model 

constitutes an interdisciplinary approach to inform and advance urban design practices as to how two 

different city processes can be put together and modelled. What is remarkable is the fact that 

designers are able to use architecture with combined methods to address many issues in different 

fields, such as economy. Yet these fields of practice, although seemingly distinct, are not so after all. 

The key lies in thinking where, how and why: where does the economic activity take place, how does it 

develop and why.  

 

Research on the relationship between economic and spatial attributes, with the support of evidence, 

can shed light on the socio-economic significance of urban form. Findings on this relationship can also 

lead to a valuable knowledge in the two fields of disciplines – what streets and buildings can bring to a 

local economy, and how trade in the form of use, access and urban location can inform design. In 

order to address these gaps in current literature, the objectives of the study are outlined followed by 

the key methods used in the thesis. 

	  

 

III. Objectives 
	  

The objective of the thesis is to investigate whether a joint modelling of configurational and urban 

economic theory can produce an explanation of how physical design and socio-economic activity are 

related. Specifically, questioning whether spatial configuration affects the location of economic activity, 

and how it takes effect in the built form. To address this issue it is key to develop a single analytical 

framework that allows the examination of economic activity with configurational properties of 

physical design. In order to develop this framework, the street network is taken as the main spatial 

factor to assess indicators of spatial accessibility and urban centrality in the city and the built form. 
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The urban configuration and its economic functions are therefore examined conjointly in terms of 

distance and scale.  

 

The study focuses on two kinds of economic activity: property rent values and residential tax 

property values; and is centred in a particular architectural form: commercial-residential buildings. 

Rent values are taken from various real estate property markets, which include: retail, office, 

residence and industry. Property rents offer an interesting case because their value depends partly on 

their urban location. In order to compare rent values of different property markets that include 

commercial and residential uses, the study considers evaluating solely residential property value. 

Residential value is expressed through council tax bands, which means a tax indicator that is divided in 

categories (tax bands) according to the residential value of a property. Each tax band, defined by a UK 

government agency, is estimated according to spatial factors that contribute to the value of a 

residence: its location in the city, size of the building and its age. Residential values also make an 

effective case because their location to more or less accessible locations, in terms of their council tax 

bands, has been documented in configurational studies (Chiaradia et al, 2009a; UrbanBuzz, 2008).  

 

In terms of the architectural form, the study focuses on mixed-use developments at the local city 

scale. The purpose is to address the two economic activities (rents and housing tax property) in the 

architecture of mixed-use buildings, particularly in locations where commercial and residential use are 

contained within the same building. This typology of building can inform how rent and residential 

value are put together in the local urban form and reflect in architectural features.  

 

The purpose of achieving the main objective raises some specific research questions to help in 

focusing upon different city scales, which are addressed as follows: 

 

- Firstly, to investigate urban centrality from a historical perspective regarding whether the 

form and structure of an urban core contribute to the economic expansion of the city over 

time.  

- Secondly, to examine how centrality in the spatial configuration of the city affects rent 

property values and residential property value. 

- Thirdly, to investigate urban centrality at a local level of the city and how it influences the 

distribution of commercial-residential buildings. 

- And fourthly, to determine the morphological properties of commercial-residential buildings 

in terms of their urban location. 

 

The economic data is complemented with land usage and its sub-categories (kinds of retail, kinds of 

industry, and so on), and on the historical evolution of the urban form of the city from archival 

research. These two kinds of economic activity will be associated with the street network 

configuration. Therefore, in this research the distribution of economic activity and its location in the 

city are viewed through the use of GIS in order to capture whether residential and commercial use 
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are juxtaposed in the same property, verifying these mixed-uses through the property tax and rent 

values, and, primarily in central areas, with an observation survey. This will aim to identify patterns 

and location of commercial-residential buildings across the city; hence, the emphasis on looking at the 

built form structure approached in the commercial-residential typology. 

 

 

IV. Key Methods Used in the Thesis 

 

• Bid Rent Theory model  

	  

Amongst the many traditional land models in urban economic theory, the bid rent theory model by 

Alonso (1964) is taken as an analytical model, which focuses on the notion of location and centrality. 

The model gives a good understanding of the way urban areas are likely to grow, representing 

essentially how land users, whether they be retail, residential or office, are able to compete to pay for 

good access to the city centre. The amount they are willing to pay is called bid rent.3 The analysis 

model uses rent values and location according to the distance from the city centre: as distance from 

the city centre increases, rent values will decrease. Conversely, the closer to the city centre, the 

higher the rent value. Put alternatively, it assumes that accessibility increases with centrality. The 

model can be described in the following example: 

 

Let’s assume that a retail space, for example a large department store, is willing to pay a higher rent 

to be located in the city centre. The city centre represents a very valuable location to the department 

store because for them it is traditionally the most accessible location for a densely populated area. 

This population is essential to the department store in order to gain an acceptable turnover. 

Therefore, the department store maximises the potential of their location by paying the most 

expensive rents in the most accessible area; and, the department store can improve the potential of 

its site by building upwards (i.e. the example of high-rise buildings often found in the city centre). As 

you move away from the city centre, a retail space will be paying a lesser rent value but with a less 

accessible location than other retail spaces – a tendency that is often the contrary. Industry, on the 

other hand, is willing to pay for moving away from the city centre, as land availability that would allow 

use for factories or large warehouses increased, while still keeping the benefits of the city centre as a 

market place. As distance from the city centre increases even further, land becomes unattractive to 

industry and even more so for retail; residents are able to purchase land or a residential property at a 

much lower price, with higher land availability but less accessible to the city centre (i.e. the example 

of suburbs with detached and semi-detached housing in the UK). The further away from the city 

centre, the cheaper the land, and therefore, the lower the rent costs.  

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  The theory is explained in full in Chapter 1. 	  
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The bid rent theory shows the way rent and distance largely depends on how individuals can minimise 

transportation costs. Alonso’s model assumes that transportation costs are a linear function of 

distance, considering land uses are distributed within a monocentric city; hence, the distribution of 

land uses spread outwards from one single centre equally in concentric ring sectors. This assumption 

refers that the city centre is the most important location in the city, with the highest rent values and 

the most accessible. 

 

One of the main factors in considering Alonso’s model over the modern land use transportation 

models is that its simplistic yet powerful analysis of location allows bridging from the global city scale 

to the local architectural scale. Furthermore, it offers a way to describe ‘distance decay’ in explaining 

spatial interaction and its effects on rent. The principle of distance decay (or friction of distance) is 

that spatial interaction is understood to be a function of distance and the degree to which distance 

creates friction between locations. By friction, it implies that distance usually requires some effort or 

value (in this case rents) to overcome. Because of this friction, the shorter the distance the more 

likely spatial interaction will take place; hence, quantity of interaction will decline with distance 

(Nekola and White, 1999).  

 

This thesis will contend that a more critical problem underlies this model in that it analyses economic 

activity and location by firstly assuming one single centre as opposed to polycentric urban structures; 

and secondly, by estimating that the friction of distance works as the crow flies, straight lines between 

two places, rather than measuring it in the form of the physical configuration of the built environment. 

It is argued that this problem will be tackled by using the logic of the bid rent theory (rent vs. 

distance), combining it with the method of street network analysis used in Space Syntax methods.  

 

• Space Syntax and morphological analysis 

	  

The method of Space Syntax is used to calculate attributes of urban space and has been shown to be 

an objective method to measure the accessibility of spatial configurations (Hillier and Hanson, 1984). 

The analysis examines spatial configurations by defining cities as a collection of buildings held together 

as a continuous network of spaces: the street network. The spatial configuration of the city is 

represented by a least line map, that is, the representation of the street network as a set of fewest 

lines that cover their structure. The techniques of space syntax identify the configurational structure of 

the urban street network, through a computer model called ‘UCL Depthmap’ (Turner, 2008-2011), in 

which the unit of analysis is the street segment between junctions. The analysis focuses on the way 

the street segment is related to all other segments in the urban system. Thus, each street segment is 

studied according to how accessible it is from all other spaces in the system.  

 

The analysis allows three definitions of distance between each street segment and its neighbours: 

topological, which assigns a value for every change of direction or turn between a segment and its 

neighbouring segments; metric, the distance in metres between the centre of a segment and the centre 
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of a neighbouring segment; and geometrical, assigning a value of the degree of angular change of 

direction between a segment and its neighbour. These three concepts of distance are used to 

calculate two measures (Hillier, 1996b): integration (closeness) which captures how close one street 

segment is in relation to all others under each definition of distance; and choice (betweenness), which 

calculates the distance of the shortest paths between every pair of segments that each segment lies on 

under each definition of distance. Therefore, each definition of distance brings a calculation of 

closeness and betweenness resulting in different analysis of the street network: the metric definition 

of distance will show a system of shortest paths for integration and choice; the topological definition 

will show a system of fewest turns map, and the geometrical definition will show a system with the 

least angle change map (ibid: 1996b, 2014). The street segments analysed by Depthmap describe the 

urban system according to the distribution of accessibility, ranging from the most accessible, or 

‘integrated’, to the least accessible, or ‘segregated’ (Hillier and Vaughan, 2007). The definition of the 

three types of distance and their two measures, integration and choice, are ways of calculating the 

degree of centrality in spatial configurations.4  

 

The Space Syntax method is also coupled with the morphological analysis to study the spatial 

structure of a city by examining the patterns of its components and the process of its development. 

That is, looking at the physical structure at different scales as well as patterns of movement, land use 

and occupation. Thus, the analysis of the physical form can be focused on the street pattern, the plot 

and building pattern, in addition to the process of development as deduced by the comparison of 

historical maps. This will allow for a much deeper analysis at all scales in this study, emphasising the 

importance of how socio-economic processes are expressed in the physical layout of the city and the 

way the physical form produces various socio-economic forms.  

 
 

V. Scope of the Study 

 
The questions raised in this thesis are investigated in a post-industrial city with an evolving multi-

centric urban structure, characterized in the Welsh city of Cardiff. The thesis argues that economic 

and social activities are a reflection of how the geometric and topological relationships in the built 

form embed patterns of movement that are incentivised by the location of activities – an outcome of 

the evolving spatial configuration of the city. The history of the growth and development of Cardiff’s 

urban economy and the result of unplanned areas in the city is an example of how the physical design 

responds to social forms that overcome, to some extent, the planning doctrines taken over time 

(Coop and Thomas, 2007).    

 

Historically, Cardiff began as a port city, with the largest coal industry in the UK; it experienced a 

stage of de-industrialisation and developed into the capital of Wales, established in 1955 (Coop and 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  The methodology of Space Syntax is fully explained in Chapter 2.	  
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Thomas, 2007). Given the historical role of the port and the coal industry, the city’s spatial and 

economic expansion had a major significance on the development of its road network. From the early 

1840s, the road network was the result of the spatial footprint that divided the city along four main 

arteries (north-south, west-east), showing a decentralised urban growth. The city’s economic 

development was, and still remains, very much dependent on how its city centre was designed and 

planned. The morphology and structure of the core of the city is largely the result of the planning 

doctrines that Cardiff has adopted over the years (ibid). However, the spatial structure of the city and 

its urbanisation has developed over time as a polycentric system of emerging local centres (Hooper 

and Punter 2006).  

 

Taking advantage of this case study, the thesis covers two areas of disciplines: architecture and urban 

economics. Architecture is specifically viewed as a configurational study of the built environment. 

Urban economics is focused on location theories, particularly in urban land models. With the 

objective of making a mutual adoption of methods in these two disciplines, there are several factors 

that can be considered as indicators of socio-economic activities related to spatial form, such as 

household ownership, land value, or transaction prices of commercial and residential properties. The 

scope of the analysis will limit itself to two kinds of economic activity: rent and residential property 

tax values. These are used in order to examine their location with the spatial form. The thesis does 

not consider decision-making in the location of activities; rather it focuses only on the real rent value 

of the property.  

 

One of the limitations in this study is the lack of availability of land value data that could provide a 

larger overview of bid rent gradients in the city. Land value would indicate competition between land 

uses, which is a measure to estimate bid rent gradients; property rent values say more about the 

constructed land value, which is a measure of building use that is not entirely bid rents, but pseudo bid 

rent gradients. Another limitation is the lack of available data on the size of residential properties, 

based only on tax bands values as an indication that size and density of the residence is taken into 

account.   

 

The thesis acknowledges that a disadvantage in this study is that it is focused on a single city, with a 

certain history, a certain density, size, structure and form. The kinds of activities and their location 

depend on the particular spatial form of Cardiff, without having another comparison to other cities. 

However, one of the strengths of the study is that activity location is studied thoroughly from the 

urban to the architectural form. The availability of rental values, land uses and its sub-classes and 

residential values acquired for all of Cardiff allowed the examination of the city to its entire extent, 

giving the opportunity to investigate from the whole city region to relating its different parts across 

scales.  

 

It is important to note that data on rent values for all property markets were taken from real estate 

databases that are subject to the agencies’ own estimation of patterns of prices, demand and supply of 
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real estate markets. Rent values were obtained by the combination of two databases that gave 

detailed information about property markets disclosing the rent per square metre for each property 

at the time obtained (2011-2012). 

	  

 

VI. Thesis Outline 

	  

So far, the background and main questions raised in this research have been introduced. The thesis 

has stated the objectives set, describing the key methods that will be used in the research, as well as 

the scope of the study. The remainder of this work is organised as follows: 

 

PART ONE  

The first part of the thesis presents the theoretical and methodological framework of the research, 

which includes the following chapters: 

 

• CHAPTER 1: Reviews the relevant literature regarding the theories and modelling approaches 

the fields of urban economics and configurational studies have explored so far. Additionally, 

literature on mixed-use development and its relation to centrality theory is outlined. Therefore, 

the gap in the literature is identified and serves to gain perspective on the research work of 

spatial configuration and socio-economic activity addressed in this thesis.   

 

• CHAPTER 2: Provides the conceptual approach and analytical framework to represent the 

elements that compose network analysis and bid rent theory. Data sources and background of 

the methods are outlined. The in-depth explanation of Space Syntax method using spatial 

accessibility measures is detailed; while not forgetting to stress the characteristics that are 

addressed through different approaches and scales: historical analysis at the city scale, socio-

economics at the neighbourhood-city scale and at the building-street local-scale analysis. The 

chapter ends by providing the description of the statistical methods used in the thesis. 

 

PART TWO 

The second part of the thesis presents the analysis and results of the research, which includes four 

analytical chapters: a historical analysis, a bid rent analysis, housing property tax values and mixed-use 

buildings. These are described as follows: 

 

• CHAPTER 3: The framework exposed in Chapter 2 is expanded by firstly introducing an 

historical analysis of Cardiff. This chapter investigates the urban transformation of Cardiff by 

comparing three time periods: 1880 and 1960, which represent the most significant 

transformations of the city in terms of its spatial and economic forms, and its most current 

morphology in 2013. It also provides an exploration of Cardiff’s city centre morphology, giving 
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the background of the social and economic growth of the city over time. The chapter concludes 

with the current planning proposals that distinguish various local districts identifying which ones 

are potential sub-centres in relation to the most accessible locations. 

 

• CHAPTER 4: Introduces the locations of centres to be studied, as identified in chapter 3, by 

examining them through the proposed model that utilises rent property values with the notion 

of bid rent theory using the three definitions of distance in Space Syntax method. Thus, the 

chapter focuses on the study of relationship between each type of property market – retail, 

office, industry and residential – with each definition of distance (topological, metric, and 

geometric). The application of the model is firstly applied taking the city centre as a starting 

point of measuring bid rents. Additionally, the chapter presents the application of the model in 

four other local centres across Cardiff. The chapter concludes with a comparison of the results 

in each urban centre examined. 

 

• CHAPTER 5: Presents an analysis of purely residential use (housing property tax values) with 

street accessibility, to be compared with rent values analysed in chapter 4. Data from the 

housing tax band values and spatial accessibility measures are analysed and discussed in detail. 

The analysis compares Cardiff’s results with previous empirical studies on property tax values 

made in Greater London. The chapter also examines where commercial and residential uses are 

combined, i.e mixed-use buildings. The chapter discusses how residential value in the UK, 

despite being a means of evaluating the value of a property influenced by a price system, is a 

signal of social structure.  

 

• CHAPTER 6: Assimilates the framework detailed in chapters 4 and 5 yielding, in consequence, 

an analysis at the local architectural scale. The research study undertakes a morphological 

approach, whereby the aspects of activity, form and use are discussed through the commercial-

residential building. The chapter focuses on the pattern of location of this typology of building in 

relation to urban centrality, street connectivity and the morphology of their urban location. 

Analysing the above sets of information, special attention is given to the social implications of 

urban resilience and how the process of trade relates to the optimisation of location and re-

investment in accessibility are seen in the architectural form.  

 

PART THREE 

The third part of this work concludes the thesis by summarising the drivers and motivations behind 

this research, while also discussing the achievements and contributions obtained from this work.  

 

• CHAPTER 7: The main findings obtained from the core chapters of analysis in part two are 

discussed. Consequently, areas for improvement and some suggestions that could expand the 

research are mentioned; and finally, these remarks lead into commenting on the different strings 

of research that further work on this topic might entail. 
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1  
A THEORETICAL FRAMEWORK ON 

ARCHITECTURE AND URBAN ECONOMY 
 

 

Introduction 
	  

This thesis addresses how location of economic activities is affected by the configuration of the built 

environment in its urban and architectural scale. A holistic approach to this issue requires a mutual 

adoption of methods and comprehension of theories in two broad disciplines: architecture and urban 

economics. This chapter reviews the relevant theories and kinds of urban modelling concerned in 

each discipline and how empirical research moves towards a joint approach.  

 

Due to the broad subject matter of location of socio-economic activity, it is necessary to embed the 

architectural theory at the core of this dissertation within the wider framework of theories of urban 

economics and configurational studies, since these are the main subjects that the thesis aims to 

combine. Specifically, urban economic theory is addressed in urban location theories. The following 

section centres on urban economic theory, specifically on the way locational theories have been 

informed through the representation of urban land models. It discusses the question of centrality and 

reviews different kinds of descriptive and analytical models regarding socio-economic and spatial 

theories. The purpose of reviewing these models is that they examine urban structures based on 

location and its implications on distance. Location decisions of households at individual levels are 

addressed. As a result, various economic activities are approached in several spatial-related aspects, 

mainly in the distribution of land uses, accessibility and centrality relationships. Although the scope of 

this thesis is not concerned with land-use transportation analysis, the subject of more sophisticated 

approaches to urban centrality is explained. These are worth mentioning since they share similar 

backgrounds with the classical land models. 
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The next section discusses the urban-architectural scale perspective regarding theories of urban 

design and planning in relation to urban economics. This section starts with a review of theories that 

concern how economic expansion is understood from the point of view of social processes and then 

follows with a review of the various theories regarding the use of zoning and the development of 

mixed-uses in shaping centrality. Finally, the origins of the commercial-residential building are 

discussed as an introduction to the final section of this chapter, which extensively reviews testing of 

location theories and morphological aspects of mixed-use buildings through the methods of 

configurational studies of the built environment, bringing both city scales and fields of discipline 

together. 

 

 

1.1 Urban Economic Theory 

 

1.1.1 The Formation of a (City) Centre 

	  

The city centre is one of the main components in urban economics that defines a point of departure 

in how an urban settlement originates and is consequently sustained by its economic growth. 

Similarly, the city centre is the most studied area in urban land models that are designed to 

understand a city’s progressive urbanisation. Most of the urban land models use the city centre as a 

focal point to measure distances throughout the city. Yet within the evolution of urban models, the 

issue of what a centre represents in a city has become the discourse of urban theories that address 

the contrast between monocentric (single centre) and polycentric (multiple centres) urban structures 

(Davoudi, 2002; Roth et al, 2011).  

 

According to Davoudi (2002:3) “the monocentric model remained the most influential depiction of 

urban structure for at least two decades after the War. But, in the 1970s, it became increasingly 

irrelevant in the face of: Decentralisation of economic activities, increased mobility through new 

transport technologies, [among others].” Furthermore, Davoudi describes, “the polycentric city often 

consists of a larger centre and a number of concentrated sub-centres with high population and 

employment density. The sub-centres can emerge in two ways: One is from the older towns that 

have gradually become incorporated into an expanded but coherent urban area; the other one is from 

newly spawned centres at nodes of a transportation network” (ibid). The shift from a monocentric to 

a polycentric structure is strongly grounded in the changes in economic development, such as “the 

relationship between firms, the economic agglomeration of population and employment” (Davoudi, 

2002:3) and the tendency of firms to cluster in order to gain maximum benefits from transaction 

costs (Webster, 2010; Webster et al, 2003).  

 

Whether a city is developed around a single or multiple centres, a definition of an urban core is 

needed. Specifically, to what does a city centre refer? Why and how does it form in the first place? 
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The central area within a city is recognised in different terminologies in contemporary cities. The 

centre of a city is usually referred as the ‘central business district (CBD)’, the ‘heart of the city’, 

‘downtown’, the ‘urban hub’ or ‘nucleus’ (University of Amsterdam, 1967). The centre is usually 

considered to be the area with the highest accessibility; it is the major employment area in the city 

and has the highest diversity of activities. However, the functional aspects of the city centre have been 

questioned in terms of its performance (Webber, 1961; Boyce, 1963) or even in land values (Hoyt, 

1964). These arguments have been attributed to changes in accessibility patterns due to transport 

network infrastructure and to the wider use of cars.  

 

In current literature, the main characteristics of a city centre have been defined more explicitly in 

terms of its spatial and socio-economic dimensions. According to Pacione (2005:155-157), the main 

characteristics of a city centre can be summarised as follows:  

• “It is an area with the highest retail and commercial activity in the city”: The city centre often 

features specialised shopping activities or major brands placing themselves in the centre for 

financial gain. This also creates a more attractive area, contributing to the identity and character 

of the city centre. In contrast, local shops are placed within the surroundings of the centre or in 

the suburban sectors of the city. 

• “Residential spaces are present but limited”: The mixing of residential and commercial within the 

city centre maintains the area as a commercial district that allows residential uses, mostly found 

in the upper levels of buildings or within large residential complexes. For instance, Cardiff’s city 

centre has evolved by turning large spaces into new flats combined with shopping malls.  

• “It is a centre for major trade of goods and services”: Besides being primarily a centre of retail 

production, there is also increased occurrence of leisure spaces. Entertainment and cultural 

activities form part of the diversity and attractiveness of an area. This makes the city a point of 

interest for tourism or business conventions. Such is the case in Cardiff, where the revitalisation 

of the central area has been achieved by developing new sports facilities within the surroundings 

of the city centre.  

• “It is a focus of office employment, with limited use of manufacture and light industry”: Many 

firms place great value on physical proximity when it comes to managing the changing behaviour 

of markets. This translates into lowering transaction costs between clients and firms for financial 

gain. In some cases, this may create a spatial change in certain types of population and building 

typologies. In reference to how transaction costs are important in the emergence of urban 

order, Webster et al (2003:20) explain, “order emerges as individuals seek to avoid the costs 

involved in co-operating in pursuit of mutual gains, to avoid the dissipation of value.” 

• “It is the area with the highest land rent values”: The result of constructing a major intensity of 

activities and diversity of functions is increased rent values in the city centre. The preservation 

of the city centre as a historical place, as well as a locus of commercial functions, imbues 

character that sets a higher value on living in the area.  
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Pacione (2005: 157) further describes that a city centre is also subject to social and economic 

changes, “such as deindustrialisation, retail activities, decentralisation of population, increased socio-

spatial polarisation and reduced accessibility due to the increasing demand for car ownership”. The 

cause and effect of accessibility may vary. For example, for the city centre to be the main area with 

the highest rate of employment it would also depend on the proximity of dwellings to work – a 

relationship that is often considered a cost-time issue of accessibility (Batty, 2009).  

 

It is argued, however, that accessibility is a geometric property of city form. The properties that 

Pacione describes are all functional aspects of the city centre, but they are also an outcome of 

geometric accessibility and thus of the geometric configuration of city form. The city centre, it is 

suggested, will still play the traditional role of being the historical core of a city but it will not 

necessarily be the most accessible location. The ‘heart of the city’ may not be the central exchange 

for goods, services and information. This is attributed to the increasing use of the automobile and 

public transport improvements, alongside the advancement of communication-related technologies. A 

city centre is no longer the most important place as it once was. Rather, it is the way a city centre 

relates to other potential locations that become central places of exchange.  

 

This explanation has evolved from several models of urban location that have addressed the form and 

structure of an urban core. Hence, the notion of centrality is a fundamental part of urban modelling. 

Literature on urban land modelling takes two approaches that are conceptually interrelated with 

various degrees of formality: descriptive and analytical. In the following section, these models are 

presented through their different perspectives of how they analyse the city centre in relation to 

accessibility, centrality and the friction of distance in human interaction. 

	  
 

1.1.2 Centrality in Urban Location Theories 

	  

This section concerns the revision of spatial and location theories of urban development. It focuses 

on urban modelling that is generally addressed in urban economic theory and more specifically in 

classic location theories. Location theories are specifically addressed in urban spatial structures, which 

relate to subjects such as sociology, urban ecology and geography (Von Thünen, Burgess, Hoyt, Harris 

and Ullman), as well as locational rent and land use (Alonso); and on the classic location traditions 

relating central place functions (Christaller and Losch). The purpose of reviewing these theories is to 

address urban centrality in terms of its functional properties and how they are understood in regards 

to the urban and economic growth of a city. The theories have taken two approaches: descriptive and 

analytical. The following section introduces the foundations of descriptive and analytical theories of 

urban location models that provided a basis for subsequent developments in explaining dynamics of 

centrality in urban economic theory.  
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1.1.2.1 Foundations of Urban Location Models 

 
In urban economics, location theory models of classical economists such as David Ricardo (1817) and 

Henrich von Thünen (1826), and those in the context of modern cities (Alonso, 1964; Fujita et al, 

1999; Fujita et al, 2002) deal with the spatial trade-offs concerning how different types of land uses 

are associated with different values of location within a city. Ricardo’s rent model (1817) was based 

mainly on average land fertility rates. The most fertile land was used preferentially because more food 

could be produced than on land of poorer quality, thus resulting in a higher rent value. The less fertile 

land received no rent until demand increased in other areas.  

 

A later analysis of agricultural land was Von Thünen’s model (1826). His proposition was based on 

Ricardo’s in which agricultural land was to be distributed around a single centre. It describes how land 

rents of different crops, transportation costs and distance from the city centre resulted in a 

concentric ring distribution of land use patterns (Figure 1.1). This concentric ring model has been 

fundamental in urban planning (Marshall, 2005) and in a wider context of urban economics (Isard, 

1956).  

 

From the conception of this model, the impact of distance in the distribution of land uses and 

economic activity began to be questioned in further analysis. Hurd (1903:13) made the first 

description of this issue: “Since value depends on economic rent, and rent on location, and location 

on convenience, and convenience on nearness, we may eliminate the intermediate steps and say that 

value depends on nearness”. Furthermore, he recognised that urban expansion of a city comes from 

specialised activities, in which implicitly he refers to changes in building use by addressing the 

distribution of utilities:  

 

“The physical evolution of a large city from a small one results not only from the increased 

population and added industries, but also from continual specialisation in business and 

differentiation in social grades. The first step is the separation between business and 

dwellings, the original buildings used for business below and dwelling above being replaced by 

separate business and residence buildings. Later social activities in educational, charitable and 

recreational lines, become organized and evidence themselves in schools, hospitals, theatres 

and clubs, increasing diversity of function resulting in increased diversity of structure” (ibid: 

75).  

 

The acknowledgment of distance and its relation to the distribution of activities began to emphasise 

how urban centrality is fundamental in the economic expansion of a city. Although Hurd’s perspective 

implies the relation of land values, accessibility and transportation cost, the idea of the spatial 

separation of uses in different functional areas still remains as the conceptualisation of distance as a 

linear function, from one point of location to the rest of the city, whereby buildings had to be 

separated according to their use where initially they were not. This would suggest that initially mixed-
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use patterns were possible before taking into consideration separation of uses (i.e. tools such as 

zoning).  

 

From the descriptive model of Von Thünen, formal expressions of accessibility with more analytical 

emphasis were developed. The early mechanical models of locational dynamics in Alfred Weber’s 

work, Theory of the Location of Industries (1909), is one of the most influential contributions to the 

addressing of mathematical solutions concerning transportation costs, and thus accessibility to fixed 

locations. Weber’s proposition of industrial location attempted to look at several spatial factors for 

finding optimal location and minimising transport and labour costs for manufacturing plants (Weber, 

1929). Emphasising largely the historical analysis, Weber’s work shed light on the problem of locating 

industry, which had become particularly relevant with the development of rail transport in the late 

19th century. Weber’s analysis came at a point where railway networks had developed to their 

ultimate extent. He was, therefore, concerned with the balance of location between raw material 

sites, the market of manufactured goods and transport (Fetter, 1930). His model presented a 

calculation of ‘locational triangles’ in the placing of industry between raw materials and markets. 

Weber used a ‘Varignon frame’ to help physically calculate points using weights to represent 

transport costs (ibid:229).  

 

These first propositions on urban location of activities created the foundations to develop models 

relating to different fields such as human geography, urban ecology and market areas. The interesting 

factor here is how the assumptions of the theories bring similarities and differences to describe, 

analyse and interpret centrality and accessibility. For example, the assumptions of simplifying reality 

such as in Von Thünen’s model are also present in Weber’s theory (i.e. assuming there is a uniform 

system of transport over a flat surface). However, unlike Von Thünen’s model, Weber does not 

assume an equal distribution of industrial activity. Rather he assumes that raw materials are unequally 

distributed in fixed locations. These foundations of how the location of activities performs in the 

urban and economic expansion of a city reveal the first conceptualisations of distance in city form as 

well as the spontaneous ordering of urban structure. 

 

For example, the concentric distribution of land uses is not a result of conscious urban planning to 

establish a predetermined organisation of the city, whereby the dense urbanised area for commercial 

use sits at the centre, with housing on the edges of the city, followed by intensive farming, forest and 

finally field crops and ranching animal products, such as in Von Thünen’s model. According to Marshall 

(2009:187), the concentric land pattern “formed spontaneously as a result of individual citizens, shop-

owners and farmers and foresters acting in their own self-interests, with no regard for what the 

overall (or optimal) pattern would be.” Marshall (2009) argues this as part of the ongoing debate 

about how modern urban planning interprets this theoretical model as the way in which a city’s 

urbanisation should take place, rather than as a consequence of an emergent, bottom-up planning that 

concerns social, economic and spatial processes (Olsson and Haas, 2013).  
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Another example is the development of the concept of distance in city form regarding centrality and 

the distribution of land uses. Haig (1926) introduced a way to ‘minimise the costs of friction’ in 

relation to land values and transportation costs, which became pivotal to the further development of 

urban models that depicted the impact of distance in the formation of urban structure and its socio-

economic activity. Parallel to this principle by Haig was the introduction of the concentric zone model 

developed by Burgess and Park in 1925. The first approach in location theories is presented in the 

following sections, based on descriptive and models that examine the overall urban structures, 

explaining the emergence of towns and cities, and the spatial distribution of activities and urban forms. 

 

	  

 
Figure 1.1. Agricultural model of Von Thünen (1826) 
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1.1.2.2 The Burgess Model: Chicago as an exemplar of concentric form 

pattern 

 
An important note to consider is that every urban model was developed within the context of a 

specific period in history. The radial expansion of the city constitutes an abstract representation of 

the nature of urban development at that time, accounting also for specific social and political 

circumstances. This was the case with the city of Chicago, which was used by Burgess and Park in 

their work The City (1925) as the basis for exploring and studying urban structure of the city.  

 

Burges and Park attributed the differentiation in the allocation of residential and commercial land use 

through a concentric zone theory (typically known as the Burgess model); this was an urban description 

of Von Thünen’s agricultural land use model. Burgess and Park proposed an interpretation of the land 

structure of the city of Chicago in the 1920s based on human ecology and social class. “In particular, 

the model assumed private ownership of property and the absence of any city planning constraints on 

the use of private property” (Pacione, 2001:140). 

 

The Burgess model argued that the city grows outwards in a ringed fashion (Figure 1.2), starting from 

the most dense and central core of the city, the CBD (Zone 1), to the commuter zone (Zone 5) in 

which outer suburbs are mostly constituted of single-family housing. The model itself represents a 

spatial organisation of similar land uses (designed as zones), which also corresponds to social class 

structure. From the CBD, the model describes zones of social classes that refer to residential 

affordability (Figure 1.3). Individuals settle according to their economic status and the affordability of 

available housing. The higher the economic status, the greater the likelihood of settling further away 

from the CBD within private residential areas. Closer to the CBD is the slum area where many 

immigrant groups are settled, followed by a succession of housing spaces comprising low to middle 

class suburbs.    

 

An interesting study by Fiorio (2011) provides insight into how the urbanised concentric form of 

Chicago is still present, showing the geography of growth and real estate investment in the city. 

According to Fiorio, the map in Figure 1.4 presents how the successive rings of housing and social 

classes have changed since the 1920s. By the time Burgess and Park developed the model, “the 

structures you see colored in green were freshly built and constituted the outer-lying middle class 

neighborhoods in which people strived to live. Those structures colored in blue were older and 

constituted the poorer, working-class districts where many immigrant groups lived” (Fiorio, 2011, 

quoted in: thebackgroundgeographer.org). The development of the ring-shaped zones coloured in 

yellow and orange (1919 - 1980) shows a more dispersed distribution of housing, along with new or 

rebuilt areas in recent years coloured in red (1981 – 2010).  
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The most recent time period of building age (1981 – 2010) makes an interesting shift that Burgess’ 

model is not able to fully explain. This is mostly due to the fact that the “land [value], together with 

the buildings upon it”, have changed since the 1920s (Hoyt, 1933:232-234) and the reality that 

“Chicago’s physical and social features were constantly changing, [in which] an assessment might well 

become obsolete in the time required to formulate it” (Smith, 2006:38). Overall, the distribution of 

concentric urban patterns in Chicago also influences the way in which the road network still remains 

part of the city’s landscape today (Fiorio, 2011). The succession of housing development reflects the 

socioeconomic changes over time, breaking the Burgess model within its defined zones; for instance, 

some areas have lasted over time whereas others have been newly developed in different locations in 

the city (Figure 1.4).  

 
Figure 1.2. Concentric Zone Model by Burgess (1925). Re-drawn by the author from: Burgess, E. (1925) The 

Growth of the City, in R. Park and E. Burgess (eds) The City. University of Chicago Press, Ltd: London. 
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Figure 1.3. Chicago’s spatial and social pattern of concentric rings seen by Burgess and Park (1925) 
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Figure 1.4. Map of building age in Chicago by Fiorio (2011) 
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1.1.2.3 Hoyt model & Harris and Ullman model 

 
Two other descriptive urban models have followed and refined the original model of concentric form 

pattern: the sector model by Hoyt (1939) and the multiple nuclei model by Harris and Ullman (1945). 

Hoyt’s sector model described the spatial arrangements ordered by sectors rather than concentric 

zones. Similar to Burgess, Hoyt’s layout also starts with the assumption that the city develops from 

the CBD and outwards in different sectors (Figure 1.5). Each sector is defined for low, middle and 

high-class residential uses as well as industrial sectors. Each sector would grow along traditional 

communication routes, and change would only occur within the sectors themselves. For example, a 

high-class sector would remain a high-class residential only. Paraphrasing Pacione (2005:142), the 

difference between Burgess’ and Hoyt’s models is that the first stimulates the “demand-side” of how 

to allocate housing according to the city’s needs to be more central, and the latter evokes a more 

“supply-side” re-division in creating new developments, stimulating a socio-spatial change within and 

between the sectors. 

 

The multiple nuclei model suggested by Harris and Ullman argues that a single CBD does not grow on 

only one location, but rather that smaller centres also form continuously around separate cores or 

nuclei (Figure 1.6). The growth of each nucleus is based on different factors: the clustering of similar 

activities for mutual profit, more specialised facilities, that opposing activities need to be separated 

from each other (e.g. industry and residential), and according to the affordability of locating activities. 

This kind of urban land model represents a multi-nodal growth of a city, in which the use of land may 

differ and cannot always be predicted as Burgess and Hoyt suggested.  

 

Harris and Ullman’s main argument is that despite having a central business district, local or smaller 

centres can develop according to the local context of different kinds of land uses. However, each of 

these models has its limitations. Burgess’ model is limited to historical and cultural applications; it is a 

product of its time that fails to explain the modes of transportation routes. In Hoyt’s proposition, the 

model considers the major transportation routes, but the growth of each sector is restricted to 

within that sector, without contemplating suburbanisation.  
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Figure 1.5. Hoyt model (1939) 
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Figure 1.6. Multiple Nuclei model by Harris And Ullman (1939) 
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As with Burgess’ and Hoyt’s models, Harris and Ullman’s proposition was contemplated only for 

American cities. This third example differs in making use of differential accessibility by allocating 

specialised areas (for example, the railroad). The layout contrasts the land use compatibility of similar 

activities that group together due to the process of “economies of agglomeration” (Weber, 1909, 

quoted in: Lloyd & Dicken, 1972:130). Alfred Weber (1909) argued that agglomeration takes place 

when the clustering of economic forces occurs in space. The agglomeration of economies becomes an 

entrepreneurial decision about where to locate, which has a significant impact on the location of 

socioeconomic activity in space. At the same time, there is also land use incompatibility where some 

activities are entirely opposed, such as high quality residential spaces and heavy industrial uses. 

Interestingly, some of these activities cannot afford the rent to be located in the most accessible site, 

causing them to agglomerate in cheaper places which are more suitable for the types of uses but less 

optimal for access. 

 

The three models make various assumptions (Figure 1.7). Firstly, they consider the city centre as the 

origin point from which to measure distances throughout the city, along with the common idea that 

the centre of the city is the area with the highest accessibility of services and opportunities for 

employment. Secondly, they consider that competition of space for private property ownership 

suggests a commercial base to the economy of the city. Thirdly, they construct a hierarchical order of 

land uses without recognising that different areas have their own historical successions, partly 

influenced by how land use has been distributed. It is clear, however, that the competition for 

centrality is essential, leading to the idea that more limited space tends to be more accessible, and 

thus has higher land rental value.  

 

The proposition of these models, and their emphasis on the role of accessibility and centrality, 

provides a study of how the city centre is taken as the focal point with the highest cost of land and 

employment. It also provides a framework to explain how in modern times the shifting of urban cores 

occur, at times provoking decentralised growth and the loss of the city centre, as these models 

assume. The three examples present the distribution of different land uses across the city. Within the 

same theories and urban modelling of classic urban economic theory, the following model also takes 

an interesting approach to centrality, focusing primarily on the location of retail activities and 

distribution of settlements, commonly known as the Central Place Theory.  
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Figure 1.7. Comparison between the American urban land models – Burgess, Hoyt, and Harris & Ullman 

 

 

 

1.1.2.4 Central Place Theory 
 

Within the literature of location theories in urban economics, the Central Place Theory developed by 

Walter Christaller (1933) is one that also relates to urban geography. The theory attempts to explain 

the reasons behind the size and distribution pattern of settlements within a system and what 

activities, such as trade and services within central places, may exist in towns, cities or villages. It also 

attempts to provide a framework by which those settlements can be studied for historical reasons 

and for locational patterns. Christaller’s idea of central place was based on the concept of how 

economic relationships between cities and their hinterlands occur. People would gather together in 

cities that exist for purely economic reasons, to share goods. In order to define a ‘central place’, 

Christaller proposed that a central place exists with the purpose of providing goods and services to 

its surrounding population. Thus, the city itself is in essence a distribution centre.  

 

According to Mulligan (1984:4), the main concern of this theory is “that different points of locations 

on the economic landscape have different levels of centrality and that goods and services are 
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efficiently provided on hierarchical basis… Locational centrality is the underlying concept of the 

theory” Christaller’s assumptions in his model were, firstly, that land was flat and featureless; the 

areas would have no barriers to impede people’s movement. Secondly, that individuals would look to 

purchase goods from a place as close as possible to them; and thirdly, that whenever demand for 

certain goods increased, this would create the possibility of offering them in close proximity to a 

larger population.  

 

These assumptions defined the concepts of threshold and range in this model (Figure 1.8). The 

determining factor of location is the threshold, threshold being the minimum market area or 

population needed to keep a business going. Once the threshold is established, the central place will 

seek to expand its market area or range, range being the maximum distance that consumers are 

willing to travel to buy a product or service. This then brings the concept of defining forms of 

distribution in hierarchical orders (Figure 1.9), in which “each settlement has a particular location on 

the landscape, and the relative centrality of this location determines both type and variety of goods 

the settlement provides” (ibid).  

 

Settlements that provide more goods than other places are referred to higher-order central places; 

those with small market areas that provide goods that are purchased more frequently than those of 

higher-order are called lower-order central places (Preston, 1971; Openshaw et al, 2003). For example, 

goods in higher-order places are more specialised items such as automobiles. People do not purchase 

them regularly, and thus such kind of business will locate in larger cities where the population is 

larger. Goods in lower-order places can be provided by small businesses in smaller towns that are 

likely to keep their business going because people will prefer to buy these more frequently in closer 

locations than to travel longer distances to the city.  

 

Figure 1.9 shows the geometry and order of the model, in which a central place is located at the 

points (or vertexes) of equilateral triangles. As the points connect, they form a series of hexagons, 

representing the assumption that individuals will visit the closest place offering certain goods. The 

shape of the model demarks the orders of central places, in which market areas at a certain level of 

hierarchy are three times bigger than the next lowest one. The different levels follow a progression of 

threes. For example, when there is one city, there would be 3 towns, 9 villages and 27 hamlets. This 

also includes the transportation opportunities in which consumers would divide into two equal 

groups when shopping, for instance, in the two nearest market areas.   

 

Christaller’s work was extended by August Losch’s work (1944) in The Economics of Location 

(translated in 1954). Unlike Christaller, Losch’s proposition was to begin from lower-order places; 

these would be distributed in equal hexagonal patterns similar to Christaller’s model. For Losch, a 

central place would begin in the small scale of economic activity, whereby the lower-order central 

places have the more specialised goods and distribute these into a larger system. The spatial 
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competition would not depend solely on location as in Christaller’s model, but in minimising the need 

to travel to purchase goods while still generating and maintaining a business’ profit.  

 

Similar to the previous models of urban land structure (Burgess, Hoyt and Harris & Ullman), the 

background of the model is one of an agricultural-based economy. With the assumption of a 

featureless plane and the distribution of consumers under a limitation of geometrical boundaries 

equalising distances, the Central Place Theory results in a non-flexible and limited description of 

urban centrality, lacking any notion of the real patterns of geometry in cities.  

 

 

 

Figure 1.8. Threshold and range in a market area 
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Figure 1.9. Central Place Theory 
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1.1.2.5 Bid Rent Theory 

 
In addition to the descriptive urban models addressed so far, the ecological perspective of 

understanding centrality has provided an explanation of the urban structure of cities and to outline 

the processes of structural change. These historical theories of the urban structure of cities have 

been contrasted with an analytical approach of structural explanations proposed by William Alonso 

(1964) in his theory of bid rents – a locational model within urban economic theory that also 

concerns other fields, such as human geography. 

 

Alonso’s proposition is an analytical adjunct to Burgess’ descriptive model of concentric zone theory. 

It largely discusses the main problem of allocating land over space. He suggested that the hedonic 

character of certain goods made possible an approach to consumer demand (ibid: 12). Location was his 

hedonic good which considered two main attributes: land value and distance to the city centre. Urban 

centrality is explained here as a process of bidding for a location by households and firms. The theory 

states how rents are a declining function of distance to the city centre (Figure 1.10). Rents will be 

higher closer to the city centre as households attempt to minimise their transportation costs. 

Households search to locate in urban space in order to maximise their utility. For example, residents 

living closer to the city centre will have to travel less to reach to an employment or entertainment 

centre. Conversely, rents will be lower moving away from the city centre, as transportation costs 

would become higher for such residents. According to Trussell (2010) however, transportation costs 

do not only refer to public transport (e.g. bus fares), but are also about the opportunity cost of 

commuting. Time spent travelling could alternatively be spent in leisure or work, either activity 

creating utility for the commuter (ibid: 5-6). 

 

The basic concept in Alonso’s model is the bid rent curve, which is defined as “the set of prices of land 

the individual could pay at various distances while deriving a constant level of satisfaction” (1964: 59).  

Alonso suggested that different land users are able to compete to pay for good access to the city 

centre; thus, the amount they are willing to pay is called ‘bid rent’. For example, on the one hand, 

consumers will search for a unit of space based on an existing set of markets. On the other hand, 

landowners will select consumers for the occupancy of their land. Consumers must bid rents to 

owners for the privilege of occupying their land or, in other words, to have ownership over a unit of 

space. The competition amongst individuals insures that each unit of space goes to the highest or 

maximum bid rent. 

 

The bid rent theory essentially shows a simplistic distance decay model. The principle of distance decay 

(or friction of distance) is that spatial interaction is understood to be a function of distance and the 

degree to which distance creates friction between locations. By friction, it is implied that such 

distance usually requires some effort to overcome. Friction between places increases as distance 

increases and inhibits, or makes less likely, spatial interaction (Nekola and White, 1999). This is 

shown in figure 1.11, in which Alonso’s principle of bid rent theory shows how different land users 
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function in relation to rent values and distance from the city centre. Land users with steeper bid rent 

curves will accordingly be located nearer to the city centre whilst flatter bid rent curves will be 

located at the periphery.  

 

The model assumes that accessibility increases with centrality, which can be described in the following 

example: perhaps if a retail space, for example a large department store, is willing to pay a higher rent 

to be located in the city centre. The city centre represents a very valuable location to the department 

store because for them it is traditionally the most accessible location for a dense populated area. This 

population is essential to the department store in order to gain an acceptable turnover. Therefore, 

the department store maximises the potential of their location by paying the most expensive rents in 

the most accessible area; additionally, the department store may also exploit the potential of its site 

by building upwards (i.e. the example of high-rise buildings often found in the city centre). As you 

move away from the city centre, a retail space will be paying a lower value of rent but with a less 

accessible location than other retail spaces. Industry, on the other hand, is willing to pay to move 

away from the city centre, as availability increases of land that allows usage for factories or large 

warehouses, while still keeping the benefits of the city centre as a market place. As distance from the 

city centre increases even further, land becomes unattractive to industry and even more so for retail; 

residents are able to purchase land or a residence at a much lower price, with higher land availability 

but less accessible to the city centre (i.e. as in the example of suburbs with detached and semi-

detached housing in the UK). The further away from the city centre, the cheaper the land, and 

therefore, lower rent costs.  

 

It is important to note, however, how the bid rent model analyses the city based on different 

assumptions: firstly, the model assumes that the city is built on an isotropic plain – one in which all 

the physical parameters are the same at any point and at any direction, so the terrain is perfectly flat 

everywhere. Alonso explained this as,  “the city is viewed as if it were located on a featureless plain, 

on which all land is of equal quality, ready for use without further improvements, and freely bought 

and sold… this plain may contain lakes, or reserved land such as cemeteries, which are holes on the 

surface of the plain. In this sense our featureless plain is not featureless. What it does not have are 

features such as hills, low land, beautiful views, social cachet or pleasant breezes. These are 

undoubtedly important but no way can be found to incorporate them into the type of theory that will 

be presented” (1964: pp. 15-17).  

 

Secondly, transportation costs increase in proportion to distance travelled, resulting in a linear 

function of distance from the city centre (Alonso, 1960: 154). This means that the decrease in rent 

from moving one unit of distance away from the city centre is equal to the corresponding increase in 

transportation costs. Thirdly, the city centre remains as the single most important location in the city. 

Different land users will compete with one another for land near the city centre principally because it 

is traditionally the most accessible part of the city, thus assuming a monocentric spatial structure (ibid: 

156). And fourthly, activities are given as independent factors in the model, unfolding Alonso’s theory: 
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“The approach that will be followed in this study will be that of economics, and from this wealth of 

subject matter, only a pallid skeleton will emerge. Both the Puerto Rican and the Madison Avenue 

advertising man will be reduced to that uninteresting individual, economic man. The squalor of the 

pawnbroker and the flair of the exclusive fashion-house will disappear into that grey entity, the firm. 

The exquisite legal complexities of real estate will vanish into straightforward buying or renting, and 

the rich topography of the city will flatten to a featureless plain” (1964: 1). 

 

As with most locational models in urban economic theory, Alonso’s proposition takes no 

consideration of topographic variations, lines of communication or planning policies. There is little 

account of the performance of city form in the spatial interaction between distance and rent values. 

What it does successfully contribute is that the model describes the hypothesis of minimising the cost 

of friction, accounted by individual decisions of bidding between land uses and the benefits of location. 

 

 

 

 

Figure 1.10. Relationship between rent prices and distance from the CBD. In: Alonso, W. (1964) Location and 

land use. Cambridge: Harvard University Press. 
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Figure 1.11. Alonso’s bid rent curve model (1964) 

 

 

The models presented so far have addressed urban centrality based on abstract representation of 

cities. Some of them, such as Burgess’ model, were based on the structures of American cities. In 

order to enhance the literature on urban land modelling, the following section presents several 

examples of urban models based on European cities. These propositions followed the classical urban 

models, adding other environmental factors that begin to introduce the complexities to the study 

spatial structures to then evolve in more normative methods of land modelling. The next three cases 

are focused mainly on British cities, presenting cities like Sheffield, Liverpool and Manchester as well 

as the general notion of what makes a European town. 
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1.1.2.6 The European models – Examples of British cities 

 

• Mann’s model: The Case of Sheffield, UK 

 
Despite the limitations of the previous models, their influence in proposing an urban land model for 

UK cities was evident in Mann’s model (1965). Mann suggested combining the concept of the ‘zone’ 

from the Burgess model and the idea of ‘sectors’ by Hoyt, illustrating a ‘sector-zone’ model of a typical 

British city (Figure 1.12). Mann based his model on the cities of Sheffield, Nottingham and 

Huddersfield. Unlike the American-based models, the contribution of Mann was to consider the role 

of prevailing wind in urban structure in explaining the location of industry and the arrangement of 

residential areas (Daniel and Hopkinson, 1990:134). The most common prevailing wind in the UK was 

considered to come from the south-west. As such, the model assumed industrial areas to be on the 

eastern side, whilst placing the residential spaces in the south-west. Industry acts as a key factor for 

the location of working-class housing, to provide appropriate opportunities at lower cost of 

transportation or commuting.  

 

The model defines the sectors, dividing them by social class (middle-class, lower-middle class, 

working-class and lower-working class), with the zones divided by age (older houses being localised 

with close proximity to the city centre, and new developments constructed further away from the 

central zone). As an example representing Mann’s model, Sheffield evolved from being a ‘village’ to an 

‘industrial city’ - partly due to how the local industrial organisation evoked an economy dependent on 

workshop-based systems (Griffiths, 2008; 2009). The expansion of Sheffield did not take into account 

the problem of restricting industry and its location. According to Griffiths (2009:90), this would 

suggest that “Sheffield’s spatial configuration provides a good example of an ‘organic’ growth process 

of a city able to expand physically within the constraints of topography, technology and economy”. In 

this sense, Mann’s model makes an important generalisation regarding how complex urban patterns in 

a city’s own historical evolution evoke emergent socio-spatial organisations in a micro-level structure, 

resulting in macro-level distribution. 
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Figure 1.12. Mann’s British urban land model (1965) 
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• Lawton model: The Case of Liverpool, UK 

 
Lesser known models have also studied the structure of urban patterns in other UK cities. The first 

model after Mann was initiated in 1973, based on the city of Liverpool and depicted the Lawton 

model (Daniel and Hopkinson, 1990). This example explores the urban development of Liverpool in 

the 19th century by contemplating the historical core of the city and the arrangements of concentric 

zones or belts that are differentiated as cyclical developments of the city over time (Figure 1.13). Like 

so many British cities, Liverpool experienced an expansion and booming of building development from 

the 1840s through to the 1900s. The model makes a distinction between every sector according to 

pre-existing patterns of land ownership (Thomas, 2001). In contrast with the Burgess model, which 

considered the progressive movement of migrants outwards in the city, the Lawton model makes the 

distinction that this process occurs according to the affordability of housing and thus is the reason 

why the sectors are considered mainly individually rather than as one single sector for one single 

purpose.  

 

The example of the city of Liverpool and its similar formation in a more or less concentric growth 

pattern can be shown in the way that accessibility planning is thought of in accordance with public 

transport and the accessibility of key services by population density1  (Liverpool City Council, 2010:1-

4). The accessibility measures in this study are limited by walking or by public transport (bus or rail), 

in which a “desirable” estimate of accessibility by walking distance is 200m (c. 2.5 min) for town 

centres, 500m (c. 6 min) for commuting / school or sightseeing, and 400m (c. 5 min) elsewhere2.  

 

Liverpool City Council’s study analyses accessibility as a measure of the population’s ease of accessing 

[all seven] key services. The report defines that “the measure is based on the number of people who 

can access each service within lower and higher journey time thresholds [to services in walking 

distance minutes] by different modes of transport” (Liverpool City Council, 2010:2). 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 The study includes seven services: Primary School, Secondary School, FE Colleges, GPs, Hospital, Employment and 
Food stores (Liverpool City Council 2010). 
2 See full report in NWIEP Liverpool Accessibility Planning, LDF Related Analysis Results, January 2010 by Liverpool 
City Council.	  
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Figure 1.13. Lawton Model based on the city of Liverpool, UK (1973). Source: Daniel and Hopkinson (1990) The 

Geography of Settlement, Oliver & Boyd, p.134, In: Thornes, N (2001) British Urban Models: Their Application 

to Towns and Cities Today. Geofile Online, 402. 

 

 
An example of the study in Liverpool can be seen in Figure 1.14, which shows an analysis of 

accessibility that includes the whole area of Liverpool and indicates the locations of all services. The 

red areas shown in Figure 1.14 “show a score of zero services within the threshold ranges used, while 

purple areas show a maximum score of all seven services available” (Liverpool City Council, 2010:5). 

 

However, in comparison with the Lawton model, which shows the process of growth evolving by 

housing affordability maintaining each belt as a stage of development, the study made by the Liverpool 

City Council only considers accessibility in terms of travel times and dismisses any other potential 

aspects such as affordability or quality. In Figure 1.14, the accessibility measures are related to the 

most significant residential areas of the city. Most services are accessed within the boundaries of 

residential areas and are located in the surroundings of the city centre. The relation of the city centre 

to its polycentric growth can also be seen in Figure 1.15, where the measures of accessibility to public 

transport and services are made based on distances between the different district centres across the 

city. The city centre area (marked in a red circle) is surrounded by the district centres (sub-centres), 

which are proximate to each other and follow the main transport routes in the city.  
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Findings of this assessment demonstrate a 

relationship in Liverpool between increasing levels 

of accessibility in areas and increasing levels of 

deprivation, and a similar relation between 

increasing levels of access and decreasing car 

ownership. “This provides an indication of how 

car ownership in Liverpool perhaps leads to less 

dense and walkable residential areas, which are 

also less well served by public transport” 

(Liverpool City Council, 2010:18).  

 

Accessibility and its relation to residential 

affordability and areas of deprivation is an issue 

that is social and economic in nature. In the case 

of Liverpool (Figure 1.16), areas with the highest 

increase in accessibility are associated with areas 

of high demand for bus services (low car 

ownership) and services within walking distance. 

Areas with the highest levels of deprivation are 

associated with car-dependant cul-de-sac estates, 

in which longer walking distances and lower 

accessibility of public transport are encountered 

(ibid:9-10).   

 

The concentric and radial form of growth in Liverpool’s case is one of the first examples to show 

how, through the historical development of a city, emerging local centres arise across the city. 

Thinking about how people are willing to pay for a residence in the most central areas, location 

becomes not only a matter of accessibility to services and public transportation, but also an important 

aspect within the street layout itself. The street network is designed and planned with the social and 

economic purpose of connecting spaces within the whole city. The street network (spatial 

configuration in this sense) should not be reduced to transportation models – something that many of 

the urban models above only describe in the form of zones, sectors, nuclei or concentric patterns. 

 

Figure 1.14. Accessibility score for whole 
Liverpool area (Liverpool City Council, 2010) 
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Figure 1.15. Accessibility based on public transport in different district centres in Liverpool 
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Figure 1.16. Top 5% of Index Multiple Deprivation and accessibility in residential areas according to the NWIEP 

Liverpool Accessibility Planning report, January 2010. 
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• Manchester, UK: A model of its own 

 
An unplanned settlement begins as a concentric 

form urban pattern but over time becomes 

managed by a planning system. This process can 

be seen in the ways in which the configuration of 

the settlement starts to develop. Such an 

example of a concentric form of urbanisation 

can be found in the city of Manchester.  

 

In the early 1960s Manchester had a projected 

highway plan called “S.E.L.N.E.C. 3  A Highway 

Plan 1962” (Courtesy of Chetham’s Library 

published in: Dodge and Perkins, 2009:9), which 

showed the use of the road network in the 

whole region of the city as distinct concentric 

ring routes addressing the problems of 

immobility on Manchester’s roads (Figure 1.17). 

The main issue considered was the road 

congestion affecting the city that led the 

Association of Greater Manchester Authorities 

to introduce a congestion charge – a scheme 

that is still present in cities in the UK such as 

London. The interesting factor here is how the 

road network of the city was used as the main 

element in dividing congestion zones, detailing 

where and when drivers would be charged 

according to different concentric ring roads and 

radially expanding across the city. Figure 1.17 

shows these concentric roads as geographical 

patterns of access in Manchester, demonstrating 

the main routes that distributed the commuting 

connections surrounding the central core of the 

city. 

 

A second example of Manchester’s urbanisation growth being influenced by its road network is shown 

in Figure 1.18. At the time of the design of this plan, the transportation policies aimed to define the 

distances – as the crow flies – from the suburbs of the city to its central core. The differentiation 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  S.E.L.N.E.C. stands for ‘South East Lancashire-North East Cheshire’, which refers to Greater Manchester.	  

Figure 1.17. S.E.L.N.E.C. A Highway Plan 1962 
(Courtesy of Chetham’s Library published in: 
Dodge and Perkins 2009). 
 

Figure 1.18. Time Zone Map of 1914, Manchester. 
(Courtesy of Manchester City Archives and Local 
Studies Library published in: Dodge and Perkins 
2009). 
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between areas of the map highlights the time travelled to get to the city centre, thus detailing the 

issue of congestion. However, this only considers factors of transportation and cost in understanding 

a city’s socioeconomic urbanisation, disregarding street configuration (road pattern), morphology 

(street-block-plot relation) and architectural form (building use and density).  

     

 

• Hopkinson Model: The European Town 

 
Other more place-specific studies, such as the case of Sunderland by Robson (1975), illustrate the 

application of a more or less Hoyt model to a British city. The argument considers the distribution of 

rateable values of houses, clearly distinguishing the relation of these to the path of the river. 

According to Rae (2001:2), this contrasts with Hoyt’s sector model, in which economic space is 

organised according to the transportation lines.  

 

A layout that addresses the zoning of UK and Western Europe was developed by Hopkinson (1985), 

which resembles the concentric zone theory of Burgess and Hoyt’s sector model. The interesting 

feature of this model is that it considers the preservation of historical buildings in its centre, which 

render the centre a core that demarks the city’s own history and well-preserved environment (Figure 

1.19).  

 

Figure 1.19 shows well-defined kinds of uses in relation to the different functions of the city. Industrial 

development tends to grow along railway lines and open spaces, such as parks, following the natural 

paths of the landscape. Between the inter-war and post-war developments, the progression of 

residential properties primarily took place along main roads, thus creating a ‘green belt’. The green 

belt zone has been one of the major concerns in UK planning, designed to restrict the growth 

between the countryside and the urban area. The policies are to maintain open space areas that 

surround built up areas. This policy has been implemented in the UK since World War II and has 

received praise for conserving green spaces on one hand, and criticism regarding the shortage of 

residential growth, failing to preserve a ‘compact city’, on the other (Amati and Yokohari, 2006; 

Longley et al, 1992). 
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Figure 1.19. Hopkinson’s model of a European town (1985) 

 

 

The second approach in location theories concerning centrality takes a shift from descriptive to more 

profound analytical types of models. Following the analytical model of Alonso’s bid rent theory, and 

parallel to the development of urban models in European cities, research on modelling urban 

structure began to consider contemporary urban conditions, such as social and institutional factors 

(Kearsley, 1983; Vance, 1964; White, 1987). The evolution of these models began to focus on 

studying patterns of land use through transportation dynamics as their analytical framework, namely 

known as land-use transportation models. These models are most often linked to the field of urban 

planning, specifically to transport planning. However, their methods are grounded largely in urban 

economic theory, and in particular to locational theories, as a basis on which to estimate an aggregate 

of economic forecasting activity with transport planning activity. The following section provides a 

review of land-use transport models as much more sophisticated expressions of accessibility that say 

more profound things about the dynamics of centrality.  
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1.1.2.7 Land Use Transportation Model 

 

From the early mechanics of locational models, dating from Weber’s theory of industrial location 

(1909), the concept of accessibility plays a central role in the connection between land use and 

transportation. The importance of the demand for travel has been increasingly recognised by urban 

and transport planners in modelling the spatial flow of people and commodities (Blizzard, 1996). Land-

use transportation models (LU-T) comprise two distinct components: land uses and transport. Under 

the umbrella of these two components lies an interconnected web of sub-models representing 

different processes at work within the city (Torrens, 2000). General key variables can be outlined in 

composing land-use transport models. Firstly, land use is considered in sub-models focused on 

location, land development and equilibrium mechanisms addressing the dynamics of demand and 

supply (ibid). Secondly, the transport model component traditionally outlines a sequential process of 

estimating travel demand, based on aggregate approaches, known as the four-step model (McNally, 

2007: 6). This four-step model includes simulating trip generations, trip distributions, modal choices 

(trips made by alternative modes) and route choice (trips assigned to mode-specific networks) (Figure 

1.20). 

 
Figure 1.20. Structure of land-use transportation models. Source: Torrens, P. (2000) How land-use 

transportation models work. Working Paper Series, Paper 20. Centre for Advanced Spatial Analysis, UCL, p.17. 

 

 

From Hansen’s definition of accessibility as a means to measure relative nearness or proximity of one 

place to another (1959), the general framework of the two systems began to unfold the complexities 

of functional linkages in urban systems (Southworth, 1995). The wider field of urban planning also 

recognised the intricate relationship between trip and location decisions and the way these two co-

determined each other, setting a ‘land-use transport feedback cycle’ – an enhanced version of the 
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four-step and land-use model relationship that is commonly addressed by urban and transport 

planners (Wegener, 1995, 2004). According to Wegener (2004: 3), figure 1.21 can be summarised in 

the following set of relationships: 

 

• “The distribution of land uses, such as residential, industrial or commercial, over the urban 
area determines the locations of human activities such as living, working, shopping, 
education or leisure." 
 

• “The distribution of human activities in space requires spatial interactions or trips in the 
transport system to overcome the distance between the locations of activities.” 
 

• “The distribution of infrastructure in the transport system creates opportunities for 
spatial interactions and can be measured as accessibility.” 
 

• “The distribution of accessibility in space co-determines location decisions and so results in 
changes of the land use system.” 

 

 
Figure 1.21. The land-use transport feedback cycle. Source: Wegener, M. 2004. Overview of land-use transport 
models. Handbook 5 of the Handbook in Transport. Pergamon/Elsevier Science, Kidlington, UK, 2004, 127-146, 

p.3. 
 

 

In recognition of the complex dynamics of an urban system, the development of integrated land-use 

transport models initiated an evolution of urban modelling that gained momentum during the 1950s 

and 1960s. The first of the LU-T models introduced was Lowry’s model of Metropolis for the city of 

Pittsburgh in 1964. Since then, several LU-T models have been developed, such as BOYCE (Boyce et al 

1983, 1985; Boyce and Mattsson, 1991), the Integrated Transportation Land Use Package - ITLUP 

(Putman, 1983, 1991, 1998), the UrbanSIM (Waddell, 1998a, 1998b, 2002; Waddell et al, 1998), and 

the MEPLAN (Echenique and Williams, 1980; Hunt and Echenique, 1993; Hunt and Simmonds, 1993). 
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These models have contributed to a wider knowledge of urban behaviour by implementing 

operational forecast techniques of land use patterns.  

 

While the land use components of these LU-T models have evolved from aggregate representation to 

complex econometric models, the four-step model to represent the transport system still remains as 

the main component of urban modelling. However, the simple four-step model has also made 

advances in developing modelling techniques that range from activity-based travel demand approaches, 

to the operational integrated land-use transport models predominantly using the transport 

component, to the adoption of disaggregate models and use of the activity-based approach within the 

transport component4 (Wegener, 2004: pp. 4-6; Waddell, 2005) (Figure 1.22).  

 

One of the most common modelling techniques used in LU-T models is the bid rent theory (Alonso, 

1964). This technique is of interest here since the bid rent model is still commonly used to represent 

the market processes within a land-use system. This reflects that the logic of the classic bid rent 

model, which is based on the theory that the more accessible an area is the more profitable it will be, 

still works in the use of transport associations that no longer represent distances dispersed evenly, 

rather than in the transport network of the city. While the notion of the bid rent theory offers an 

explanation of the spatial distribution of urban activities, the theory does not translate easily to 

practice according to Torrens (2000:33). He argues that the utility function is often difficult to 

calculate since it involves a monetary indication (e.g. travel cost of commuting), and in other cases 

contains non-monetary indications that are difficult to price (e.g. affordability of location, availability of 

space, among others). 

 

Torrens proceeds to explain that variants of bid rent models, such as hedonic price models, have 

contributed to the disaggregation of variables, yet have some disadvantages in bid-rent calculations: 

“Hedonic price models distil real estate values into constituent components (e.g., land value, structure 

value, number of bedrooms in property, proximity to schools, etc.), each of which has an associated 

value. Often these models can be incredibly disaggregated. However, they are weakened to some 

extent by their reliance on price as a framework for formulating ideas about the dynamics of urban 

systems. Also, because of privacy concerns, price data can be difficult to obtain, especially data 

spanning multiple time periods” (ibid: 34). 

 

Modelling centrality in LU-T models is implicitly related to the measure of accessibility in these 

models. For example, the relationship between the utility of location of activities and centrality, a 

derivative of accessibility, is implicated in bid rent models. Most importantly, the two components 

that make up LU-T models bring into consideration the methodological aspects of analysing the 

location of activities in spatial structures. The method of LU-T models introduces the use of network 

science (Barabási, 2002), in contrast to the classical location theories, relating economic activity in 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  For a full description of LU-T models, see also Wegener’s paper ‘Current and Future Land Use Models’, presented 
at the Land Use Model Conference organized by the Texas Transportation Institute, Dallas, 19-21 February 1995. 
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terms of distance as networks of transport infrastructure, as McNally explains (2007: pp.5-6): an 

activity system concerns the land use component of the models, represented via socio-economic, land 

use and demographic data that can be at the individual level of households or in larger aggregations. A 

transportation system is typically represented and studied via network graphs defined by links and 

nodes; links being the sections of transportation infrastructure (e.g. roads) and nodes being the 

intersections or points representing changes in the links attributes (e.g. junctions between roads). 

Both links and nodes associate attributes (e.g. length or speed) in which the activity system is 

interfaced with the transportation system.   

 

 
Figure 1.22. Evolution of land-use transport models according to Waddell (2005). Courtesy of Sivakumar (2007). 
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1.1.3 Modelling Centrality in Urban Economics – Commonalities 

and Limitations 

 

A summary overview of the urban models addressed in this first section of the literature considers 

some commonalities and limitations in their methods and applications. With the purpose of reviewing 

urban location models as fundamental theories of explaining centrality, the classic urban location 

models have a common element in their conceptual design and assumptions.  

 

Firstly, the models are based on the principle of free choice of individual households and firms within 

a market system in their location decision-making. Whether it is maximising utility, minimising the 

cost of friction, or whether it is about concentrating in central places or being dispersed across the 

urban landscape, activities are the independent factors in all the models. The structure of the models 

is similar to that of a chessboard, where the design is defined and fixed; the structure of the 

chessboard is defined by the rules of the game. Rules are established, followed and accepted by 

everybody. In the same way, the assumptions of the models defined the design in which location 

decisions take place. Like the activities of a city’s inhabitants, the pawns are the key components that 

are operated by the ‘players’ of the game, according to a set of rules and a predefined chessboard. 

Secondly, the classical location theories consider that their explanation is universally applicable. All of 

them are focused on the process of spatial structures, yet their view and interpretation of urban 

changes is assumed to be universal and historically valid (Polydorides, 1983). 

 

Methodologically, the classic location models are concerned with the overall urban structure of a city, 

taking the city centre as the focal point to measure. The simplifying assumptions are supported on the 

relation of distance from the city centre with density patterns (Burgess, Hoyt, Harris and Ullman), 

with the analytical approach of land values (Alonso) and deriving subsequent descriptions of models 

based on explanations of historical and social transformations (Mann, Lawton and Hopkinson). They 

all contribute to a description and analysis of patterns of centrality, yet they are limited in 

acknowledging the significance of urban form in socio-economic processes.  

 

For example, Burgess’ theory has endured in some aspects despite criticism of his thinking over the 

years. After the concentric zone theory was introduced in 1925, the assumption of monocentricity 

was questioned in subsequent propositions, such as that of Harris and Ullman in 1945, which argued 

that cities can largely be considered as polycentric structures, as evidenced in their multiple nuclei 

model. For instance, Burgess’ model hardly applies to contemporary cities, as seen in Fiorio’s study of 

Chicago5 (2011). However, according to Lang (2003) the fundamental assumption that distance from 

the city centre structures land use may still hold to some extent; for example, it may serve to 

determine how the suburban office development is arrayed.  

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5	  See Figure 1.4, p. 63.	  
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The common assumption of the ‘free choice principle’ from the models also shows their limitations in 

explaining how social and economic processes are shaped by spatial configurations. For example, 

Christaller’s central place theory argues the existence of a city core, yet finding the optimal location 

pattern in the distribution of central places as a form of hexagon becomes problematic. Like most 

classical location models, Christaller’s method does not take into account the street network, 

ignoring any variations of topography and transport infrastructure or facilities. The difference here is 

that the model addressed primarily the location of retail activity in urban areas. The assumption of 

supply and demand of consumer behaviour is unrealistic in the central place model. Consumers have 

become more mobile. The organisation of retailing has changed today; both independent and large 

brand stores (i.e. department or multiple stores) are now often to be found in cities. For example, 

multi-purpose shopping areas can be found, such as stores where ‘lower-order’ goods and ‘higher-

order’ goods can be bought at the same time. There is also the example of online shopping, whereby 

retail locations can be ‘visited’ via electronic device without the need to travel, making the logistics of 

delivering goods and services more efficient.  

 

The model also ignores the influence of other urban functions, such as the functions of a port city like 

Cardiff, or university towns like Cambridge or Oxford. It does not take into consideration the 

manufacturing industry characteristic in large urban settlements. Cardiff, for instance, has developed 

out of a settlement where coal was the major locating factor in its historical growth. The historical 

factor is also undermined in Christaller’s theory, disregarding that urban settlements have grown up 

as a result of a historical process, in which different technological situations occur and evolve.  

 

In a similar strand, Alonso’s bid rent model largely contributed to an analytical approach of urban 

centrality dealing with land value and accessibility. Yet his model makes hardly any reference to how 

the economic incentive of a particular land use is affected by the geometry of urban form. One of the 

differences of Alonso’s proposition in comparison with other classical location theories is that it 

seems possible to think about bid rents not only as a distribution from an urban scale point of view, 

but also understanding bid rents from a more local scale point of view. Paraphrasing Lang (2003: 22), 

an example of this can be seen in the effect of the motorway on a city: “A [motorway] junction has an 

economic value because they offer a valuable commodity as they represent transportation access to 

the rest of a city. That, in turn, can affect land value on a small scale as land is distributed from this 

location. The land that is nearest to the motorway junction, [a highly accessible location], will tend to 

be those that are often – yet, not necessarily – found in busier roads, such as office [or retail] 

buildings. These uses are followed by a variety of other uses, all of which are determined by their 

cost.”  

 

The design of all these models highlighted how urban patterns may come to emerge and transform 

under specific social, political, economic and environmental conditions. The evolution of modelling 

centrality in urban economics has reached a point of developing methods that deal with mathematical 

simulations in order to explain complex urban systems. These new methods, represented in the more 
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sophisticated land-use transportation models, offer an in-depth analysis of how spatial interaction and 

land use pattern simulations highlight the important role of transportation costs in shaping urban 

structure. Much of the contemporary land-use transportation modelling has developed on the 

foundations of the descriptive and analytical classical urban models. While it has been shown that 

many of these models are weak in their theoretical justifications and limited in their predictive power, 

they have provided a significant contribution for urban simulation, forming the basis upon which 

contemporary models can be built (Torrens, 2000).  

 

Torrens (ibid: 11-12) explains that the differentiating factor between the classical models and LU-T 

models is that the descriptive propositions offer explanations as to how various urban phenomena 

emerge, yet broadly addressing why those patterns materialise. Yet, it is also argued that they differ in 

the conceptualisation of distance. Amongst the many ‘styles’ of LU-T models (e.g. models of spatial 

choice or activity-based models), the use of the transportation network to measure patterns of 

accessibility along with land use activity focuses on a central spatial element in their analysis: the 

street. Streets are represented via a node-link map. The most commonly use of this map is a GIS 

database of transport network called road centrelines6. The road centreline is a road network map 

that includes all motorways, roads, local streets, primary and secondary roads (Ordnance Survey, 

2014). This map uses the link and node structure (connected into a single network) to depict the 

transport infrastructure of a city, typically used in the LU-T models. The advantage of the LU-T 

methods of explaining land use and accessibility relationships is that their application often implies the 

geometry of street networks, representing spatial relationships between locations by travel time or 

distance cost (Boyce et al, 1985; Hunt and Simmonds, 1993; Hunt and Echenique, 1993; Putman, 

1998; Waddell, 2002). However, the interaction of use and form in the configuration of the built 

environment is lacking in these sophisticated versions of urban modelling.  

 

 

1.1.4 Urban Centrality – A Question of Scale 

 
Understanding the interaction of use and form in the spatial configuration of city form brings into 

consideration the notion of scale in which social and economic processes operate; how economic 

actions are affected by the geometry of the built form as much as how the geometrical characteristics 

of the city respond to economic actions. Scale is an issue that should be of relevance to urban 

planners and urban economists because it means understanding a process in its different variants and 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6	  Road centrelines are vector line data that represent the geographic centre of roads that build transportation 

networks. They are typically developed through digitisation of roads on aerial photographs or GPD data collection, in 

which road characteristics are encoded, such as road names, road width, travel directions, among other features. 

With the extensive attribute data stored in road centreline maps, they facilitate their use in GIS tools in a wide 

variety of applications. (See ITN Layer, Ordnance Survey, 2014).  
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through specific conditions. For instance, questioning whether the location of commercial activity is 

affected by specific measures of accessibility set by the configuration of city form (Batty, 2009) or 

whether the configurational and morphological characteristics of a location is, in turn, affected by the 

adaptation of land uses.  

 

The urban models all seek to represent the idea of accessibility, centrality and the friction of distance 

in human interaction. Yet, one of the main arguments of reviewing these models is that such dynamics 

in human interaction should also consider the effects on the architectural scale in which they occur. 

The second part of the literature follows a discussion of such issues from the perspective of urban 

planning and design. The focus takes a shift of scale, in which centrality is addressed through the 

implications of use and form accounting the development of mixing uses.  
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1.2 The Architecture of Mixed-Uses 
 

There are two main areas of interest in this second component of the literature. The chapter has 

presented in previous sections how modelling urban structures represents a method of exploring 

urban centrality in the city. Within this framework, modelling centrality means also identifying 

locational patterns of socio-economic activity. The literature now turns to look at theories that 

discuss how socio-economic activity is produced from a bottom-up perspective. Socio-economic 

activity is firstly discussed through the concept of trade; what it implies in economic development and 

in the production of activities; and secondly, its implications in urban design and planning practices. 

The second area of interest is the importance given to architecture and the effects of socio-economic 

activity. This is centred in a particular typology of building that combines different uses in order to 

explain how urban centrality is linked to building form, use and location. These two interests are 

reviewed through concepts and tools used in urban planning and design theories concerning land use 

and building regulations, and their relation to market demands. This topic follows the topic of the 

development of mixed-uses, providing a discussion of how the mixing of uses, which is not always 

achievable through design guidelines, contributes to urban centrality.  

 

 

1.2.1 Location, Location, Location 

 

What does trade have to do with city form? Or better yet, what does urban centrality have to do 

with architecture? To begin unfolding these questions, this section introduces an analysis of Jacobs’ 

story of a fictional Paleolithic city, which she calls “New Obsidian”, in her work The Economy of Cities 

(1969a: pp. 18-31). To illustrate her theory, Jacobs describes New Obsidian as a city that arose near 

the site of a tribe living close to a volcano, where a great deal of obsidian was found. Because obsidian 

was a highly valuable material to the stone-age culture, the tribe had the privilege of being situated on 

a great source of wealth and had an incentive to trade. The tribe was reluctant to allow others into 

their valuable site, instead taking the obsidian to other nearby tribes at a common urban site, thus 

working as an intermediary in the obsidian trade. As traders from more distant tribes gathered to 

trade in that central location, dwellings, people and goods from a diversity of cultures and different 

backgrounds began to establish over time. From this, new ideas, beliefs and products also emerged. 

Such opportunities and creativity attracted even more traders to New Obsidian, creating a 

continuous development of new ideas and work, for example, ideas in commerce, arts and culture 

brought forth through time. In this way, trade with neighbouring tribes led to an increased diversity 

and variety of goods in New Obsidian.  

 

Jacobs’ theory is fully cognizant of the principles of human actions and New Obsidian considers this 

through several aspects. Firstly, it describes Jacobs’ theory that the origins of cities lie inherently in 

trade. Secondly, it is the importance of the ‘obsidian material’ that represents a valuable good, thus 
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generating forms of activities. Thirdly, the relevance of a central location, initiated by the trade of the 

obsidian material and then multiplying the spatial and economic effects of this trade through the 

establishment of houses, different people and diversity of uses, much like a ‘market city’ in Weber’s 

terms (1958). Fourthly, Jacobs posits that such central location is relatively accessible to the nearby 

tribes, implying lower transactions costs. Finally, the development of new ideas and work meant an 

increasing diversity of skills and knowledge which traders acquired through trade, having the 

opportunity to make new connections with other traders and using these connections for future 

opportunities.   

 

For Jacobs, a city is “a settlement that consistently generates its own economic growth from its own 

local economy” (1969a: 262). In other words, a city is a spontaneous order: self-regulating, self-

ordering and self-sustaining. With this idea, her main argument that the life of a city and its economic 

development was based on human action and not in human design elucidates the interaction amongst 

individuals on streets and sidewalks forming the building blocks of a city’s social order. What is of 

interest here is Jacobs’ analysis to attempt to explain how a city “full of strangers” (1961:30) can 

manage to generate their own economic growth through social cooperation. In a word: exchange.  

 

Exchange refers to the concept of trade. Trade is an exchange of something that usually implies 

gaining a benefit through mutual cooperation. Economists refer to this as an exchange of goods and 

services, which consequently form markets – a network that allows trade to happen in many variants. 

The process of trade is at the heart of the economic growth and economic development in a city, but 

most importantly it is created in the social cooperation of individuals. This social cooperation also 

depends on the skills and knowledge to innovate and (re)create activities that impact on economic 

and spatial characteristics of a city. 

 

Within the larger framework of what economic development is on these terms, Ikeda (2011) 

discusses Jacobs’ economic ideas regarding the implications of innovative activity in the economy. 

Ikeda firstly explains that economic growth should be distinguished from economic development. He 

defines the former as the production and consumption of similar things. For example, for economists 

this would mean the increase of the gross domestic product. The latter essentially implies change, 

usually simply with an aim of “change for the better” (ibid: 2) or make things differently. Economic 

development, therefore, would refer to the production and consumption of different things. He 

proposes that economic development in Jacobs’ terms, since it implies making things differently, 

requires people to solve two issues: the use of new knowledge and its diffusion to others. First, is the 

problem of discovery. Individuals should gather enough information to make it useful for their own 

benefit. Second, is the problem of diffusion. To maximise the likelihood that such useful information 

can be spread to those for whom that knowledge would be profitable (ibid: pp. 4-5).  

 

How would the use of new knowledge and diffusion to others materialise in the physical form of a 

city? This would imply that such dynamics need to have the potential of being more profitable in 
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certain locations than others, under certain spatial conditions and in relation to the kinds of activities 

that exist in that location. Which brings us to the initial question of how trade can be related to city 

form. Jacobs’ work in The Death and Life of Great American Cities (1961) provided a detailed insight of 

how cities and their economies worked at a micro level. It presented a methodologically individualist 

critique of heavy-handed local planning. She argued that planning failed to take into account the 

subtleties of the knowledge possessed by individuals, what she coined as ‘locality knowledge’ (ibid: 

436), coupled with the critique that planning policies failed to consider also the ‘social capital’ (ibid: 

138) of streets that make them liveable and sustainable.  

 

Locality knowledge, for Jacobs, meant knowing how to get things done, but also knowing who to trust 

and under what circumstances. One of her main contributions to the understanding of cities as 

spontaneous order is her insight that safety and trust depends largely on the structure and location of 

public spaces. However, according to Ikeda (2011) the shortcomings of this proposition in economic 

theory are the absence of relating the consequences of business regulations and rent control – 

something that Jacobs failed to consider in her theory.  

 

Notwithstanding the contribution of her ideas, Jacobs proposes specific conditions that help generate 

the spontaneous formation that gives rise to urban diversity and at the same time creating a locality 

knowledge (1961:544). Firstly, public spaces should have mixed uses, meaning primary uses (i.e. retail 

or commercial) that attract people to particular areas. This way, people can use these primary 

activities at different times of the day. Secondly, short blocks with frequent opportunities for people 

to turn corners and vary their routes make streets more interesting. They multiply the number of 

potential encounters – meeting points that increase also the chances of discovering or making 

unexpected connections to other uses. Thirdly, “Old ideas can sometimes use new buildings. New 

ideas must use old buildings” (ibid: 188). She argued that newer buildings should be combined with 

older buildings that have lower property values; older buildings would provide an environment in 

which ideas are less costly to become established. And lastly, there must be a sufficient concentration 

of people in order to promote diversity and demand for multiple activities, be it living, working or 

entertainment. This concentration of people, she argued, contributes to the mixing of uses, 

multiplying its effect to create liveable districts.  

 

Under these conditions, streets become the focus of interest for living, working and leisure activities, 

yet its inhabitants should also possess knowledge in order to support other sources of information on 

which they can rely if needed. Jacobs gave importance to how new skills and knowledge can create 

new businesses, or how finding new uses for one’s skills contributes to a local diversity (1969a). The 

skills and knowledge of individuals, which inherently form part of the process of exchange, develop a 

chain reaction of how one kind of work can lead to another: “The new work is added to older work 

first, and then sometimes its new divisions of labor are added to other appropriate varieties of older 

work” (ibid: 52). In this sense, her main emphasis implicitly addresses the production of various kinds 

in the economy and social life of a city, in which she describes with detailed examples:  
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“…one learns that a cleaner of suede clothing is now starting to bottle and sell her cleaning 

fluid for people who want to clean their own suede; a chest and wardrobe manufacturer is 

starting, for a fee, to analyse what is wrong with one’s household or office storage 

arrangements; a playground designer is starting to make and sell equipment for playgrounds 

and nursery schools; a sculptor is starting a line of costume jewelry; a designer of theater 

costumes is launching himself as a couturier; a couturier is starting a boutique; an importer 

of Italian marble is starting to manufacture marble-topped tables; a clothing store is starting 

classes in teenage grooming and dieting” (ibid: 53-54).  

 

Another interesting factor in Jacobs’ examples is the effect of spillovers (or what is more or less the 

same, externalities). In Jacobs’ terms, the ability of the knowledge ‘spillover’7 of individuals promotes 

people to establish new work (1969a). “Simply put, this is the effect produced by proximities of 

different businesses, as they invariably exchange knowledge and creative ideas, and the knowledge 

‘spillover’ of one enterprise becomes the resource for another” (Mehaffy, 2001, in: On Resilient 

Settlement). However, it is argued that spillovers are strongly implicated as much in a building’s form 

and use as in the influence of its location.  

 

According to Sternberg (2007), while a designer may be concerned with identifiable spillover effects 

of a building, his/her greater concern is on the broader relationships of the building with other 

factors: the street, the neighbourhood, land gradient, views and other landscape factors. From an 

economic perspective, while it seems difficult to trace the number of individuals who move frequently 

between different lines of work, understanding spillovers may be the key of understanding urban 

growth (Glaeser, 2011). Although the subject of the effects of spillovers does not concern this thesis, 

it is important to mention it as it exemplifies some of the effects of socio-economic activity that is 

implicitly part of the spatial changes in the urban realm. The illustrative examples of Jacobs describe 

what is suggested to be the result of urban production. The modes of production can change over 

time, but the importance is on how ‘innovation’ and ‘diffusion’ of new ideas and work generates 

activities in the socio-economic life of a city. These different generation of activities or modes of 

production have implications in urban design and in the sustainability of urban areas. As Bogart (2006) 

suggested, urban areas are at the heart of innovative activity in the economy of a city.   

 

Beyond the characteristics of the kinds of activities generated, the conditions for urban diversity that 

Jacobs described resembles the kind of architecture that constructs urban centrality in order to 

“create effective economic pools of use” (1961: 151). For example, the size of an urban block would 

suggest that it might be relatively stable over time. It can also be argued that the morphology and 

organisation of the block, in Jacobs’ terms, would tend to have a higher probability or likelihood of 

passing through those streets if new uses are encountered or visibly identified. For instance, this may 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7	  This term is used to refer to what economists call ‘Jacobs’ Spillover’ as a form of externality. For a full description of 
the term, see Mehaffy (2001).	  
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be the case of the corner shop, which also relates to the mixing of uses, typically found on residential 

areas, located in streets that have connectivity to larger busier roads (Davis, 1999). Another factor 

that can be raised in Jacobs’ ideas is that ‘meeting points’ are opportunities for serendipitous 

connections of individuals. This regards the use of public spaces that serve as gathering places, such as 

theatres, museums, parks, or meeting points that can be semi-public spaces like bookshops, coffee 

shops and restaurants. 

 

The effects of the conditions prescribed by Jacobs can also be seen from a global perspective. The 

promotion of additional primary uses, notably residential, educational, tourism, entertainment and 

cultural activities, can be seen in examples like the formerly monolithic city centre of Chicago 

(Sampson, 2012), the Downtown Lower Manhattan (New York New Visions, 2001), or the local 

districts within a polycentric city such as in the case of Clerkenwell in London (Penn and 

Perdikogianni, 2005). This mixing of uses attracts a growing number of different people at different 

times of the day. However, Jacobs also noted that diversity could also be counterproductive, 

particularly as one type of use becomes dominant and bids up rents to the point where other uses run 

off or dissipate (Jacobs, 1961: 197-208), for example, resulting in the single-use office areas (i.e. 

business parks).  

 

Jacobs’ idea regarding old buildings carrying new 

ideas to nurture them and bring them to 

fruition is an enthusiastic view if it is related to 

urban centrality. Such new ideas can bring not 

only the generation of new skills and 

knowledge, but also changes in buildings due to 

the kind of production taking place or perhaps 

even generating new buildings. ‘Enthusiastic’ 

because in reality this brings troubling 

consequences in some cases when it comes to 

matters of urban planning. For instance, older 

buildings, usually large old warehouses, have 

been either demolished and replaced or even 

left empty in order to address projects of urban 

regeneration (e.g. Cardiff Bay), resulting in 

disconnected areas as well as buildings poorly 

linked to public transportation. Or else buildings 

have been converted into high end uses, such as 

luxury apartments, in central locations (e.g. The 

Hayes apartments in Cardiff’s city centre) 

(Figure 1.23). This would imply reducing the 

supply of lower rent buildings, undermining one 

Figure 1.23. (top) The Hayes, Cardiff 1959. Source: 
Wales Online, 2012. (below) The Hayes, Cardiff 
2013. Photograph by the author. 
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of the pillars of Jacobs’ propositions. She noted that trendy areas tended to move around in cities as 

uses were displaced. For example, areas like Shoreditch or Dalston have become the popular artistic 

and hipster places in East London.  

 

In all these situations, the constant factor is location. The acquirement of new skills and knowledge 

coupled with the forms of activity generated are driven by human actions that search to improve any 

given situation through the benefits of exchange. In this sense, “where one trades is equally important 

as what one trades, or as with real-estate markets, the three most important factors are location, 

location and location” (Ikeda, 2011:7). The following section elaborates on the issue of location and 

activity within the framework of urban planning and design. The use of land use planning (or zoning) is 

elaborated with the purpose to raise the importance of how regulations of use and form in the city 

embed economic decisions in their design.  

 

 

1.2.2 Urban Design and Planning Practices 
 

“A friend of mine, Allen Block, runs a successful sandal-making business in New York. He started 

by designing sandals, but he did not know how to make them properly. Hence, as he was soon 

to learn, he did not really know how to design them either. He therefore apprenticed himself to 

an aged cobbler. The working quarters these two devised were almost a diagram of the act of 

conserving old work by adding new. From the street, one seemed to see two separate shops: at 

the left, with its own door and its own sign, was the cobbler’s; at the right, with its own door 

and its own sign, was the sandal maker’s. But inside, where the work was being done, the 

dividing partition had been removed and two shops were one. The cobbler is dead now, but his 

‘obsolete’ skill, having been conserved, is retained in the economy to live another life.” (Jacobs, 

1969a: 70). 

 

Jacobs’ detailed example illustrates urban life through the complexity of economic and social 

processes. Yet, much of this accounts the direct relationship of those processes upon the spatial 

conditions of the shops being described in her example. From the ‘knowledge spillover’ effect, the 

generation of another kind of production, the process of trade coupled with the spatial organisation 

of the shop (internally and externally in relation to the street), the architectural attributes of the 

façade (access and visibility), to the history implied in the work as much as in the transformation of 

the building to adopt new activity, all are interrelated spatial and socio-economic processes shown 

within a certain geometry and a certain topology in an urban location. These relationships also 

underlie the ways in which urban design practices take shape.  

 

Urban design and planning requires tools through which it can recognise and work with the cohesive 

interrelationships that build an environment. For example, current research (CABE et al, 2001; CABE, 

2003, 2007) has demonstrated that urban design is directly linked to an economic value. In urban 
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design practice, many projects are delivered on the basis of producing higher returns of investments 

in their designs. Such practice is translated in developing new projects in strategic areas in order to 

maximise profit and resolve issues related to accessible locations. Consequently, creating an 

economic value in urban design produces a global effect of contributing to more productive 

workforces and enhancing mixed-use spaces in order to promote better quality of life and diversity. 

Along with urban design practices, planning constitutes an important issue in decision-making 

processes. Decision-makers have the influence to deliver good initiatives concerning how and what to 

develop.  

 

The pace of urban growth and the challenge to make a city sustainable, economically and socially, 

demands for creative solutions of design and planning. However, many cities often begin to develop 

prior to planning, creating a spontaneous urban order that in turn evolves through the management 

of design rules and planning for the future development of the city. In these terms, design codes help 

speed up the development process for the later stages of urban growth (Carmona, 2010).  

 
 

1.2.3 Implications of Zoning or Development Control 

 

The formation and evolution of an urban structure implies the significant effects that rules of use, 

pattern and form (Talen, 2012) have on ordering urban space. The implementation of zoning in a 

planning system forms part of a city’s historical transformation that includes elaborating design codes 

that can be either for architectural or urban scale environments (Carmona, 2010). According to Talen 

(2012:18), the cause and effect of rules of zoning, or design codes, in the built environment is “a 

causation that goes both ways – social process (rule) affects built landscape, and built landscape gives 

rise to rules.”  

 

Rules are valuable tools that can help balance an order in urban space, but do not always result as 

such. City rules recognise spatial differences within the city, which ultimately results in an elaboration 

of a zoning device. Talen (2012:21-28) explains that in a practical sense, “zoning was nothing more 

than building codes adapted to location”. Additionally, “zoning was initially cast as a means of keeping 

housing costs down for the working classes. The way European planners saw it, apartment buildings 

were inflating the cost of land, and density reductions via zoning would alleviate that pressure” 

(Nettlefold, 1914).8 

 

Historically, zoning came from differentiating zones in the city, originally conceived in the application 

of rules in Germany during the 1870s (Baumeister, 1876; Logan, 1976). Zones were differentiated by 

areas of land value and intensity, making a distinction between kinds of uses. The British system was 

influenced by the German zoning system, introducing the first Town Planning Act in 1909 and giving 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8	  Quoted in Talen (2012:28).	  
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rise to the conception of the Garden City (Unwin, 1909; Talen, 2012). Zoning was later implemented 

in the United States in the zoning code of 1916 in New York City (Bressi, 1993; Bassett, 1922). The 

use of design codes has been considered the exception rather than the rule (Duany and Talen, 2002). 

Rules can have a certain degree of flexibility in their implementation but are also influenced by 

property market pressures (e.g. changes in plot size or building façades). For example, according to 

Hoyt (1933), Chicago’s 1910 zoning code featured changes in the rules of block size. The changes 

were mostly market driven, whereby wider lots had a higher value in conjunction with setback rules. 

Hence, subdivision of land partly resulted through a market preference.  

 

Amongst the contemporary approaches that consider design codes to be part of a system of zoning, 

the New Urbanism movement has been at the forefront of addressing urban design codes in the built 

environment by looking at alternatives to conventional planning (Marshall, 2003, 2005) which have 

delivered a new generation of design codes; for example, the ‘transect planning’ (Figure 1.24) 

proposed by Duany and Talen (2002) or the creation of traditional neighbourhood developments 

(Duany et al, 1989; Duany, 2003).  

 

Transect planning comes from the Smartcode implementation (Duany et al, 2008). The Smartcode is a 

transect-based code9. Duany and Talen (2002: 254) describe, “the transect-based code should be 

based on a number of pragmatic considerations. To be successful, it must be comprehensive, simple, 

and worded in technical language. […] The challenge, then, is this: to apply a new system of land 

regulation that is comprehensive, simple… but at the same time is able to create a range of human 

environments that are internally coherent as well as diverse, reflecting the ecological principles on 

which it is based. […] It is comprehensive in that it can be applied at a variety of scales; it is simple in 

its system of regulating urban form according to distinct spatial categories; and, using a coding 

language, it is amenable to technical presentation.”  

 

The new generation and reformed interest in regulating city design with rules of building form has 

acquired more in-depth methods of coding in design. These are known as ‘form-based codes’ (FBCs), 

which are described by the Form-Based Codes Institute 2008 as follows: 

 

“…[It is] a land development regulation that fosters predictable build results and a high-

quality public realm by using physical form rather than separation of uses… offering an 

alternative to conventional zoning regulation… Form-based codes address the relationship 

between building facades and the public realm, the form and mass of buildings in relation to 

one another, and the scale and types of streets and blocks… they are keyed to a regulating 

plan that designates the appropriate form and scale… Not to be confused with design 

guidelines or general statements of policy, form-based codes are regulatory, not advisory… 

They are drafted to achieve a community vision based on time-tested forms of urbanism.” 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9	  For a detailed description, see: Center for Applied Transect Studies, http://transect.org/research.html	  



	  

	  

88	  

The FBCs affect the design of cities with rules about building form and location; their history and that 

of coding has been addressed by scholars arguing whether or not they bring a higher quality to the 

utilization of different kinds of codes (Talen, 2009). Yet, the interesting quality about such alternative 

methods of coding in relation to urban growth and the evolution of different spatial configurations is 

that a code itself entails a fair amount of “architectural interpretation that supports an urban vision” 10 

(Dutton, 2000). It is such interpretation that permits codes to be an issue of scale, as in the example 

of the FBCs, and thus, a matter that concerns a local to global effect of spatial and socioeconomic 

productions. Dutton (2000) describes this dimension of scale in the use of codes in which “the 

intervention is architectural, but the intention is urban. Hence, codes do not stipulate an entire 

‘designed’ project, with each building designed in detail. Rather, the code fixes certain infrastructural 

aspects of the design, such as streets, blocks, platting, and open spaces, and governs the parameters of 

others.” 

 

 
Figure 1.24. Transect system by Duany and Talen (2002:248) 

 

 

 

 

 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10	  Quoted in Carmona et al (2005:216-217).	  
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1.2.3.1 Regulating use and form in the UK  

 

In the UK context, zoning is known as a development control that is informed through a town-planning 

scheme. The local planning authorities regulate new developments and land use, delivering plans that 

are also subject to public consultation. Changes in the plans then require planning permission, which 

can be refused or granted in reference to the purpose of the plans.  

 

The early regulations of building form in the UK date from 1189, with the intention of resolving issues 

concerning party walls, the regulation of vistas, such as the obstruction of views or managing the 

entrance of light (Larkham, 2001). The Great Fire of London in 1666 had a major impact on historical 

precedent for design coding in the UK and resulted in London’s Rebuilding Act in 1667 (Carmona, 

2009). The Act reflected the use of codes in building heights according to urban location, specifically 

detailing three building heights based on type of street (ibid). “In addition to setting maximum building 

heights, London’s Rebuilding Act of 1667 prohibited building projections and required consistent 

setbacks and cornice lines. This created relatively uniform, flat-fronted buildings” (Talen, 2009: 151). 

An example of this is illustrated in figure 1.25 where the codes of regulating street width and building 

form had the effect of creating a uniform street frontage (ibid) that has been conserved to the present 

day in most of London’s streetscapes.     

 

Carmona et al (2006) note that design codes in the UK were initially driven by landowners seeking 

better quality, independent of the regulatory processes; design codes are, however, used as one type 

of design policy or guidance for the planning development process in current planning. Codes are 

managed as a “hierarchy of design policy guidelines… that ranges from comprehensive/city-wide to 

site-specific/topic-specific scope” (ibid: 230). Within this hierarchy, design codes feature less formally 

and at a smaller scale, in contrast to the US system in which design codes were “able to create 

greater visual order, while permitting a greater mix of land uses. It has largely operated outside of 

formal zoning processes…” (ibid: 232).  

 

According to a recent study delivered by UCL’s Bartlett School of Planning, known as Design Coding, 

Diffusion of Practice in England11 (Carmona and Giordano, 2013), the content of design codes reflects a 

comparable set of design aspirations – mainly traditional urban design with perimeter block forms, an 

attempt at integration with surroundings and the pursuit of a high quality public realm. The content of 

the codes address the following:  

 

[Firstly], “streets are typically coded as a series of generic hierarchical types with different 

profiles and standards”… [secondly], “parking courts are favoured as the dominant means of 

taming the impact of parked cars on the street scene”… [thirdly], “codes for built form and 

townscape concerns are typically extensive, serving aesthetic, urbanistic and functional 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11	  The research came at a time when the recently released National Planning Policy Framework explicitly endorsed 
their use by local planning authorities to help deliver higher quality design outcomes (Carmona and Giordano, 2013).	  
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purposes, including the pursuit of natural surveillance”… [fourthly], “open space issues are 

usually coded on the basis of specific spaces clearly identified in the masterplan”… [and 

lastly], “the adaptability of buildings to different uses is prioritised, alongside attempts to 

influence unit sizes and types” (Carmona and Dann, 2007: 20) 

 

However, the use of design codes in UK is largely limited to residential development. By contrast, 

one of the highlights that the evidence from the research showed is that their application is possible in 

most cases and is often based on an analysis of local context. In most recent propositions, 

government agencies (CABE, 2006) have introduced the practice of design codes, arguing that 

commercial and mixed-use developments and the redevelopments of parts of town or city centres 

can, for example, be coded in the same way as residential developments. Given that residential 

developments often have linkages to other commercial areas, coding can provide an opportunity to 

consider the specific design requirements for the proper integration of different uses (CABE 2006: 

22-24). In this regard, codes are a way to give design guidance that at times allows for too much 

interpretation, which must be resolved through negotiations where conflicts become apparent 

between different aspects of the code. The process of code principles has the capacity for negotiated 

interpretations, yet it is suggested that such negotiation is partly influenced by the spatial conditions 

of a location and partly by market demands.   

 

 
Figure 1.25. 19th century codes in London regulating building heights and setbacks.  

Source: Forest, 1925 in: Talen, 2009: 153. 
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1.2.4 Urban Centrality and Design Regulations 

 

Zoning or development control is motivated by the control of use in the design of a city, in which 

codes are the ‘rules of the game’ in order to guide such control over the functional uses of buildings. 

Most of all, as Davis points out, “zoning is only an instrument that transmits a social vision into built 

form” (2012: 189). Codes guide everything from permissible land uses, locations, building densities 

and setbacks to parking requirements and street widths. When used well, codes make it easier for a 

community to implement its ‘vision’. When they don’t line up with the community’s desire for 

development, codes can keep communities from developing a desirable neighbourhood, as with the 

standard zoning implementations of separating uses (Talen, 2008). The challenge in zoning becomes 

apparent when communities want to create walkable or liveable neighbourhoods that mix uses, giving 

residents the option to walk to a shop, walk to work or even own a home business.  

 

While zoning is still a tool that affects city design through the restriction of use and location of 

buildings, the latest initiatives of zoning, such as the use of form-based codes, can bring an incentive 

where a type of use is allowed on a building that was not intended to have that particular use in the 

first place. In other words, the conventional zoning has a near-exclusive focus on function over form. 

Commercial structures are allowed here, homes are allowed there. There is little attention to how 

buildings and neighbourhoods look and function together. In the particular case of form-based codes, 

for example, the focus on the building form and the organisation of the plot rather than use seems a 

way to enable mixed-use buildings to take place. They usually attempt to create or redevelop areas 

on a more human scale. In general, codes are designed to be deliberately prescriptive tools. However, 

because zoning is often developed in large scale and developed over time, codes also need to be 

flexible enough to deal with changing transformations (Carmona and Giordano, 2013).  

 

It is logical to think that restrictions of use are necessary. People seek to live in close proximity to 

their work, residential areas are preferred away from industrial activities and people want to limit 

businesses in their neighbourhoods. Finding the right mix is not an easy task. People want to be 

separated from retail shops and yet still be within reach of them, albeit, ‘within reach’ is a relative 

issue. It can mean walking five minutes or driving five blocks to get to a retail store. In many cases, the 

rules of planning regulations can be subject to unseen flexibility (e.g. people working from home do 

not need to commute or pay for more central access).  

 

This brings us to an important question of architecture and urban centrality in the initial statement of 

this section. Within the context of planning, how do codes, affecting location and building form, relate 

to urban centrality? The most recent tools of coding, such as the transect method by Duany and 

Talen (2002), show that the notion of centrality, while it may be indirectly associated with their ideals, 

is latent in their analysis. The transect method (figure 1.23) defines a series of zones by their distance 

from the city centre, distinguishing between what composes an urban core, to a sub-centre and rural 

areas. Seemingly from the urban economist’s point of view in modelling urban land, the sectors here 
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are describing densities of built form and their change – in scale, pattern and form - according to their 

distance from the centre. Location is at a finer grain level and from the view of architectural design, 

where distance is not measured but implicitly coded in planning regulations. Such is the case of the 

transect method. From the beginnings of the transect set out by Patrick Geddes’ ‘valley section’ 

(figure 1.26) to the natural transect conceived by Alexander Von Humboldt in the 18th century (Figure 

1.27) (Center for Applied Transect Studies, 2013).    

 

From a morphological point of view, the 

theory of the transect goes in accordance 

with studies of the built environment that 

address the different phases of a city’s 

development in its various scales (Conzen, 

1960; Whitehand, 1987, 1991, 2005; 

Whithand and Larkham, 1992). In a similar 

vein, a configurational-related point of view 

is shown in the work by Christopher 

Alexander in his first volume of The Nature 

of Order (2002b). His notion of centre as 

“those particular identified sets, or systems, 

which appear within the larger whole as 

distinct and noticeable parts”, describes 

how “the life or intensity of one center is 

increased or decreased according to the 

position and intensity of other nearby 

centers. Above all, centers become most 

intense when the centers which they are 

made of help each other” (p. 119).  

 

The coding implementation in the UK has an implicit relation with urban centrality, which is argued in 

the content of the codes that the planning scheme relies on. One of them can be regarded in 

association with accessibility in defining street structures, where “streets are typically coded as a 

series of generic hierarchical types with different profiles and standards” as indicated by Carmona and 

Dann (2007: 20). The differential of access between hierarchies of streets makes an essential 

characteristic of distributing land uses (Marshall, 2004), and consequently the allocation of land values. 

In terms of centrality, planning rules can either maximise or minimise access to a particular location.  

 

 

 

 

 

Figure 1.26 (top). The ‘section Valley’ by Geddes 
(Courtesy of Center Applied Transect Studies, 2013). 
 
Figure 1.27 (below). The natural transect by Von 
Humboldt (Courtesy of Center Applied Transect 
Studies, 2013). 
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1.2.5 Socio-economic Activity and Built Form 

 

Planning regulations can be and are frequently altered by market demands. Regulations of use and 

form control what to exclude and what to include in a specific site, searching to define and maintain 

what keeps being private and what is being public. For instance, residential zones tend to allow certain 

flexibility for other uses to be placed in private areas, such as in the establishment of grocery stores 

or small businesses usually inhabited by the homeowner. An equivalent tends to happen in city 

centres where very little industrial use can occur due to the retention of commercial and retail as the 

primary activities.  

 

Logan (1976) described that one of the early objectives of zoning resulted in social exclusion 

mediated by the regulation of uses and motivated by housing reform, contributing to the increase of 

land prices: “Both the early German planners and those housing reformers who saw high land prices 

as a contributing cause of the housing problem were proponents of the zoning ordinance. The 

planners saw it as primarily a housing reform measure which would take its place alongside expansion 

plans and the provision of urban infrastructure…” (ibid: 382). However, increasing land prices 

resulted in a new approach designed to make housing supply more efficient by lowering housing costs 

through a system of taxation. After the reform of land taxation, these taxes were set primarily by 

society (Henry George, 1879) and considered part of the land rent of the owner (Smith, 1776). 

Zoning became not only a tool for spatial and social reform, but also an economic device. Therefore, 

market demands are important in the regulations of use and form in the city. In the following sections, 

the literature describes two types of socio-economic activity that form part of a market process and 

upon which this thesis focuses.  

 

 

1.2.5.1 Residential property value 

 

One of the socio-economic activities considered in this study is the residential value of a building. The 

price of a residence is inherently linked to a tax which residents must pay in accordance to the value 

of their property. In the UK, residential value is expressed through a system of taxation known as 

council tax. Council tax12 is managed by banding or categorising ranges of residential values, namely 

council tax bands. This form of taxation is evaluated through a government agency (Valuation Office 

Agency –VOA, 2011) that defines the bands from A to I, where ‘band A’ means being the lowest 

range of residential value and ‘band I’ the highest. The estimation of the value of the property is based 

on an evaluation of the building, meaning the internal layout of the house (building size), its condition 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12	  Council Tax came into effect on 1 April 1993. It was established under the provisions of the Local Government 
Finance Act 1992. The Act requires the Commissioners of Inland Revenue (now known as HM Revenue & Customs) 
to carry out valuations of dwellings in England and Wales for the purposes of compiling and maintaining valuation lists 
and specific bands within which dwellings are to be placed. The Commissioners have delegated this duty to the 
Valuation Office Agency (VOA, 2011).  
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(age) and its location in the city. These spatial factors contribute to the final estimation of the 

residence in order to establish a tax banding.   

 

While the assignment of a tax value is made purely on residential use, the estimation of a residence 

becomes increasingly complex when the internal spatial configuration and access to the building 

changes as well as its change of use. There are several examples to illustrate these complexities. First, 

is the case of banding a residence that is a ‘self-contained unit’, which the VOA defines as “a building 

or part of a building which has been constructed or adapted for use as separate living 

accommodation.”13 This means that the value of a residential property is not based on the entire 

building itself. The estimation of the value, hence the tax banding of a house, is done according to the 

spatial disaggregation of the building. For example, in some cases a single house, flat or other domestic 

property will be found to contain parts of the building which could be lived in separately from the rest 

of the accommodation. This could be, for example, in a case that a family adapts two rooms in their 

house so that an elderly relative is able to live with them. This includes installing kitchen appliances 

and a toilet and shower and also creating a single entrance to the new annexe. As a separate area of 

living accommodation this annexe would normally require its own tax band (VOA, 2011). 

 

The second case is that of ‘houses of multiple occupation’ (HMO) or aggregation of living 

accommodation. According to the VOA, “many HMOs were originally built as large houses but are 

now occupied by multiple households. The starting point is that each separately let part qualifies as a 

separate dwelling with its own band, whether or not it is self contained.”14 There are a few examples 

of how HMOs are banded15:  

• HMOs with little or no adaptation: Where minor adaptations like door locks are added, and the 

occupants of the separately let parts share the kitchen and bathroom of the original house, 

the VOA can put the whole property into one band. 

• HMOs with adaptations to each floor: Where each floor of a house let in parts has standard 

facilities and can be treated as a self-contained unit, each floor can be given a single band. 

This applies where the occupiers of the floor share a kitchen and a bathroom. 

• HMOs with adapted letting rooms: Separately let rooms in a HMO may have been adapted, for 

example, so that they have their own kitchenette or separate shower/bath and WC. They 

will be given their own band even though may share some facilities. In making a decision, the 

VOA will look at the degree to which each part has been structurally altered. 

 

Every change in the building means a change in its value. When a building has multiple tax bands, this 

means that different tax values are paid within the same location under the same building structure. The 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
13  Full description can be found at: VOA, 2013a. Practice Note 5: Appendix 1: Case summaries relating to 
Disaggregation, available at:  
http://www.voa.gov.uk/corporate/Publications/Manuals/CouncilTaxManual/council_tax_man_pn/ct-man-pn5-
app1.html#P73_826, accessed: 1 august 2014. 
14	  Ibid. Banding of Houses in multi occupation. Available at: 
 http://www.voa.gov.uk/corporate/CouncilTax/multiOccupiedHomes.html, accessed: 1 August 2014. 
15	  Ibid.	  
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VOA makes no reference to any design code regulations, unless there is a planning consent that 

allowed changes of residential use in the building. The VOA focuses on the design of the building that 

is presented as it is and with its spatial attributes, all of which go in accordance with the codes’ aim: 

the changes and adaptation of the building, the spatial attributes of its urban location, the form and 

size of the unit.  

 

What happens when a building contains a non-domestic use within the residence? How does the 

banding of a property change? The borderline of evaluating domestic and non-domestic uses increases 

the complexity of how the residential value of the property is banded. This has important implications 

in land use planning in the UK in the regulations of use and form. Specifically, one of the contents of 

the codes mentioned by Carmona and Dunn raises this issue: “the adaptability of buildings to different 

uses is prioritised, alongside attempts to influence unit sizes and types” (2007: 20). However, it is 

inferred that the design of a building and its ability to contain different uses is not necessarily a 

consequence of the code. Rather it is the “economic flexibility and consequent physical informality” 

(Davis, 2012: 220) that allows buildings to adapt to different functional uses. The potential for 

flexibility may vary depending on the type of activity; for example, the flexibility of a retail space 

depends largely on its initial configuration, particularly its size and location (ibid). Furthermore, a 

building’s flexibility is coupled with the notion of Jacobs’ ‘new ideas in old buildings’ where new 

activities may arise from entrepreneurial or economic necessity (e.g. working from home). Implicitly, 

new activities are produced through the ‘knowledge’ and skills of individuals, and their ability to 

‘diffuse’ their skills in mutual exchange of benefits. These aspects of architectural-economy relations 

have their common ground in the central factor that this study questions: location and, intrinsically, 

urban centrality.  

 

The following example presents how residential value is banded when different uses are contained in 

the same property. The description was made by a valuer from the VOA in order to decide how a 

residence is banded when a home business is added to the property:  

 

“A doctor uses a room in his house as a consulting room three days a week. The 

main practice surgery is situated some 3 miles away near the town centre. 

The house is more convenient for patients who live locally. A concrete 

ramp has been added to the front door and the door opening to the hall 

and the consulting room has been widened to accommodate a wheelchair. No one 

in the doctor's family is disabled. In the room itself there is an examination couch which is 

essentially a single bed with a cotton sheet thrown over it. A paper sheet is added and 

removed after use by each patient. There is no office desk as such but there is a computer, 

table and chair in a corner of the room, which are used by the doctor during his 

consultations. No patient records are held at the house nor are there any medicines. Basic 

medical equipment is kept in the doctor’s medical bag or stored in a drawer after use. 

There is planning consent for use as a branch surgery and part of the front 
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garden has been surfaced to accommodate 2 to 3 extra private vehicles. 

There are parking restrictions in the street. On the walls of the consulting room 

the doctor has attached pictures painted by his young children, and there are toys in the 

corner of the room, which belong to his children but can be played with by young patients. 

There is a brass sign outside the front door to advertise surgery hours. The 

remainder of the week the doctor attends surgeries at the main premises, and in the 

afternoons he makes house calls. Other than for consultations the room is often unused, but 

when friends come to stay it can be pressed into use as a spare bedroom at weekends, and 

some evenings the doctor uses the room to read professional papers or watch a portable TV 

away from the children. 

 

Final assessment from the valuer: The principal use of this room is as a doctor's surgery, and 

occasional use for domestic purposes is incidental. The room should be separately rated, and 

the remainder of the dwelling banded for Council Tax as a composite hereditament16” 

(emphasis added, VOA, 2013a). 17 

 

Within the same property under the same location, a 

homeowner’s use of knowledge and skill thus 

maximises the use of space and economises its profits 

by providing a service. The service is not located in 

the city centre, but rather located within a local 

neighbourhood where is “convenient to patients who 

live locally”. Commuting to work is being maximised 

by the homeowner and transportation costs are 

lower to the residents of that neighbourhood who 

use this service (Figure 1.28). The flexibility of the 

building, despite minor alterations inside, and the 

flexibility in planning regulations are suggested in the 

consent to use the front garden to accommodate 

extra vehicles due to parking restrictions. 

Accordingly, the spatial attributes of the building are 

changed in the façade in order to advertise the 

homeowner’s business. The daytime working hours in 

which the business operates is a way to use the 

building for different activities at different times of 

day. This descriptive example of banding a property 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
16	  Composite hereditament is defined by the VOA as a hereditament which has both domestic and non-domestic 
property within it. 	  	  
17	  See also VOA (2013b). 
	  

Figure 1.28. Example of a surgery office in a 
home in Grangetown, Cardiff. 
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containing domestic and non-domestic use indicates that issues of land use and unit mix seem rarely 

coded at all. Coding for sustainability, at least in the UK, remains problematic, with existing codes 

being high on aspiration, but low on actual content (Carmona and Giordano, 2013).    

 

 

1.2.5.2 Mixed-uses 

 
The second socio-economic activity of interest in this study is considered in the development of 

mixed-uses. The term ‘mixed-use’ is largely based on the ‘place-making’ of the built form, which is an 

approach in urban design and planning concerned with creating social life in cities (Jacobs, 1961; 

Whyte, 1980; Gehl, 2011). In a broad sense, the term ‘mixed-use’ commonly refers to the 

development of a street, city block or building which physically and functionally integrates different 

uses and activities (Coupland, 1997; Rowley, 1996). The mixing of uses enables a place to be a 

connector of pedestrians, which therefore means that these uses cannot be separated from the social 

and cultural qualities and lifestyles of an urban area. Essentially, the mixing of uses is about the “living, 

moving and working” (Rowley, 1996:1) that has become a necessity in the socioeconomic process of 

urban form. So far, a notion of the scale of global and local spatial structures, and of organising 

activities in distributing and planning uses, has been introduced. The relationship between public and 

private use of spaces, along with issues of location and architectural adaptation, will be described. 

Hence, the architecture of mixed-uses is discussed at the scale of the street as a public space and at 

the level of the building, in city blocks and individually in the commercial-residential building. 

 
Street 

The study contends that the distinction 

between the public and the private relates to 

different factors associated with building use, 

permeability and scale. Firstly, building use 

demands a pedestrian flow to achieve the 

required intensity of activity to sustain an urban 

economic life. This prompts an issue in urban 

design regarding the level of accessibility in a 

local area and how this is regulated in the 

global context of a city; for example, the way a 

street might either be designed for a higher 

degree of vehicular movement traffic and lesser 

pedestrian flow, or be purely pedestrian. 

Whyte (1980) suggested that the intrusion of 

the vehicle in the street should be controlled 

to allow pedestrian flow and better facilitate 

Figure 1.29. High Street in Cardiff, 2013. 



	  

	  

98	  

the interactions of people between spaces. Secondly, the distinction between private and public is also 

defined by the structure of building fronts and backs – an architectural feature that enables a 

transition to the public street life through private buildings ‘addressing’ the street (Rowe and Koetter, 

1984).  

 

Coupland argues that the vitality of the traditional street in most European cities “was composed of 

the combination of this architectural expression with the movement of people and social interaction 

derived from a concentration of building entrances along the edges of streets” (1997:156) (Figure 

1.29). From the point of view of mixed-use urban design, the link between private spaces and the 

public realm is vital to livelihood and the active life of streets (Hanson, 2000), and globally in urban 

districts.  

 

Rowley (1997:87) argues that the diversity of activities in a street “is a product not simply of the mix 

of activities within the buildings and blocks that abut a street but also of the design and public use of 

the street itself.” However, the question is not only of design or the position of entrances in buildings, 

but also concerns how the street becomes an active space of mutual collaboration between the 

private and the public realm; it is an issue of who owns the public spaces that leads to mixed-use 

streets becoming active local hubs of different activities, representing “a significant strategic growth 

potential and critical local significance” (Carmona, 2013b:10) within a city – a matter of scale of 

generating mixed-use streets. And thirdly, the scale of mixed-use streets is referred to here as the 

effect that the opportunities and challenges of these kinds of spaces have on a local urban area and, 

consequently, the global context of the city.  

 

Building 

The mixed-use building acts as a space that reflects an 

interrelation between trade and home. Coupland 

(1997:33-34) describes that a typical merchants’ house 

in the UK serves the sales of goods or the production 

area of a shop at the ground floor, with internal spatial 

arrangements that consist of storage facilities at the 

lower ground floor of the house and a communal family 

use over the shop. Furthermore, he explains that the 

mixture of uses results in a form of concentration of 

diverse activities that produce a “generalised pattern of 

zoning by occupation” (ibid:34). This pattern is 

reflected in how functions tend to be separated 

vertically within the building, with retail use and craft 

activities on the ground floor, and family living on the 

upper floors. However, this is a process that is also 

based on how individuals produce their own links, 

Figure 1.30. Mixed-use building: retail in 
ground floor; business and residential on 
upper floors. 



	  

	  

99	  

connecting spaces of different functions and creating places of destination. Sjoberg (1960:101) 18 

explains that the “localisation of particular crafts and merchant activities in segregated quarters or 

streets is intimately linked to the society’s technological base. The rudimentary transport and 

communications media demand some concentration if the market is to operate: in this way 

producers, middlemen retailers and customers alike can more readily interact.”  

 

From the point of view of a generic design, the mixed-use building is a unit that forms part of a single 

development, a city block that provides different means of shared access. The different ways in which 

the façade can provide access to commercial or residential uses influences how accessibility can be 

changed and priced in different forms depending on the building’s location in the urban network. The 

façade represents the interface between the privacy of living and the microeconomic qualities of the 

public realm within a street. Therefore, the permeability of the façade regulated as a ‘device of 

transition’ (Talen, 2012) of street accessibility and building use is based on the socioeconomic 

incentive that the commercial-residential building can provide.  

 

For instance, vertical access to the upper floors maintains a segregated access in which residence or 

other types of businesses (e.g. private offices) are developed, whereas access on the ground level 

maintains an integration of social interactions between the street and the building. Gehl (2011) 

suggests that the design of facades or adjacent areas provides possibilities for influencing the 

concentration of activities as well as the experience of interaction: “The concentration of activities 

depends on active and closely spaced exchange zones between street and facades and on short 

distances between entrances and other functions, which contribute to activating the public 

environment” (ibid:93). (Figure 1.30). 

 

An interesting aspect of Gehl’s argument is that distances between different access and functions 

represent an important aspect of geography and location. The connectivity of spaces in the 

configuration of the spatial layout is shaped by the distribution of activities within the street and the 

building. Therefore, distances in the network can be seen in two ways: distance in relation to the 

street and building (connectivity and accessibility to different functions); and within the building itself 

(access to retail services at the ground floor and residence or other services at upper or lower 

ground floors). Thus, distance is shaped internally (building) and externally (street) within the spatial 

configuration of a city. From the point of view of location, the activities and functions of a building can 

be both spatially and socially integrated or segregated. This means that it is not only a formal 

integration/segregation of buildings with different functions to be placed together, but also a question 

of how people live and work in the same building (mix of uses) and within the same location that 

triggers a change in building form, use and pattern – a matter that recalls the influence of design 

codes.  

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
18	  Quoted in Coupland (1997:34).	  
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While there is some flexibility in the internal design of a mixed-use building, design codes have the 

capacity to be the tool for change of use and building form in the evolution of the building’s 

development. The same logic of developing vertical mixed-uses within an urban block can be applied 

to developing the site to its maximum extent horizontally (Coupland, 1997). This shows a 

transformation of buildings in terms of the façade being set back, placing shops on the back of 

pavement lines. Coupland explains that this change in the urban block happens because the demands 

of privacy require the ground floor of residential buildings to also be set back: “Typically, shop units 

are deeper in plan form than residential units, with servicing and storage areas to the rear of the 

customer area” (ibid:164).  

 

However, sometimes the form of development is reversed by extending the façade to the street. 

Shops are extended forwards on the ground floor in front of residential spaces. In this case, the result 

is the conversion of the residential ground floor for retail use – a formal characteristic of the 

commercial-residential building. This conversion is commonly found on main high streets or primary 

routes where the demand for inter-accessibility is higher, recalling the concept of the mixed-use 

street in local centres. The advantage of this new form of building configuration is that it gives 

residential spaces more privacy in terms of access and the affordances of the public street (e.g. noise). 

 

 

1.2.6 The Commercial-Residential Building 

 

A special focus is given to a particular typology in mixed-use development: The commercial-

residential building (CRB), which is characteristic of many urban centres in the UK. This thesis 

addresses the CRB in order to describe the local urban form and the effects of socio-economic 

activity at a local architectural scale. 

 

The phenomenon of the CRB brings several factors into consideration. Firstly, from a global 

perspective, the attempts to reverse the effects of the separation of uses and social class through 

planning regulations by allowing more mixed-use areas to promote diversity in the city. Secondly, how 

the same planning regulations have also been a reflection of how economic and urban land models 

describe the potential relationship between space and society’s requirements of economic 

sustainability, which in turn generates the need to adapt activities and functions to be complementary. 

Thirdly, how design codes influence the spatial dimensions in which urban order takes shape over 

time, managing the distribution of uses, patterns and built form. And fourthly, that the physical 

environment embeds social and economic living that should be understood as part of the ‘local 

history of places’ (Alexander, 1979).  

 

The existence of the CRB, also related to the concept of the ‘shop-house’, has been historically 

present in various cultures that emerged in different cities partly as an economic condition of living 

and working in the same place (Davis, 2009, 2012; Davis et al, 2011). The CRB is a spatial unit that 
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results from an architectural transformation influenced by economic necessity as well as cultural 

adaptation (Davis, 1999). Rules of building form provide the flexibility to transform a dwelling into a 

unit of work. Davis argues that this kind of change over time depends on the cultural and economic 

background of a city: 

 

“This fluid attitude toward building use is essential to the lives of people who inhabit 

shop/houses, for whom the building’s flexibility allows them to develop businesses in their 

houses with a minimum of financial investment, and to expand and contract the space 

devoted to the business as necessary. It is also important to larger buildings, in which 

dwellings and business owner may optimize rent by not restricting use” (2012:13). 

 

Working and living is a relation of how access and 

location complement each other through changes 

in building use and architectural adaptability (Figure 

1.31). When non-residential use is adopted in a 

dwelling, location becomes crucial and so too the 

price of accessibility in an urban neighbourhood. 

For example, retail and commercial functions 

require a degree of pedestrian catchment area. 

Therefore, a commercial-residential building will 

need to be located in streets that allow a more 

public use (busier streets) than more private ones 

(quieter streets). The strategic decision regarding 

where public use should be located in close 

proximity to private use is relevant to how 

distances are shaped within the architecture of the 

street network.  

 

The accessibility to a CRB and its connectivity to the wider urban district can significantly impact on 

how different activities are reached or how frequently a specific location is likely to be used as a 

route to pass through (Hillier and Iida, 2005). The relevance lies in the way two functions - residence 

and commerce, the public and the private - are optimized in the same location and how a single 

property can have a financial return that then leads to a mixed-use district (Davis, 2009).  

 

Grid intensification in relation to the multiplication of mixed-uses also has effects on the flows of 

pedestrian movement in the urban configuration. For example, Siskna (1997) argues that changes in 

the morphology of the urban block relate to how the grid affects the degree of pedestrian movement. 

If a higher number of smaller blocks exist, meaning higher grid intensification, then a higher density 

will tend to take place, which is a characteristic of city centres (Hillier, 1999b). However, land-use 

patterns and arrangement of the blocks must be taken into account in order to optimize the 

Figure 1.31. Commercial-residential building 
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circulation of the street network. Siksna (1997:29) argues that lot location and its subdivision create 

differentiated land-use patterns which define the ‘circulation mesh’ within a block, such as “through-

lots [that] assist subdivision into two back-to-back lots using both street frontages.” The CRB, aside 

from the internal morphological properties of the building itself, provides support to spatial 

properties of block pattern and frontage use, along with the socioeconomic conditions of families 

with their own, or minimum, resources.   

 

 

1.2.6.1 Local urban life shaped by architecture and economy 

 
This type of building acquires an 

importance in revitalising streets and 

centres as a new kind of economy that can 

increase a city’s urban diversity by 

maintaining liveable centres and increasing 

the land value of residential spaces through 

proximity to services. The social and 

economic evolution that surrounds the 

CRB engages the dynamics of exchange that 

contributes to the local economies within a 

neighbourhood.  

 

Architecturally, the CRB has the urban adaptability to manage different functions. Shops are located 

on the ground or street level and dwellings on the upper floors, causing the separation and 

combination of uses to influence how access either to a shop or to a residence (public versus private 

spaces) defines distances between activities and connectivity with the street (Figure 1.32). However, 

where vacant land is very cheap there may be a little incentive to build up these occurrences. Single 

storey retail spaces (e.g. strip malls) or single storey residential properties appear, such as in the US, 

along with zoning to separate them in plan. Where land is scarce and has the potential to be 

developed upwards, often the case in the UK, then two or more storeys occur; retail is situated on 

the ground floor while the upper floors become residential.  

 

The differentiation of shops and dwellings is also an issue of topological relations. This can be in 

relation to the street (e.g. the clustering of shops for mutual competition along the same street), the 

position and morphology of the urban block (e.g. the location of storage facilities of a shop within two 

blocks from a main high street), and the unit of the building (e.g. a mutual competition of goods and 

services internally within the same building). From an economic perspective, the CRB represents the 

requirement for people to minimise distances along with cost/time in accessibility by setting up their 

Figure 1.32. Shopkeeper living over the shop. 
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own businesses (self-employed), enjoying the benefits of working from home along with the financial 

gains of maximising rent.  

 

If commercial uses are located alongside residential use then housing rental tends to increase, 

rendering location a highly valued asset of the property that favours the CRB due to its commercial 

and residential profitability. An important requirement of the CRB is having the residential densities 

to support retail shops (Davis, 2009). The issue lies in balancing how living can be kept away from the 

public realm of the street for reasons of privacy or even safety, while still being close to commercial 

activity. The ability to have residential and commercial uses within the same building needs a balance 

between access and location – much of which the bid rent theory can explain if applied to the grid 

configuration as a geometric distance network, rather than as the Euclidean space. This is a crucial 

consideration that can be discerned from an urban modelling of bid rents showing global market 

behaviour to identify the location of CRBs.  

 

The CRB represents an architectural unit that relates location and urban centrality to be understood 

at all scales in the city. A particular real-estate property needs to satisfy the demands of each function 

- retail and commercial - by having sufficient residential density to support itself, and to fulfil the 

demands of housing affordability by being located near services. As such, the combination of functions 

of the CRB emerges as a socioeconomic process that is economically driven by its urban location and 

by being a changeable spatial unit (Davis, 2012), grounded locally in social and cultural forms and 

contributing globally to an urban process.  

 

 

1.2.6.2 Planning regulations in commercial-residential buildings in UK: A 

flexible architectural economy? 

 
Local government authorities in the UK have responded to consultation with communities regarding 

changes from residential to commercial use. Through an assessment called Relaxation of planning rules 

of change use from commercial to residential (2012), the Department for Communities and Local 

Government presented the views from the communities in changing rules from either residential to 

commercial or the reverse. In regards to the change of residential to commercial, communities stated 

that “[the change from residential to commercial use] would allow greater flexibility in responding to 

changing market conditions”, however, “it should be limited to B1 uses19 [i.e. businesses] as they were 

more compatible with residential” (2012: 7-8). Other views opposed to these changes of use, as they 

would have implications for the area in which it was located and therefore needed to be determined 

locally through consideration of a planning application. 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
19	  The full classification of land use classes defined by the National Land Use Database agency in England is detailed 
in Appendix A.	  
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Specifically addressing flats above shops, homeowners agreed that it would be appropriate to extend 

the existing permitted development rights which “allow the space above shops and other town centre 

uses (A1 and A2 use) [i.e. retail shops and financial and professional services] to be converted into a 

single flat without the need to submit a planning application” (ibid). The response from the 

community to permit residence over shops highlighted aspects that give importance to urban 

centeredness as well as the economic benefits that this may bring:  

 

Flats above shops “could increase the vitality and viability of town centres and drive 

regeneration…[where] flats created would be likely to be at the more affordable end of the 

market, helping people either looking to get a first step on the home ownership ladder or to 

find an affordable home to rent… Could provide an opportunity for shop owners to raise 

additional income to support or invest in improving their business. If one flat is already 

allowed then the principle has been established… [and so], it could increase flexibility in the 

planning system and ensure land is used efficiently and housing is delivered more quickly. 

[However], depending on local circumstances, development of more than one flat could give 

rise to adverse impacts, for example, pressure on parking or increased noise and litter, which 

would require mitigation” (2012: 8) 

 

In this respect, local government recognised that making it easier for a space above shops to be of 

residential use would contribute to an increase in the supply of housing and give encouragement to 

owners to look carefully at the potential offered by their properties. In addition, “helping more 

people to live in the town centres will contribute to wider regeneration, reduced commuting and 

ensuring town centres remain vibrant places” (ibid). The assessment, as its title indicates, shows the 

‘relaxed rules’ in which changes of use can be adopted, and consequently, the flexibility of buildings to 

adapt mixed-use development. Such forms of initiative, where it is no longer an approach of central 

planning, but rather focusing on problems perceived by a community, can be an indication of whether 

‘spontaneous ordering’ can be designed. 

 

 

1.2.7 Urban Centrality – A Question of Distance 

 

“There are two ways of walking through the wood. The first one is to try one or several routes 

(so as to get out of the wood as fast as possible, say, or to reach the house of grandmother, 

Tom Thumb, or Hansel and Gretel); the second is to walk so as to discover what the wood is 

like and find out why some paths are accessible and others are not.” –Umberto Eco, Six Walks 

in the Fictional Woods, 1994. 

 

Let’s imagine for a moment that a person wants to establish a shop. Among the many factors that 

establishing and running a business implies, the essential thing that the new shop owner would think 

about is, ‘where do I locate my shop?’ Or, ‘where can I get the most benefit for my shop’? These 
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questions implicate thinking about what it is to be central in the city. Another factor that these simple 

questions also bring in consideration is the importance of location. But what kind of shop is going to 

be established? To make matters simple, let’s set an example of one particular retail store – the shoe 

shop. It is assumed that the owner of this new shoe shop will want to be close or proximate to other 

retailers of the same or similar type of store. The reason is that the incentive for being close to other 

similar shops is an attempt to capture more customers, in contrast to the location incentives for 

other kinds of retail stores, such as supermarkets. People often prefer to visit multiple shops to 

compare and try out clothing or shoes, and therefore may prefer to go to concentrations of similar 

shops (e.g. the high street). People like to compare similar products in order to decide what to buy; 

they don’t usually go to multiple supermarkets as these kinds of stores offer a generally homogenous 

basket of products, whereas a shoe shop usually offers quite diverse products (different market 

segments, brands, etc.). 

 

As a first example, let’s take the high street as the location for the new shoe shop. This has two 

perspectives to consider. First, from the owner’s point of view, in which the purpose is to place the 

shop in a high street where other similar shops can be found. There is a purpose of searching for a 

building that can be easily reached and visibly located within the street. It is assumed that the shop 

owner’s interest of being in a high street is because this would represent a location where the 

probability of people reaching or passing through this area can be potentially higher than other 

locations. Broadly speaking, a high street typically offers a wide variety of activities that make it a 

potential destination to attract more people to go there. Second, from the customer’s point of view, 

people searching for shoe shops in the high street will have the choice to go from one shop to 

another in order to make their decision of what to buy. And here is where the notion of distance 

comes into question. The shoe shop is located at a certain distance from other similar shops in the 

same location, in this case the high street. For the owner of the shop and the customer, the distance 

of getting from one shoe shop to another can be understood in several ways: It may mean that the 

shop is located at a 5-minute walk from another similar shop; it can be within 200 metres away; or it 

can be one block away along the high street. These are ways of commonly thinking about distance in 

the city. The first implies a matter of time taken to travel, the second a matter of how far or close 

one is physically in metric distances, and the third is how far or close one is in terms of the topology 

of the area. The distance from one shop to the other is the same. For example, a 5-minute walking 

distance may mean also that the distance between the shops is within two small blocks away along the 

high street. How distance is measured is what allows us to distinguish what and where activities are 

located in the city. Distance, therefore, becomes a relative rather than a fixed measure from one 

place to another. 

 

Let us describe a second example. What if the shop is located in a neighbourhood? It is assumed that 

the owner does not search to be located in the high street but rather in its own local neighbourhood. 

Knowing that a high street will have a major amount of shops and a higher demand of flow of people 

than in a residential street, the difference here is thinking about location from a different standpoint: 
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‘How can I maximise my economic returns if I locate my shop near a commercial street?’ ‘What kind 

of customers do I want to reach by placing my shop in the local neighbourhood?’ ‘What are the 

benefits?’ An important factor here also is the nature of the shop. It would be the kind of shop that 

doesn’t need to be close to others of the same type, and even more so, to capture a greater number 

of customers with fewer competitors. Let’s consider the example of the corner shop. A corner store, 

in its broad sense, is a local convenience shop typically found at the corner plot or street end of a 

row of terraced housing.  

 

In this case, the location of the shop is on a street that, firstly, is composed primarily of housing; 

secondly, is a street in which there is connectivity to main streets that compose of retail activities in 

the majority, like the high street; and thirdly, it is a street that also connects to a neighbourhood area. 

Let’s suppose that the corner shop is located one block away from a main commercial street. Saying 

that it is one block away may indicate a relative distance of being 5 or 10 minutes walk from the 

commercial street, depending how long or short the residential street is and therefore defining how 

large or small the urban block is. The corner shop, however, has the particular advantage of having a 

visible front on two streets and the connectivity of those streets – one that connects to the main 

street, the other that connects to another residential street. Therefore, the threshold of the corner 

shop has the sufficient amount of customers needed for its business benefited partly by the potential 

flow of people reaching the main commercial street, which then connects to the street of the corner 

shop; and partly from the local residents of the neighbourhood.  

 

There are two things to consider in these examples: first, the concept of distance poses an initial issue 

in relation to its measure. Distance should not be conceptualised as an absolute measure between 

two places, but rather as a relative measure between spaces. It is a measure that distinguishes 

properties of space and the relation of these properties to other factors (e.g. social, cultural or 

economic). Following the example above, within the distance from one shop to another in the high 

street, there are other factors involved that relate how much time, how many metres or how much 

space is covered. The opportunity of other land uses can be found, such as other kinds of retail stores 

or businesses; there is the sociability of the street with its buildings; the activity of exchange of goods 

and services; the cultural factor of the kinds of shops encountered, etc. 

 

Second, in both examples, the person wanting to place a business or a shop seeks to maximise rent 

on a particular piece of land. In the case of the high street, there is a need to concentrate retail shops 

where people are; in the neighbourhood, there is a need to favour residential location and proximity 

to retail location. The two cases refer to the idea of searching to be in or near a central urban area. 

However, how far or close the shop is accounts also to an economic value, in this case rent. Location 

gains importance because, spatially, it is a point of measure between one shop to the rest of the shops 

and, economically, influences the establishment of the shop. Location, thus, has a composite market 

value that includes two components: land and built form structure.  
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The built environment defines how the landscape is read and allows people to move from one place 

to another, which is essentially the geometry of space. The geometry of the built form can distinguish 

physical properties of design in a city (how long or short a street is, how large or small a building or 

an urban block is, size of parcels of land). Depending on this geometry, people travel distances that 

can be measured, estimated and defined in different ways. The scale in which activities and their 

location take place, within architecture and in the urban economy, embodies common configurational 

ideas that form the basis of this research. The following section brings together the two city scale 

processes, specifically describing how urban centrality and the microeconomic qualities of socio-

economic activity are addressed through the geometry of the built environment.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	  

	  

108	  

1.3 The Syntax of Urban Form 
 

1.3.1 Towards a Configurational Theory of the Built Environment 

 

Important fields of disciplines have contributed to the study of the integration of economics in space 

and which this literature has addressed so far primarily through two perspectives, urban economics 

and urban planning theory. On one hand, the urban location models described in the first section of 

this chapter are examples of urban economics. Following the path set by Von Thünen (1826) that 

space is topographically even, urban space in locational models has been limited in description and 

analysis by not using and perceiving the physical design of the city.  

 

On the other hand, the perspective of a designer in urban planning distinguishes the form of the city 

from the ‘featureless plain’, accounting the elements that architecture implies in urban economics. 

People walk from one place to another following a network of streets, choosing a path among the 

different routes to get to a destination, to take turns, to encounter different types of uses along the 

path and to travel a certain distance. Taking a different path may lead to a same destination at the 

end. Though leading to the same destination, the different route choices implies also travelling 

different distances that people are willing to walk as they see more convenient. In this sense, the 

street’s design, the way it connects to different destinations, the organisation and spatial qualities of 

connecting activities is the result of a designer’s input. From this point of view, a designer will 

acknowledge the role of urban form and its influence on location. For economists, this hasn’t been 

sufficiently recognised through a realistic notion of urban form. Alonso’s work (1964) showed how 

the location of activities accounting for a respective land use zone is able to explain accessibility 

across the city. The potential for accounting the trade between the cost of goods over a spatial 

benefit provides an interesting principle to question the role of urban form in economic phenomena. 

Even geographers and urban planners at the time of Alonso’s model began to recognise the 

complexity of urban structures in relationship between transportation networks and land use patterns 

(Lowry, 1964).  

 

Since the 1960s, an increasing recognition of the changing urban form from ‘monocentricity’ to 

‘polycentricity’ has advanced the development of methods to explain patterns of accessibility (Berry 

and Kim, 1993; Waddell, 1998a). Most recently, urban planners have benefited from the advancement 

of network science (Batty and Longley, 1994; Barabási, 2002; Hillier, 2005; Batty, 2005, 2008). The 

street network is taken as the main subject of study, characterised by a well-defined geometric 

structure constituting nodes and segments (i.e. points and lines). This new form of urban modelling 

has been addressed in several studies of accessibility using the street network as their basis of analysis 

(Borruso, 2008; Okabe et al, 2006; Downs and Horner, 2007; Porta et al, 2006).  
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Within this empirical framework, configurational studies have investigated the spatial complexities in 

an attempt to identify the particular structure that resides at the level of the entire city configuration, 

ranging from the study of the building layout (the architectural scale) to the urban street layout (the 

urban scale) (Martin and March, 1972; Steadman, 1983; Lynch, 1960; Hillier and Hanson, 1984; Hillier 

et al, 1987). Common to both scales is the relationship between space and society: people create the 

spaces that they use and, in doing so, specific configurations of the built environment impact the way 

people move, act and experience the spaces they inhabit (Hillier and Hanson, 1984). It is to this line of 

thought that the following review will limit itself, within configurational studies of the built 

environment, addressing how urban form is understood through the geometry of streets and 

buildings in what is known as Space Syntax.   

 
 

1.3.2 Space Syntax 

 

Space Syntax is a set of theories and techniques for analysing architectural and urban space. It is a way 

of researching buildings and cities, relating how the structure of the built environment impacts on the 

experience and actions of the people who inhabit it. This principle has been a means to understand 

the way cities are structured, how they function and the societal implications of spatial configurations 

in the built environment, understanding how social and economic processes shape space over time. 

 

1.3.2.1 Foundations 

 

“If we wish to consider built environments as organized systems, then their primary nature is 

configurational, principally because it is through spatial configurations that the social purposes for 

which the built environment is created are expressed” (Hillier, 1996b: 92). 

 

Space Syntax lies in the idea of configuration where “space is not the background for human activity, 

but rather an ‘intrinsic’ aspect of what human beings do in the sense that interacting and encountering 

with other people in space, moving through space, all have a natural spatial geometry” (Hillier and 

Vaughan, 2007:3). However, human space is not only about individual spaces or simply connections. 

Rather it is how the position of each individual space is related to all other spaces that build the 

spatial layout of a building or a city, that is, ‘relations that account other relations’ (Hillier, 1996b). In 

this sense, spatially speaking, buildings and cities are configurations. Therefore, the spatial configuration 

of the built environment refers to the spatial relations that make up buildings and cities, taking a 

certain size and form (Hillier and Hanson, 1984).  

 

Understanding the “social city [being] either side of the physical city” (Hillier and Vaughan, 2007: 6), 

spatial configurations are social constructions reflecting the culture of the city and its inhabitants, and 

the way they build urban space to satisfy their needs. Space Syntax is useful in describing and analysing 
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patterns of architectural space, arguing whether we can measure the configurational properties of 

spatial systems or even questioning the role of configuration in movement, co-presence and higher 

social phenomena. The theory, thus, bases its method on a technique that describes spatial 

configurations as topological relationships rather than on metric distances. 

 

In this regard, Space Syntax argues that an ‘intelligible’ layout contributes to an intuitive understanding 

of spatial configurations (Hillier, 1996b: 40). Furthermore, they suggest the diachronic nature of urban 

experience through the use of ‘fewest line maps’ covering the street network in their techniques by 

measuring a property called ‘integration’ (Penn, 2003), which is essentially a measure of topological 

distance. The details of this measure will be discussed further in the following sections. Let us note, 

for now, that the shape of these ideas lies the assumption in Syntax theory that configuration defines 

‘non-discursive’ rules (Hillier, 1996b: 38) that we use unconsciously. This means that although people 

may not be able to explain why configuration or how the spaces are laid out is important, they can 

understand it (Hillier and Hanson, 1997). This assumption can be explained through the property of 

intelligibility in an urban system.  

 

Syntax theory defines intelligibility as “the degree to which what we can see from the spaces that 

make up the system - that is how many other spaces are connected to - is a good guide to what we 

cannot see, that is the integration of each space into the system as a whole. An intelligible system is 

one in which well-connected spaces also tend to be well-integrated spaces. An unintelligible system is 

one where well-connected spaces are not well integrated, so that what we can see of their 

connections misleads us about the status of that space in the system as a whole" (Hillier, 1996b: 94). 

For example, if an urban area were arranged in a linear form, like most of the streets in a city like 

Manhattan, then the trip length would tend to be maximised along with its visibility within the urban 

layout by progressively elongating the grid (Hillier, 1999a; ibid). 

 

 

1.3.2.2 The street network-movement relation 

 

In The Social Logic of Space, Hillier and Hanson (1984) made the distinction that the spatial 

configurations of a city govern the distribution of movement that is ‘naturally’ shaped by the spatial 

layout. In these terms, Hillier offers two key propositions. Firstly, he argues that configuration is the 

primary determinant of the distribution of movement flows and co-presence in space. Movement is 

understood as a way to predict how people tend to use space depending on its configuration. The 

structure of the street network determines movement, and as street networks shape movement they 

also generate a distribution of land uses. The probabilistic outcome of movement patterns in an urban 

system, before the effects of any regulatory regime are taken into account, is what Hillier describes as 

“natural movement” theory (Hillier et al, 1993:31-33).  
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Secondly, he argues that the distribution of land use patterns is generated as a consequence of their 

reliance on movement in the urban grid. The outcome of changes in street connectivity, partly with 

the purpose of attracting more people, suggests that this in turn would have a tendency to attract 

retail and other types of uses that depend on the volume of pedestrian traffic, and consequently, the 

density of pedestrian movement and uses is multiplied. In this way, a spatial ‘multiplier effect’20 results 

in the collective multiplication of uses, movement, and thus of jobs and activities, and is determined by 

the configuration of the urban layout, which he referred as the “movement economy” theory (Hillier, 

1996a: 41-43). 

 

So, how is the configuration of urban street networks studied in the analytical framework of Space 

Syntax? Based on the two related theories of movement in the street network, space syntax 

addresses the connectivity of streets in order to identify spaces that are more easily accessible from 

their urban environment in comparison to those that are spatially more segregated. Assuming that in 

a relatively dense urban area all destinations are important within the city and assuming that no 

destination carries a higher level of demand of movement or ‘level of attractiveness’ than others 

(Hillier, 1999b), it then becomes possible to study how spatial accessibility is distributed throughout 

the street network. As a result, the study of the urban street network in syntax techniques is 

addressed as a spatial system that allows movement in every part and across the city.  

 

The correlation between accessibility and movement in street networks has been addressed in 

several studies in space syntax research, suggesting that more accessible streets are correlated with a 

higher volume of pedestrian movement (Hillier et al, 1993; Chang and Penn, 1998; Hillier and Iida, 

2005; Hillier et al, 2007; Peponis et al, 2007; Kubat and Ozer, 2007; Marcus, 2010). Since the 

technique uses topological properties, namely direction changes, the measure of how ‘integrated’ or 

‘segregated’ one space is to all other spaces is relativized in the urban system, namely an integration 

measure of the street network (Hillier, 1996b). Intuitively, this means that each street in the urban 

network is characterised by the mean number of direction changes that are needed to go from that 

street to all other streets in an urban network.  

 

 

1.3.2.3 Location theory in space syntax 

 

The effects of movement upon the urban street network provide an interesting relationship with 

location theory from a syntactical point of view. There are two principal components of human 

movement that accounts spatial accessibility in the built environment. Intuitively, if a main street 

connects to back streets, people are more likely to pass through the main street than the back streets. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
20	  The ‘multiplier effect’ is a term by which economists refer to the increase of a settlement’s exports, which also 
results in an increase to local growth in a city’s economy. Jane Jacobs (1970:137) makes use of the term in reference 
to jobs, whereby each additional job through a city’s exports cumulatively adds more jobs to the city’s local economy, 
at the same time supplying a higher number of workers, so the city grows, a higher gain of imports for the city will 
result and therefore the growth of the local economy (its multiplier effect) is possible. 
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The main street is easier to get to than other streets, assuming that it is more accessible. The back 

streets also have good potential for getting to or passing through, but hypothetically to a lesser 

degree than the main street (Hillier and Vaughan, 2007). This is what in Space Syntax is commonly 

known as a to-movement and through-movement in the configuration of space (ibid). These two 

components are important in relation to location theory if the effects of land use upon movement are 

taken into account. For every trip, a person chooses a destination (to-movement potential) and a 

series of spaces to pass through to get to that destination (through-movement potential). If a location 

is in some way close to all other locations within a certain radius, then that location will have a 

greater potential as a destination by virtue of having easier accessibility (ibid:6-7). For example, if we 

want to set up a shop we would ideally want to establish it in an accessible location. In a similar 

fashion, if there are routes that are more likely to pass through a certain location than others, it 

would be sensible to establish the shop in one of those locations.  

 

Secondly, syntax theory argues that movement in the urban configuration is also influenced by how 

people cognitively understand the built environment (Hillier and Iida, 2005). For example, if people 

tend to use a path with the fewest direction changes, shops that establish in an accessible location, 

such as the main street, would take advantage of the visible easiness of reaching that location. Since 

the work of Lynch (1960) proposed how more complex routes would tend to be more confusing for 

an individual to navigate in an urban environment, the theoretical argument that people may prefer to 

use shortest or simpler routes has been addressed in studies of spatial cognition (Sadalla and 

Montello. 1989; Montello. 1991, 2007; Jansen-Osamn et al.2004), which also relates to the fact that 

integration is associated with the distribution of movement in terms of direction changes (Kim and 

Penn, 2004; Penn, 2003).  

 

In contrast to location theory as addressed by economists, location from the point of view of Space 

Syntax is argued through the description of the street network and how each street is related to all 

other streets. In this sense, the urban structure of a city entails differences of higher or lesser 

integrated streets. According to Hillier (1999b), retail functions will tend to distribute in higher 

integrated streets or with easier accessibility (e.g. main streets) where shops would act as 

“attractors” (ibid:18-19) of higher demand of movement, and even taking advantage of the visibility of 

the road by being located in an easily accessible street. In contrast, this would be less likely to be 

expected in lesser integrated streets, such as back streets where usually residential uses are located. 

Segregation doesn’t necessarily imply a negative outcome. Rather this can also mean that some types 

of uses may look to be located in more private or quieter streets than in public ones, as in the case of 

dwellings, which may seem to be in more segregated streets.  

 

Hillier summarises that such primary elements of urban form, which constitute the structure of the 

urban grid, the distribution of land uses and the development of densities, are bound together in the 

historical process of the city: “Movement is so central to this process that we should forthwith cease 

what we have called the ‘movement economy’, in which the usefulness of the by-product of 
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movement is everywhere maximised by integration in order to maximise the multiplier effects which 

are the root source of the life of cities” (1996b: 127). What follows is how these theories are 

informed through the notion of centrality and in the way this can be modelled through the analytical 

descriptions of Space Syntax. 

 

 

1.3.3 Modelling Centrality in Space Syntax 

 

The analysis of the spatial configuration of 

the city relies on the use of a least line map, 

called an axial map. The axial map is 

constructed by representing in straight lines 

the geometry of the street network of a city 

(Figure 1.33). By definition, an axial line is 

said to be the fewest and longest lines 

necessary to connect each street to all 

other streets that compose a city (Penn, 

2003; Turner et al, 2005). This form of 

representation can be seen as an alternative 

to the traditional node-link maps commonly 

used in the integrated land-use transport 

models.  

 

As the literature on LU-T models showed, the most common form of representation that has been 

extensively used is the node-link map. It is a representation in which junctions in the network are 

considered as nodes and the lengths of a street (whether straight or curved) between those junctions 

are considered as links. However, some differences between the node-link map and axial maps have 

been addressed. A recent study by Turner (2007:4) describes that a road centreline network typically 

used in LU-T models, being geographical road data from GIS databases, is similarly drawn to an axial 

map, “with the difference that the path which continues in the current direction of a street is, by 

definition, continuous across a junction. Axial lines simplify the street network as straight lines that 

can be differentiated between transport or pedestrian roads, whereas the centreline includes the road 

network only as the transport system.” 

 

A further difference between axial maps and node-link maps is that the calculations of connectivity 

are based on a dual graph. Philip Steadman explains that “in graph-theoretic terms the nodes are 

vertices and the links are edges. In some cases the dual graph is used, where vertices represent 

lengths of roads, and junctions are represented by edges” (2004: 483). Put simply, while node-link 

maps in LU-T models use streets as links and nodes as junctions, the axial lines in Space Syntax treat 

the nodes and intersections as the links in a graph, giving the importance to the street as a space for 

Figure 1.33. Axial line map 
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movement. Yet both LU-T models and syntax techniques consider measures of accessibility. The 

former does it by calculating the shortest paths between all pairs of each node, showing potentially 

the shortest metric distances or shortest journey times within the urban network. The latter does it 

with its measure of integration by normalising the distance of the shortest topological distance (or 

steps) from one axial line to all others (ibid; Turner et al, 2005). 

 

In contrast, the measures of accessibility in the Space Syntax method raised criticisms regarding the 

use of axial lines and the reliance on topological distances rather than including metric components in 

their measure (Ratti, 2004; Hillier and Penn, 2004; Steadman, 2004; Porta et al, 2006). Since then, 

scholars have addressed the limitations of axial lines (Peponis et al, 1997; Dalton, 2001) resulting in 

new advancements on syntax techniques; thus, new measures were introduced ranging topological 

and metric components. Among the new developments, Space Syntax turned the use of axial lines 

into the use of segment lines, introducing a refined analysis for accessibility called segment angular 

analysis (Turner, 2000, 2001, 2007).  

 

Segment angular analysis takes the same 

principle as the axial line with the difference 

of breaking down axial lines into segments 

(Figure 1.34). Each axial line is broken down 

into segments at the points where axial lines 

intersect. Segment lines are argued to give a 

more precise estimation of shortest paths 

calculated by their least angle change of 

direction (Turner et al, 2005), which makes 

it possible to measure not only topological 

dimensions, but also metric and geometrical 

distances throughout and across the street 

network.  

 

 

1.3.3.1 Defining distance as network in the street configuration 

 

Segment angular analysis takes the segment map of the urban street network. The segment map 

analyses the way each segment line is related to all other segments in the urban system. Therefore, 

each street segment is studied according to how accessible it is from all other street segments in the 

city. The analysis allows three definitions of distance between each street segment and its neighbours:  

1. Topological: Assigns a value for every change of direction or turn between a segment and 

its neighbouring segments (Figure 1.35).  

2. Metric: Referring to the distance in metres between the centre of a segment and the 

centre of a neighbouring segment (Figure 1.36). 

Figure 1.34. Segment line map 
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3. Geometrical or Angular (least angle change): Assigning a value of the degree of angular 

change of direction between a segment and its neighbour (Figure 1.37).  

 

These three concepts of distance are used to calculate two measures that indicate measures of 

centrality (Hillier, 1996b): Integration, which captures how close one street segment is in relation 

to all others under each definition of distance. In Space Syntax terms, ‘spatial integration’ means how 

close you are to everything from everything, referring to the kind of to-movement potential (Hillier and 

Iida, 2005). The second measure is Choice, which calculates the distance of shortest paths between 

every pair of segments that each segment lies on under each definition of distance. ‘Spatial choice’ 

means how likely pedestrians are to be able to transverse one space rather than other spaces, 

referring to the kind of through-movement potential (ibid)21. 

 

Therefore, each definition of distance brings a calculation of integration and choice resulting in a 

different analysis of the street network: the metric definition of distance will show a system of 

shortest paths for integration and choice; the topological definition will show a system of fewest turns 

map and the geometrical definition will show a system with the least angle change map (Hillier, 1996b, 

2014). The street segments describe the urban system according to the distribution of accessibility, 

ranging from the most accessible, or ‘integrated’, to the least accessible, or ‘segregated’ (Hillier and 

Vaughan, 2007). Hence, movement in the street network as a probabilistic measure of urban 

centrality is defined as either how close one destination is to all other destinations, or how 

movement is more likely to pass through one place in relation to all other places.  

 

Modelling the street network in Space Syntax results in a representation of the urban structure of the 

city whereby measures of accessibility are calculated through the urban configuration. The result, 

thus, is a model of urban centrality based on the spatial configuration of the city as opposed to the 

definition of distance in classical urban land models. The model is represented through a colour 

coding that indicates the calculations of accessibility in the urban structure (Figure 1.38). In addition, 

the potential of using a configurational model over the form of analysis in LU-T models is that Space 

Syntax studies the configuration of city form - the geometry of street, buildings, blocks, or parcels - 

and its relation to how movement is shaped by spatial geometry itself. As Steadman points out, “what 

is original to space syntax is the important insight that the pattern of movement in a city or urban 

area is likely to be shaped to an extent by the topology of its route network alone, irrespective of all 

other factors - above all the distribution of land uses - that can be expected to affect traffic” (2004: 

484). 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
21	  Integration and choice are also interpreted as ‘closeness’ and ‘betweenness’ in graph theory and centrality 
network analysis (Freeman, 1977, 1979).	  
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Figure 1.35. Defining topological distance in the street configuration 
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Figure 1.36. Defining metric distance in the street configuration 
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Figure 1.37. Defining geometrical (or angular) distance in the street configuration 
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Figure 1.38. Examples of cities analysed in Space Syntax research: a) Cardiff by the author; (b-e) Courtesy of 

Space Syntax Limited and Professor Bill Hillier [maps without scale]. 
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1.3.4 Centrality as Global and Local Scale Process 

 

Modelling the city as spatial configurations sets an interesting perspective from which to understand 

urban and socio-economic dynamics in various scales, particularly in the way centrality can be looked 

at as a global and local scale process, and the different urban forms in which centrality can occur. In 

this regard, Space Syntax proposes to think about the urban grid as a dual structure and the different 

ways in which space relates to society. Space can embody or reflect a social pattern where space is 

set out to give a certain pattern of activity, and in doing so, to reinforce that pattern. Therefore, 

space is said to act in a ‘conservative’ way. Alternatively, space can shape social patterns, shaping 

movement and creating new possibilities for social interaction, which in case it is said that space acts 

in a ‘generative’ way (Hillier, 2009).  

 

In the same way, space can either act in a conservative or generative way in a city’s spatial network. 

Conservative relates to the city’s “background network” that includes primarily residential areas, 

while the generative relates to the “foreground network” that constitutes streets with primarily 

commercial spaces that interconnect the whole city (Hillier et al, 2007:1-4). This theoretical 

proposition is based on the idea of the functional structure of space, understanding the nature of an 

urban grid: settlements are built up by joining units (the collection of buildings) to their streets (open 

spaces), making longer streets related to open spaces, and shorter streets in the ordering and 

organisation of buildings (Hillier and Hanson, 1984:52-66). In turn, the functional patterns in the urban 

grid of a city can be considered to work as a ‘dual process’: “…[it is] a micro-economic process 

which, seeking to maximise movement and co-presence, creates the main, local-to-global structure of 

the grid with its longer lines and nearly straight connections; and a socio-cultural process which, 

seeking to modulate and structure movement and co-presence to reflect specific cultural norms, 

creates the background, primarily residential, patchwork of more local areas with shorter lines and 

more grid like connections. Thus cities tend to have a universal global form and a culturally specific 

local form” (Hillier et al, 2007:4).  

 

The urban grid as a structural negotiation of spaces poses an interesting perspective regarding how 

the urban structure acts as a dual phenomenon and, even more so, how centrality can be 

differentiated as a global and local scale outcome. Duality refers to distinguishing between two 

components of a whole, and in order to understand the whole we must understand its parts. The 

dichotomy between the theory and method of recognising the urban structure as a dual process lies 

in the possibility of analysing the spatial modulation of movement within “specific cultural norms” that 

then create a “local to global structure” (Hillier et al, 2007:4-6). The foreground network consists of 

a small number of long street lines that form a superstructure of the city (Figure 1.39). The global 

structure of the network identifies the location of economic activities -related to commercial uses 

and producing a ‘pervasive centrality’ (Hillier, 1999b). This process of centrality operates from the 

local scale of retail and commercial spaces to the global scale of the whole city. In contrast, the 
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background network constitutes a larger number of short street lines that correspond to the cluster 

of neighbourhoods in the city and are related to residential use (Figure 1.40).   

 
Figure 1.39. (top) Foreground network representing the global structure of the urban grid. 

Figure 1.40. (below) Background network representing the local structure within a radius of 500 metres of the 

street configuration 
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1.3.4.1 Forms of urban centrality – Compactness versus linearity 

 
The negotiation between a global and local urban structure establishes an important characteristic of 

urban patterns and the “laws of emergence” (Hillier, 1996b:265) that are part of the process of 

urbanisation. For example, the concentric form is a characteristic order of urban growth subject to 

certain laws of emergence that makes a randomly aggregate circular shape. “This is relevant to urban 

growth because a circular shape is also the most integrating shape, and this means that to the extent 

that trips are from all points to all others, then mean trip length will be minimised in a circular form 

— that is, oddly, in the form that grows most randomly” (ibid). 

 

However, centrality can take its form in two ways within an urbanisation process: it can take the 

shape of circular aggregation – a form of compactness organising urban growth from centre to edge; 

or, in a linear form of aggregation (Hillier, 1999b). The issue of centrality relies on these two 

characteristic forms of emergent patterns. Centrality as a concentration from centre to edge in a 

settlement prioritises having more movement or integration effects in the centre than on the edge. 

The internal distances of the street network, in the most integrated core of the centre, tend to 

maximise segregation on the edges or external distances outside the circular form of the centre area. 

However, if the external distances are considered, that is, the edges of a circular form pattern, then 

the centrality shifts into a linear form of aggregation. This means that a single line aggregation, the 

most segregated shape in contrast to a circular one, becomes the most integrated with the outside of 

the circular form. In these terms, Hillier (1996b: 266) argues that “the circular form [becomes] the 

least integrative with the space outside the form for the same reason that is the most internally 

integrative”.  

 

The two shapes of centralities create an urban development of compactness and linearity. Urban form 

seeks to overcome this by balancing both ‘internal and external integration’ (Hillier, 1999a, 1999b). 

He argues that urban form relates compactness to trip efficiency, as has been shown in the different 

descriptions of urban land models, forming a centre-to-edge system in proportion to the growth of 

the system. Linearity, on the other hand, is said to relate to visibility and the degree of intelligibility 

within the urban system. For example, the form of linearity can be considered in the case of high 

streets, characteristic in many British cities. High streets relate to other additional factors (e.g. retail 

and commercial uses) that influence the aggregation of building units and the clustering effect of shops 

along a street, that in turn causes a local urban centre to emerge. Overall, “linearity integrates the 

visibility field, compactness integrates the movement field. Urban form, [is] proposed, reconciled 

these two imperatives of growing systems through ‘deformed’ or ‘interrupted’ grids, both of which 

tend to maximise linearity without losing compactness… this principle can be seen to operate at 

every level of the evolution of urban form, right down to the level of certain very small settlements 

whose layout seems to contain the very seeds of urban form” (Hillier, 1996b: 281).  
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1.3.4.2 Perspectives on centrality in configurational studies 

 

Approaches to mixed-use 

The theory of centrality in Space Syntax research can be described in a few examples that have 

related centrality to socio-economic activity in different scales, particularly in relation to mixed-uses 

and residential value (see Section 1.2.5). For example, Porta (2013) proposes an analysis of mixed-use 

streets using a tool called Multiple Centrality Assessment (MCA) to map the centrality of urban 

streets and spaces. The MCA is a method based on the space syntax notion of centrality, addressing 

three main areas: the structure and evolution of street networks; the relation between street 

centrality and location of economic activities; and the external or internal structure of space (i.e. 

buildings). The method of MCA and its relation to economic activities suggests that primary uses tend 

to cluster in more central streets, as opposed to secondary uses which seek to have as much 

centrality as they can afford (Porta, 2013:12). Porta argues that mixed-use and active streets 

contradict the conventional market assessments, indicating a “financial justification for subsiding retail 

outlets at early stages of development in order to create active streets” (ibid:13).  

 

A second case can be described in Vaughan and Griffiths’ (2013) research on an analysis of London’s 

suburbs, relating the suburban high street to the diversity of mixed-uses that have supported local 

centres over time. The study approaches Hillier’s notion of pervasive centrality, using space syntax 

methods to address “town centredness” in terms of “market catchment, [which showed a tendency] 

to disregard the complex socio-spatial conditions that sustain mixtures of land-uses in local centres” 

(Vaughan et al: 17). They propose that the vitality of local centres lies in their ability to support a 

mixture of uses “so as to take advantage of their position in the network” (ibid:17). Findings of this 

research study showed that London’s suburbs have adapted to historical patterns of movement 

between different centres, in which the synergy of activities in and around suburban centres comes 

from the presence of overlapping movement flows, and which in turn create local diversity of mixed 

land uses. However, local activities and the transformation of building use over time lead local 

businesses to be proximate to centres.  

 

The study of London’s suburban high streets suggested that places of work, such as minor industrial 

activities or workshop spaces, form part of the activities that constitute mixed-use streets, supporting 

shops, offices or other services within a local centre. This also has an effect on how local centres 

adapt their less accessible location to the wider urban network “by developing a niche specialism 

aimed at a non-local as well as local market, in some cases using the internet as a parallel stream of 

revenue to local business” (ibid:19). Therefore, the characteristic of building units to be able to 

change size and adapt multiple functions, and the economic necessity of local entrepreneurship 

informs the capacity for architectural flexibility of changing usage and the urban resilience of the urban 

network.  
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Valuing the spatial layout 

Another example in Space Syntax research has investigated the relation of the street network and 

residential property value. Residential value was studied within a large research initiative called 

“UrbanBuzz Programme’ (UrbanBuzz, 2008), in a project called “i-valul”. The study aimed to correlate 

council tax band values with the street network’s spatial accessibility in order to propose how the 

value of street layout informs a better urban design and planning. The results of the study showed 

that the value of residential property, firstly, corresponds to levels of accessibility. Specifically, findings 

of the research demonstrated that higher council tax band values are more correlated with higher 

integrated streets, hence more accessible, than lower tax band values, which tend to be located at 

lesser integrated streets (Chiaradia et al, 2009a). This meant that high-value properties had the 

tendency to be located within more private neighbourhoods, inhabited by a predominantly middle-

class population living in terraced or semi-detached housing.  

 

The i-valul project asks if there are potential spatial attributes correlated to residential property 

values. By using council tax bandings, along with locational variables, age, property size and ambient 

density, this particular example of the use of syntactical analysis of the urban configuration and socio-

economic activity raises questions of place and the implications of banding. For instance, whether the 

value of the street layout can also be measured in other cities in the UK and if results would have a 

similar tendency as in London’s case study. Or, the question as to whether or not the results of i-valul 

project, extensive as they are, show how the location of different tax bands relates to mixed-use 

spaces that can potentially influence the contrast of residential values within a same neighbourhood.  

 

Morphological analysis 

From another standpoint, the analysis in Space Syntax theory is primarily concerned with using the 

structural organisation of space. Within its analytical tools, it seeks to understand and explain the 

social and cultural processes which have led particular forms. However, as its analytical method 

suggests, the analysis of Space Syntax has been in the urban and the built form itself, and its structure. 

In a similar strand that describes urban structure through analytical planning approaches, the role of 

urban morphology takes an interest in the urban landscape that gives shape to current structural 

patterns.  

 

The traditional approach of these studies has been the historical evolution of urban form by studying 

the processes that has led to the current urban landscape. This morphogenetic approach has been 

addressed through major contributions, such as Conzen’s work in Alnwick, Northumberland (1960). 

His work presented a methodological approach (town plan analysis) that led to the definition of one 

of the common attributes of British developments: the fringe belt. Initially, the fringe belt model was 

based on the idea that the city, as a physical entity, is created by a series of rapid or slow growth 

periods. As a result, distinctive regions emerge at the edge of an urban area and are then embedded 

within it; Conzen described this as “a belt-like zone originating from the temporarily stationary or 
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very slowly advancing of a town and composed of a characteristic mixture of land-use units initially 

seeking a peripheral location” (ibid:125). 

 

A further contribution comes from Whitehand (1972; Whitehand and Morton, 2003, 2004, 2006). He 

linked the concept of the fringe belt to the bid rent model of Alonso (1964). Whitehand employed 

the concept of bid rent curves to explain why demand for land varies across an urban area. The 

relation of the concept of fringe belts and accessibility implied how urban form and the friction of 

distance are associated with different phases of economic development. In this case, the time factor is 

crucial to the development of fringe belts. Whitehand (1972) argues that during an economic boom in 

housing there is a high probability of dwellings being assigned to sites closer to the edge of the built-

up area and institutions to more distant sites. Inversely, during an economic slump there is a high 

probability of institutions being assigned to sites closer to the built-up area. From this perspective, 

accessibility can be thought of as a factor that provides a buffer for property prices against economic 

shocks, making location a fundamental element in this framework (Lloyd et al, 1972). Within this 

context, the urban landscape implicates morphological properties influencing an economic process. 

Accessibility is, thus, a matter of urban form that implies an economic change over time. Much of the 

criticism in the classic location models has been about the lack of historical context for which their 

assumptions argued. Therefore, the economic process and an analytical view of the urban 

configuration process also require a historical approach in order to understand the current outcome 

of the built form.  

 

From a local scale perspective, while Space Syntax theory suggests that certain streets offer an 

advantageous location by being closer or between, with respect to the distribution of movement flow, 

morphological analysis has argued that the geometric configuration of destinations can also inform the 

potential for a location to contain particular activities. Morphological analysis often operates at a finer 

resolution than syntax techniques, describing spatial elements of urban form. For example, 

morphological studies have used a more ‘inductive path’ (Jacobs, 1960) approach to understand the 

components that build the global urban fabric. Samuels et al (2004) made an interesting study of urban 

blocks formation; Marshall (2005: 45-102) made a comprehensive study about the morphology of 

streets and the formation of patterns, and studying how urban order is articulated and shaped by 

three elements: building, plot, and routes (2009: 59-76); Mehaffy et al (2010) and Webster (2003) 

have also addressed methodological and historical perspectives in order to understand urban 

neighbourhoods.  

 

These perspectives, through their different approaches of studying forms of centralities in a spatial, 

economic or even historical context, show how urban growth and socio-economic activity is a 

bottom-up process that should be given attention in its local scale form.  
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1.3.5 Spatial Configuration, Urban Design and Urban Economy 

 

Spatial accessibility modulates, distributes and accommodates the generation of movement, thus 

making current urban planning and design thinking core issues (Peponis et al, 2007). Hillier’s work 

points towards two revolutionary approaches: one in which urban designers should deal with space 

before dealing with form; and secondly, that in order to deal with the relevance of space, architects 

must understand urban settlements as an overall network first – networks of streets or paths. Only 

then will designers be able to establish the most suitable layout for a specific part or place within the 

city that is being reworked (Seamon, 1994).  

 

Urban design approaches to street morphology have often focused on physical form, type (e.g. 

arterial, avenue, pedestrian) and urban function (mainly land use). In this sense, configuration, 

movement and land use patterns make an ordered and logical process of urban form (Penn et al, 

1998). This logical process can be seen within the different subfields that this thesis has addressed. 

For example, from the perspective of competition for land uses, the increasing demand for more 

spaces can consequently adopt more central or dominant activities (Hillier, 1996a). Under free-

market conditions, different parts of the city evolve in different ways by being occupied according to 

the need to maximise the use of the site (Losch, 1954; Alonso, 1964; Fujita and Thisse, 1986), partly 

because different activities demand different needs; thus, their locational patterns can be strongly 

affected by the competition for uses (Webster, 2010). 

 

The notion of spatial configuration understands that the ‘movement economy’ has an effect on how 

the geometry of the street network, or the network of spaces in a city, modulates accessibility and in 

turn how this accounts to the distribution of land uses. But the pattern of distribution of these 

activities also comes from a mediator of value, namely price. If price is considered a signal of value, as 

Webster (2009) describes, then it is imposed by a market system of properties in relation to the 

various urban factors for which it accounts. Accessibility raised in Space Syntax theory is based upon 

the idea of understanding the configuration of space in all its forms: space, society and economy. 

However, Batty (2009) argues that several issues must be taken into consideration to make a more 

precise measure of accessibility. Firstly, accessibility is a matter of scale. Secondly, there is a difference 

between measuring the accessibility of how individuals behave with regards to economic and social 

activities, and how individuals implicitly react to the physical environment.  

 

The physical structure is mainly what is considered as the street network and the clusters of 

buildings. Scale, thus, is important, from the activities produced to the infrastructure of the urban 

fabric in which movement, opportunities and interactions take place in relation to each other. 

Accessibility studied across scales, within a socio-economic framework, becomes a configuration of 

economies – an outcome of how individuals respond to changes in urban form over time. This can take 

many forms, as a property market structure or in the decision-making processes that lead to 

regulation policies and valuing accessibility as a public good.      
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According to Webster (2009: 6), “if accessibility could be priced, it could be allocated more 

efficiently”. Therefore, there must be a price to access resources; however, it is impossible to price 

all accessibility. One consideration that Webster particularly brings to light is the importance of a 

public good: connectivity. Land value, for example, is a good indicator for pricing spatial accessibility 

because it derives from a general connectivity. Webster’s argument draws the distinction between 

general accessibility (spatial) and special accessibility (economic). In these terms, access deals with the 

role of markets and institutions. Accessibility supply can be priced through different price mechanisms 

in specific accessibility measures. The specificity of the measures is the interpretation of what different 

people demand for different needs because different uses and places give rise to distinctive economic 

values (Desyllas, 2004; Webster, 2002).  

 

Different land uses are priced according to their location and the accessibility of the central area (e.g. 

residential property is usually priced in this way). The combination of how to locate the private and 

the public, the residential and the commercial, becomes a matter of levels of accessibility in the city. 

This suggests that the degree of accessibility can be influenced by the regulation of property markets. 

The property market is a good indication of how buildings containing several uses have introduced 

the development of mixed-uses. It is argued that mixed-uses have become of paramount importance 

in defining urban centrality. They represent a means of reconnecting urban neighbourhoods in which 

location acquires social, economic and cultural significance. As Coupland (1997:117) explains, “where 

mixed-uses were unavoidable, vertical segregation between buildings rather than horizontal divisions 

within the same building would be sought.” This perception is likely to take place in the city centres of 

cities where the highest demand of accessibility is encountered.  

 

The shift in centrality between forming internal and external integration (i.e. compactness and 

linearity) relates to the ‘flexible’ forms of planning regulations towards adopting mixed-use buildings. 

Planning regulations have accounted that different uses in response to a market development is also 

part of re-adapting buildings in their design for socio-economic purposes (Carmona, 2010). Davis 

(2012: 176-181) describes that the transformation of building use and architectural adaptation is part 

of the changes in commerce, zoning ordinances and the evolving character of mixed-use buildings, 

specifically the commercial-residential building. He argues that the geographical separation between 

places of production and consumption have gradually led the city into a fragmentation of functional 

areas, which can be seen as a form of contributing to the emergence of centralities working as both 

local and global processes.  

 

Through the configurational theory of architecture set by Hillier and Hanson (1984), the analysis of 

the urban grid structure can be interpreted as interrelating different dimensions with other 

disciplinary fields. The study of urban configuration within different scales and in combination with 

urban economic theory and design sets out an analysis that can explain the potential pattern of 

location of economic activity, whether it is in the case of how accessibility measures impact on the 
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economic incentive of an activity or whether distance can be measured within the street network in 

its different spatial definitions in relation to different economic activities across scales.  

 

 

Summary 
 

This chapter has reviewed theories on the relationship between urban centrality and spatial 

modelling, and theories on mixed-uses and social processes. The following summarises the key points 

of the theories presented and highlights where it is believed some of the gaps in the knowledge may 

be resolved in this study.  

 

Firstly, urban economic theory focuses on location theories in terms of the microeconomics of the 

built environment. It has examined the urban structure of cities by devising urban land models in 

order to understand how individuals compete for a location resulting in the observed land use pattern 

(Von Thünen, 1826; Christaller, 1933; Losch, 1954; Alonso, 1964). Other studies have shown the link 

between distribution of land use and transportation analysis by implicitly taking the geometry of street 

networks, analysing location and distance in terms of travel time and cost efficiency (Boyce et al, 

1985; Putman, 1998). The theories regarding modelling centrality in urban economic theory have not 

taken a more explicit consideration of the spatial configuration of urban forms and pay little attention 

to the built form geometry. While the evolution of urban land models has come to use the geometry 

of the street network in LU-T models, there seem to be differences with the form of analysis of the 

street network raised in Space Syntax theory.  

 

The main argument Space Syntax theory criticism of LU-T models is that they don’t take into 

consideration the network configuration. But this is not entirely true. The street network analysis in 

transportation models does include calculations of origins and destinations, which inherently account 

for the configuration of the street network. In spite of the fact that both kinds of urban modelling use 

graph theory to measure accessibility (transport models in terms of metric distances or journey 

times, syntax models in terms of movement), Space Syntax has argued a case for topological distance, 

i.e. number of connections within a street, in addition to the metric components of their analysis. At 

root, the two analyses seem similar. However, it is believed that in syntax techniques the possibility of 

studying different definitions of distances within the measures of centrality (integration and choice) 

makes it possible to explain urban processes across scales.  

 

Secondly, urban centrality and economy was addressed from a local scale perspective. Theories on 

economic expansion by Jacobs regarding the economies and urban diversity of cities raised the 

importance of how interpreting urban simulations also needs an understanding of the social factors 

that involve trading. The implications for urban design and planning of the use of codes need to be 

considered and implemented by designers but at the same time with an understanding of how to use 

them according to a community’s need. Even from a designer’s view, the notion of location is believed 
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to be paramount. The tools using design codes, like the transect planning by Duany and Talen, also 

seem to be a way to design urban centrality in the urban landscape. The difference is that instead of 

estimating distances as an economist would normally do, a designer defines the scale in which 

centrality can take its form according to the different urban sectors defined in planning policies, i.e. 

what is considered as an urban district, a suburb or a rural area.  

 

Planning theories also present the case of how the built form relates to socio-economic activity, 

specifically in residential value and mixed-use development. These two kinds of activities show how 

the built form structure also plays an important role in how design decisions imply an economic 

decision. Particularly, evidence has been presented on the way building adapts for different uses due 

to cultural and socio-economic norms, as in the case of the commercial-residential building. This 

shows that the use of codes is not always achievable or even at times how planning regulations are 

flexible in accommodating different functions in a common location. In general, place-making in urban 

design has addressed the design of mixed-uses (streets or buildings) as they require activities to 

support certain conditions (Gehl, 2011). These conditions depend on spatial and non-spatial drivers 

that go through a succession of individual and collective initiatives, which is often the approach of 

urban land modelling in urban economic theory. It is believed that economic activities are at the heart 

of mixed-use developments. Yet, the linkage between built form mixed-uses and the resulting urban 

structure is lacking.  

 

Thirdly, architecture is also seen here through configurational theories, which aim to understand the 

societal perspectives that shape the built environment, from the formation of settlements to the 

specific properties of the geometry of space. The theories focused on the notion of spatial 

configuration set out in Hillier and Hanson’s theory of architecture (1984). The theory of Space 

Syntax presented a configurational analysis of urban space based on the role of the grid structure as 

the primary element of both the generation of movement and the location of activities. At the root of 

this approach is the hypothesis that pedestrian movement is not determined by the presence of 

location of activities but rather by the urban geometry of the grid itself, meaning by the spatial 

configuration of the city. This theory, which was described as ‘natural movement’ by Hillier et al 

(1993), recognises that the presence of natural movement in the grid is the primary element that 

leads to the location of activities seeking to take advantage of a greater pedestrian flow, or a higher 

demand of movement. The location of activities, in turn, would generate movement of attractions and 

thus multiply the primary effect of movement according to the grid configuration.  

 

Theories on movement within the configuration of spaces presented a set of techniques that quantify 

measures of the built form and analyse the city through the street network. In contrast to the 

economic view of urban modelling, the method of Space Syntax presents a finer definition of how 

distance can be contrasted and defined in measures of urban centrality. The theory also reviews how 

the approach of a configurational study of the built environment brings together the importance of 

urban design in viewing space and form firstly as a social construct. On the other hand, it is suggested 
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that although quantitative and qualitative measures of the built form are included through graph 

theory in Space Syntax research, there has been little account of urban economic relationships.  

 

The gap between the two areas of knowledge, urban economics and configurational theory, lies in the 

mutual reluctance to adopt each other’s methods. Within the scope of this thesis, the purpose of 

reviewing these theories is in order to combine a detailed study of the configuration of the built 

environment with the socio-economic analysis of location of activities. Lastly, this chapter aims to 

address that a joint approach of both measures could better explain an urban structure of a city as 

well as its relationship in the built form structure, which allows formulating an analysis of clear set 

hypotheses from the theories presented. 

 

 

1.4 Hypotheses 
 

The review of studies on spatial configuration and urban economic literature has outlined several 

important factors that shape cities, explained through different theories and different perspectives in 

their methodology and scale approach. But important factors are to be considered where the study 

aims to combine the two areas of knowledge. In order to better understand the relationship between 

urban economy and architecture, the thesis formulates a set of hypotheses described as follows. 

 

The classical location models explained how centrality is measured assuming an evenly distributed 

topography. Although the models are descriptive in nature, they contributed to the explanation of 

locational patterns of activities, but most of these models are limited to the location of retail patterns. 

Amongst the classical location models, the analytical approach of the bid rent model presented an 

analysis of location of activities according to distance and the economic incentive of an activity in 

relation to sectors of land uses. While this model makes a limited view of determining the real 

function of bid rents in cities, it is believed that the logic of the model can potentially contribute to 

explaining locational patterns of economic activity if distance is considered within the network 

configuration.  

 

The literature on land-use transportation models has acknowledged the use of bid rent models and 

the geometry of streets, which presented a plausible combination of urban and economic variables. 

However, the intention of this dissertation is to look at the configuration of urban form and the 

location of socio-economic activity within an urban and an architectural relation. It is stressed that 

while LU-T models does account measures of accessibility within the street network as opposed to 

the classical location models, their basis is primarily on the use of transport network variables with 

spatial economics, giving hardly any relevance to urban form and its effects on those variables. The 

use of transport variables alone leaves aside the relevance of the social process of city form that can 

be addressed both at an urban and an architectural scale. As the literature showed, configuration itself 
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deals with the relation of movement potentials that leaves other additional factors aside, such as the 

effects of transport variables, by taking only the spatial geometry of the built environment. 

Furthermore, it does not consider the estimation of journey times or purely metric distances in the 

location of activities and measures of centrality. Rather the study focuses on the effects of the 

geometric configuration that relies on topological distances along with metric distances that LU-T 

models traditionally use.  

 

In light of these characteristics of street network methodologies, and keeping consistency with an 

analytical approach upon urban form, Alonso’s bid rent model is considered as a potential method to 

combine with configurational analysis used in Space Syntax theory. Which factors, then, emerge from 

both a configurational and a bid rent model? First, in Alonso’s model, the independent variable, 

distance from the city centre, causes a change in a dependent variable, cost of land, which ultimately 

affects land use. However, Alonso’s hypothesis, which assumes monocentricty, is argued to be 

adjustable with measuring distance within the network configuration. It is expected that the relation 

of accessibility, cost of land and land uses capture mixed-use profiles rather than sectorial zones of 

land uses. Second, it is also suggested that Alonso’s hypothesis is adjustable with the three definitions 

of distance in the street network used in Space Syntax analysis: topological distance (fewest turns), 

metric distance (shortest paths) and angular distance (least angle change of direction). Hence, distance 

from the city centre can be measured in these three definitions of distance with Space Syntax analysis.  

 

The criteria of distinguishing the three definitions of distance, because it is conjectured that each of 

them can bring different interpretations of urban centrality, is, specifically, what kinds of activities are 

related to a particular location. Thus, the study expects to distinguish whether the location of an 

activity is affected by the least number of turns to reach to that location; what kinds of activities are 

affected by how physically different one activity is from all others; or, how activities are affected in 

relation to other activities if distance is defined as the fewest angled changes of direction, assuming 

that this implies how ‘cognitively’ pedestrians move in the built environment. These three non-

standard measures of distance in bid rent theory, coupled with the availability of property rent values 

from real-estate markets, suggest a variant of the bid rent analysis of Alonso’s, rather expressing 

pseudo bid rent curves. It is also expected that rent gradients are related to gradients of accessibility 

that help identify potential areas from which the three definitions of distance can also be measured. 

Therefore, the first two hypotheses are specified as follows:  

 

1) Spatial accessibility is positively related to gradients of property rent 

values. 

2) Metric, angular and topologically-constructed land value bid curves over 

space capture different spatial-decay phenomena.    

 

The reason for using a configurational approach suggests that Alonso’s model is also adjustable to 

different geographical scales. Centrality, as argued in the literature, is a spatial process that can take 
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shape in different ways, whether it is in a compact (i.e. urban area) or in a linear fashion (i.e. high 

street) and whether it can be analysed as a global and local scale outcome. The distinction of the city 

centre and local centres in a city becomes important in how activities are defined if the measure of 

‘distance from a centre’ is considered in different parts of the city. So it is hypothesised that pseudo 

bid rent curves need to be applied not only from the city centre, but can also be applied in other 

parts within the city. This leads to a third hypothesis: 

  

3) (Pseudo) bid rents can be locally developed depending on locations in the 

urban grid that are naturally movement-rich and not only as a single 

process that originates from the city centre. 

 

From the perspective of using another economic activity besides various rent property values, 

planning regulations are considered to foster spatial and economic flexibility. Spatially, it is in the 

flexibility of a building’s design to change over time. Economically, this is suggested in the fact that the 

valuation of bands is made in accordance to residential values set over a period of time. In England 

and Scotland, valuation bands are based on levels of value on 1 April 1991, not what a property is 

worth today. In Wales, valuation bands are based on levels of value on 1 April 2003 (VOA, 2013). 

Based on the value of the property at those specific periods of time is also the relation of land prices 

at that time, raising the implications of the possible effects of urban regulations or zoning upon 

market demands. Particularly, this raises the question of whether housing prices over time are 

affected by spatial characteristics that zoning ordinances argue, such as street layout, size of an urban 

block and location. Thus, it is expected that house price over time can be affected by street network 

accessibility, even more so if council tax bands are affected by the urban configuration of the city and 

the degree to which tax value is different from one location to another. Given the background of the 

use of council tax bands in previous Space Syntax research (Chiaradia et al, 2009), it is expected that 

the street layout can be equally measured within a different urban configuration and city context. The 

fourth and fifth hypotheses argue the following: 

 

4) Historical house price is affected by the configuration of the urban grid in 

terms of street accessibility. 

5) Spatial accessibility is positively related to council tax bands, and 

therefore, measures of street network accessibility and configuration will 

contribute to better explain observed patterns of residential property 

value. 

 

Finally, to address the question of scale in the location of socio-economic activity, theories raised the 

implications of trade in which innovation accounting knowledge and skills had an impact also upon the 

changes in the built form structure. However, tracing the kind of knowledge and skills acquired by 

individuals to establish a new business or a shop in a former residential space is beyond the scope of 

this study. On the other hand, this economic perspective related to the kinds of tools used in urban 
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design and planning, affecting the design of cities with the use of codes for location and building forms. 

Yet it is not clear how design codes are applied specifically in the context of the UK. What is known 

is how regulations of use classify land uses according to types of activities and that at times such 

regulations become flexible in building adaptations when converting from residential to commercial 

use. This suggests that mixing of uses influences the way residential property values can differ within a 

neighbourhood or even within the same urban block.  Furthermore, it is argued that local centres are 

an economic response to planning regulations, but, morphologically, they are locations that have 

‘levels of attractiveness’ (Hillier, 1999b). Local centres combine the adaptability of local property 

markets to mixed use with advantages in accessibility to produce an urban building that can flexibly 

accommodate innovation that is both a reflection of new skills and knowledge contributing to a local 

diversity. This leads to a final hypothesis: 

 

6) Residential buildings that include commercial additions in local 

neighbourhoods define adaptable typologies depending on their urban 

location.  

 

The five hypotheses account three main drivers that the literature has presented: 

 

1. Street Network: This refers to the network of streets of the city used to quantify 

centrality. Centrality refers to the spatial process of being central or near a central place 

where activities seek for a location; the struggle for that location makes the ordering 

principle of the geography of a city. The street network also implies the historical 

transformation of a city’s urban structure, the development of an urban core and its 

influence on the distribution of land uses. The main component for measuring centrality in 

the street network is accessibility, which is quantified through the spatial geometry of the 

urban grid. 

2. Land Use: referring to the activities that are accommodated in the built form. Land use is 

changeable and it can be looked at in its distribution across the city or at the level of 

buildings. Planning regulations typically define land use classes in order to group activities and 

regulate changes of use. Land use is studied in its primary uses (retail, office, residential and 

industry) and in secondary uses (types of retail use). The mixing of uses becomes a crucial 

factor to consider as these are influenced by urban centeredness and shaped by the 

configuration of urban form. 

3. Urban Form: referring to the physical form in which centrality and land use are examined. 

It is addressed as a morphological process based upon the notion of interconnectedness of 

parts; as the structural relationship of parts with other parts and to a whole. Urban form is 

examined in the street layout through calculations of connectivity and in the dynamics of 

building adaptation. Hence, urban form is explored in the different design scales in which land 

use and centrality take effect. 
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At the core of these three components is the location of economic activity, activities that concern 

different types of uses (mixed or single use) and their economic incentive, rent and tax band value. 

The relationship between the three main drivers is coupled with the historical context of a city. Since 

many of the urban location models do not incorporate the historical characteristics in the economic 

and spatial analysis, it is expected that a historical analysis of the configuration of city form will 

enhance the notion of centrality over time and the evolution of the built form within a social and 

economic context.  
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2 
METHODOLOGY 
 

Introduction 
 

This chapter introduces the research methods of the thesis. It presents the background of tools used 

in the analyses and their application to test the research questions along with the data resources 

used. A combination of space syntax techniques and Alonso’s bid rent theory is explained so as to 

describe a spatial model to measure street accessibility in the form of an urban network. These two 

methods are applied using extensive data obtained from Cardiff that associates rent values, land uses, 

housing prices and council tax band values. In parallel, part of the substantial analytical research also 

comes from a historical analysis of the urban street network of Cardiff which addresses specific time 

periods of economic stagnation and development. This second chapter concludes by describing some 

of the limitations of the proposed methods delivered in the study.  

 

2.1 Combining Urban Economics and Space Syntax 
 

This thesis deals with two specific methods addressed in the literature review: Alonso’s bid rent 

model and Hillier and Hanson’s theory of space syntax. As abstract and simple as Alonso’s model 

might seem, it is argued that the logic behind it still works. The model only relates two variables, 

economic value (i.e. rent values) and distance (i.e. spatial accessibility), whereas modern 

transportation models incorporate more elaborate factors of technology. As defined in the 

hypotheses in Chapter 1, the study does not attempt to use variables from transportation models. 

Rather the intention of this thesis is to explain urban economics from an architectural perspective. 

The study proposes a joint method of the bid rent model and the configurational analysis using Space 

Syntax techniques. While space syntax method deals to a large extent with the study of accessibility, 

focus is given to the way distance from the city centre is calculated in the form of street network 

configuration. In order to combine these two methods, the following sections present the main 

variables that compose the two methods that outline the research design.  
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2.1.1 Bid Rent Curve model by Will iam Alonso 

 

The theory of bid rent curve shown in the review chapter described a model that proposes how 

consumers and firms compete for land and how, under the assumption of a perfect competition, land 

is sold to the highest bidder (bid). Under these assumptions, the bid rent model analyses the price of 

land (rent) that both business and household decision makers are willing to pay at different locations 

according to their distance from the city centre (accessibility). The reason for such logic, according to 

Alonso, is to enable individuals to gain a certain level of profit or satisfaction, both economically and 

spatially. Since the model assumes a monocentric city form where land uses are expanded in sectorial 

parcel zones taking distances as the crow flies, the challenge in this thesis is to use the concept of bid 

rents based on distances conceptualised as networks (Figure 2.1). If distance is considered as a form 

of configuration, then it is expected that the graph of the bid rent will be broken down into a more 

disaggregated patterns of land uses where in some cases retail use may still be higher in rent value 

when compared to residential uses at distances further away from the city centre. Thinking in terms 

of a configurational network of urban space, as opposed to a geographical land model, leads us to the 

contribution of the space syntax method.  

 

 
Figure 2.1. Different conceptions of distance in the urban landscape 
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2.1.2 Spatial Model of the Street Network – Space Syntax 

Method 
 

In the spatial framework of the method, the research uses two tools that map and analyse the city in 

terms of its spatial components. Firstly, a Geographical Information System (GIS) platform was 

employed, using ArcGIS Desktop V.10 software (ESRI 2013) to represent the city map to which 

further data can be added. The GIS mapping software was used as a tool to work with an extensive 

database full of information about Cardiff’s land uses, parcels of land, buildings outlines and plot data. 

The GIS platform served as a basis to combine the city data with the space syntax analysis. 

 

Chapter 1 explained how Space Syntax analysis considers the linear structure of a city representing 

the network of streets constructed as an axial map (Hillier, 1999b; Penn, 2003), to a further 

breakdown of axial lines into segment lines. In order to combine the bid rent model with the kinds of 

friction of distance that Space Syntax analyses uses, the study represents the street network through 

the segment map. As the theory suggested, axial lines appear to be less helpful when trying to detect 

semi-continuous lines in the system. In contrast, a finer-grained resolution of street segments as the 

basic components of the street network is taken into account. Thus, “each street segment is defined 

by the interjunction between two intersection points. Segments have geometrical properties marking 

the cumulative angle between each pair of intersecting streets” (Kinda et al, 2013: 71). Therefore, the 

unit of analysis is the street segment between junctions.  

 

 

2.1.2.1 Segment angular analysis 

 

The techniques of space syntax identify the configurational structure of the urban street network, 

through a computer model called ‘UCL Depthmap’ (Turner, 2008-2011), in which the segment map is 

analysed. For this spatial model, segment angular analysis (Hillier et al, 2007) is used as this was 

found to be a useful geometrical tool that identified the shortest angular paths through the spatial 

network. This type of analysis is argued on the basis that the geometric distance in the urban 

configuration is an approximation of how people actually (or cognitively) move in the urban system, 

that is, in accordance with spatial navigation and in this way similar to the users’ potential movement 

scenarios in urban space (Turner, 2000; Hillier and Iida, 2005).  

 

According to Kinda et al (2013), segment angular analysis is calculated by adding up the weighted 

values of the edges where each edge is weighted by the angle of connection. For example, the 

intersection of two segments at angle of incidence to 45+ degrees might have a weight of 0.5. If one of 

these segments is intersecting with a different segment at a 107+ degrees, then it will have a weight of 

1. If these three elements are connected in the same direction then the depth between these 

elements is the sum of their weighted angular intersections (0.5 + 1 = 1.5). According to Turner 
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(2007:3) “this angular sum can be considered to be the ‘cost’ of a putative journey through the graph, 

and from it a shortest (that is, least cost) path from one segment to another across the system.”   

 

Segment angular analysis uses several measures in order to perform different kinds of accessibility 

calculations. Amongst its different variants, this thesis uses three types of measures defined as follows: 

The first is a step depth measure in order to calculate the friction of distance with the bid rent model; 

the other two types of measures are integration and choice, which estimate the potential movement 

described in the literature of Space Syntax theory.  

 

 

2.1.2.2 Measuring ‘distance from the city centre’ as network – Step Depth 

measure 
 

Since the purpose is to integrate the street network to the bid rent model, the definitions of the 

three types of distances that Space Syntax distinguishes are considered as part of measuring ‘distance 

from the city centre’. Therefore, Depthmap allows calculating distance from the city centre as (see 

Figures 1.33 - 1.35 in Section 1.3.3, Chapter 1): 

 

1. Topological Distance – calculated as the amount of fewest directional turns taken between a 

segment to all others. 

2. Metric Distance – calculated as the distance in metres between a segment and all other 

segments. 

3. Angular Distance – calculated as the shortest paths based on least angular deviation. This 

means that distance is weighted according to the changes of direction as a body moves from 

one point to another. Turner (2000, 2001) describes that the change of direction along a 

path refers to an absolute change of direction as a body moves from point A to B.  

 

In order to analyse each definition of distance from the city centre or, more specifically, from a 

selected street, the study uses step depth (Turner et al, 2010), which follows the shortest angular 

path from the selected segment to all other segments within the system. Step depth analysis is used 

for each definition of distance in order to define distances from the city centre and combine it with 

the bid rent curve. For example, step depth can be referred to the number of steps (changes of 

direction) it would take to get from a selected origin to any other location. Thus, the selected origin 

is said to have a step 0 (i.e. in topological distance). All spaces or locations visible and directly 

connected to step 0 have step 1; all spaces directly linked and visible to step 1 have step 2, and so on. 

Or as in the case of angular step depth, which measures the minimum angle in changes of direction in 

which people move (ibid:22).  
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The urban configuration offers different possibilities and choices of building and living. For this reason, 

the proposition is to devise the foundations of a model that maps the location and interplay of 

activities, keeping the idea of centrality that the bid rent theory establishes, but supplementing this 

with the idea proposed by space syntax theory of accessibility to all other locations.  

 

 

2.1.2.3 Spatial accessibility using Integration and Choice measures 

 

As the literature on Space Syntax showed, the way to measure movement potential in the street 

network considers two types of movement that every human trip involves (Penn et al, 1998; Hillier, 

1999a; Hillier et al, 2007; Hillier and Iida, 2005): 

 

1. Selecting a destination from an origin – deciding where to go – termed a to-movement 

element of the trip. 

2. Selecting the spaces to pass through on the way to the destination – selecting the route to 

get there - termed a through-movement component of the trip.  

 

Based on these two kinds of movement, the two types of accessibility measures defined by Space 

Syntax are calculated through Depthmap: Integration and Choice. On the one hand, the measure of 

choice refers to how one can traverse from one location to another – making a through-movement 

trip. Therefore, the morphology of blocks, plots and routes establishes a norm of how to move 

through the urban system. On the other hand, the measure of integration defines how easily one 

location can be reached in relation to another. Thus, it is argued that selection of destinations is 

shaped by accessibility. People make a large number of small trips and a small number of large trips, so 

destinations that are closer to more origins will generally have greater potential as destinations.  

 

In segment angular analysis, a metric radius can be applied as a metric boundary to which angular 

turns are calculated. As such, the analysis is useful to find significant lines that are more correlated to 

either to- and through- movements in the system. According to Turner (2001), the metric radius of the 

analysis refers to the metric distance from each segment along all the available streets from that 

segment up to the radius distance. For example, the amount of segments in the network required for 

reaching all other segments without any radius restriction is said to be a measure with radius ‘n’ (Rn). 

If a radius of 400 metres is considered (which is estimated as a 5 minute walking distance), then 

segments will only be calculated within that radius area; any segments beyond that radius will not be 

calculated. This means that the system will only identify the local relationships between segment 

elements within 400m along the neighbouring segment lines starting from each one of them. 

Depending on the purposes of the study, defining which is the most appropriate radius is not subject 

to any restrictive norms. Typically, what is said to be a ‘local movement’ is best represented by a local 

radius within 800 metres, which is estimated as the equivalent of a 10-minute walk (Hillier and Iida, 
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2005; Turner, 2000, 2001, 2007; Hillier et al, 2007). Other cases imply a higher radius measure to 

represent and correlate more with vehicular movement flows (Kind et al, 2013).  

 

As a result, the measures of spatial accessibility using segment angular analysis in Depthmap and 

within different metric radii are calculated as follows: 

 

•  Integration – intuitively, integration measures how many turns one has to make from a 

starting location to all other locations in the urban network. It is defined as a good predictor of 

the potential of each segment within a metric radius to be a highly desired destination. 

Therefore, this kind of friction of distance forecasts the ‘to-movement’ potential of each 

segment when measuring all the shortest paths available in the system from all origins to all 

destinations. Integration is calculated as follows (Hillier and Iida, 2005): 

 

Integration = (NC * NC) / TD 

 

Where NC means the node count, which is the number of segments encountered on the route 

form the current segment to all others. TD stands for total depth referring to the total shortest 

angular paths to all segments (Hillier, 1999b; Hillier and Iida, 2005). If a specific metric radius is 

used, then it is relative to the node count calculated within that radius. If integration is calculated 

within a radius ‘n’, then NC is constant, giving the following equation (ibid): 

 

Integration Rn = 1/TD (This is also referred as global integration) 

 

•  Choice – measures how often a street segment is traversed by the shortest paths connecting all 

pairs of segments in the network. This measure is automatically calculated in Depthmap for any 

defined radius used. Intuitively, choice signifies the through-movement potential of a street in a 

spatial system, estimating how a street segment can be a movement path or potential route that 

is often selected by either pedestrians (if a low metric radius is considered) or by vehicles (if it is 

a large metric radius), or both. The calculation of choice is defined by Turner as follows: 

 

“for all pairs of possible origin and destination locations, shortest paths routes from one to 

other are constructed. Whenever a node is passed through on a path from origin to 

destination, its choice value is incremented.” Thus, choice “is calculated by generating 

shortest paths between all segments within the system (i.e., the journey with the lowest 

angular cost for each possible origin and destination pair of segments). We then sum the 

flow through each segment according to how many journeys are made through each 

segment, and divide through by the total number of possible journeys” (2007: 3-6). Choice in 

angular analysis is expressed in the following equation (ibid): 

Bθ(x) = ��� Σn i=1 ��� Σn j=1 σ(i,x,j)     such that i ≠ x ≠ j 

     (N – 1) (N – 2) 
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A value of ‘1’ is assigned to every segment passed through on the shortest path from any origin 

to any destination. Thus, N refers to the number of nodes in the system and σ(i, x, j) = 1 if the 

shortest path from i to j passes through x and 0 otherwise (ibid). Intuitively, this mathematical 

expression can be thought as the potential amount of movement on each street segment that 

results if one person were to travel from each street intersection to any other street 

intersection in the given road network along shortest paths.  

 

It must be noted that, in some cases, integration and choice can be combined in a single measure. This 

sometimes enables us to find street segments in the network which serve to capture frictions of both 

to- and through- movement potentials. In other words, the combination of integration and choice 

narrows the focus on fewer and more significant elements within the system, that combine the 

attributes of being a potential destination and a desired route of movement. For example, thinking in 

terms of trade, it is equally important how to reach a location as much as how well a location is best 

positioned to be passed through. Yet, this study will use the measures of integration and choice 

separately to better explain their relationship with the data obtained.   

 

The representation of these measures uses a colour range in which the most integrated streets are 

those that require the least amount of changes of direction to reach all other streets, typically 

represented in colour red. The most segregated – or those requiring the greatest number of turns- 

are represented in colour blue (Figure 2.2a). Using the same colour range as in the integration 

measure, the streets with the highest choice values (represented in colour red) are those that have 

the lowest amount of divided values in the entire graph (Figure 2.2b). These forms of analysis bring 

the theoretical argument raised in Chapter 1 to bear, defining the ‘foreground’ and ‘background’ 

network of an urban structure (Hillier, et al 2007), and analysing locations that relate to economic 

activities, identifying forms of centralities (Hillier, 1999b).  
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Figure 2.2. Description of space syntax analysis: The structure of the urban network represented as segment map 

and graph description of the analysis: a) Integration measure of space syntax using segment angular analysis – 

Global radius (Rn); b) Choice measure at Global radius (Rn). 
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2.2 Data Resources 
 

Following the background of the methods to be applied in this study, this section shows the main 

datasets taken into consideration for the spatial and socio-economic analysis. The thesis takes into 

account the following datasets: commercial and residential property rent values, council tax band 

values and land uses. The three kinds of data inform how different sets of socio-economic necessities 

are linked through different specific values. Firstly, property rent value indicates what individuals 

contribute in order to exchange or trade goods. It also indicates how individuals define, through an 

estimation of rent, an added value of their property according to the architectural and urban 

conditions in which their building is established.  

 

Secondly, council tax banding represents an important signifier of spatial value. Tax banding is 

allocated according to specific spatial conditions for every property, be it as single or multiple uses. 

The band value categorisation corresponds to a range of residential values that depends on various 

factors: age of the building, its location and the size of the property. Thirdly, land uses constitute 

essential data for the study, not only because these link the type of function for each property with 

the previous two datasets, but because they also show the spatial arrangements of land use 

throughout the city, depicting how the city has evolved. The land uses data are not a general survey of 

uses, but rather specific classes of activity for every property in the city. This finer grain level of 

information enabled the city to be studied at different scales, from the entire city to local centres, as 

well at the building-street level. 

 

 

2.2.1 Types of Data 

 

2.2.1.1 Cardiff’s socio-economic profile 

 

The first set of information presents an overall socioeconomic context for the case study. With a 

population of 345,400 from its 2011 census, Cardiff has an area of 6.652 km2 with a density of 

4,392/km2 and an average household size of 2.41. The age structure in 2009 was relatively young, with 

more than 21% of the total population aged between 20 and 29. Of particular significance is the effect 

of Cardiff’s student population who now represent over 10% of the city’s residents. Most full-time 

students are aged between 18-29 (Office for National Statistics, 2001).  

 

The total number of households is 127,476 buildings, of which the three major types of dwellings in 

the city are terraced (34%), semi-detached (31%) and detached (14%), most of them owned outright 

(34%) or with mortgaged tenures (37%) (Tables 2.1 and 2.2). In terms of transportation, 82,079 

commute by car and 16,930 travel to work by public transport. Cardiff is characterised by the fact 
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that its actual spatial footprint has resulted from a process of decentralised growth. The importance 

of employment and the fast development of shops and offices rendered land markets a natural site for 

financial gains. From a spatial point of view, Cardiff’s historical transformation was very much based 

on transportation infrastructure that resulted in a division of four main quadrants that cross the 

entire city, North-South and West-East. The division of the road structure has also influenced social 

groupings within the city. Middle-class families are located mainly in the west and east sides of the 

city, whereas the working-class population is primarily based in the north and south parts.  

 

 
 

2.2.1.2 Land uses 

 

Distribution of land uses and how specific or general these may be was an important part of the data 

for the method. For this reason, land uses of the entire city of Cardiff were mapped (Figure 2.3), 

allowing these to be categorised into general classes (e.g. retail, commercial, industry) and according 

to specific types of uses, such as a bank, a shop, warehouse, and so on (Figure 2.4). 

 

Land uses were obtained by Ordinance Survey (2012) as an information layer called ‘Address Layer 2’ 

(AL2). The AL2 links every address of a property to a topographical map and contains information 

regarding the exact location of the property, building area size and class of land use, along with sub-

classes (Figure 2.5). This made it possible to illustrate Cardiff’s entire distribution of land uses and to 

investigate them from a global to local scale. It is worth noting that the information given in the AL2 
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contains a classification of land uses, with the exception of ‘commercial use’ (Figure 2.4). The AL2 

names this as ‘General Commercial’. According to the Ordinance Survey agency, this classification is 

assigned as a general remark that can denote either office or retail use. Therefore, many of the spaces 

highlighted in light blue are considered commercial use (See Appendix A). 

 

 
Figure 2.3 Land use categories in Cardiff – Primary services 

 
 

 

Figure 2.4. Non-domestic land uses in Cardiff 
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2.2.1.3 Property rent values 

 

Rent values for four different types 

of properties, namely residential, 

retail, office and industry, were 

obtained by combining two online 

databases: Estates Gazette (EGi 

1997-2013) and Showcase.com 

(Showcase by CoStar Realty 

Information 1997-2013). Estates 

Gazette specializes in the publication 

of commercial and residential properties with diverse kinds of information. The data is available 

through an online service called ‘Propertylink’, which gives free-access services of commercial 

properties, namely office, industrial, retail, leisure and land. It provides a general description of the 

size and rent values of a limited number of properties. However, more detailed information was 

obtained from EGi on request through UCL. The data covers a list of commercial and residential 

properties that includes rateable values, building transaction information, lease, rent per square 

metre, and ownership and address of the property, amongst others (e.g. the name of the business in 

the case of commercial property). Moreover, Showcase also provides access to commercial 

properties in the UK. Retail, office and industrial rent values were obtained containing information for 

each property and its rent value per square metre. The combination of the two databases that 

comprise the total amount of data obtained is shown in Table 2.3.  

 
Description of rent value data 

The data for all rent values is presented in figure 2.6 and 2.7, showing the frequency distribution for 

all rents in units per square metre and for each type of use. For retail and residential rent values, the 

shape of the data appears skewed to the right, showing the highest values of rents within the total 

amount of the dataset while office and industrial use show a more symmetrical distribution of rent 

values. 

 
Figure 2.6. Frequency distribution of all rent values and types of property market 

Table 2.3 Data of Property Markets 
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Figure 2.7. Descriptive statistics of rent values for each type of property market 
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2.2.1.4 Sold house prices 

 

Another source of information is house price. Sold house prices were considered as possible data to 

be used in the analysis along with council tax band values. The data on sold house prices is from 2008, 

2009 and 2010, provided by the Land Registry agency in the UK (Land Registry 2012). According to 

Land Registry, however, the data describes current house prices for each year, which are in the value 

of the currency for that particular year. The House Price Index (HPI) from Land Registry is adjusted 

to remove the influence of seasonal variations on house price changes. This means that HPI measures 

nominal house price changes not adjusted for inflation. Current prices pose certain advantages and 

disadvantages in comparison with constant prices. Constant prices are a way of measuring the real 

change in output. They measure the true growth of a price series (i.e. adjusting for the effects of price 

inflation). Therefore, if historical price changes are considered, the cost of distribution that constant 

prices can offer is more important than the actual values of the properties given by current prices. 

However, the advantage of current prices is that the information is free from any bias view. The data 

tells exactly what has been paid in a given period, providing information of the current house market 

at that time. Since current prices take inflationary adjustments into account, this would also reveal the 

economic realities of market value (current cost) that are hidden in constant prices.  

 

In order to construct a more accurate analysis of historical house price, and expressing figures in real 

terms, the effects of inflation were adjusted to the nominal house prices from Land Registry. The 

inflation rates for the three time periods were obtained from an online database of historical rate 

inflations in the UK (rateinflation.com) and based on the Statistical Literacy Guide, How to Adjust for 

Inflation from the House of Commons Library (Thompson, 2009) by which the nominal prices were 

adjusted to the effects of inflation. This would give us the constant prices for the analysis. Figure 2.8 

shows the sold prices for each time period as well as the categorisation of price according to the 

typology of the dwelling: terraced, detached, semi-detached and flats. The data1 describes terraced 

houses as the most consistent type of dwelling within each year according to their sold price. Flats, in 

contrast, appear as the most changeable housing unit in terms of price in each year. 

 

 

 

 

 

 

 

 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Data for sold house prices was found not normally distributed (See Appendix D).	  
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Description of sold house price data 

 
Figure 2.8. Data for historical house prices and by typology of dwelling 
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2.2.1.5 Council tax band values 

 

Council tax was introduced in England and Wales in 1993 to replace the Community Charge and 

bands are based on property value at 1st April 1991 (VOA, 2011). However, council tax bands for 

Wales were re-valued from 1st April 2005 (Cardiff City Council, 2012). Bands were adjusted to reflect 

2003 values and an extra band was added (the banding for England is from A to H; for Wales it is A to 

I). “The purpose of the revaluation was to keep the assessments of houses in line with fluctuations in 

the property market. There was no change in the way homes were valued for council tax” (VOA, 

2011). Essentially, the tax banding value reflects three main variables of spatial value: size, layout and 

location of the property, and age of the building. Table 2.4 shows the tax bands from A-I of Wales and 

the range price of residential values according to each band defined by the VOA.  

 

Council tax band values were obtained through the Valuation Office Agency (2012) website. 

According to the VOA (2013), tax bands are included in either purely domestic or mixed-use 

properties. These were obtained from the Council Tax valuation list which contains a list of 

properties that can be as only domestic use and properties that are used as part domestic and part 

business properties, and therefore considered as mixed-use2. Purely domestic refers to those that can 

be banded as single-use or multiple-use dwellings, described in the literature3. Tax bands referring to 

mixed-use properties include those in which residential spaces are banded within a mixed-use 

building. The data was gathered on every postcode district (e.g. CF10, CF11, etc.), comprising a total 

of 147,320 properties of which 146,640 were of domestic use, including single-use and multiple-use 

dwellings, and 679 are dwellings banded in mixed-use properties (Table 2.5). The description of the 

data shows the two types of tax bands of properties (Figure 2.9).  

 

 

 

 

 

 

 

 

 

 
 
      Table 2.4. Tax bands for Wales   Table 2.5. Data of council tax band values 
 
 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 	  The database to find purely domestic and mixed-use properties can be found at: 
http://www.voa.gov.uk/cti/RefS.asp?lcn=0	  
3	  See section 1.2.5, Chapter 1 for the definitions of single use and multiple use dwellings.	  	  

Council Tax Band Value Domestic Mixed-use
A 3,628 10
B 17,088 107
C 30,039 275
D 33,931 156
E 28,687 62
F 20,409 19
G 9,356 22
H 2,553 16
I 949 12

TOTAL 146,640 679
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Description of council tax band data 

 
Figure 2.9. Descriptive statistics of tax band values for domestic and mixed-use properties 
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2.3 Application of Methods 
 

Within every type of analysis, GIS ArcMap techniques were used in order to combine the syntactical 

measures of the street network with the various types of socio-economic data. Rent values, house 

prices and council tax bands were dealt as data ‘points’ that overlapped with the topographical land 

use maps acquired by Ordnance Survey. Therefore, in order to associate each of these types of 

information, a ‘spatial join’ in GIS was processed giving the exact location of every data set for every 

building. An example of this technical process is shown in figure 2.10 presenting how each polygon 

(i.e. a type of land use) and its corresponding point data (e.g. tax band value) is spatially joined to the 

corresponding segment line of the street network, which includes different measures of syntax 

analysis (e.g. integration and choice at different radii).    

 

 
Figure 2.10. Example of joining different data in GIS, combining a segment map analysis of the street 

configuration, topographical data, land use and economic data. The coloured lines represent degrees of 

accessibility of the street network. Red points are the associated economic data for its corresponding address 

building. Dark grey polygons are examples of residential land use; light grey are examples of non-domestic land 

uses. 
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2.3.1 Historical Analysis 

 

The first body of analysis concerns a historical study of the city of Cardiff. The street network of the 

city is analysed in Depthmap using historical maps dating from 1880 and 1960. The intention was to 

compare these two relevant years with the actual configuration of the city, considering the fact that 

the transportation system was a crucial factor of Cardiff’s historical transformation. The historical 

analysis is done through a segment angular analysis within the different historical times. This analysis is 

supported through the discussion of local planning development proposals. Planning development 

proposals help identify the defined areas of local districts, along with the definition of their main 

streets and if these correspond to the syntax analysis. That is, how the defined local districts in 

planning proposals go in accordance with the degrees of spatial integration in the street network. 

Measures of spatial accessibility in the urban street network through a historical analysis address one 

of the questions set out in the objectives of this study, referring to whether the form and structure of 

an urban core contribute to the economic expansion of the city over time. As stated in the 

hypotheses, an historical approach to the analysis of urban form and centrality make a significant 

framework for understanding the outcome of a city’s economic and architectural space.  

 

 

2.3.2 Bid Rent Configuration Model 
 

A combination of the bid rent model and the street configuration network delivers a variant of the 

bid rent model consisting of property rent values tested against distance measured in the street 

network configuration. The proposed bid rent modelling approaches the three types of definitions of 

distance by means of step depth measure (Turner et al, 2010) as part of the Space Syntax method in 

order to calculate the distance from one to all other locations in the urban system. Firstly, distance as 

a topological configuration of the city; secondly, as a physical distance in metric units. And thirdly, 

distance is treated as angular or geometrical measure, denoted from segment to segment in the full 

network.  

 

Each type of land use (retail, office, residential and industrial) represents a type of property market 

expressed in rent per square metre units compared with each type of distance in the configuration of 

the urban network. The starting point of the measurements is taken from the main thoroughfare of 

the city centre, composed mostly of commercial spaces. In Cardiff’s case, the main street is an 

entirely pedestrian shopping road. Figure 2.11 illustrates a summary of combining the two methods, 

the bid rent curves representing property rent values of different markets applied to the street 

network configuration. The relationship between each type of distance and each type of property 

market are detailed in Appendix B and C, in which the use of statistical methods and the description 

of each result are enhanced by forms of graphic and narrative descriptions.  
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The bid rent configuration model allows an investigation into how different definitions of distances, 

although seemingly alike, have variations in how different socio-economic activities are located and 

their relation to other kinds of activities. For instance, whether the clustering of businesses relates to 

being physically close to each other to foster mutual competition, or perhaps to benefit from reduced 

transactions costs. Or, it might be that certain property markets are located to take advantage of 

topological benefits and thus how people cognitively navigate through the urban system, so enabling 

them to reach the location of a particular market (angularity formed by the street layout). Since the 

case study deals with a city that has a polycentric urban structure, the model also offers the 

opportunity to be tested in different locations throughout the city and to investigate how centralities 

emerge through socioeconomic processes of bidding between location and cost. 

 

 
Figure 2.11. Bid rent configuration method 
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2.3.2.1 Land uses and the measure of property rent values 

 

It is brought to attention that the clarification of the use of data in the model should be included in 

order to have a better interpretation of the analysis of bid rents. Therefore, the use of the dataset 

must be specified in order to understand the analysis and the importance of how the model varies 

from the original bid rent curve. Firstly, land uses are provided from Address Layer 2 of Ordnance 

Survey (OS) data to deliver information regarding land use classes and sub-classes (Figure 2.12). This 

source of information allows comparison of rent values in accordance to their location with specific 

types of uses, through the tool of GIS ArcMap software. Also, topographical maps from Ordnance 

Survey (OS) data offer information regarding plot area and building footprint, which is useful if an 

explanatory model of house price transactions is taken into consideration. Rent prices for all types of 

use are measured as rent / m2. Rent values for retail, office and industrial use are based on property 

values taken directly from the online datasets mentioned in the previous sections (Showcase and 

Propertylink, see table 2.3). For residential use, monthly rental prices were obtained from Estates 

Gazette. In this case, every residential property was associated with the OS topographical map in 

order to link rent price and plot area for each property. The monthly rent price for residential use 

was divided by the plot area (building) in metres, giving the units in rent / m2.  

 

It is important to note a few considerations of what these rent values, estimated on property value, 

signify for the analysis. It is considered that when buying a property, if the property is freehold then 

both land and building are included in the price of the property; if the home is leasehold, then the 

price would only include the building or constructed land. It is not usually defined in the rent values 

provided from the agencies if the owner of the property includes also the rent for land because only 

the freeholder technically owns the land. In other words, the owner of the property can include the 

prices for what he pays for land, but the person renting the property is making a leasing of the 

building. Therefore, the rate a landlord is willing to let at and the rate the renter is willing to pay is 

bounded by some lease. It is assumed that the rates given by the online datasets are likely to be the 

asking rental price of the property. This is what a landlord would want to let his/her property for but 

isn’t always the rate the renter is willing to pay. Based on this premise, the bid rent analysis uses 

property rent / m2 assuming that these are constructed land values. This dataset defines that the bid 

rent configuration model is in fact a variant of the traditional bid rent curves applied in urban 

economics. 

 

Consequently, rent values are associated with the street network map, mapping the distribution of all 

rent values of all property markets (Figure 2.13). The street network map is at the same time 

associated with the land use map provided by OS data. A combination of two types of information 

with rent values are presented: syntactical values of the street network (from Depthmap analysis) and 

types of land uses. 
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2.3.2.2 Rent gradients and street network accessibility 

 

Taking advantage of GIS tools, rent values for the different property markets are distinguished in the 

street network. Rent gradients for retail, offices, industrial and residential use are presented in their 

corresponding distribution in the urban network (Figures 2.14 – 2.17). The rent gradients for each 

type of property market are shown within a range from high to low rent price. For retail rent values, 

the major concentration of highest rents is located in the city centre area. If the points of rent values 

are compared with the land use map, shown in figure 2.12, it is shown that most of the retail rent 

values are located in local areas in main streets. These main streets, which are primarily of 

commercial use, are high streets that form part of the boundaries of local districts.  

 

In a similar fashion, office rent values are primarily concentrated in the city centre. Yet some offices 

are also partly concentrated at the outskirts of the city, away form the city centre or within suburbs 

(Figure 2.15). These concentrations of office rent values are also located near main thoroughfares, 

such as the M4 motorway, which runs between London and South Wales connecting Cardiff. It is 

inferred that the reason for these particular clusters of office rents is also because they are business 

parks or large complex areas composed primarily of office and large retail stores. Furthermore, figure 

2.16 shows a more scattered distribution of industrial rent values, overlapping with office use in the 

South part of the city and coinciding with retail use in the North part. The variations of rent prices in 

industrial use do not differ as in office and retail values. This is because most of the industrial rent 

prices obtained are of similar nature: most of them are storage facilities and light industrial use. Lastly, 

residential rent values shown in figure 2.17 show a more even distribution in their value. The most 

expensive rent values of residences appear to be scattered on the North and East sides of the city. 

Yet the distribution of residential rents comprises a larger number of datasets than the previous three 

property markets.  

 

It is suspected that the rent gradients obtained associated to the syntactical analysis of the street 

network in Depthmap would bring a plausible relation with gradients of accessibility (integration and 

choice measures). For example, it is expected that retail and office rents have more association to 

potentially more integrated streets than industrial or residential rents. This relationship would 

additionally give supporting analytical framework to the bid rent model besides the measures of the 

three types of distance (step depth measure). The approach of comparing rent gradients with 

accessibility gradients effectively allows the road grid to geometrically identify local point of centrality, 

which would provide the geometric backdrop to the model of bid rent analysis. Therefore, this would 

also inform the hypothesis of potential local areas in which the bid rent model can also be applied 

within the different locations in the city.   
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2.3.3 Residential Analysis 

 

2.3.3.1 Historical house prices 

 

Data on historical house prices is tested in relation to the measures of the street network (Figures 

2.18-2.20), analysed at different radii. Based on the dataset from Land Registry, the analysis includes 

correlating constant house prices with the street configuration. These correlations are the first initial 

test of whether the location of house price is affected by spatial accessibility. This created a basis to 

further analyse residential value based on council tax bands – a second option to explore residential 

use in relation to the street layout. The description of the numerical data of house prices is detailed in 

Appendix D, Section 1.  

 

 

2.3.3.2 Council tax band analysis 

 
The location of another type of economic activity is based upon the use of council tax band values. 

This analytical section addresses the hypothesis of whether the spatial configuration of the city can 

explain patterns of residential property value, it being one of the main goals in the thesis to study the 

location of economic activity. Tax band values are also mapped, shown in figure 2.21. The points in 

the map show all the council tax band values of the dataset from the VOA in relation to the urban 

street network. Different measures of spatial accessibility are used concerning degrees of integration, 

choice and street length. The statistical methods applied concerning council tax bands are fully 

described in Appendix D, Section 2. With previous investigations of tax bands and the use of Space 

Syntax methods (Hillier et al, 2008), the analysis also looks at whether the location of residential value 

would bring about similar results to those found in London from the i-valul project (Chiaradia et al, 

2009). This depended on council tax banding in Wales working similarly to London in relation to the 

street layout, despite Wales having nine tax bands in comparison to England having only eight. 
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2.3.4 Morphological Study of the Built Form 

 

Following the analysis of the street network using the economic 

information previously outlined, the thesis looks at the local 

urban conditions of the built form. The purpose of this section is 

to examine the socio-economic activity at a local scale analysis, 

particularly on the subject of mixed-uses. Within the research 

design of this thesis, one of the main questions argues how the 

spatial configuration of urban form has its effects on the location 

of economic activity in the built form, rather than only analysing 

locational patterns from an urban scale perspective. With this 

interest, the thesis proposes to study the built form structure 

through a morphological analysis, extending the configurational 

metrics of the built environment with a particular architectural 

building.  

 

As the literature showed, Space Syntax is a means to study 

building and urban patterns; it is a tool to study an urban system 

and as such it is also an analytical way to study the morphology 

of the city in its different city scales. An approach of a 

morphological analysis is emphasised here because it helps 

progression from an urban analysis of the street network to an 

analysis of architectural generation. Morphological analysis 

regards the street system, plot and building patterns that 

construct the landscape whereas syntax analysis takes the 

elements and the structure of elements as the components of 

the urban structure. While configurational metrics can inform 

about advantages of accessibility and location, a morphological 

approach can inform how the geometric configuration of a 

location distributes and adapts different forms of activity (Figure 

2.22).  

 

Since this thesis considers two kinds of economic activity, rent values and residential value, the local 

scale in this study focuses on the mixing of uses of commercial and residential space. The aim is to 

capture how socio-economic activities combine in the same real estate – with its association of tax 

banding and rental values – forming the commercial-residential building (hereafter CRB). This typology 

of building is analysed according to patterns of location, street connectivity and the morphology of the 

local area in which the building is located. It is expected that the location patterns of the CRB are 

associated to the spatial proximities to local centralities, defining specific features of its urban location 

and spatial adaptability of the building itself.  
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2.3.4.1 Commercial-residential building 
 

It is argued that the mixing of uses merges the relation of what 

one does and where one lives in a particular architectural form 

whereby urban and architectural scale effects emerge. The 

analysis of the CRB takes two different approaches: firstly, from 

an urban scale where attention is given to the distribution of 

commercial-residential buildings and its relation to urban 

centrality. Secondly, from an architectural analysis where CRBs 

are studied in terms of how residential buildings adapt 

commercial additions. It is suggested that different adaptable 

typologies can be defined depending on the urban location of the 

commercial-residential building. The initial step was to 

disaggregate each type of use into its specific function (i.e. land 

use sub-classes) for the main street of different local centres in 

Cardiff. A further step was to identify tax banded dwellings of 

mixed-use properties and to see what kinds of non-domestic 

uses in those properties are related. This is also complementary 

to an observation-based survey conducted by the author in 

which CRBs were found in different locations in the city, 

particularly in local centres. 

 

The aim was to explore, firstly, how the CRB forms as a 

collective urban phenomenon and how it is adapted in different 

urban morphologies across the city. The CRB is investigated in 

its relation to different properties, such as street connectivity, 

relating it to the different definitions of distance. For example, if 

there is any relationship of topological distance with the CRB or 

metric distance with types of activities contained in the building.  

 

Another case is to examine how some of the architectural features of the CRB take effect in 

accordance with their location, such as characteristics of changes in the façade and access of the 

building. In addition, the analysis also includes identifying the CRB at the urban block and comparing it 

to gradients of council tax bands. This would inform us if mixed-use buildings have an impact when 

tax banding becomes higher or lower in relation to a commercial-residential building. For example, if a 

CRB is located within a residential neighbourhood that may not necessarily affect the tax banding 

within that same neighbourhood or within the same street where the CRB is located. Rather the 

residential value in that area may be higher if local establishments are in close proximity to a 

neighbourhood, making an area more valuable.  
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2.3.4.2 Forms of planning regulations in the study 

 

The study of the CRB aims to bring to the fore the discussion of how modelling urban processes can 

be brought to the level and interpretation of the built form. As Jacobs’ notions of ‘locality knowledge’ 

show in Chapter 1, this analysis of the built form coupled with the urban modelling of centrality 

concerns ultimately how individuals who wish to transform a dwelling into a shop or start a new 

business is a matter of a bottom-up process; an economic necessity of maximising travel distances, 

adapting different market conditions and generating an urban resilience.  

 

At the same time, the inclusion of land-use regulations becomes also important at this level of analysis. 

Since the research cannot be extended to the form of application or possible cases where design 

codes have been applied in the city of Cardiff, the study considers the regulations of use defined by 

the National Land Use Database (NLUD) (Table 2.6). This database defines the classification of uses 

and categories that planning regulations consider when changing a type of use. Some of the planning 

regulation schemes presented in the literature showed how the ‘relaxation of planning rules’ (see 

Section 1.2.6.2, Chapter 1) have specifically allowed changes of use from residential to commercial, or 

even more, to allow changes without submitting planning permission. Furthermore, adapting mixing of 

use does not only relate to the kind of building adaptations by which social and economic factors 

interrelate, but also the effects that the mixed-use building has over the vitality of town centres 

(Figure 2.23).  

 

 
Figure 2.23. Conceptual representation of mixed-uses in an urban core, distinguishing the mixed-use street and 

the mixed-use building. Source: ClimateWorks Foundation (n.a.) Planning cities for people, p.18. 
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Land use Class Description 

Retail Shops 
 

 

A1 
 

 

Refers to the sale of goods other than hot food; a post 
office; the sale of tickets or as a travel agency; the 
display of goods for sale; the hiring out of domestic or 
personal goods or articles; the reception of goods to be 
washed, cleaned or repaired, where the sale, display or 
services is to visiting members of the public; Internet 
cafes. 

Financial and Professional 
Services 

 
A2 

 

Refers to financial services, or professional services 
(other than health or medical services); any other 
services (including use as a betting office) which is 
appropriate to provide in a shopping area. 

Restaurants and bars A3 A restaurant whose trade is primarily in-house dining. 

Drinking Establishments A4 
Public houses, wine bars or other drinking 
establishments (but not night clubs). 

Hot Food Takeaways A5 
For the sale of hot food for consumption off the 
premises. 

Businesses 

 

B1 

 

Refers to office other than a use within class A2; for 
research and development of products or processes, or 
for any industrial process. Being a use which can be 
carried out in any residential area without detriment to 
the amenity of that area by reason of noise, vibration, 
smell, fumes, smoke, soot, ash, dust, or grit. 

General Industrial and Storage 
 

B2, B8 
 

These three classes were put on to the same group that 
refers to general industrial processes. B8 includes open 
air storage. 

Hotels 
 

C1 
 

Hotels, boarding and guest houses where no significant 
element of care is provided (excludes hostels). 

Residential Institutions C2 

Use for the provision of residential accommodation and 
care to people in need of care (other than those within 
class C3); use as a hospital or nursing home; a residential 
school, college or training centre. 

Dwellings 
 

C3 
 

Dwelling house/flat that is lived by a single person or by 
people living together as a family. 

Houses in multiple occupation C4 
Small shared houses occupied by between three and six 
unrelated individuals, as their only or main residence, 
who share basic amenities such as kitchen or bathroom. 

Non-residential Institutions 

 

 

D1 

 

 

Any use not including a residential use: for the provision 
of any medical or health services except the use of 
premises attached to the residence of the consultant or 
practitioner; as a crèche, day nursery or day centre; for 
the provision of education; for the display of works of art 
(otherwise than for sale or hire) as a museum, a public 
library or public reading room; as a public hall or 
exhibition hall; for, or in connection with, public worship 
or religious instruction. 

Assembly and Leisure 
 
 

D2 
 
 

Includes: cinema, concert hall, a bingo hall or casino, 
dance hall, a swimming bath, skating rink, gymnasium or 
area for other indoor or outdoor sports or recreations; not 
involving motorised vehicles or firearms. 

 

Table 2.6 – NLUD classification version 4.4 – Land use classes (Planning Portal 2014) 

 

 

 

 

 



	  

	  

174	  

2.3.5 Use of Statistical Methods 

 

In the cases of bid rents and tax band analyses, the use of statistical methods was applied in order to 

compare the variables tested in each chapter of the analysis. The research used univariate (single 

variable) for frequency counts and bivariate (two variables) cross tabulation analysis with the intention 

to compare patterns and relationships between one or more variables.  

 

The research uses different statistical methods in order to test what relationships, if any, exist 

between the different sets of data variables. The analyses of the thesis uses SPSS software (Field, 

2009) to explore, firstly, the significance of the findings by testing if a coefficient of an outcome does 

not happen randomly, defined as ‘p-value’, and how the correlation coefficient of variables can 

strongly inform how the variables in question are related, referred to as ‘R-square value’ (Field, 2009).  

The statistical methods used in the different analyses (Chapters 4 and 5) include the following: 

 

1. Frequencies and Histograms – frequency of occurrence for each set of data is tested and 

represented in a histogram. The data used in this thesis is plotted in a histogram in order to 

show the underlying frequency distribution of a set of a continuous data. This allows informing 

whether the data is normally or not normally distributed as well as the outlier variables or 

skewness (shape) of the graph (Field, 2009). Data that is normally distributed means a 

continuous distribution of a random variable with its mean being represented in a normal 

symmetrical curve. Also known as the ‘Gaussian distribution’, which is defined as the 

arrangement of values of a variable showing their observed or theoretical frequency of 

occurrence (Field, 2009; Laerd Statistics, 2013). A not normally distributed data refers to 

statistics that do not assume any particular distribution. 

 

2. Testing for Normality of data – an assessment of the normality of the data is used, in 

which the results of normality are from two well-known tests, the Kolomogorov-Smirnov 

test and the Shapiro-Wilk test (Laerd Statistics, 2013).  

 

3. One-way ANOVA test – This is a one-way analysis of variance used to determine whether 

there are any significant differences between the means of two or more independent or 

unrelated variables (Field, 2009). It can be tested with three or more groups of variables. This 

method was first used to compare the means of real data (rent values and sold house prices) 

with the assumption that the data is normally distributed. If this test fails, then a non-parametric 

ANOVA test is introduced. A usual first test called one-sample T-test is also used in order 

to determine whether a sample comes from a population with a specific mean, which also 

assumes a normal distribution data (Laerd Statistics, 2013). A non-parametric test is used when a 

set of data is not normally distributed, having data as a ranking – comparing the mean rank of 

variables (Field, 2009). 
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4. Kruskal-Wallis H Test (non-parametric test) – it is the equivalent to the one-way 

ANOVA test for not normally distributed data. This technique allows a comparison of more 

than two independent variables; it is used when the purpose is to compare three or more sets 

of data that come from different groups (Field, 2009; Laerd Statistics, 2013). For example, 

property rent values for each type of use (retail, office, industry and residential) tested against a 

type of distance measure (metric units, number of turns or number of least angle change value). 

 

5. Boxplot graphs (non-parametric) – The use of boxplot graphs is used in order to illustrate 

groups of numerical data represented in quartiles. This kind of representation displays 

differences between groups of data without making any assumptions of the statistical 

distribution, therefore being non-parametric. The advantage of this graph is that it identifies the 

degree of skewness or dispersion of the data and indicating if there are any outliers. Outliers are 

simply single data points within the data that do not follow the usual pattern or that are distant 

from the data observed in the sample (Laerd Statistics, 2013). 

 

6. Linear regression – Refers to the relation of two or more variables. It is used to predict the 

value of a variable based on the value of another variable. The variable we want to predict is 

called ‘dependent variable’ (also known as the ‘outcome variable’). The variable we are using to 

predict the other variable's value is referred as ‘independent variable’ or ‘predictor variable’ 

(Field, 2009; Laerd Statistics, 2013). This method was used to compare council tax band values 

with geometrical properties of accessibility (integration and choice values from space syntax 

techniques). 

 

7. Pearson’s Correlation – refers to a measure of the strength of association that exists 

between two variables (Field, 2009). In this case, a bivariate analysis of Pearson’s correlation 

tests is used.  

 

 
 

Summary 

 

This chapter has described the research design of this thesis, presenting the way an urban economic 

model and a configurational analysis can be joined together. It presented the data resources and the 

application of the methods in different variations and city scales. Overall, the research methods intend 

to understand the city from a global perspective of economy, observing different kinds of uses and 

patterns that the city generates, to the local perspective of how such dynamics work in the built form. 

What follows is the second part of this thesis that includes the various analyses using the methods 

described in this chapter.  
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3 
THE SPATIAL TRANSFORMATION OF 

CARDIFF: HISTORICAL ANALYSIS OF A 

POST-INDUSTRIAL CITY 
 

“By 1901, 164,333 people lived within the boundaries of Cardiff, eighty for 

every one who had lived in the old borough and its immediate environs a 

century earlier, a transformation which led to rhetoric hailing the town as the 

‘Chicago of Wales’” – John Davies, Cardiff: A Pocket Guide (2002:48). 

 

 

Introduction 
 

This chapter presents a historical analysis of the city of Cardiff. The purpose of this chapter is to 

examine whether the form and structure of the urban core contributed to the city’s economic 

expansion over time. The study is focused on the aspect of centrality and how the city evolved from 

its pre- and post-industrial phases of development in which the impact of the road network 

infrastructure has much to do with the economic growth of the city. As a port city, the economic 

development of Cardiff resulted in a decentralised spatial structure. The physical and spatial structure 

of the city was adapted over time by planning doctrines and sectorial change, which highlighted how 

land-use planning of a city relates to the wider development of a city vision. However, as a story of 

the spatial development of Cardiff as a whole, the main focus is on the development of the street 

network structure and its city centre. This chapter paints a picture of the transformation of Cardiff as 

an evolution of its urban configuration, helping the reader to place key components of social and 

economic changes in the city’s spatial context.  

 

The chapter outlines Cardiff’s urban transformation, taking into account the city’s planning history. 

Decentralisation means a process of redistributing or dispersing functions, powers and people away 
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from a ‘central location’ to local branches. This process, clearly shown in the case of Cardiff, is 

investigated in the main part of the chapter. It takes the reader through an analytical description of 

the city’s street network within different time periods, focusing on studying patterns of centrality in 

the most important stages of stagnation and urban regeneration, and comparing them with the 

current spatial configuration of the city. This analysis follows the evolution of Cardiff’s city centre as 

well as the historical formation of sub-centres across the city. The chapter concludes by highlighting 

the persistence of local urban centres in accordance with current planning development proposals 

that contribute to a city’s economic growth.  

 

 

3.1 Cardiff – The Coal Metropolis  
 

Urban regeneration in a post-industrial city poses questions as to how processes of urban 

regeneration and new kinds of planning emerge - not only with the purpose of physical renewal but 

also as a form of socio-economic development that goes hand-in-hand with a city’s cultural 

transformation. In a global context, it can be considered how a post-industrial city goes through a 

transformative process in a new modern world, where the stages of industrialisation are different 

from earlier times. Or, we can think about the impact of industrialisation and its consequences for 

local factors in the city that create a stable economic urbanisation or otherwise. The ‘spatial 

signature’ (Vaughan et al, 2013) of Cardiff can be described as “spreading fan-like in each landward 

direction” (Buchanan and Partners, 1966:12). This form and structure is what gives Cardiff its 

distinctiveness and character. Yet, the city’s structure has been modified by strategic road structures 

that began with the trade of coal, which ultimately gave Cardiff its basis for its economic 

development.  

 

Due to the dominance of the coal trade, Cardiff reached its economic peak as a coal metropolis 

(Daunton, 1977), the biggest coal trading port in Wales. Despite the long, slow death of the coal 

industry in South Wales, the service sector became dominant during and after the inter-war period, 

continuing to ensure Cardiff’s growth and the city’s role as a regional capital (Hooper and Punter, 

2006). In terms of its physical structure, Cardiff responded to its continuing growth over time with 

decentralisation. The process of growth was brought to the outer areas of the city, accomplished by 

extensions of the borough’s boundaries. Decentralisation occurred because inhabitants still lived 

mainly in the parishes that had constituted the town in the mid-nineteenth century.  

 

The basic infrastructure of transport and communications, established in the settlement founded by 

the Romans around 55 AD, has endured to the present day. These two aspects have played a key 

role in the functioning and morphology of the city and its evolution (Davies, 2002; Rees, 1962). The 

establishment of the city in its period of industrialisation came during 1792 to 1794 when the 

settlement was linked through the construction of the Glamorganshire Canal, enabling the city to 
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expand its iron industry to other hinterlands (Daunton, 1997; Rees, 1962). The central valleys of the 

South Wales coalfield became the predominant industrial area during this time. This continuous 

process of “exporting iron from the port of Cardiff in the first part of the nineteenth century was 

followed by an expansion of the exportation of coal” (Daunton, 1977:2).  

 

At the beginning of its industrial period, Cardiff was initially “not well-placed to benefit from [the 

growth] in the coalfield in its own hinterland until a more advanced standard of technical competence 

in mining had been attained to enable the deeper strata to be worked and until facilities had been 

provided for the transport of the coal overland to the seaboard” (Rees, 1962:118). However, Cardiff 

started to experience rapid change, becoming the main city port of the South Wales coalfield. This 

was further accelerated by the introduction of the docklands, whilst the later construction of the 

railway, mainly the Taff Vale, “provided a link between the ironworks of other hinterlands that made 

Cardiff the focus of exportation for new coalfields” (Rees, 1962:147). The railway system had a large 

impact on the physical structure of the city and remains as an important characteristic today. “Partly 

with the introduction of the railway, the population of the city began to grow, establishing the first 

suburbs to the east and south east of the city that generated the construction of new residential 

areas” (Davies, 2002:36).  

 

Over time, the construction of the docklands and the growing demand for new housing developments 

began to have negative effects. The docklands became segregated from the rest of the developing city, 

which in turn contributed to the social isolation of its residential areas - now known as Butetown, 

formerly called “Tiger Bay” (Daunton, 1977:125). This was redeveloped in recent years and has 

become more integrated into the city with the regeneration of the Cardiff Bay area.  

 

In parallel, the redevelopment of the docklands also impacted significantly on the city’s social make-up, 

with new immigrants arriving in the city and clustering in specific zones. This phenomenon became 

quite significant, especially in Butetown, as Hooper and Punter (2006:7) describe: “The stigmatisation 

of Butetown as ‘Tiger Bay’ endured throughout the inter- and post-War period, though immigration 

had effectively ended with the onset of the Great Depression.”. Thus, the spatial and social 

consequences of the construction of the railway and the redevelopment of the docklands resulted 

partly in the social exclusion and segregation of distinct residential areas. 

 

The settlement had remained unchanged until 1840 with the expansion of the railway and the dock 

systems (Daunton, 1977). Cardiff had its major stage of urbanisation at a relatively late period, during 

which the city passed from being “a small town with a population of 1,700 in the sixteenth century” 

(Davies, 2002:28) to becoming a dominant city in Wales in the late nineteenth century. During the 

1880s, the economic advancement in Cardiff made the city the largest ‘coal metropolis of the world’ 

(Davies, 2007; Daunton, 1977; Rees, 1962). The port of Cardiff had become “the focal point of a 

worldwide network” (Davies, 2002:64). By the end of the nineteenth century, Cardiff was advancing 

largely in the commercial sector.  
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In 1955, the city officially became the capital of Wales, “not so much upon the size of Cardiff, but 

upon its exceptional position and importance as a town in Wales” (Davies, 2002:112). Future 

developments sought industrial expansion with the reclamation and redevelopment of the waterfront 

strip in 1977. The urban regeneration in the city was to highlight the theme of the docklands’ 

redevelopment. The city faced a radical transformation in its population that created a more 

attractive job market. New developments arose, mainly for residential use, such as the Millennium 

Stadium and the Bay area redevelopment (Thomas, 1992; Davies, 2007). In addition, the booming 

retail activity of major shopping malls in the city centre made Cardiff an important capital for urban 

competitiveness and economic growth (City and County of Cardiff, 2001).  

 

Apart from the city’s continuous process of decentralised growth, Cardiff’s spatial footprint is also a 

result of its economic activity. The main reason for this is the importance of employment in shops 

and offices began to expand rapidly, promoting the city as a locus for business. Historically, the 

workings of the land market have been carefully considered to reap natural and financial benefits, in 

order to avoid objections from landowners where possible (Coop and Thomas, 2010).  

 
Planning and urban regeneration policies have tried to stem this flow of decentralisation by attracting 

residents back to the city centre and to Cardiff Bay (Hooper and Punter, 2006; Thomas, 1994). 

Decentralisation happened as a response to housing affordability. Large areas of low-density council 

housing were constructed in the city from the late 1920s until the 1960s, predominantly on the west 

and east sides of the central area. This trend was supported by the suburban growth of private 

housing developed in the north of the city – a distinctive footprint in the present configuration of the 

city. 

 

 

3.1.1 The Generation of a Post-Industrial City 
 

Cardiff’s era as the ‘coal metropolis’ lasted from 1870 to 1914 (Hooper and Punter, 2006), 

constituting a strong basis for the city’s urban economy. However, a point was reached where its 

economy could not sustain its manufacturing development, exacerbated also by competition from 

other developing hinterlands. Cardiff’s industrial market at the time was narrowly based on the 

production of primary products that failed to develop further - in particular the iron and steel 

industries, although these were affected to a lesser extent than the coal industry by the depression 

(Daunton, 1977; Hooper and Punter, 2006). By 1964 the coal exports had ended, but the city’s 

function as the commercial and financial capital of Wales remained as a strong basis for its future 

growth. “Cardiff was becoming a central locus for commercial, retail and wholesaling present even in 

periods of slow growth between 1920s and 1930s” (Hooper and Punter, 2006:10). 
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The changes of production and export in Cardiff’s economy over time resulted in spatial 

transformations that also had social consequences. Commercial activities increasingly concentrated in 

the city centre, which moved from being a mixed residential area in the 1880s to becoming an almost 

purely commercial and retail core - a central business district (Hooper and Punter, 2006; Daunton, 

1977). In addition, the redevelopment of the Cardiff Bay area became a solution to the physical 

segregation and social deprivation of the docklands, which lacked connectedness to the city centre; 

thus, the ‘Cardiff Bay Urban Development Corporation’ emerged (Davies, 2007:661; Llewellyn-Davies 

Planning, 1988).  

 

In its initial stages, the Bay area had little housing development. The district of Butetown was at the 

heart of this community and has remained so up to the present day. Hooper and Punter (2006:10) 

describe that “the period 1870—1914 represented the era of Cardiff as the ‘coal metropolis’, the 

period 1914-1974, fractured by two world wars and the transformation of the global economy, saw 

the progressive erosion of the coal industry as a significant feature of Cardiff’s economy.” 

 

By the late twentieth century, the extension of Cardiff’s boundaries showed the characteristics of 

decentralisation more extensively. Planning policies tried to address this through the subsequent 

development of housing at the west and east sides of the city to attract more residents back to the 

city centre and Cardiff Bay. Low-density council housing was developed mainly to the west and to the 

east between the 1920s and 1960s. Private housing was predominantly developed in the north during 

the 1980s and 1990s. “Thus the original arc of suburbs constructed in the late nineteenth and early 

twentieth centuries has become enveloped in a subsequent ring of mid and late twentieth suburbs, 

with distinct spatial and social characteristics” (Hooper and Punter, 2006:11). The progression of 

Cardiff’s growth and spatial transformation from the 1880s to the present can be seen in figure 3.1. 
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3.2 The Development of a ‘Capital City’ 
 

By the late twentieth century the city was dominated by the service sector that constituted a high 

percentage of its total employment. According to Hooper and Punter (2006:50-51), Cardiff has seen a 

rapid growth in its service economy since the 1980s that is reflected in the regeneration and new 

construction of large complex buildings, such as the tourist and leisure functions in the Bay area, and 

the modern apartments in and around the city centre. While this increase in the service sector took 

place, the marketing sector also developed rapidly, so that “much of the employment trends in Cardiff 

relate to the private sector and consumer services that became central to the city’s urban economy” 

(Hooper and Punter, 2006:52). Alongside these trends, growth in retail, leisure and entertainment 

also occurred due to the increase in student population, which provides an important source of 

labour to sustain the institutions already established in the city.  

 

The successive progress of employment, population growth and the future developments of the city 

to become a ‘capital city’ also relate to the ‘planning doctrine’ of the city (Coop and Thomas, 2007): 

“…this concern with capital city status was translated into a planning doctrine that has been influential 

in the city for forty years. It contains a spatial representation of the city, ideas about appropriate uses 

and ideas about how the doctrine should be followed – i.e. who should do what” (ibid:174). 

Furthermore, “doctrine is to town and country planning what personal habit and philosophy are to 

individuals […] it defines the situation, […] specifies what problems are to receive major attention, 

the solutions to be employed and what alternative approaches should be ignored or discarded”1 

(Foley, 1963). Yet, why a planning doctrine? And why was this so important in Cardiff’s spatial and 

economic growth? The planning doctrine is a perspective within which planning issues are framed, and 

possibilities and possible solutions emerge. It includes ideas about appropriate spatial structure as well 

as appropriate mechanisms (public or private) for achieving change. In this sense, what most of the 

highly influential planners for the development of Cardiff (Buchanan and Partners, 1968) argued was 

that the notion of a planning doctrine deepens our understanding of the history of towns and cities. It 

is a way to highlight the significant political and professional task – which is not always successfully 

undertaken everywhere – of gaining consistent support of what constitutes an ‘appropriate’ area to be 

planned.    

 

It is not always the case, however, that a planned area has the ideal or expected desired effect. The 

consistent task in Cardiff’s planning history is that its spatial structuring has been mainly focused 

around the city centre and the development of Cardiff Bay. However, the city’s different stages of 

redevelopment reflect the vision of planners and designers to make Cardiff a ‘capital city’, but with 

major effects on the formation of the city. For example, land use allocation resulted in the distinctive 

‘fan-like’ structure, which has also been partly determined by a significant political scheme that 

developed as part of Cardiff’s planning history.  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Quoted in: Coop and Thomas (2007:167-193).	  
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From the late 1950s, “a long-standing sense of purpose among the ‘city fathers’ in relation to 

promoting the city was complemented by a new consciousness of what this might entail in spatial 

terms – i.e. for the form and development of the city. In brief, the city came to be seen by a wide 

range of politicians and professionals as a planning area” (Coop and Thomas, 2007:169). The so-called 

doctrine promotes the city’s development as a capital, and further as a regional city, whilst also 

enhancing national and local government relations. Cardiff’s planning history commenced with using 

the land market as a means to allocate resources and land uses for financial reasons. Cardiff was seen 

as a city that needed advancement as a location for business. Therefore the workings of the council’s 

development team and town planners envisioned Cardiff as a particular kind of city. However, this 

prompted questions about how to translate these ideologies into the spatial form of the city (ibid). 

 

From the 1970s, the spatial structure of Cardiff began to change significantly with the addition of 

strategic roads connecting other hinterlands. However, the spatial form of the city nowadays can be 

pictured in a simple way: a commercial city centre and a docklands core surrounded by a first ring of 

Victorian and Edwardian terraced houses, followed by detached and semi-detached housing 

developments. Public suburban areas stretch outwards in the north part of the city. Public housing 

estates are largely concentrated on the western and eastern edges of the city. Retail and businesses 

are located between the suburbs and residential neighbourhoods. A few settlements are found in the 

north-west part of the city where land-use planning has been defined for residential purposes, but still 

remain under development. 

 

Along with the redevelopment of the docklands, the construction of new residential areas and the 

introduction of a new service economy were examples of planning acts based on reports from the 

city council and town planners (Buchanan and Partners, 1968; 1966; 1964). This was a response to 

what was needed at the time and not necessarily what was planned for the city (Coop and Thomas, 

2007). Since 1955, Cardiff has had the status of a capital city, and has been of regional importance 

from the early 1960s to the present.  
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3.3 The Road Network – The basis for Cardiff’s 

economic growth? 
 

One key aspect of the strategic planning policies was to develop Cardiff into “a competitive, 

knowledge-based economy” (Hooper and Punter, 2006:66). Nevertheless, the ‘stigma’ remains of the 

social and spatial inequalities still present in recent years. These inequalities have primarily affected the 

districts of Butetown and Grangetown in the south of the city, more so than the affluent northern 

area (Figure 3.2). Overall, Cardiff is a city of major economic contrasts – manifesting not only as a 

divide between the north and south areas in terms of physical transformation, but also regarding the 

social changes that go hand-in-hand with economic stability and growth in localities, and the spatial 

system as a whole. The social and spatial structure that the city reflects today has been influenced 

largely by how the road network emerged and evolved through time. 

 

The city is characterised by a street configuration that divides Cardiff into four parts along two main 

axes, north-south and west-east. These two large avenues are the main generators of 

interconnections to other secondary roads. The main road structure of the city can be seen in Figure 

3.3, in which the road network is distinguished hierarchically: the motorway, trunk roads, primary and 

secondary roads. The motorway – M4 – was developed during the 1960s but did not reach Cardiff 

until the 1980s; this was of major significance to Cardiff’s economic development in linking traffic flow 

and accessibility to the ‘Euroroute’ and its connections to Ireland and other EU states (Baldwin and 

Baldwin, 2004). The trunk roads highlighted in green (Figure 3.3) are the main avenues by which heavy 

traffic flow interconnects the city, whilst the primary roads in red depict the main streets that are 

more local and connect the districts within Cardiff. Lastly, secondary roads (yellow) are those that 

link between suburbs, mediating between the primary and the trunk roads. It is clear that the form 

and structure of the road network has also significantly delineated between districts. The road 

network itself constitutes the very division of social and economic areas that has taken place over 

time, characterising some as more prosperous than others. 

 

While Cardiff has increasingly been an employment centre for other hinterlands, commuting has been 

an essential part of planning policies designed to regulate movement patterns within the city. 

Buchanan and Partners (1968) proposed a grid pattern network to remove through-movement flow 

in order to maximise the most important traffic demand in the city. Locally, a key factor in changing 

the road network has been the pedestrianisation of some of the main shopping streets of the city 

centre, followed by new large developments of flats also in the central area, and pedestrian paths 

connecting the railway station with new leisure complexes. 
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Figure 3.2 (top). Transport network of Cardiff 

Figure 3.3 (below). Road hierarchy of the transportation network 
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Although the south side of Cardiff declined economically, mainly during the post-war period, the city 

centre continued to grow progressively to the point of traffic congestion due to large increases in 

commuting. This rise was primarily a feature of the peripheral areas around the city, with the growing 

congestion causing them to be disconnected from the south part of the city, Cardiff Bay. In this sense, 

“the major pools of unemployment in the city-region existed to east and west in relatively new 

peripheral housing areas and also north in the mining valleys. For Cardiff Bay to contribute effectively 

to economic regeneration of south Wales as a whole, these three key areas [west, east and south] 

needed good access to the new job opportunities” (Hooper and Punter, 2006:205). 

 
The solution to Cardiff Bay’s disconnectedness was the introduction of a new boulevard between the 

city centre and the waterfront (Llewellyn-Davies Planning, 1988) (Figure 3.4). Although the intention 

was to provide traffic flow and a visual link to the city centre, the reality is that the consequence of 

this connection between Cardiff Bay and the city centre seems rather a no-man’s land - an area of 

transition, a through-movement route that does not really acquire a significant sense of community or 

neighbourhood. It is rather a transitional link where new residential areas have been developed but 

are only locally accessible through their inner roads. The main avenue that runs from the heart of 

Butetown to the city centre makes the connection between these two areas whilst almost isolating 

the residential spaces in between.  

 

 
Figure 3.4. Cardiff Bay Development Corporation Strategy Plan by Llewellyn-Davies Planning (1988) 
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The connection between the waterfront and the city centre represents a major challenge in transport 

planning.  Urban design proposals have been implemented in order to regenerate Cardiff Bay by 

extending the functions of the waterside to incorporate new housing developments and commercial 

facilities (Holder Mathias Architects, 2013) (Figure 3.5). Like these kinds of design proposals, new 

governmental developments, such as the Senedd (Parliament), have been installed as part of the 

regeneration strategy plan, along with large leisure facilities.  

 

In recent years, a new transport express (light transport system) has been built that makes a closed 

circuit route between the city centre and Cardiff Bay only. However, scholars (Alden et al, 1988) have 

noted that much of the resident population of Cardiff Bay is related to the industrial and employment 

distribution of the Bay area. Therefore, the importance of the economic and social context in 

integrating this part of the city into the central area largely relates to the historical background of 

reinstating the waterfront as a new system of housing, government and entertainment facilities. 

 

 

 
Figure 3.5. Cardiff Bay Regeneration Masterplan by Holder Mathias Architects (2013) 
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3.4 Historical Analysis (1880, 1960 and 2012) 
 

Given the history of Cardiff’s urban development, this chapter has so far argued that the road 

network of the city, and its development over time, has been a major factor that has influenced the 

economic development of the city. Within the context of the road network’s history in Cardiff, the 

following section proposes to approach the city’s urban history through an analytical description of 

the street network, emphasising how its spatial structure relates to patterns of centrality. The 

research question raised in this analysis examines how the spatial structure and formation of the 

urban core of the city came to develop over time to support the economic expansion of the city. The 

importance given to the road network is because transport has been at the heart of the very 

existence of Cardiff. As a seaport waterfront, the city went from the early development of its city 

centre in the 1880s to the proposals of transport development and the regeneration of the city 

centre in the 1960s. It is within these two particular time periods that this thesis will address how the 

spatial configuration of the city came to evolve to its current formation.  

 

Each of these time periods meant a significant change in the spatial transformation of the city: the era 

that turned Cardiff into a ‘coal metropolis’ in the 1880s and its culmination as a ‘capital city’ in the 

1960s. In order to study these two phases of development, the spatial analysis of the urban street 

configuration for each year is presented. The analyses examines the spatial accessibility of the urban 

structure and the consequent urban centrality at each given time period. The use of syntactical 

measures, integration and choice from syntax analysis, allows us to make a comparison between the 

two phases of development with the current city form of our case study. As previously described in 

the first part of this thesis, the probabilistic distribution of movement in the grid configuration 

accounts for measuring patterns of centrality – one that relates to the closeness between spaces 

whilst the other refers to routes that are potential pathways to pass through from one location to 

another. Hence, these two analytical measures are presented in Cardiff’s forms of development in 

1880, 1960 and 2012.  

 

The maps for each year are presented in different radii in measures of integration and choice. The 

metric radius definition for integration and choice, as mentioned in the methodology chapter, is used 

to look at local patterns of movement2 (Turner, 2007). Rather than only studying the street network 

within its entire system (as global radius ‘n’), different radius measures were also considered to 

calculate a street segment to all others within a certain number of steps or a boundary. This becomes 

beneficial, if we know the size of the case study, in order to define the exact radius needed to identify 

local phenomenon (ibid). 

 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Turner (2007:8) refers to the metric radius in space syntax used in order to “avoid the edge effect” (distortions in 
value due to where we choose to draw the boundary) in network analysis. See Chapter 2.	  
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3.4.1. Cardiff – 1880 

 

By the 1880s, Cardiff had become the focal point for the coal industry, developing as an important 

commercial and administrative sector that began to dominate other towns in Britain. The city centre 

started to take shape as a dense urban core, preserving its historical buildings whilst also adopting 

new mixed-use developments to become a more established central business district. Integration at 

400m and 800m shows that the city centre comprised main local streets that became highly 

integrated. On one side, the most integrated streets connected to the waterfront strip where most of 

the coal trade industry developed. On the other side, extending towards the east part of the city 

centre is the connection of main roads that were defined by the railway, developing the area called 

Adamsdown, shown in figure 3.6 (Morgan 2003). This spatial progression meant that the configuration 

of the city centre began defining its boundaries through main distribution paths. For example, the 

indication in the choice map at a radius of 400m (figure 3.7) highlights how the city centre defines 

main distributors that began to connect the initial stages of development on the east side of the city.  

 

	  
Figure 3.6 East side of the city centre – Adamsdown area. Source: Morgan 2003) 

 

 

The analysis in figure 3.7 shows a segment map of Cardiff in 1880. Integration and choice are shown at 

a global radius (Rn) and at local radius of 400m and 800m. These last two radii were found to be the 

most significant measures to identify local patterns of movement in the grid configuration. Firstly, the 

potential of to-movement shown in global integration (Rn) depicts the importance of the waterfront 

in relation to the urban core. Secondly, choice, showing a contrast of through-movement potential, 

illustrates the main roads that mark the city for its future growth within a global radius ‘n’. In both 
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global measures, however, the urban core of Cardiff began to take shape as a dense irregular grid 

pattern that began to extend its main roads in primarily four directions: North-South and East-West.  

 

The spatial structure that began to shape Cardiff’s economic sector arose out of the importance of 

the port area and its function within the coal industry. Cardiff’s population started to rise, growing 

from 485,000 in 1891 to around 885,000 by the First World War (Daunton, 1977, in: Hooper and 

Punter, 2006). Increasing numbers of immigrants settled in the south part of the city, leading to social 

changes in the shape of the built form. The establishment of multi-ethnic communities in Butetown, 

the core area of the docklands, showed an economic and social decline in the early twentieth century. 

 

Yet, at this stage in Cardiff’s planning history, it is argued that plans lack vision of the kind of city 

Cardiff was to become. There was a view that the city’s spatial structure would develop along the 

trajectory it was already following. For example, as in the established built-up areas containing well-

defined industrial areas (Daunton, 1977), commercial and residential areas for different social classes 

(Shepley, 2014), with peripheral expansion for mainly housing, yet segregated by class (Hooper and 

Punter, 2006). With the decline of the coal industry, the city’s development planning made a series of 

ad hoc responses to issues (Rees, 1962). Central planning interventions in the planning of the city 

became a major factor in the late 1950s and, consequently, the construction of the ‘planning doctrine’ 

(Coop and Thomas, 2007) in the 1960s began to determine the urban configuration of Cardiff.  
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Figure 3.7. Cardiff 1880 street network map 
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3.4.2. Cardiff – 1960 

 

The second year that marked an important transformation for the city was 1960. Between 1914 and 

1974, the city weathered the progressive erosion of the coal industry by converting its locus to one 

of financial and commercial businesses. However, during the 1960s, Cardiff formed its distinctive 

decentralisation. It is at this time period that the idea of Cardiff as a coherent planning area, with the 

development of a planning doctrine, begins to be formulated. Most of all, the concern of capital city 

status was translated into such a doctrine that has been influential in the city for years (Shepley, 2014; 

Coop and Thomas, 2007). The planning doctrine would contain a spatial representation of the city, 

ideas about appropriate uses and ideas about how the doctrine should be followed (i.e. who should 

do what) (Coop and Thomas, 2007). In the early 1960s, the city’s planning doctrine was driven by 

consumer services and the public sector. Future planning policies sought to modernise the city centre 

and regenerate the Bay area, linking developments in the built form with economic and policy 

contexts.  

 

With the construction of the motorway (i.e. the M4, figure 3.8), the urban envelope quickly 

consolidated in the northern part of the city. These developments led to a rethink of new proposals 

for the regeneration of the docklands that were at the time being hollowed out by the rapid growth 

of the suburbs in the north and their connection to the city centre. Figure 3.9 illustrates the 

decentralised growth that was primarily influenced by the construction of large areas of low-density 

housing predominantly on the west and east sides of the city. Globally, the grid structure shows a 

more defined shape of the two main intersections that cross the entire city, from north to south and 

west to east. Integration at a local radius of 400m in figure 3.9 shows this stage where, even at a local 

level, the docklands in the south appear to have become isolated from the rest of the city. On the 

other hand, choice within the same radius of 400m begins to identify roads that are not within the 

city centre but within local districts in the west and south parts of the city. At a radius of 800m, both 

integration and choice show that the formation and structure of the grid surrounding the city centre 

are more dominant than the city centre. Higher integrated streets show advantages of local 

accessibility in roads that connect different local centres.  

 

 

Figure 3.8. Construction of M4 
motorway in 1965. Source: 
Wales Online, 2012. 
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The analytical maps contribute to a better understanding of how patterns of centrality that began to 

emerge in the city also relate to the planning studies that prevailed in the history of Cardiff. One of 

these contributions, it is argued, is that the 1960 map shows the potential emergence of other urban 

cores that are produced in the development and growth of the city, spatially but also economically. 

For example, the Buchanan reports signified an important context in the understanding of the 

configuration of the city from the 1960s onwards (Buchanan and Partners, 1964; 1966; 1968). The 

Buchanan studies are best known for their transport proposals and the proposed redevelopment of 

the city centre. The specific context of the city centre will be addressed in the following sections of 

this chapter. For now, it should be noted that the main concern within these reports was to offer 

policy guidelines for the next thirty years, up to 2001 (ibid). Recommendations of land use allocation 

and circulation pattern were addressed, in which the policies envisioned a land-use framework for 

2001, a highway framework and environmental system along with public transport (Buchanan and 

Partners, 1966). 

 

The formulation of Buchanan’s plans became a fundamental transition in the economic expansion of 

the city. The plans addressed the need for urban renewal, the problem of congestion and the 

southwards migration that was occurring caused by deepening economic hardship in the Valleys (May 

2000; Shepley, 2014). For example, the problem of congestion began to be addressed by the removal 

of traffic from key shopping streets in the central area, which resulted in the pedestrianisation of 

some of the streets and short-term car parking (Buchanan and Partners, 1966). It is argued, therefore, 

that much of the city’s spatial transformation, highly influenced by the elaboration of planning policies, 

produced an urban configuration that includes different forms of grid patterns and morphologies.  
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Figure 3.9. Cardiff 1960 street network map 
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3.4.3. Cardiff – 2012 

 

In the present day, the city has come to represent the extension of the boroughs and the main 

thoroughfares that have prevailed over time. This is illustrated in Cardiff’s street network map in 

figure 3.10, dated in 2012. The city is represented in its current network configuration, measured 

through the degrees of integration and choice accounting the whole urban system (as radius ‘n’). The 

boundary that connects the built fabric with the underdeveloped hinterlands follows precisely the M4 

motorway. The motorway is identified as a potential movement distribution of both high integration 

and choice measures, which delimits the city in its northern part (see figure 3.3 for reference). 

Through-movement potential is accounted for in the main arteries of the city, shown in the choice 

map measure. Taking into consideration that choice is associated with vehicular traffic flow within a 

larger radius3, the main arteries that interconnect the whole city are shown in North-South and 

West-East directions. The highest accessible routes interconnecting the city are formed from the 

west to the east sides whilst primary roads (e.g. high streets) connect the city centre from the north 

to the south parts.  

 

Analysing the street network in different metric radii, figure 3.11 shows the city with variants of 

integration and choice accessibility measures. Integration was found to be more significant at radius 

400m, 800m and 2000m. The first two radii show local areas that date from the 1960s. Within a 

radius of 400 metres, we can see that the main integrated streets are those related to high streets 

that compose neighbourhoods on the west side, the south part, and in the upper east side. As the 

radius increases at 2000m, integration accessibility shows how each of these local areas are 

interconnected through their main roads that serve as a connector to the city centre. In contrast, 

choice measures at larger radiuses than integration, ranging from 800m, 2000m and 3200m, picked up 

interesting results. For example, through-movement distribution at 800m identifies streets with high 

choice value in small street segments scattered in the outer areas of the city centre. At 2000m, the 

structure of the city begins to identify accessible routes that are local more accessible, such as main 

high streets or streets connecting to larger avenues. However, at 3200m radius we find the main ring 

road interconnecting the city. This implies that the beneficial effect of defining the study at 3200m 

radius is that the choice measure covers all journeys within that radius.  

 

Comparing the maps of 1880 and 1960, and the evolution of the road network to its current state, 

brings several factors into consideration. Firstly, the progressive transformation of transport 

infrastructure and the effects it brought to the location of main activities. The 1880s map showed the 

importance of the waterfront strip where main industrial areas were located. The 1960s map showed 

that with the initiative of planning policies to design transport infrastructure, some of the industrial 

areas near the docklands were kept. From the regeneration of the docklands (i.e. Cardiff Bay area), 

the road network expanded in a ring road fashion, whereby the main construction began with the M4 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  See Section 2.1.2.3, Chapter 2.	  



	  

	  

197	  

motorway. However, the new motorway provided an opportunity to develop one of the most 

significant elements in the road network of the city with the construction of a peripheral distributor 

road (PDR), currently known as the A4243 (Hooper and Punter, 2006). With the new planning 

policies, which gained momentum from the Buchanan reports of the 1960s, the strategy of 

constructing the PDR represented an alternative of creating a form of ring road around the city. 

Currently, the M4 delimits the northern periphery of the city, shown in the 2012 map in figure 3.10, 

whilst the PDR serves from the dock area in the south part of the city, running currently from west 

and south of Cardiff in connection to the M4. 

 

In parallel to the planning policies, the advancements of transport infrastructure influenced the 

allocation of land use that has framed the city’s recent spatial development. The motorway, now a 

new significant feature for the future development of Cardiff as shown in figure 3.10, raised important 

developments that shaped the configuration of the city. New developments near the periphery of the 

motorway began to develop during the 1980s, mixing office, retail and housing use (Marshall, 1995). 

On the other hand, “the supply for industrial land within the city was noted generous but its 

availability much less so with very little of the land bank being serviced” (SGCC, 1983: 14). Yet the 

county itself opted to allocate land for special employment sites, thus allocating land based on 

changing economic contexts (ibid). However, according to Hooper et al (2006: 80-81), these 

extensive allocation sites were considered to risk generating new sites for other uses. 

Notwithstanding strategically located employment sites, particularly near the motorway, county plans 

were being put under pressure by the emerging retail spaces that began to be placed near those sites 

followed by the development of housing areas (Rowley, 1995). An example of these are the business 

parks that can be found in the northeast side of the city or in the redevelopment of industrial 

complexes that connect to the main roads that go in the direction of the north-south parts. 

Configurationally, it is argued that such developments were not only the result of the allocation of 

uses, but an advantage of the street network having a connected road that links to other major 

connectors. In other words, it is taking advantage of the location itself in the area, which then 

contributes to advantages in accessibility over time.  

 

In terms of the evolving spatial centrality of the city, it is firstly suggested that the significance of the 

two major pieces of transportation infrastructure, the motorway and the peripheral distributor road, 

is how they shape the city today. Secondly, the consistent transformation of the city in a decentralised 

fashion suggests that Cardiff is a city of multiple connected centres. The characteristic feature of 

Cardiff of presenting a polycentric structure suggests that ‘localities’ (Jacobs, 1961), in generating their 

work use, give support to local and global economic contexts in the city, resulting in different spatial 

configurations. Furthermore, the very means by which these localities emerge and are sustained over 

time make up the issue of how the form and structure of an urban core works together in relation to 

the economic growth of the city; and also urban core that may originate as the city centre but can 

shift over time into multiple connected centres or sub-centres. The next section brings into 
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consideration this last issue, with further analysis focusing on the formation of the city centre of 

Cardiff.  

 

 
Figure 3.10. Cardiff 2012 street network configuration 



	  

	  

199	  

 
Figure 3.11. Cardiff 2012 – variations of integration and choice accessibility 
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3.5 The Formation of Cardiff’s City Centre 
 

This section focuses on the city centre and its morphology. The evolution of Cardiff’s city centre was 

very slow and regeneration projects did not start to emerge until the early 1960s, according to 

Cardiff City Council (CCC, 1970). One of the proposed plans for the regeneration of the city centre 

of Cardiff was the Buchanan Study Plan in 1964, also known as Centreplan 70 (Buchanan and Partners, 

1964). The project aimed to separate traffic from pedestrians as much as possible. Traffic would be on 

a lower level; shops, entertainment and cultural facilities on pedestrian level. The redevelopment 

proposals of the project presented an integrated set of planning principles as a condensation of 

Buchanan’s proposals. The Buchanan Study plan from 1964 highlighted the need for an expansion of 

the area devoted to central area uses, referring in particular to the need for an enlargement of office 

and retail floor space, as well as future demand for other city centre facilities (e.g. higher education 

facilities, national theatre, opera house and extension to current facilities). Centreplan 70 was not fully 

realised, due to the 1970s property recession (Shepley, 2014); thus the piecemeal and gradual 

approach to the regeneration of the small commercial core of the city became an advantage, allowing 

“the city to keep its historical character and existing street pattern by approving small-scale 

interventions instead of large redevelopments” (Hooper and Punter, 2006:123). 

 

Therefore, despite the recession of the 1970s, the city was still broadly following the development 

plans from the Buchanan study. For example, the concern that the city centre should not expand in an 

uncontrolled manner, but rather remain relatively compact, resulted in different mixing of uses and 

morphological features. In the northern area of the city core, office development was to be 

concentrated; large characteristic city parks (i.e. Cathays Park) also in the north, included the 

connection to civic buildings and the University of Cardiff; one of the most important roads extending 

to the east side (i.e. Newport Road) was emphasised as a commercial development, taking advantage 

of the fact that it had already taken place over the years; finally, the purpose of enlarging a shopping 

centre, proposed as a southwards expansion.   

 

Buchanan’s proposals still remain largely visible in what the city centre represents today, which will be 

discussed in the next section of the chapter. Morphologically, the distinctiveness of the urban core of 

the city lies in the irregular pattern of its configuration, which gives precisely the form of a compact 

and dense city core. One of the most important historical developments in the city centre was the 

extension of Queen Street (figure 3.12), which serves now as the primary commercial street of the 

area. The pedestrianisation of Queen Street, distinguished in the two time periods previously analysed 

(1880 and 1960), became an important change in the internal configuration of the city centre, 

intended to benefit shoppers and retailers while restricting vehicle access in the inner area of the city 

centre (Hooper and Punter, 2006:125-126). 

 



	  

	  

201	  

 
Figure 3.12. Cardiff’s city centre in 1880 and 1960 

 

 

3.5.1 The Architecture of Cardiff’s City Centre  

 

It became apparent that the city was moving towards becoming a centre of commercial and financial 

development. The land at the north and south sides of Queen Street was considered the main target 

for major retailers. One of the major redevelopments in the city centre was the introduction of large 

shopping malls. The biggest of these, a large complex shopping mall called St. David’s Centre (Figures 

3.13 and 3.14), was signed up by the Heron Corporation in the 1970s to offer shoppers a new 

modern retail facility and invite investors to contribute to the promotion of the city branding. This 

shopping building was also initially intended to link Queen Street with other roads, increasing the 

potential to develop housing density with modern apartments (e.g. The Hayes) (Figure 3.14). 

 

Hotels, a new library and a multi-storey car park were amongst the numerous small accumulative 

projects that additionally began to fill up the centre. By the mid 1980s, retailers still prevailed in 

Queen Street despite the new projects. However, planners and developers agreed to create further 
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medium-sized shopping malls to help promote the shopping streets, along with new entertainment 

and leisure projects (e.g. the Millennium Stadium), while at the same time increasing the rental levels 

of properties. A second shopping mall, Capitol Centre (Figure 3.13), was built at the far easterly end 

of Queen Street. Furthermore, the connection of streets within the city centre was largely influenced 

by the adoption of arcades along the main shopping streets; for example, Queen’s Arcade (Figures 

3.13 and 3.14) was developed along Queen Street and connects the south side of the city centre area. 

The characteristic arcades are one of the distinctive functions of this area. They are used as 

connectors between shops, streets and other activities, highlighting the relationship between public 

and private transitions within streets.  

 

The streets that are connected through the arcades allow connections within the centre to become 

internal paths – an interesting characteristic that describes relations of interior-exterior spaces. This 

is mainly because most of the arcades found in the city centre today are open and linked directly to 

the street. This is often a feature of Victorian arcades, in contrast to the modern American-style large 

shopping malls that stand as buildings within their own particular envelope. Cardiff’s historical arcades 

do not possess such an envelope. The envelope of the building is the city, composed of the 

streetscape itself presenting an open entrance in the building frontage. The historical arcades function 

more as passing-through or transitional spaces that, in their urban context, act as through-movement 

routes. 

 

In terms of land use, retail was concentrated in most of the main streets. Office development became 

segregated from retail use, tending to be located in secondary roads, (e.g. Churchill Way, Greyfriars 

Place and Westgate Street) (Figure 3.14). The remaining residential houses were converted over time 

into office use for small businesses. By the early 1990s, hotels and business centres had emerged as 

part of the regeneration of the city centre. Along with the new building projects came the importance 

of improving public space; for example, the pedestrianisation of Caroline Street and the 

improvements in the Friary, composed of restaurants and offices (Figures 3.13 and 3.14). 

 

The architecture of the city centre was being remodelled as a lively new urban core, directed towards 

becoming the historical and financial centre of an international city. The historical architecture has 

been conserved, adopting rather than being adapted to modern facilities and building typologies such 

as the new arcade shopping mall and high-rise buildings. By the late 1990s, demand for the 

introduction of residential use was increasing (CCC, 1999). Hooper and Punter (2006:131) describe 

that by 1999 a new city-centre living strategy was being encouraged to introduce affordable housing 

developments, but with the conversion of new office block apartments, “the private market was 

altered to the opportunities for residential development in the city centre.” The outcome of this was 

the subsequent development of purpose built high-rise apartments that provided the opportunity to 

develop even more tower apartments (CCC, 1994; 2001). This was largely driven by the rise in 

student population and the proximity of the university to the city centre. 
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Figure 3.13. City centre area of Cardiff – location map of areas that have changed over time  

(reference for Figure 3.14) 
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Figure 3.14. Areas located in Figure 3.13 
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3.6 The Formation of Local Urban Cores 
 

The way the city centre has developed over time, with changes in its morphology and configuration, is 

comparable to how the city as whole began to develop. Similarly to the road network, the city centre 

originated from the main thoroughfare of Queen Street that runs from west to east. The creation of a 

new retail axis that emerged with the construction of St. David’s Centre shopping mall runs from 

north to south: a marked division of two main axes that define the city centre (locally) and that 

connect the primary roads (globally) to the whole urban street network, forming a “T” shape.  

 

According to Carter and Rowley (1965), the central business district of Cardiff was defined in terms 

of its morphology that included frontage use, land uses, floor area indices, gross rateable values and 

land values. At the same time, Carter and Rowley’s study explored how the city centre had 

maintained its morphology over time and kept most of its core “unique” from other Welsh towns 

(ibid:134). The urban core from 1960 in figure 3.15 shows the urban blocks that still remain 

(highlighted in red), including institutional facilities (e.g. the university), retail and commercial uses in 

its internal parts, and leisure and financial services in its surroundings on the west and east sides that 

connect to other potential sub-centres.  

 

 

 

From the street network analyses of 1880 and 1960 maps, the polycentric structure of the city 

became apparent. Sub-centres started to emerge as part of the global changes and economic 

urbanisation, evolving with their own particular spatial features. As the syntax analysis in the two time 

periods shows (see figures 3.6 and 3.8), the main streets of local districts presented higher integrated 

roads that formed the main commercial streets of the areas, informing patterns of centrality across 

the city. Some of these areas are highlighted in figure 3.16 where local accessibility is found higher in 

four main areas. For example, integration at a radius of 800m shows in the district of Canton on the 

west side of the city centre and towards the east in a neighbourhood called Plasnewydd. Similarly, to 

the south in the district of Grangetown and, to a lesser extent, in Butetown.  

Figure 3.15. City centre of 

Cardiff in 1960. In red: 

morphology of the centre in 

2012. 
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Figure 3.16 Segment angular analysis, Integration R800m identifying local movement. 

 

The formation of local urban cores, it is argued, is what has given Cardiff the opportunity to grow 

spatially and economically. Whilst the city centre still remains as the primary location of dense and 

mixed uses, local centres have the capacity to produce local urban economies. They have the general 

dependency of the city’s heart. However, when people create the means of central activities within 

their own neighbourhoods, the generation of new work (Jacobs, 1969) and establishment of new 

businesses does not necessarily require the effort of locating or travelling to the city centre. 

However, there are more specific economic effects exerted by the city centre upon other local 

districts. The forms of local trade that emerge within districts are much more complex ‘pools of use 

form’ (Jacobs, 1961). Local trade in which ‘innovation’ and its ‘diffusion’4 (Ikeda, 2011) are transferred 

to other parts of the city. In other words, it is what can be described as the decentralisation process 

that is characteristic in Cardiff.  

 

The context of these ideas is exemplified in the historical formation of the four particular sites shown 

in figure 3.17. The formation of new cores begins with its own particular central location. As the 

historical syntax maps showed, the configuration of the specific sites brought up local streets that 

have a higher degree of connectivity than other streets in the urban network. These are highlighted in 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  See Chapter 1, section 1.2.1.	  
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the particular sites, also in their historical form at the time periods of 1880 and 1960. For example, in 

the case of Canton this would be Cowbridge Road. Historically, it is a street that has been the main 

shopping centre of Canton for over a century (Rees, 1962), much of which included many family 

businesses that had established along the road, trading in textile products, bakeries and photography 

businesses (Shepley, 2014; May 2000).  

 

Another example is the area of Plasnewydd, bounded on two sides by City Road and Albany Road, 

which became the district shopping centre of the area and all major hubs of activity. The organisation 

of the grid structure becomes apparent in these cases, such as with one major high street (Cowbridge 

Road), which with a highest integration degree and thus a major location for destination, is equally 

accessible in the case of Plasnewydd in its gridiron-like structure. In a third example, the case of 

Grangetown depicts a radial form configuration where the interconnection of its main roads (Penarth 

Road and Clare Road) provides opportunities for industrial and retail developments. Grangetown has 

attracted large businesses such as ironworks and large corporation industries (Morgan, 2001). With 

the progressive planning proposals of the 1970s, the area gained importance for its unique feature of 

concentrating activities at its core and yet keeping connections with other larger districts, such as 

Penarth Road, which connects to the town of Penarth, located on the east side of South Wales.  

 

The importance of the south part of the city is also related to the functional role of the docklands in 

the city and so also to its relation to the district of Butetown. Whilst this small local district does not 

show as significantly integrated in the current syntactical map of Cardiff, it is considered as an 

important location that contrasts with the other three areas. Mainly, the reason is that Butetown 

represents the direct link to the redevelopment of the docklands, which marked an important feature 

of the urban and economic growth of Cardiff. Butetown became known for its contrast in 

communities. After the decline of the coal export, the area began to suffer from the effects of mass 

unemployment (O’Neill, 2001). Levels of crime arose, resulting in wealthier city dwellers moving to 

other parts of the city. In their place, multi-ethnic communities began to form in the area. The docks 

became known as Tiger Bay (O’Neill, 2001; Shepley, 2014). With the end of the coal trading in the 

docks, the waterfront began to its massive regeneration, transitioning from Tiger Bay to Cardiff Bay, 

which is currently now a revived dockland with new housing apartments. Some of the housing 

projects included the conversion of old business buildings in Butetown that were developed parallel 

to new projects of entertainment facilities and large retail stores.    
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Figure 3.17. Historical sub-centres in 1880 and 1960 
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3.6.1 Planning Proposals for Local Centres in Cardiff 

 

The historical analysis of the street network and its different urban cores brings into question the 

comparison of current planning proposals delivered by Cardiff City Council. The Cardiff Deposit 

Development Plan 2006-2021 (Cardiff City Council, 2009), shown in figure 3.18, describes the 

proposals for areas of land development and the recognition of ‘district centres’ (highlighted in blue). 

Besides the city centre, the county identifies the four sub-centres previously examined in the syntax 

analysis. Each district centre is defined by its corresponding high street, composed primarily of retail 

and commercial activity: The district of Plasnewydd, comprising the junction between Albany Road 

and City Road; Canton, with Cowbridge Road East as its main street; Grangetown, composed as a 

radial junction between Penarth Road, Clare Road, Corporation Road and Paget Street; and 

Butetown, characterised by a core triangle-shape between Bute Terrace, Bute Street and West Bute 

Street. 

 

The recognition of these districts by Cardiff City Council goes accordingly with the findings in the 

configurational analyses of the street network in the 2012 map of the city (see figures 3.11 and 3.16). 

If the measure of local integration at 800m is examined, inferring that it is at this radius that the 

structure of the grid reflects local movement, the dominant streets with the highest accessible 

degrees are those related to the district centres defined by the Cardiff Council. It is argued that the 

local urban cores form part of the planning policies of local development of the city, which also are 

determined by the economic context of the city as a whole and within its parts.  

 

Spatially, the development plan in figure 3.18 demonstrates also the consistent state of 

decentralisation of the city. It is argued that decentralisation can either occur in two scenarios: one 

that is due to the movement of certain functions that are pushed away from the centre of the city, 

and the second, that it can be also a response to pull towards other locations in the city. In Cardiff’s 

case, it is suggested that the evolving structure of the urban network, couple with the compact 

structure of the core of the city, contributed to the movement of ‘primary uses’ (Jacobs, 1961) to 

other locations, reflecting what may be the first scenario of decentralisation. The formation of local 

urban cores over time and the replacement of intense activity of secondary uses that local areas once 

had are now seen with the movement of primary uses, making the ‘economic pools of use’ (ibid) 

regain power in the city centre, and thus reflect the second scenario. Implicitly, the distribution of 

movement in the urban network, governed by the configuration of the city, makes the two scenarios 

possible. It is precisely the result of such decentralisation, and within the historical context of Cardiff, 

that the importance of the location of local urban cores should be accounted in this study. 
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Summary 

 

This chapter has presented the historical context of the case study. It has described the history of city 

planning in Cardiff in its most important phases of development. The essential element for the future 

economic growth of Cardiff is argued to be its road structure that, from the 1880s until the present, 

resulted in a distinctive physical division through its main streets: the east-west axis that is 

acknowledged as an artery of commerce, primarily defined by the development of the docklands and 

industrial location; and the north-south movements which acquire a meaningful strategy of commuting 

from the city centre to the suburbs. The quadrant composed by these two directions of movement 

has impacted spatially, economically and socially over time. The evolution of the spatial structure of 

the city was analysed with measures that capture degrees of accessibility in the street network of the 

city. Current patterns of centrality are identified in the spatial configuration of Cardiff, showing the 

growing form and structure of the city centre, followed by the emergence of local urban cores across 

the city.  

 

When city planners and designers tried to find solutions to Cardiff’s economic changes, they devised 

expressions that steered towards developing the core of the city as a consumer-based area, adopting 

mixed-use developments for residential, financial and commercial trades. However, the historical 

analysis of the city brings about a better understanding of why an urban core is a condition that 

influenced the economic growth of Cardiff. Looking more closely at its structural elements (i.e. the 

street segment map) and within defined boundaries (i.e. measures at different radii in the street 

network), the geometric conditions of the road network provided a higher demand of movement that 

concentrated in different locations in the city and resulted with higher accessibility over time. This 

result also suggests the influence of developing diverse uses as these locations attracted gradually 

more traffic and pedestrian movement. Within the context of the city’s history, the different locations 

that refer to local urban cores raised in this analysis relate to the economic changes of the city but 

also to the committed idea from planners to establish Cardiff as a polycentric model of capital city-

region (Morgan, 2001).  

 

Every core has its structural system in its own right, its own configurative design and geometrical 

order. In the case of Cardiff’s city centre, its compact structure is shaped by several factors that 

include architectural and urban conditions. For instance, the characteristic use of arcades that 

function as connecting pathways within the constrained boundaries of the city centre, forming an 

organisation of large dense blocks; or the pedestrianisation of key streets within the area that also 

connect to important avenues. In the case of local centres, some of them are structured as a single 

linear form composed by a single high street, as in the case of Canton; others, as a radial, gridiron or 

small nucleus shape morphologies, like Grangetown, Plasnewydd and Butetown respectively. 

Interestingly, these local districts are located surrounding the city centre. Whilst some of these places 

may be at some distance from the city centre or close indeed to one another, they are places where 

the diversity of uses have allowed opportunities to keep growing, economically and spatially. The 
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space in which an urban core is created exists to the extent whereby social and economic forces 

begin to shape that space, offering an important and growing urban location; local cores are delimited 

areas where diverse city uses and users give each other lively economic and social support.  

 

What this chapter has contributed to Cardiff’s history is the notion that its economic expansion 

corresponds to how topographical locations of an urban core shifted within the city, giving different 

structural identities and morphologies. New content is constantly accumulated in these cores, 

creating centrality, and yet the contents that are being concentrated within the core change over 

time, making centrality something that is in flux. The syntax analyses present how patterns of 

centralities in Cardiff resulted as a production of spatial advantages in its configuration, thus creating 

spatially valuable locations across the city. In the attempt to unfold some of the contents that make a 

centre, the next chapter introduces an analysis of the location of economic activity in relation to the 

spatial advantages of different locations in the city. This is investigated through the analysis of bid 

rents, taking firstly the city centre as the main location to examine patterns of centrality and 

subsequently looking at the selected local districts identified in this chapter.   
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4 
URBAN LOCATION: LAND USE AND RENTS 
 

Introduction 
 

This chapter introduces a formal analysis of economic activity in the urban configuration of Cardiff. 

The first set of empirical data on rent values and land use is used, presenting an analysis of bid rents 

and exploring how different property markets function throughout the city. The chapter then moves 

to discuss how rent values are related to the configuration of the street network by using accessibility 

measures defined in the Space Syntax method. The analysis is followed by the combination of bid 

rents and the use of three definitions of distance in the network – topological, metric and angular 

distance – developing a proposed bid rent configuration model. This allowed us to discuss how non-

standard measures of ‘distance from the city centre’ over space plotted against constructed land 

values capture various spatial decay phenomena or, to put it simply, how the spatial configuration of 

the built form brings different interpretations of urban centrality. The chapter subsequently turns to 

test the model in different locations across the city and discusses how bid rents can be locally 

developed in locations with higher advantages in accessibility – potential local centres – within the 

city.  

 
 

4.1 Pseudo Bid Rent Curve 
 

William Alonso’s theory of bid rent curves refers to the classic theory of location and land use, 

concluding that land use patterns of a monocentric city would consist as a set of Von Thünen (1826) 

concentric rings (Alonso, 1960: 149-155). As has been shown in Chapter 1, Alonso’s model presented 

three bid rent curves from three types of land uses. The argument of the model implied that the 

steeper the bid rent curve meant a more central location. Therefore, the bid rent curves were 

determined in terms of their accessibility from the city centre. Paraphrasing Alonso (ibid: 154), if the 

curves of retail use are steeper than those of manufacturing and the manufacturing curves are steeper 

than residential, there will be business at the centre of the city, surrounded by manufacturing and, in 
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turn, these will be surrounded by residences1. Thus far, the purpose of this chapter is to present a 

variant of Alonso’s model in order to provide an explanation for the fact that the spatial configuration 

of the city substitutes the idea of monocentricity. Furthermore, to distinguish that the bid rent curves 

used from the empirical data in the analyses are not bid rent curves in the strict sense. Rather, they 

are pseudo bid rent curves (hereafter PBRC). Since the empirical data is formed by property rent 

values, the PBRCs refer to the constructed-land value at specific locations in the city. Therefore, 

PBRCs indicate land-use patterns that bring about mixed use profiles of the built form at certain 

locations rather than the actual competition between land uses at a particular location. 

 

 

4.1.1 Exploratory Analysis of Pseudo Bid Rents in Cardiff 

 

The map in figure 4.2 shows the distribution of property rent values of three types of land uses: retail, 

manufacturing and residential. Every point in the map represents each property rent value plotted 

against distance from the city centre. The unit of analysis for property values is rent / m2. The first 

step, then, was to define from where the point of measure from the city centre is taken in order to 

plot rent values. Given the historical background of the city centre, the point of measure to estimate 

distance from the city centre was taken from the junction between Queen Street (a purely pedestrian 

road), Duke Street, Fforydd Y Brenin (turning into North Road) and Working Street (partly 

pedestrian and partly vehicular). The reason for measuring from this point is that it combines both 

pedestrian and vehicular paths and is the initial point of Queen Street2, this being one of the highest 

retail and commercial roads in the city centre (Figure 4.1). As a second step, the units by which 

distance would be measured were defined. Since the city centre is delimited within a 1000m diameter, 

the approach consisted in measuring distance at every 1000m  (i.e. from 0-1000m, 1001-2000m, and 

so on) throughout the city3 (Figure 4.3). Thus, this implied that if distances were banded at every 

1000m, then rent values were to be averaged according to their corresponding distance (e.g. rent 

values that are within a distance between 0-1000m).  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  See Section 1.1.2.5, figure 1.11.	  
2	  See section 3.5 in Chapter 3.	  
3	  The accuracy of the data is detailed in Appendix B, Section 1 in which the indication of data points that are outside 
of the average sample used (outliers) are identified in the different distance groups.	  

Figure 4.1. Defining the 

point of origin as a 

concentric zone model 

in Cardiff 
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Figure 4.3 Description of rent value data as: retail, manufacturing and residential use 
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The result of plotting each type of property rent value against distance from the city centre 

(expressed in kilometres) is represented in figure 4.4, which shows the first part of the PBRCs 

analysis. The graph presents the PBRCs of Cardiff for retail, manufacturing and residential use. 

However, while the graph illustrates retail as apparently dominating the other two uses and 

residential mostly dominating manufacturing, it is argued that this underlies mixed-use patterns at 

certain locations in the city. This argument is presented in the second part of the analysis, which 

complements the PBRC graph. To give as much clarity to explaining the contents of the PBRCs, this 

study unfolds each type of land use according to the pseudo curves in figure 4.4. Hence, three maps 

show the distribution of property rent values for each type of land use (Figures 4.5, 4.6 and 4.7). Each 

map shows the observed locations of rent values ranked by their distance from the city centre, which 

accord with the PBRCs. In other words, the map traces the pseudo bid rent curves, representing them 

in the spatial form of the city. The first of these cases is shown in figure 4.5 illustrating the rent values 

for retail use ranked by distance from the central area. For example, the map shows a set of retail 

rent values within the city centre at 0km (i.e. 0-1000m). These values associate the pseudo curve of 

retail in the graph initiating at 0km where properties have the highest rent values. Subsequently, retail 

use is found scattered at different locations from 1km onwards. The location of rent values from 

these distance points presents an interesting description if it is associated with the curves diagrammed 

in the graph.  

 

Looking at the pseudo curve of retail, what appears to be a city predominantly under retail use in the 

graph, given that the curve seems to dominate throughout the city, is in fact the contrary. Retail does 

not dominate throughout the city. Rather, retail use bids highly in locations scattered at all distances 

from the city centre, yet only in certain locations; these locations are highlighted by identifying in the 

map urban areas within a distance range of 0km to 9km. The locations are represented in figure 4.5 as 

graphical descriptions of the types of use and form found in those locations. An example in which 

retail use bids highly far from the city centre is at 5km. At this distance point, we find the particular 

case of a re-developed industrial estate in a large business park called Parc Ty Glas, in the northern 

part of Cardiff (Llanishen). The large complex is home to office and industrial uses, such as the 

headquarters of the national television station, government and warehouse facilities, combined with 

large chain retail stores. Interestingly, retail use located 5km away from the city centre bids higher 

than other locations, such as areas where retail can be found at 1km or 3km from the city centre. 

Within 1km and 3km, retail use is often found in main high streets that are part of local districts 

which are closer to the city centre. These differences of retail use imply that the influence of the 

quantity of land use on bid rent price is also an important factor in the analysis.  

 

On one hand, while the quantity of retail space diminishes when moving away from the city centre, 

the price for retail use will tend to go up at specific locations. This partly explains the higher retail 

bids in the graph. The quantities of land occupied by the land uses are determined by these bid prices 

(the combination of rent and location for that particular land use). There are fewer spaces where 
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retail is profitable and allowable, which makes it more expensive, such as the example of the area of 

Parc Ty Glas at a 5km distance. 

 

 
Figure 4.4. Pseudo Bid Rent Curves in Cardiff 

 

 
Figure 4.5. Retail rent values ranked by distance 
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On the other hand, what also influences the bid rent price is the historical pattern or path 

dependency in particular land uses, like manufacturing. Path dependency, which refers to the broader 

concept that ‘history matters’ (David, 1985), implies that the current and future states, actions or 

decisions depend upon the path of previous states, actions or decisions (Page, 2006). Accordingly, the 

historical pattern of a certain use would also involve the influence of transaction costs (Webster, 

2003) of businesses and the benefits of location. The manufacturing PBRC is shown at all distances in 

the graph. What really happens is that manufacturing appears on the ground at certain locations due 

to its historical position in the city and the costs of relocating it or reusing the land for a more 

profitable use. The locations described in figure 4.6 at 0km and 1km represent areas that are primarily 

large spaces of industry and business use. These are examples of areas that have been historically 

close to the city centre whilst being linked to the dockland area of Cardiff Bay. From 3km onwards, 

the areas that are traced are also determined historically and fixed by high transactions costs. Some of 

these examples are those located at 3km and 5km, where business parks and the complex of Par Ty 

Glas mentioned earlier are found. Manufacturing use bids higher in some areas close to main routes, 

such as those located at 7km where manufacturing equalises with retail and at times dominates 

residential use. These locations are determined by their connection to the motorway (M4, see 

Chapter 3) where even areas with lower bids are located along the M4 and on primary roads with the 

direction North-South of the city.  

 
Figure 4.6. Manufacturing rent values ranked by distance 
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The residential pseudo bid rent curve differs from that of retail and manufacturing in that, 

theoretically, satisfaction rather than transaction cost is the relevant criterion for optimal location. A 

city dweller will tend to seek a balance between the cost of commuting and the advantage of having 

more land at a given location. This is why it is argued that in residential bid price, satisfaction can 

weight more than profit. The PBRC graph shows that manufacturing dominates residential due to 

large complexes of businesses that are located within or near residential spaces. Such is the case in 

the vicinity of the city centre (Figure 4.6) or in the periphery of the city where large areas of 

businesses are established, as has been shown in the previous map (Figure 4.6). If residential and retail 

pseudo curves are compared, both are scattered at all distances within a similar average of bid rent 

price. In what appears to be a similar trend in the graph, the map in figure 4.7 shows that within the 

same locations fewer retail spaces are found within residential areas. Therefore, while retail still 

dominates residential use, it bids higher where there is a lower quantity of land and residential use has 

more space. The cost of commuting for a city dweller would imply that if retail or businesses were 

found also in locations away from the city centre, then the profit that a city dweller gains is the 

advantage of a location that is close to these kinds of uses and not necessarily being closer to the city 

centre.   

 

 
Figure 4.7. Residential rent values ranked by distance 
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The study now has, conceptually, three families of PBRCs for all three types of land uses (Figure 4.8). 

Abstracting the process now from the PBRC graph, the intersections of the curves are highlighted 

(Figure 4.9). These are named as d1, d2, d3 and d4. Each of these points represents locations where 

different property markets overlap in the graph and, thus, where property rent values equalise within 

a same location. Tracing the intersections of the curves, every point in the graph brings out zones in 

which distinctive use-mixes are found (Figure 4.10). Point d1 is the most evident case, this being within 

the central area of the city. Retail bidding is higher than the other two uses, while residential and 

manufacturing use are equalised in value.  

 

 
Figure 4.8 All property rents distinguished by distance from the city centre. 

 

The second profile, at d2, poses an interesting case. While the point in the graph marks residential and 

manufacturing at a certain distance, this overlap of markets appears in two different locations in the 

city. In this case, both locations are at a distance of between 6-7km from the city centre. This suggests 

again profiles of mixed-use areas, where manufacturing dominates residential. In both locations at d2, 

manufacturing space relates to locations near the motorway; one on the north side of the city, the 

other at the western part. The north part of d2, and the area at d3 and d4, do not appear that different 

from each other. They refer to the same urban location, where retail and manufacturing are equal in 

the same location, and residential, differing as it moves either closer to retail and manufacturing use, 

or away from them.  
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Figure 4.9. Locations of mix property rent values. 
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The PBRC graph describes the mixes of use within the various distance ranges. The intersections of 

the graph define land-use mix profiles across the city. In order to see any similarities or differences 

between the curves, each of them are statistically compared using an ANOVA test. This test allows 

comparison of different means between the PBRCs. Table 4.1 shows the variations between and 

within the groups of rent values in the sum of squares. The difference between groups is greater than 

within groups. Therefore, it is suggested that residential and manufacturing use does significantly differ 

(residential p= 0.01, manufacturing p=0.047) between the three groups of rent values, while retail 

does not represent a significant difference amongst the groups (p=0.110). This means that the curves 

of residential and manufacturing are different, while retail is not in comparison to the other two 

curves. 

 

ANOVA 
 Sum of 

Squares 
df Mean Square F Sig. 

Residential_Rents 
Between Groups 455835.981 5 91167.196 4.113 .001 
Within Groups 32409580.619 1462 22167.976   

Total 32865416.600 1467    

Manufacturing_Rent
s 

Between Groups 81338.201 3 27112.734 2.658 .047 
Within Groups 13647107.286 1338 10199.632   
Total 13728445.487 1341    

Retail_Rents 
Between Groups 45119.223 1 45119.223 2.568 .110 
Within Groups 8872708.300 505 17569.719   

Total 8917827.523 506    
  

Table 4.1 One-way ANOVA for each property market  

 

A further test is used in order to compare rents ranked by distance values, as presented in the 

analysis. A Kruskal-Wallis H test was used in order to compare the mean rank between each type of 

market for each group of distances. The ranks on table 4.2 show the mean rank for rent values for 

each distance group. This means that rent values are significantly different between each group of 

distances (p=0.0005). A further test was made differentiating the property markets, having compared 

each of them between the groups of distance values (Table 4.3). The results show that residential 

value becomes significantly different at a distance of 3km and 7km. For manufacturing use, the major 

difference in rent value as one moves away from the city centre occurs at 7km. This partly explains 

why at this distance point manufacturing PBRC intersects with retail (see figure 4.9). For retail use, 

the highest difference in rent value occurs at 3km where the quantity of retail land would be less than 

in the city centre (i.e. retail spaces in high streets). The variation of rent values for each market is 

higher between the surroundings of the city centre (3km) and on the periphery of the city, at a 

distance of 7km from the city centre. This can be interpreted as the difference between the curves 

being caused mainly by the high transaction costs of change as stated previously (see figure 4.6). The 

full details disclosing data frequencies and test of normality for rent values are fully explicated in 

Appendix B, Section 1. 
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Ranks 
 Distance_KM N Mean Rank 

Rent_value 

1.0 665 1690.36 
3.0 1230 1551.61 
5.0 566 1682.58 
7.0 570 1743.70 
9.0 243 1892.68 
11.0 43 1492.13 
Total 3317  

 

 
Test Statisticsa,b 

 Rent_value 
Chi-Square 36.756 
df 5 
Asymp. Sig. .000 

 
a. Kruskal Wallis Test 
b. Grouping Variable: 
Distance_KM 
  

 

 

 

 

Table 4.2. (left) Kruskal-Wallis test for all rent values and distances 

Table 4.3 (right) Kruskal-Wallis test for each property rent value market 

 

 

4.2 Rents and Street Network Accessibil i ty 
 

In light of the first analysis of the PBRCs, each type of socio-economic activity is found distributed at 

various distances throughout the city. It shows how rents were ranked by distance from the city 

centre. This section tests the empirical data with the urban street configuration. In this case, rather 

than measuring distance from the city centre, gradients of rent values are associated with Space 

Syntax friction measures of the street network and land use.  

 

The street network analysis allowed comparison of whether rent price is affected by or strongly 

related to the spatial configuration in terms of centrality, and, if so, to what kind of movement 

potentials – advantages in accessibility – rent price relates. Figure 4.11 shows conceptually all rent 

gradients and their representation in the street network, which includes segment angular analysis 

testing of the measure of choice and integration.  

 

Ranks 
 Distance_KM N Mean Rank 

Residential_Rents 

1.0 55 493.25 
3.0 469 677.83 
5.0 382 798.99 
7.0 450 773.80 
9.0 78 708.32 
11.0 34 721.76 
Total 1468  

Manufacturing_Rents 

1.0 55 733.70 
3.0 469 755.26 
5.0 382 590.65 
7.0 436 644.39 
Total 1342  

Retail_Rents 
1.0 55 218.35 
3.0 452 258.34 
Total 507  

 

 
Test Statisticsa,b 

 Residential_Re
nts 

Manufacturing_
Rents 

Retail_Rents 

Chi-Square 39.230 42.087 3.652 
df 5 3 1 
Asymp. Sig. .000 .000 .056 

 
a. Kruskal Wallis Test 
b. Grouping Variable: Distance_KM 
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Figure 4.11. Diagram showing all rent gradients and the street network configuration in two types of friction 

measures: integration and choice measures. 

 

As presented in the methodology chapter, rent gradient values for each type of use were disclosed 

distinguishing retail, office, industrial and residential uses 4 . The pseudo bid rent analysis took 

manufacturing use only, while in this case industrial use is distinguished with office uses5. Table 4.4 and 

4.5 show a Pearson’s correlation between the individual predictors, integration and choice, and the 

outcome indicating whether the street accessibility affects rent price. In order to put the outcome 

into a more intuitive spatial context, the maps in figures 4.12 to 4.15 show each type of use and their 

gradients from low to high rent value in accordance to each type of accessibility gradient, choice and 

integration at a global radius (Rn). Choice and integration show that the highest rent values for retail 

and office are located along street pathways with higher advantages in accessibility. Industrial rents 

associated with choice Rn appear more scattered in areas with less integrated street patterns yet 

close to routes with higher accessibility. In contrast, areas that are potential destinations appear to be 

more segregated in relation to industrial use in a global integration measure. Residential in both types 

of friction measure appears to have the highest rent values in the suburbs with close connection to 

roads with higher accessibility, particularly in the west and north part of the city.  

 
Correlations 

 Rent_SQM IntegrationRn 

Rent_SQM 
Pearson Correlation 1 .147** 
Sig. (2-tailed)  .000 
N 3268 3268 

IntegrationRn 
Pearson Correlation .147** 1 
Sig. (2-tailed) .000  

N 3268 3268 
 
**. Correlation is significant at the 0.01 level (2-tailed). 
  

Table 4.4 (left) Pearson correlation between rents and Integration Rn 

Table 4.5 (right) Pearson correlation between rents and Choice Rn 

 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  See Chapter 2, section 2.3.2.2, figures 2.9 -2.12. 	  
5	  The full description of the rent values is detailed in Chapter 2, section 2.2.1.3. 

Correlations 
 Rent_SQM ChoiceRn 

Rent_SQM 
Pearson Correlation 1 .013 
Sig. (2-tailed)  .463 
N 3268 3268 

ChoiceRn 
Pearson Correlation .013 1 
Sig. (2-tailed) .463  

N 3268 3268 
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Table 4.4 shows that accessibility by integration is positively and significantly related to rent price. The 

Pearson r-value for all rents per square metre associated with integration (0.147, p<0.01) is 

considerably higher than rents related to accessibility by choice (0.013, p>0.01). Choice resulted as 

insignificant in affecting rent prices (Table 4.5). This outcome suggests that as rents per square metre 

increase so will the tendency that roads with higher accessibility influence changes in rent values. 

Therefore, higher rent prices will tend to locate in or close to streets with the highest accessibility. In 

this case, the most accessible roads will be those which are potential locations to be reached as 

destinations rather than routes to pass through to get to a certain location. 

 

4.2.1 Land Use and Street Accessibil i ty 
 

Land use characteristics also exhibit interesting results in relation to street accessibility. In order to 

estimate the percentage of each type of use associated with integration and choice, the mean for each 

friction measure was taken. The mean gives the average value for integration and choice occurring in 

relation to each type of land use. Table 4.6 shows that the highest average integration value is 

associated primarily with retail use (27.94%) and office use (26.16%) followed by residential use 

(23.31%). The lowest integration average was associated with industrial use (22.59%). The percentage, 

however, of each type of use in relation to integration does not appear with a large difference 

between them. While retail and office remain as the dominant types of uses to be linked to the 

highest integration values, residential use appears as important as the other two types.  

 

 

 

Table 4.7 shows the same association regarding choice and land use. The differences are more 

distinctive than for those in integration. Retail and office use are clearly the types of use largely 

associated with the highest average values of choice, with 38.27% and 34.38% respectively. These two 

are followed by industrial use with a considerable difference of a 16.28% associated with choice and 

residential with the lowest percentage having 11.07%. The relationship between accessibility and land 

Table 4.6 Integration Rn and 
Land Use 
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uses shows that retail uses are highly linked to the more accessible roads and routes to traverse. 

Using the Pearson correlation of integration and rent price suggests that retail use is in fact the type 

of land use with the higher rent value and potentially located in the most accessible locations. It also 

suggests that retailers are indeed attracted to locations with higher pedestrian and vehicular traffic 

movement near them.  

 

 

 

A similar trend can be said of office use, in which businesses tend to choose locations with higher 

demand in accessibility. Residential use appears to contain fewer routes that link to larger 

interconnected streets, as suggested in Table 4.7. Therefore, it is argued that land uses benefiting 

from a high rate of movement cluster, such as retail or businesses, will favour a location at a premium 

cost (i.e. high rent value), while those that require less movement, such as industrial use, situate 

themselves at relative positions in the network. Theoretically, these relationships can be referred to 

the notion of how ‘movement economies’ work in cities (Hillier, 1996b).  

 

Interestingly, this also brings into consideration the idea of urban structure and how centrality is 

‘pervasive’ in urban space (Hillier, 1999b; Hillier et al, 2007). For example, whereas the ‘foreground’ 

network relating the high-movement spaces that characterise urban centres tend to be more 

generative of diverse social relationships (e.g. exchange), high rent prices are found to occur under 

these conditions, and so the encounter of more retail and office use rather than industrial or 

residential. In contrast, neighbourhoods in Cardiff, being of primarily residential use, tend to be more 

conservative in the sense that they will preserve more existing relations in the ‘background’ network 

of the grid structure (ibid), within areas that are more likely to include shorter streets and grid like 

connections6.  

 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6	  See Chapter 1, sections 1.3.2.3 and 1.3.4.	  

Table 4.7 Choice Rn 
and Land Use 
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Figure 4.12. Retail rents and street network accessibility 
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Figure 4.13. Office rents and street network accessibility 
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Figure 4.14. Industrial rents and street network accessibility 
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Figure 4.15. Residential rents and street network accessibility 
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4.2.2 Regression Model for Rents and Accessibil i ty 

 

In order to estimate the relationship between rents and street accessibility, a multiple regression 

model is introduced that includes the predictors from the previous analyses, integration Rn and 

choice Rn, with the dependent variable, rents per square metres. A multiple regression model helps 

determine the overall fit or variance of the data and the relative contribution that each of the 

predictors makes to the variance explained. The statistical model allows us to address the question of 

whether street accessibility is significantly related to rent value.  

 

The multiple regression results, shown in Table 4.8, demonstrate that a multiple correlation 

coefficient (R square) value of 0.153 indicates a positive correlation between the predictors and rents. 

The proportion of variance in rents that can be explained by integration and choice is shown in the 

Adjusted R square value of 0.023. This means that the predictors can explain a 2.3% of the variability 

in rents. Integration and choice at global radius remain statistically significant to predict rent values, 

with a p < 0.005. This is confirmed by the ANOVA test in Table 4.9, showing a p < 0.005 indicating 

that the regression model is good fit for the data.  

 

Variables Entered/Removeda 
Model Variables 

Entered 
Variables 
Removed 

Method 

1 
ChoiceRn, 
IntegrationRnb 

. Enter 

 
a. Dependent Variable: Rent_SQM 
b. All requested variables entered. 

 

 
Model Summary 

Model R R 
Square 

Adjusted R 
Square 

Std. Error of 
the Estimate 

Change Statistics 
R Square 
Change 

F 
Change 

df1 df2 

1 
.153a .023 .023 181.2435604

87174200 
.023 39.212 2 3265 

 
Model Summary 

Model Change Statistics 
Sig. F Change 

1 .000a 
 
a. Predictors: (Constant), ChoiceRn, IntegrationRn 
 
 
 
 
 
 

 

 
ANOVAa 

 
Table 4.8. Results of multiple regression model for street accessibility and rents. 

 

ANOVAa 
Model Sum of 

Squares 
df Mean Square F Sig. 

1 
Regression 2576193.197 2 1288096.598 39.212 .000b 
Residual 107252730.132 3265 32849.228   

Total 109828923.329 3267    
 
a. Dependent Variable: Rent_SQM 
b. Predictors: (Constant), ChoiceRn, IntegrationRn 

 

 
Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 95.0% 
Confidence 

Interval for B 
B Std. Error Beta Lower Bound 

1 
(Constant) -5.465 18.966  -.288 .773 -42.651 
IntegrationRn .060 .007 .163 8.825 .000 .047 
ChoiceRn -4.086E-007 .000 -.044 -2.399 .017 .000 

 
Coefficientsa 

Model 95.0% Confidence 
Interval for B 

Collinearity Statistics 

Upper Bound Tolerance VIF 

1 
(Constant) 31.721   

IntegrationRn .074 .877 1.140 
ChoiceRn .000 .877 1.140 

 
a. Dependent Variable: Rent_SQM 
 

 
Table 4.9 Statistical significance outcome from regression model 
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Looking at the predictors independently, the t-value in the coefficient output in Table 4.10 indicates if, 

within a value of 2 or higher, a predictor has a significant impact on the dependent variable. 

Integration appears to be the variable with more statistical significance than choice, which shows a t-

value of 8.825, p<0.05. Choice remains as a variable that does not significantly affect rent price. The 

clarity in the predictors is shown in the Variance Inflation Factor (VIF), which measures if there is 

multi-collinearity in the variables; or if the predictors are highly correlated to each other that may 

alter standard errors in the coefficients. The VIF for both independent variables, shown in Table 4.10, 

indicates a value 1.140 (less than 5), which result means that there is no multi-collinearity in the 

variables.     

 

ANOVAa 
Model Sum of 

Squares 
df Mean Square F Sig. 

1 
Regression 2576193.197 2 1288096.598 39.212 .000b 
Residual 107252730.132 3265 32849.228   

Total 109828923.329 3267    
 
a. Dependent Variable: Rent_SQM 
b. Predictors: (Constant), ChoiceRn, IntegrationRn 
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Model Unstandardized Coefficients Standardized 
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Interval for B 
B Std. Error Beta Lower Bound 
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(Constant) -5.465 18.966  -.288 .773 -42.651 
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a. Dependent Variable: Rent_SQM 
 

 
Table 4.10. Coefficients table from the regression model 

 

 

The exploratory analysis of pseudo bid rent curves and the results of the regression model are 

encouraging, since they corroborate the methodological relevance of measuring centrality proposed 

in Chapter 2. So far, the analyses have confirmed the expectation that pseudo bid rent curves can be 

applied from the city centre and potentially in other locations of the city in which urban form and its 

characteristics of distance as a form of network acquires importance. Also, as expected, rent and 

accessibility surfaces were correlated presenting the geometric setting for pseudo bid rent curves. 

Most important, the relevance of the street network configuration suggests that the geometrical 

properties of the built environment play a key role in the location of economic activity. Based on 

these results, the following section develops the analysis of the street network with pseudo bid rent 

curves investigating different interpretations of urban centrality in the network. The application of the 

joint model presented in the methodology chapter is introduced in what follows, combining pseudo 

bid rents and definitions of distance in the urban street network. 
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4.3 Bid Rent Configuration Model 

 

4.3.1 Defining the Street of Origin in the City Centre 
 

The bid rent configuration model takes a street of origin rather than a point marking a junction to 

measure distance from the city centre. The street of origin, in this case Queen Street, was selected 

based on several considerations. Firstly, the street is considered as the main shopping road in the city 

centre (Figure 4.16). One of the distinctive characteristics of Cardiff’s city centre is the organisation 

of blocks connected by arcades. The most contemporary of these assembles the shopping malls to the 

west that include St. David’s Centre, Queen’s Arcade and the Capitol Centre – all located along 

Queen Street7. The shopping arcades, constituted of market stalls and modern retail shops, inter-

connect the main roads of the city centre and render its inner blocks a highly pedestrian area.  

 

 
Figure 4.16. Graphic description of Queen Street 

 

Secondly, Queen Street is a purely pedestrian street that has the highest property values in the zone 

and the highest percentage of pedestrian flows. A pedestrian flow survey in the city centre was made 

in May 2007 (Cardiff Research Centre, 2007) as part of the Annual Pedestrian Count. The purpose of 

the study was to compare the pedestrian flows from 1998-2006 to 2007. During that time, the 

second phase of St. David’s Centre was under construction, and a special assessment was made 

regarding how the new shopping development impacted on pedestrian flows. The survey presented 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7	  See Chapter 3 for reference.	  
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35 counting points within the area on the busiest days: Thursday evenings (16:00-20:00) and from 

Friday to Sunday (10:00-16:00). The method was a five-minute count for each site. Queen Street 

consistently had the highest pedestrian flow on each day.  

 

The most recent survey by Cardiff Research Centre, conducted in 2011, used the same method of 

counting sites, times and days as the 2007 report. The results showed an increase in pedestrian flow 

along the perpendicular streets that connect Queen Street (the High Street and Working Street). 

Queen Street showed a slight decrease in comparison to 2010. It should be noted that the 

pedestrianisation of the High Street in late 2010 affected the arcades around that area, with the aim of 

attracting a higher number of shoppers and retailers. The High Street continues southwards to 

become St Mary Street, a vehicular thoroughfare. Furthermore, the addition of new flats on the upper 

floors of the Dewi Sant shopping mall, such as a modern development of studios and one to two 

bedroom flats known as Hayes Apartments, led to an increase in pedestrian flow in the inner streets 

of the city centre.  

 

One option for a street of origin could be High Street/St Mary Street, which combines certain 

pedestrian hour-use and restricted vehicular access. From 2007, St Mary Street was closed to private 

vehicles, allowing only cyclists, taxis and buses to access the whole street. During weekends, from 

Fridays to Sundays, the street that becomes the High Street is closed at night, allowing people to use 

the local restaurants, bars, pubs and nightclubs located at that section. Despite being a very busy and 

highly commercial street, the variations of use create certain inconsistencies when estimating accurate 

distances from the city centre.  

 

Thirdly, in order to maintain consistency with the previous PBRC model, the selection of Queen 

Street was not made arbitrarily. Rather, it goes in accordance with the syntax analysis, where Queen 

Street consistently remains as one of the roads with highest accessibility within the city centre. 

Globally, the street connects primarily the west and side parts of the city. Locally, it links to several 

important locations from its western and eastern ends: Duke Street Arcade and the main retail stores 

along the street on the west side, and large building offices recently converted to residential use at 

the east. It is therefore considered that Queen Street is the point of departure to take a step depth 

measure of the street network, thus having a step depth value of 0 (Figure 4.17).  

 

It should be noted, however, that since the street network is taken to measure distances, the street 

segments are taken into account rather than a single point as the initial PBRC model. Since the street 

network is composed of segment lines broken down at times within a same street (given that this may 

be a straight or curved street), it is not considered as only taking a single segment line within the 

same street. Rather, the street itself is considered to be the location from which to measure distances 

and so accounting all segment lines that compose the street. In the proposed model, Queen Street 

itself includes 10 segment lines. These are taken all together as a step depth with a value of 0, so 

defining it as the street of origin from which to measure distance to the city centre in the model.  
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Figure 4.17. Defining the street of origin to measure pseudo bid rents in the street network 

 

 

4.3.2 Types of Distances Used in the Model 

 

As described in the literature of Space Syntax, the three definitions of distance by which the street 

network can be estimated are topological, metric and angular (or geometric) distance. The research 

method proposes to use these three frictions of distance with a step depth measure in the street 

network. In short, step depth measure illustrates the number of changes of direction or turns 

required to get from a selected origin to any other location. Accordingly, each type of distance is 

estimated through this measure in order to define distance from the city centre as distance network. 

A full disclosure of the data on network distances with rent values is detailed in Appendix B, Sections 

2 and 3. This study cautions the reader that pseudo bid rents are also the definition of the curves in 

the proposed model for each definition of distance network. What follows is a brief summary of what 

each definition of distance implies within the context of the street of origin that is selected for the 

analysis.  
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4.3.2.1 Topological distance 

 
The first analysis is by topological depth – a graph of connections that demarks how the spatial unit 

(building) is organised, simultaneously forming a continuity of the built form that embeds convergence 

with the configuration of the network and its connectivity of spaces and uses. All these factors have 

the potential to be quantifiable within the topological configuration of the city. Topological distance is 

calculated simply by the number of turns one takes from a street to another. The selected point of 

origin is said to have a step of 0. All spaces or locations visible and directly connected to step 0, have 

step 1; all spaces directly linked and visible to step 1, have step 2, and so on (Figure 4.18). 

 

 

4.3.2.2 Metric distance 

 
Physical distances are intrinsically part of the topology of space. Using the same method of step depth 

analysis, the street network is measured in metric units, namely the real distance from point A to B in 

metres (i.e. 500m, 1000m). People do not move by estimating physical distances, but by cognitively 

perceiving the built environment and moving according to what they read in the landscape (Hillier and 

Hanson, 1984). The quantification of metric distance is tested within the configuration where each 

street is considered in terms of the length that makes spaces more or less connected to each other 

(Figure 4.19). This means that how far away or close you are from one place to another does matter 

in terms of the physical distance travelled.  

 

 

4.3.2.3 Angular distance 

 
Angular or geometrical distance refers to the minimum angle that people move when changing 

direction. For example, a person does not generally turn from one street to another in a strictly 90o 

degree angle, but often crosses through and cuts across the street. Angular distance looks at an 

approximation of how people move in the spatial layout. For example, let us consider the difference 

between the movements of local pedestrians (people who know their city well) and tourists. Taking 

the same point of origin and destination, locals will know the route from A to B but will not 

necessarily take the most common path. Their knowledge of the space allows them to take different 

routes (perhaps the shortest) to get to their destination. Tourists, on the other hand, will tend to 

direct their routes along the most usual and identifiable paths (e.g. large avenues). In both cases, the 

paths may be different (Figure 4.20). Paraphrasing Turner (2000:6), the tourist might have chosen to 

follow a minimum angular path whereas the local might have chosen the minimum Euclidean path. 
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Figure 4.18. Topological step depth from Queen Street (step value = 0) 
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Figure 4.19. Metric step depth from Queen Street (step value = 500m, which is the street length of the road) 
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Figure 4.20. Angular step depth from Queen Street 
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4.3.3 Application of the Model 

 

4.3.3.1 Pseudo bid rents by Topological Distance 

 

Taking Queen Street as the origin of the city centre, the rent values of each market were spatially 

joined with the segment map of the city. Thus, the rent values were associated with their 

correspondent segment line along with their syntactical values. The joint model is conceptually 

represented in figure 4.21 in which the aim is to construct a pseudo bid rent curve graph based on 

the street network and measured by the distances already described. In order to plot the same 

dataset of rent values for each type of market, it was necessary to band the distances to simplify the 

graph. On the x-axis, distance from the city centre is represented as 0, 1, 2, 3, and so on. Each of 

these numbers represents a banding of two topological step depths. The reason for taking two steps 

to band each distance is because this is the first change of direction after the previous distance point. 

Therefore, step depth 0 in the graph means steps 0-1, a first change of direction; step depth 1 means 

steps 2-3; step depth 2 means steps 4-5, and so on. The rent values for each market were averaged 

according to each corresponding band distance.  

 

 

Table 4.11 shows how rent values for every use were averaged according to each distance banding of 

topological step depths. Hence, the banding of distances and the averages of rent values are plotted in 

the graph of figure 4.22. The first result with topological distance is encouraging, as the graph shows a 

more detailed interpretation of how different markets intersect by which land use mix profiles can be 

identified throughout the city. This forms a contrasting perspective of looking at PBRCs from the 

initial analysis as distances measured by kilometres (Figure 4.4). The initial PBRCs brought into 

consideration the differentiation of the curves, resulting in identifying use mix profiles at specific radii 

(Figure 4.10). The case of topological distance brings a similar outcome, resulting in various use mix 

profiles identified in the configurational model. The peaks and troughs as well as the overlapping of 

Figure 4.21. Conceptual 

representation of the 

bid rent configuration 

model using topological 

distance in the street 

network. 
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different pseudo curves are highlighted in the graph and their distribution represented in the street 

network. The isometric view in Figure 4.23 shows the location of every point of the graph in the 

whole city. The street network is represented as Integration Rn, with the purpose of comparing how 

use mix profiles based on topological locations are found across the city and the level of accessibility 

in which they are located (red refers to more integrated locations, blue means more segregated).   

 

BANDING VALUE RETAIL OFFICES RESIDENTIAL INDUSTRIAL
0_1 0 476.69 137.5409971 40.53160916 66.64240532
2_3 1 474.54 134.2968549 27.12568414 none
4_5 2 226.70 124.4807792 101.8518892 39.1165117
6_7 3 168.23 123.9762081 112.0376728 44.85724373
8_9 4 154.97 118.2853887 153.6527794 54.72222342
10_11 5 181.61 130.7406743 137.5045421 52.32401073
12_13 6 149.67 114.2408283 136.2002546 68.5670595
14_15 7 141.28 166.0058395 97.71107296 69.92370724
16_17 8 190.41 131.8607532 153.1667969 58.34439287
18_19 9 187.09 127.2615041 119.9408777 85.08279992
20_21 10 134.85 130.9806209 120.1382491 51.91993217
22_23 11 430.56 118.5101608 151.8085592 51.15107135
24_25 12 183.93 117.1212128 149.5569924 57.45005659
26_27 13 169.01 144.4463858 141.863227 78.15639036
28_29 14 137.82 121.9874325 169.4416475 70.21964552
30_31 15 189.24 133.8867563 179.2112523 61.86538005
32_33 16 181.25 134.0188172 168.6984855 97.46627334
34_35 17 166.62 149.358463 127.5265272 none
36_37 18 79.31 149.3191552 148.4036216 61.52033732
38_39 19 157.1443851 178.85435 none
40_41 20 128.1238559 303.992903 none
42_43 21 125.775815 55.09337713 none
44_45 22 128.6126949 144.6015461 50.11988491
46_47 23 166.4992614
48_49 24 258.3982204
50_51 25 160.5940439
52_53 26 137.814777
54_55 27 188.2691921
56_57 28 133.4905322

TOPOLOGICAL DISTANCE MARKET (Average rent value per square metre)

 
Table 4.11 Banding topological step depth and average rent values for all property markets 

 
Figure 4.22 Pseudo bid rent by topological distance graph. 
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Figure 4.23 Mapping pseudo bid rents by topological distance from figure 4.22. 

 

The PBRCs by topological distance are unfolded as follows: first, the disaggregation of rent values 

associated with topological distance is shown in figure 4.24, in which the number of segments for each 

topological step depth is disclosed according to the type of property rent value associated with them. 

The frequency distributions in figure 4.24 present the higher number of segments with retail ranging 

from 0 to 1 step depth, offices at 3 step depth and residential being the most distributed type of use 

throughout the city. Industrial use is at it highest peak at a step depth of 7 turns of direction. 

 

Second, with a topological distance measure, the graph shows a variety of intersections between 

markets at very short distances. To give an example of the use mix profiles extracted from the 

analysis, Figure 4.25 presents a description of the intersecting points in the graph and their spatial 

characteristics that refer to the urban layout (representing the local urban form), street morphology 

(in its aspects of connectivity and access), function (land uses) and diversity (architectural morphology 

of uses). It also describes the step depths of every point shown in the graph; the colours represent 

the markets (red=retail, blue=office, yellow=residential, purple=industrial) that intersect (more than 

one) or are highlighted (single use) for each corresponding point in the PBRC graph. For the purpose 

of showing what the intersecting points of the curves refer to, figure 4.25 only shows the first few 

points plotted in the graph. However, all use mix profiles for every point in the graph are fully 

detailed in Appendix C. 
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Figure 4.24 Graphs showing the number of topological segment lines associated with each type of market. 

 

 
Figure 4.25 Land-use mix profiles by topological distance 
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To explain one of these profiles, let’s take the example of point B. It is a location where rent values 

equalise between retail and residential use. The PBRC graph shows point B at a banded distance of 4 

steps (which equalises to 8-9 directional turns from the city centre – see table 4.11). The distribution 

of point B, however, is identified in two different locations: one in the district of Canton at the west 

part of the city centre and the other near the area of Plasnewydd at the east side (Figure 4.23). The 

profile of point B gives the spatial description of Plasnewyyd, detailing the form and structure of the 

area in which the lowest quantity of retail spaces come with high rent values in a residential location. 

It also presents that the retail spaces are located along main roads with advantages in accessibility, 

reflecting the area’s morphological attributes of clustering of commercial uses between junctions 

connecting to local neighbourhoods. As part of the process of explaining each profile within the 

analysis, it is also proposed to construct a table detailing the areas identified at every point as a 

narrative description. Figure 4.26 provides an extract of this narrative, presenting the example 

mentioned above. The full table can be found also in Appendix C. 

 

 
Figure 4.26 Example of description of points in PBRC graph by topological distance. 

 

The PBRC graph also points to other interesting aspects of land-use mixing. The retail market in the 

graph tends to have the highest rent values in the city centre at step depth 0 (Queen Street). 

However, as the distance increases some peaks are highlighted, indicating a concentration of retail 

activity. An example is peak number 3 in the graph, at 22-23 steps (distance 11), with an average rent 

value of £430.56 per square metre. Peak 3 in the graph refers to the same example identified in the 

initial PBRC analysis – the case of Parc Ty Glas in the neighbourhood of Llanishen. This area was 

previously identified at a distance of 5km from the city centre (see figures 4.5 – 4.7 for reference). 

Estimated within 23 directional turns from the city centre, the same area is found in which retail 

dominates the other uses. The dominant retail peak 3 seems to be explained by a historically large 

residential catchment area and limited retail space, shown in figure 4.27. This confirms what was 

stated previously regarding demand and supply for land with higher value in scattered locations in the 

city and the path dependent locational patterns.  

 

The area keeps a higher accessibility at a local rather than global scale (Figure 4.28). The main roads 

that connect the complex at a global scale are highlighted by integration and choice Rn, which makes 

the area a location for destination and to pass through using the shortest paths available. Choice at 

R500m highlights the local structure of Parc Ty Glas, which rather emphasises local streets in the 

area. For example, Ty-Glas Road and Ty-Glas Avenue, identified with a high local choice in R500m, 

are historically roads that became hubs of housing and commercial development, while superstores 

and business parks were placed rapidly on the few former industrial sites. As the radius increases 
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from 1000m to a global level of radius n, the industrial estate becomes more accessible through main 

thoroughfares, keeping the area more locally segregated from the whole city despite having as high 

rental prices as the city centre. 

 
Figure 4.27 Land uses in the area of Parc Ty Glas 

 
Figure 4.28 Parc Ty Glas complex: accessibility by Integration Rn, Choice R500m, R1000m and Rn. 
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Pseudo bid rents for office use tend to intersect more often with residential use than retail. It is 

argued that most of these offices, based on their size and rent value, are small local businesses that 

are found within neighbourhoods and tend to be the most permitted in residential areas. This kind of 

market provides local services to the suburbs that, despite not being centrally located, do sustain 

competitive rent prices. The locational pattern of this type of market is on the back streets of main 

avenues (2-3 steps away), positioned along the street rather than on corners, which are the usual 

locations for retail properties. Clustering of offices is always a matter of mutual competition and 

transaction costs. Offices will tend to cluster for mutual benefit, at times regardless of whether this is 

the most central location. The importance lies in whether higher local accessibility can deliver greater 

benefits to a market than competing with more established firms in more central locations.  

 

As for profiles for industrial use, these appear at the points I1, I2, and I3 in figure 4.22. These are 

isolated cases that share a common pattern by being proximate to retail use. Point I1 is an example of 

a large warehouse located at the edge of the city centre; I2 and I3 are located at segregated areas 

near commercial spaces. Of interest here is the fact that neither offices nor industry overlap. This 

would confirm the previous proposition that retail serves as a ‘guide-market’ in the establishment of 

other markets and their potential for economic growth. Furthermore, industry is a type of use that 

tends to be separated from other activities and is located in the most isolated parts of the city. 

Industrial activity in Cardiff is particularly concentrated in the bay area. Although this has been an area 

of redevelopment for residential, office and leisure activities, the modern port facilities of the 

docklands still remain. For example, the distribution of storage spaces, such as transit, steel and 

timber sheds, are part of the large complexes that are still functioning in Cardiff Bay.   

 

The residential market, on the other hand, tends towards spaces that are in between retail and office 

use. The different points of intersection at very short distances mark properties that are one, two or 

three steps away from commercial activities, or buildings that have both commercial and residential 

uses. In relation to others, this market shows consistent change in terms of outbidding and being 

outbid by retail and office uses. Take, for example, points K, L, and N in the graph. The commercial 

rent values outbid residential values by two to three steps of distance. Spatially, this means that offices 

will be located near or even within residential blocks, without necessarily having retail outlets. Points I 

and J show residential outbidding retail, mostly because retail clusters on a main street (in a linear 

fashion) that connects one to two steps from residential properties.  

 

The creation of such particular cases, although sometimes overlooked in the context of the city, does 

reflect how the urban architecture is constructed by the manner in which different markets operate 

and are distributed to target sub-markets (e.g. the clustering of shoe shops, a pharmacy near a clinic 

or hospital, clustering of furniture and textile shops, etc.). In addition, at 36-37 steps (distance 18) 

onwards, the fluctuations of the graph relate purely to residential properties, having two peaks (5 and 

7) that represent private housing neighbourhoods, hence their high rental price. Point O indicates 
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large office complexes at the edges of a neighbourhood, located at the northeast side of the city, 

which is mostly due to a golf club in the area that surrounds private housing.  

 

 

4.3.3.2 Pseudo bid rents by Metric Distance 

 

In metric step depth, distances are banded at every 500m from each segment line, averaging the rental 

values of each market. Thus, a distance of 0 represents metric step depths of 0-500m; distance of 1 

means 501-1000m; distance of 2 means 1001-1500m, and so on. Table 4.12 illustrates the average 

rent values banded in metric distances. The reason for taking 500m as a banding of distance is firstly 

because it produces a much more detailed outcome through which to unpack the bid rent curves; and 

secondly because a distance of 500m approximately equates to a five-minute walking distance for 

accessing services and transportation facilities. According to Mehaffy et al (2010), extensive research 

in urban studies supports the ‘400 metre rule’, which assumes a threshold of a five-minute walk that 

roughly equates to 400 metres for basic services and local transit facilities (i.e. buses or underground 

stations) within a neighbourhood. In this case, 500m is far beyond being just a simple standard to band 

distances; at a 500m radius, the measure of choice identifies the street as still being integrated in 

relation to the whole urban system. The grid highlights a high local accessibility at this radius, taking 

into account that the street involves primarily commercial activities.  

 

BANDING VALUE RETAIL OFFICES RESIDENTIAL INDUSTRIAL
0_500 0 486.43 147.2888764 39.0167085 66.64240532

500_1000 500 445.01 116.6526188 100.3239071 none
1000_1500 1000 134.63 135.9177792 127.1910168 38.47134423
1500_2000 1500 194.06 118.4745938 116.8406578 48.04866914
2000_2500 2000 166.62 113.6604698 127.5986377 69.16242067
2500_3000 2500 122.91 180.3260629 148.1668282 65.15087355
3000_3500 3000 174.82 130.3776525 157.1707154 48.35713223
3500_4000 3500 151.03 94.6194487 88.22428581 57.9238096
4000_4500 4000 256.62 136.8259535 139.4919134 28.08139535
4500_5000 4500 225.42 89.40702796 163.113346 81.91903128
5000_5500 5000 177.53 128.9391396 137.4844621 64.75497947
5500_6000 5500 148.48 123.8648153 113.6496741 50.88618868
6000_6500 6000 227.50 120.3885233 150.0858535 58.08776308
6500_7000 6500 89.86 120.3885233 170.7695101 55.82761194
7000_7500 7000 146.45 120.9632678 116.8393913 97.46627334
7500_8000 7500 132.32 130.1066224 205.8463525 57.87009921
8000_8500 8000 185.48 155.9748177 148.7643503 none
8500_9000 8500 185.48 136.6594539 155.9161455 50.11988491
9000_9500 9000 169.62 144.671955 232.0298325 56.5123789
9500_10000 9500 339.89 116.1045229 98.81519656 61.89106303
10000_10500 10000 none 98.81519656 none
10500_11000 10500 none 222.3867183 none
11000_11500 11000 none 186.2206985 none
11500_12000 11500 48.45 113.2938393 60.77888589
12000_12500 12000 148.0776951
12500_13000 12500 55.28779257

MARKET (Average rent value per square metre)METRIC DISTANCE

 
Table 4.12 Banding metric step depth and average rent values for all property markets 
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Each point in figure 4.29 represents the location of every market with 500m between them. On 

several occasions, retail, office and residential markets overlap (points A, C, K and N). The 

commonality between these points is the presence of mixed commercial and residential uses at the 

edges of the neighbourhoods. These are not local cores of retail or businesses within a 

neighbourhood, but are located on the outer edges of purely residential blocks and linked to main 

roads that inter-connect the city (Figure 4.30).  

 

The description of the number of metric steps disaggregated from the graph in figure 4.29 is shown in 

figure 4.31. The graphs show the pattern of distribution of each market at every metric distance 

across the city. Following the same methodological steps as in the topological analysis, an extract of 

use mix profiles that resulted from measuring PBRCs with metric distance is shown in figure 4.32. The 

difference in the metric profiles from the topological ones is that streets at every 500m measured 

from the city centre are presented. This is indicated in the column of ‘intervals’ in which metric step 

depths mark the street network in a similar concentric fashion, with the difference that instead of 

delimiting a zone, metric distances are captured in the street segments of the network. 

 

 
Figure 4.29 PBRCs with metric step depth distance 
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Figure 4.30 Distribution of PBRCs by metric distance 

 

 
Figure 4.31 Graphs showing the number of metric segment lines associated with each type of market. 
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Figure 4.32 Land-use mix profiles by metric distances (sample) 

 

What the distance network as metric units shows, confirming the previous statements about 

topological measure, is that clustering of offices is found in residential areas. It is argued, however, 

that office use tends to locate where there is a metrically or physically greater advantage for business, 

particularly within a neighbourhood. The argument is that beyond having identified where and how 

markets intertwine at physical locations in the city, the existence of a neighbourhood acts as a dual 

entity - in economic and institutional terms. Property market investors and local authority policies 

provide added attributes to a neighbourhood. In these terms, the neighbourhood emerges as a 

consumption-sharing premise, which some models such as the classical bid rent curve portray. 

Webster (1993:2596) proposes that the emergence of neighbourhoods is based on transaction costs, 

in which “individuals seek to reduce the cost of cooperating with each other”. He suggests that there 

is a relationship between the idea of people being linked together and the physical existence of a 

neighbourhood. Moreover, he proposes that within the boundaries of the neighbourhood, the 

community seeks shared resources that emerge as local services (or businesses) that mutually 

cooperate. Therefore, the physical co-location of services is important in response to the effect of 

property markets.  

 

The difference between metric and topological distances is that the former defines the Euclidean 

metric distance between spaces as the length of segments connecting them; the latter defines a 

Euclidean relation between the geometrical qualities of spaces and their form of connectedness. This 

is exemplified in point F in Figure 4.28, in comparison to peak number 3 in the topological measure of 

Figure 4.15b. Both points in the different measures represent the example previously mentioned - 

Parc Ty Glas Industrial Estate. In topological distances, the retail market is emphasised as having the 
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predominant rental price; yet if the grid is measured in metric distances then office and industrial 

markets are highlighted. Industry shows gaps similarly to the topological model. In some cases (e.g. 

point I2), the rental value approximately converges at a continuous distribution of industrial activity, 

especially large warehouses and storage facilities. This runs in parallel, but without interfering with the 

organisation of commercial spaces – once again exhibiting the locational path dependency patterns 

and the mutual benefits of co-location with other uses.  

 

 

4.3.3.3 Pseudo bid rents by Angular Distance 

 
Angular distance was analysed based on the same steps and methods as topological and metric. To 

maintain consistency with topological step depth, angular distances were banded at every two steps. 

Table 4.13 thus illustrates the average rent values banded by angular step depths used to calculate the 

PBRCs. The banding of angular step depths includes all of the ranges of the two corresponding steps. 

As a result, a range of 0-1 steps (e.g. 0.1356, 0.1378, 1.0543, 1.0785, etc.) is taken, making a band 

distance of 0. Steps 2-3 comprise all the ranges within 2 and 3, making a band distance of 1, and so on. 

 

BANDING VALUE RETAIL OFFICES RESIDENTIAL INDUSTRIAL
0_1 0 434.6496317 129.9047946 61.54945237 69.23
2_3 1 361.6974275 129.9322213 131.533688 48.51694434
4_5 2 164.5571238 117.7754191 137.6125792 58.93155834
6_7 3 154.9054726 146.9039592 125.1500255 69.73262317
8_9 4 209.7062757 127.905007 127.1546535 69.6644958
10_11 5 121.2935965 128.2290242 162.0369237 61.27227062
12_13 6 91.81733765 142.1293784 172.93258 87.94503346
14_15 7 48.452221 148.0120903 153.5867986 52.2516851
16_17 8 202.2292659
18_19 9 53.53301905

MARKET (Average rent value per square metre)ANGULAR DISTANCE

 
Table 4.13 Banding angular step depth and average rent values for all property markets 

 

The angular distance measure shows six points where markets overlap and one peak of retail use 

(letter E) in figure 4.33, which represents a more general overview of the previous two measures. As 

mentioned earlier, angularity concerns how people cognitively move within the spatial layout and the 

likelihood of reaching a location in relation to all other locations in the city. The overlapping lines in 

the graph give smoother curves than topological and metric distances. This is an interesting finding as 

it suggests that use mix profiles are distributed in fewest locations across the city compared to 

topological and metric frictions (Figure 4.34). Since angular distance defines the minimum angle that 

people move when changing direction, it is inferred that the pseudo rent curves capture how different 

markets are more easily reached at specific locations based on behaviour rather than purely physical 

distances. If angular distance calculates paths with the least angle changes, it is assumed that such 

changes will be those likely to show how people move in the built environment. 
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The literature on Space Syntax suggests that movement is also influenced by how pedestrians 

cognitively understand the built environment. In this sense, the intelligibility of a space allows that 

certain locations are more easily reached taking different routes to get to that location. Paths are 

taken differently depending how intelligible an urban system is (Hillier and Iida, 2005). As in the 

example of the tourists and the locals (see section 4.3.2.3), people can follow a minimum angular path 

or a minimum Euclidean path. In either case, the path can be longer or shorter depending on the 

person’s understanding of the space in order to create the route. The study does not intend to 

deliver a measure of intelligibility in the analysis, but rather to emphasise the theoretical basis on 

which angular distance is constructed. If markets establish in locations with higher advantages in 

accessibility, like retail use, then certain markets also take advantage of the easiness to visibly reach 

that location or to be close to it. For example, retail and office uses will tend to be placed on routes 

that are more identifiable paths, which would mean main roads and potentially more accessible than 

others. This relationship is confirmed with the analysis of land use and street accessibility where retail 

and office use are associated with higher integrated streets. This is also shown in figure 4.35 where 

retail and office are associated to angular steps that are closer to the city centre.  

 

Another aspect is the intersections of the curves showing use mix profiles (Figure 4.36). Retail 

appears as the dominant use in the graph, yet in reality angular friction captures areas where retail use 

bids higher in locations that are more accessible. Office use tends to be dominated by residential 

curves, which means high rental office space is generally surrounded by neighbourhoods at the 

periphery of the city (e.g. points B, C, F and J). Most of these locations, as well as those for industrial 

use, are sites that refer to the historical pattern referred in the initial PBRC analysis. This confirms 

that main industrial and office sites (such as business parks) are identified as areas where their 

location does not offer the highest accessible locations, yet they remain with high rent price, gaining 

the mutual benefit of lowering transaction costs of relocating.   

 

 
Figure 4.33 Graph of pseudo bid rents with angular step depth 
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Figure 4.34 Distribution of pseudo bid rents by angular distance 

 

 
Figure 4.35 Graphs showing the number of angular segment lines associated with each type of market. 
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Figure 4.36 Land-use mix profiles by angular distances (sample) 

 

The use mix profiles traced by angular friction pick up locations that relate to areas that are 

historically shaped and where the quantity of retail space may also be influenced by the likelihood that 

a location is more intelligible than others. The reason for such a statement is because an intelligible 

system is said to be one in which well-connected spaces are related to well-integrated spaces (Hillier, 

1996b). Theoretically, it can be said that if retail tends to be established in places where it is more 

accessible (high integration relating to high connectivity in the network), those places are likely to be 

more intelligible than other locations. Angular friction then captures a more general behaviour of 

PBRCs –‘general’ in the understanding that if the cognitive aspect in distance is taken into account, 
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certain variations of rents can be found in locations that are potentially more identifiable by their 

spatial attributes across the city. In this case, angular friction does not bring out the specific or more 

localised areas that are found in topological and metric distance models. 

 

Three examples are further explained that describe three different places: the first case is Parc Ty 

Glas Industrial Estate, which is identified as point G and peak 3 in topological distance (Figure 4.22), as 

point F in metric distance (Figure 4.29) and as point E in angular distance (Figure 4.33). For this same 

location, topological distance presents two markets working together (retail and office), while keeping 

1-2 steps away from private areas of residential use in close proximity. Metric distance, on the other 

hand, associates the physical co-location of office use and large warehouse facilities within the area, 

whereas angular distance only shows retail activity. Some of the storage facilities function as providers 

for goods to the same retail stores in the area.  

 

The second case is the Cardiff Bay area which identifies retail and office use in topological distance 

(point D, Figure 4.22); the intersection of retail, residential and office markets in metric distance 

(point C, Figure 4.29); and the overlap of residential and office use in angular distance (point B, Figure 

4.33). Office use is the common market amongst the three. From a topological point of view, retail 

activity is found continuously at 1 step from offices. From an angular perspective, residential is the 

overall use within the area. The third case is the surrounding area of the centre in Canton, which is 

only highlighted by topological and metric measures. Retail and office use are found in topology (point 

B, Figure 4.22), and the mixed-use of retail, office and residential in metric distances (point A, Figure 

4.29) whilst angular step depth distance does not identify this area.  

 

Overall, the first two hypotheses stated in the literature have been examined so far. Firstly, using 

rents as the dependent variables and how they are affected by the spatial accessibility of the urban 

network. Secondly, by using different distance frictions, rents are examined in relation to different 

spatial qualities of the street network. Given the third hypothesis in the literature, the study now 

turns to examine whether pseudo bid rents can be developed locally, re-defining the idea of a ‘centre’ 

and applying the proposed model to other locations in the city that function as local sub-centres. The 

next section begins by providing which areas are selected in order to test such a hypothesis followed 

by the application of the model in the selected areas.  
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4.4 Local Pseudo Bid Rents – Distance from Local 

Centres 
 
The third hypothesis of the study argues that pseudo bid rents can be locally developed depending on 

locations in the grid that are naturally movement-rich and not only as a single process that originates 

from the city centre. The application of the model takes a different approach by considering the 

‘centre’ of the city to be in locations that function as local centres, or sub-centres. The historical 

analysis of Chapter 3 argued that local urban cores emerged in the city of Cardiff as a response to its 

economic changes and spatial transformation8. It suggested that the spatial conditions in which the 

street network evolved resulted in areas with high accessibility, thus attracting potential movement to 

those locations over time. These locations were highlighted in the analysis, given the street network’s 

accessibility measures and in accordance with the current development proposals of Cardiff, resulting 

in four distinctive areas: Canton, Plasnewydd, Grangetown and Butetown (Figure 4.37).  

 

 
Figure 4.37 Diagram of the local centres related to the city centre (in yellow)  

 

The local centres correlate with the highest accessibility peaks in integration and choice measures, 

and therefore the study does not pick a random point of measure for the PBRCs. The analysis of 

rents and accessibility showed the distribution of rents to be associated with the areas (see figures 

4.12- 4.15), which confirmed the relevance of these particular locations. Figure 4.38 emphasises the 

selected urban sites, showing their diversity of land uses and spatial accessibility.  

 

The patterns of the highest integrated roads are distinguished from the analysis (highlighted in red) in 

both accessibility measures. Integration and Choice Rn demonstrate the highest accessible streets for 

each area. At a different scale, the measures at R800m show consistently the main streets (in some 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8	  See Chapter 3, Section 3.6.	  
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cases junction between two or more, such as Plasnewydd and Grangetown) that define the local 

centres. A special case is Butetown. The area becomes relevant at a global integration where its roads 

connect to other main streets. Since the historical transformation of the area has embedded an 

important change in its development, partly due to the regeneration of Cardiff Bay, Butetown 

represents an area of ongoing development linking the city centre and the south side of the city. 

Though its segregation is contrasted to the other three sub-centres, the area remains as a hub for 

commercial development in the city. Butetown did not pick up street segments with highest 

integrated roads in Choice at a global radius and Integration at 800m.  
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4.4.1 Canton 

 

The area of Canton is characterised by a main retail thoroughfare called Cowbridge Road East. This is 

a long street that begins at the edges of the city centre, crossing from the east to the west. It is one 

of the busiest streets for traffic vehicle movement, being the main line of public transport that 

connects the city centre to the west side of the city, composed mainly of middle-class dwellings. The 

street consists of commercial and retail spaces, having a few residential properties located halfway 

along the road. It is probably the most mixed-use street of all the five sub-centres, combining 

dwellings with local shops along the main street. The street of origin is taken from the segments that 

compose Cowbridge Road East, detailed in Figure 4.39. Conceptually, Canton has a more linear 

structure than the city centre or the rest of the sub-centres, resembling a more ‘linear centrality’, as 

described by Hillier in the literature. 

 

 
Figure 4.39 Defining street of origin in Canton – Cowbridge Road East 
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The three distance measures in Figure 4.40 demonstrate that residential, office and industrial activities 

are presented almost in parallel to the city centre. Retail features peak in some cases, which refer to 

the parts of the city centre area and localities that are related to other main streets of sub-centres or 

junctions between thoroughfares. Topological distance from Canton highlights two characteristics. 

First, retail does not overlap with residential activity in the first six steps from Cowbridge Road. This 

would suggest that, globally, the main street of commercial and retail use remains the primary activity, 

separated from residential spaces while maintaining close proximity, such as through back streets that 

form the edges of a purely residential neighbourhood. Second, the intersection of office and 

residential along the whole graph suggests that residential spaces are partly a conversion of ‘living-

working’ spaces that, cumulatively, become part of the commercial and retail arena of main streets. 

The metric distance measure highlights the same pattern, overlapping retail, residential, and use co-

located according to their proximity to each other. Angular distance in Canton shows a similar 

pattern to the city centre’s PBRCs, confirming the notion of smoother curves throughout the city.  

 

 
Figure 4.40 Pseudo bid rents in Canton 
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4.4.2 Plasnewydd 

 

Another form of urban structure similar to Canton is represented in the area of Plasnewydd. This 

area is located at the east side of the city centre and is characterised by its Victorian houses arranged 

in linear streets. In some cases, the area features a tree-like structure that constitutes the main 

avenues that connect to other parts of the city. However, the main commercial and shopping streets 

of Plasnewydd are Albany Road and City Road. Figure 4.41 shows the location of these two streets in 

the area, as well as a conceptual diagram of Plasnewydd’s spatial structure. Another important feature 

that renders this area one of Cardiff’s sub-centres is the high rent values in both streets. The 

residential properties surrounding these two main avenues are terraced houses. In many cases, access 

to the main streets is restricted from these linear terraced streets, retaining a boundary between the 

main and the back streets. In some cases, bus stops, trees, benches or sidewalks serve as boundaries. 

Along the street, other local amenities such as employment centres and churches are found in close 

proximity to dwellings. What is particular about the area is that it resembles a form of grid-like 

structure in an almost perfect square area (of approximately 430m on the Albany Road side, and 

415m on the City Road side), shown in figure 4.42. The characteristics of the area are clearly defined, 

in the edges of the main square that comprise the commercial and retail services, and the linear 

blocks of houses that compose the whole square as a ‘gridiron’ spatial structure.  In some cases, small 

retail stores are found in the local streets of the square, mainly at the corners between roads.  

 

 
Figure 4.41 Diagram of selected streets of origin in Plasnewydd 
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Figure 4.42 Defining street of origin in Plasnewydd 

 

The graphs in figure 4.43 show a similar trend to Canton regarding angular distance, with an overall 

pattern of bid rents that function as a prime centre. However, topological and metric distances 

highlight rather the relation between residential and office spaces. Retail becomes an irregular trend 

of peaks and troughs, marking different sections of retail cores throughout the city. However, 

industrial spaces, while keeping their locations separate from residential and, to some extent, retail 

uses, are found at the same distances as dwellings. Many of the expansive plots that are often used for 

large food shopping stores share the same building for storage of their products. These mixed-uses of 

warehouse-shopping activities are often localised within one step from residential properties. The 

morphology of the blocks has the distinct attribute that larger plots are localised in direct connection 

to main streets. Therefore the internal courtyards of these large plots, which were originally designed 

for terraced houses, have now been converted and extended into storage facilities. Similarly to 

Canton, angular distance shows Plasnewydd as a local area of high rental values. This is partly due to 

the kind of population that the area contains; primarily young professionals who want to live in close 
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proximity to the city centre, and students who want to live near to the university campus that is 

located between Plasnewydd and the district of Cathays.  

 

The retail market is shown as a global bid rent curve that diminishes as distances increase, whilst the 

other three types of use remain the same. Office and industry markets maintain a parallel distribution 

with each other. The gaps in the industrial market shown in the topological and metric graphs 

illustrate the separation of this particular market. The hypothesis is that industrial spaces which are 

part of mixed-use residential and commercial activities have shared storage spaces. Accordingly, it is 

the same pattern of path dependency explained in the former analysis of PBRCs from the city centre. 

Interestingly, however, local neighbourhoods provide an architectural flexibility to reconvert spaces 

that can minimise the economic cost of supplying goods and therefore generate a higher economic 

return for business. In some cases, this includes industrial facilities, such as storage spaces that are 

part of the building’s function. This was found particularly in Plasnewydd where chain retail stores 

included storage spaces at the back of the buildings. 

    

 
Figure 4.43 Pseudo bid rents in Plasnewydd 
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4.4.3 Grangetown 

 

The area of Grangetown is distinctive in being adjacent to the Cardiff Bay area. The area is located in 

the south part of the city. The main population of the area includes Somali communities and Asian 

residents, making Grangetown a multi-racial district that is currently undergoing a period of 

gentrification. New infrastructure and redevelopments of commercial and leisure spaces have made 

the area a locus for commercial businesses, taking advantage of the proximity of Butetown’s new 

office developments. The special character of this centre is its radial structure of roads, two of them 

being major thoroughfares that interconnect the city globally - Penarth Road and Corporation Road 

(Figure 4.44). It is proposed to take a delimited area as a radial structure, rather than just one street, 

to make the measure of pseudo bid rents, due to the fact that the grid structure supports different 

mixed-use properties and rental values within one central point of location. This means that from the 

centre of Grangetown, different choices of activities and locations emerge through its radial 

distribution. Therefore, the five streets highlighted in figure 4.45 are only delimited when commercial 

and retail activities take place from the central point of the area, where in some cases residential uses 

are found. Furthermore, streets are considered within a radius of 300m, which is the maximum 

distance that defines the boundaries of the district of Grangetown from its centre point. 

     

 
Figure 4.44 Diagram of selected streets in Grangetown 
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Figure 4.45 Defining the Grangetown area and streets of origin 

 

The distance measures demonstrate an irregular trend of bid rent patterns in Grangetown, with the 

retail market as the most changeable (Figure 4.46). Although topological and metric distances show a 

continuous juxtaposition of all types of uses, the tendency of having a retail core at the junction of the 

study area prevails. However, it is argued that the strong differences of peaks and troughs in the 

angular graph is due to the radial grid-like distribution of bid rents, also present in topological and 

metric distances from the first 5 steps of distance (or 3,500m in the metric graph). Grangetown is 

composed of lower rent values than Canton and Plasnewydd, yet the spatial analyses show the area 

globally and locally functioning as a high accessible location according to the streets selected in the 

area (see Figure 4.38).  
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Figure 4.46 Pseudo bid rents in Grangetown 
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4.4.4. Butetown 

 

As a sub-centre, Butetown is the smallest of the areas addressed in this study. The district is located 

on the south side of the city, in close proximity to Cardiff Bay. Initially developed as a housing estate, 

Butetown has undergone a period of redevelopment, going from being a multi-cultural residential area 

to a new district of financial and leisure spaces. This evolution has involved the development of new 

offices, the reconversion of housing estates into modern high-rise flats and the reclamation of the 

West Bute dock that gave the area its new character as a ‘modern estate’. This has also included 

shopping streets, the connection of the district with leisure and government facilities (i.e. the Welsh 

Millennium Centre and the Senedd – the National Assembly building of Wales), and new housing 

developments. 

 

The area is focused on its main core composed of three main streets: Bute Street, West Bute Street 

and Bute Place. Although the measures of the bid rents were taken from these streets, the area 

highlighted with red lines in figure 4.47 also includes Mount Stuart Square, a very highly valued 

commercial area composed mainly of office buildings that gives Butetown its character of being a 

business environment with corporate offices and financial services. The area appears as an isolated 

nucleus structure that is disconnected from other neighbourhoods, making it only locally accessible 

through main routes. The triangular core that marks the centre of Butetown in Figure 4.48 shows 

graphically a dense urban core arranged in large plots. Every building within the triangle has access on 

both sides, connecting the houses and offices to any of the roads. Bute place (number 3 in Figure 

4.47) serves as a transitional road between the other two streets (Bute and West Bute Street). 

 

 
Figure 4.47 Selected streets for Butetown 
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Figure 4.48 Defining area and streets of origin for Butetown 

 

Another aspect that relates to the mixed-use of Butetown is that there are no industrial spaces within 

the nucleus or core that forms the origin point of measure. These kinds of spaces are found near the 

ports, sometimes in the remains of old factories (now refurbished), or in the new developments of 

housing along Lloyd George Avenue. This main street is one of the major roads that link the city 

centre and the Cardiff Bay area. It is argued, however, that the connection between the city centre 

and Butetown - Lloyd George Avenue – is a ‘no-man’s land zone’. This behaves more as a transitional 

space that helps one get through the city centre, rather than being an area of dense activity. From the 

dense urban core of the city centre, to large building complexes of leisure and office uses, lies an in-

between area of new residential flats arranged in a private, cul-de-sac formation. This generates a 

disconnection between the large shopping malls placed nearer to the Bay area, with large parking 

plots that render them even more disconnected to the surrounding neighbourhoods. 

 

Although the distance measures in figure 4.49 show a similar trend in markets as distance from the 

sub-centre increases, office and residential markets prevail as the main overlapping types of activities, 
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outbidding each other at different distance steps in each graph. The tendency shown by the angular 

distance graph is also of a centre that works as a locus point in the city. However, locally the area 

appears poorly accessible as a pedestrian site that can only be reached using public transportation and 

thus an isolated but commercially active urban core. The comparison of all centres and their bid rent 

graphs can be seen in Appendix C.  

  

 
Figure 4.49 Pseudo bid rents in Butetown 

 

 
 

 
 

 
 



	   	   	  

	  

272	  

Summary 

 

This chapter has provided an empirical discussion about the location of property rent values. It has 

presented a variant of William Alonso’s bid rent curve, proposing instead to analyse ‘pseudo bid rents’ 

which refer to constructed land value and showing land-use mix profiles across the city. The 

locational patterns of rents went consecutively through different approaches. From a first exploratory 

analysis on the location of three types of uses (retail, manufacturing and residential), rent values for 

each use were measured according to their distance from the city centre. Distance, in this first case, 

was considered as a measure from a single point in the central area to expand at every kilometre 

covering the whole city. The resulting pattern was a distribution of each type of use scattered at all 

distances in the city. This allowed definition of how each type of use, according to their value and 

location, defined specific profiles. The profiles are land-use mix areas identified at specific locations in 

the city in which different factors have defined mixed-use developments. One of these aspects is the 

quantity of land in respect to rent value. For example, retail spaces resulted in high bid prices at 

locations further away from the city centre, provided with less land than in the central area. 

Residential uses are mostly dominated by manufacturing and retail, yet equalise rent values where 

retail bids higher in scattered locations and where manufacturing land is larger (i.e. industrial estates). 

Another aspect was the historical pattern of some uses, such as manufacturing, in which the highest 

bid prices located at the periphery of the city. 

 

From the first exploration of rents and location, the subsequent analysis related rent values with the 

street network configuration, focusing on two friction measures: integration and choice or, as 

accessibility of to- and through- movement potentials. Both kinds of measures explain urban 

centrality: how close one is from everything to everything and how likely that one is able to pass 

through a location or take a certain route. The positive correlation of integration with rent values 

delivered a first significant result in which the spatial configuration does affect the location of an 

economic activity. Findings showed that rents are significantly related to integration (or closeness 

centrality) at the scale of the whole city (radius ‘n’). Choice (or between-ness centrality), however, 

did not significantly affect rent price. This meant that if rent depends on location and location depends 

on the configuration of space to be more central, then it is argued that rent value depends on 

closeness.  

 

Based upon this analytical framework, the chapter presented a joint model of configuration and bid 

rents as proposed in the research methods. The bid rent configuration model assumed three 

definitions of distance in the street network, in which metric, angular and topological distances were 

considered to measure distance from the core of the city. Thus, topological, metric and angular 

models were presented in order to address how the location of activities differs according to each 

distance. Each model provided a pattern of land-use mix profiles. This aspect contributes to the 

hybrid nature of the model. The use mix profiles refer to cases in which different property markets 

operate in the same location. This suggests an important factor about the effects of the quantity of 
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space demanded and supplied at a specific rent price. For example, in every type of distance the 

curves tend to overlap in relatively new developments, primarily in the city periphery. Where land 

uses are allowed to compete openly, rent values equalise. This is what is expected from a 

competitive, market-led mixed-use development. No land use has a higher rent than the other. 

Rather, if they co-locate without subsidy, they are paying the same rents at that location.  

 

The bid rent configuration model brought different spatial interpretations of urban centrality: pseudo 

curves by topological distance indicate the interaction of markets by units of turns in the street 

configuration. This can be interpreted to mean that in every turn of direction between streets there is 

a fixed number of properties (e.g. a shorter street has fewer buildings connecting to a street that is 

longer and so has a higher number of buildings). The properties that are encountered in every turn 

have a certain number of types of uses (e.g. they may all be one type of use or mixed) and so a certain 

range of rent values. Therefore, pseudo curves by topological distance show that for every turn of 

direction in the network, each market is either competing or interacting (overlapping) with a number 

of neighbouring land uses. Similarly, metric pseudo bid curves indicate the interaction of markets by 

units of metres in the physical configuration. Centrality within metric distances shows the number of 

neighbouring land uses that markets compete or interact with that fall within a certain distance range 

at specific locations, which in this case was given at every 500m. Angular pseudo curves pointed out 

distances that imply the angular orientation at which one would move in the built environment. Or 

put simply, the ‘behavioural’ aspect that minimises the distance routes by making the least angle 

change of direction. This distance resulted in smoother curves and fewest use mix profiles. It is 

suggested that by taking rent values within a least angle change in the network, the curves are 

capturing an average spatial position of markets and its nearest neighbouring land uses at specific 

locations. In other words, it is capturing locations that are reached within the least angle cost of 

changes from the city centre, showing which markets dominate at those distances; and at which 

locations markets interact under the least angle cost distance between one location to another. This 

would partly explain why angular friction gives the smoothest curves compared to topological and 

metric distances. 

 

Finally, the chapter presented the variations of these distances in order to test the hypothesis of 

locally developed pseudo bid rents. The results at the neighbourhood scale showed that pseudo bid 

rents function according to the spatial position of the local centres in the network. This meant that 

most of the pseudo curves showed with low bid rent prices beginning at the respective urban core. 

However, angular distance in most of the cases, particularly Canton, Grangetown and Butetown, 

illustrated curves with the highest peaks from the street of origin of each sub-centres. This confirms 

the feeling that angular distance offers the general position of markets within the network. It is 

acknowledged that the application of the model suggests further empirical research. For instance, the 

use of Space Syntax metrics in order to explain the gaps between the curves could be used in a future 

study.  
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5 
RESIDENTIAL PROPERTY VALUE AND 

ACCESSIBILITY 
 

 

Introduction 
 

This chapter proceeds to the empirical data on residential value. It presents two sections of analysis. 

First, an explanatory analysis of sold house prices is introduced within three specific years (2008, 2009 

and 2010). The aim is to predict if the location of house prices at different time periods is affected by 

the street configuration. The analysis of the street network follows the same measures of spatial 

accessibility used in Chapter 4, accounting integration and choice, along with characteristics of street 

length, as the predictors for the location of house price. These same predictors are used for the 

second section of the chapter where the results of correlating the location of council tax bands with 

the street network are presented. This allows us to discuss the hypothesis of whether spatial 

accessibility affects tax band values and, if so, how the configuration of the street network can better 

explain patterns of residential value. Finally, the two sections are followed by examples of how 

different types of dwellings are valued in order to acquire a tax band. The examples are shown in 

terms of their internal layout concluding with a discussion of how residential value takes effect in the 

architectural built form.  

 

 

5.1 Sold House Price 
 

The methodology presented in Chapter 2 described the location of house prices for the years of 

2008, 2009 and 2010. These years were the available datasets that related to an economic change in 

the housing market in the UK. In a general context, house prices in the UK crashed between 2007 

and 2009 (Oxlade, 2012). As the economy came out of the recession in 1992, house prices began to 
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rise and continued to do so for a further 15 years (Nationwide Building Society, 2009, 2010). Over 

most of this period, house prices rose well above the general inflation rate. However, during the mid 

2000s house price inflation started to slow down and prices started falling during 2007. They 

continued to fall throughout 2008 and 2009 until 2010 (ibid). The period of 2008 – 2010 signified a 

considerable economic crisis in the housing market in recent decades. Specifically for the context of 

Cardiff, the interest in considering the housing market as a variable of economic activity relies on 

whether changes in house prices may also be affected by degrees of street accessibility.  

 

Using constant variables within the time periods previously mentioned, the statistical results are 

presented expressing the relationship between house price and street accessibility. Three predictors 

of spatial accessibility are used: integration, choice and segment length. Since segment angular analysis 

is derived from breaking axial lines into segments and then recording the sum of the angles turned 

from the starting segment to all other segments within the system1, the length of a path segment is 

taken into consideration as this can indicate block size in the street configuration, considering that 

block size in cities tends to grow from the centre onwards (Hillier, 1999b). Similarly, the segment 

length as the product of the lengths of origins and destinations can estimate how movement is 

generated by how long or short a street segment is. The idea is that longer street segments will have 

more buildings on them and so generate and attract more trips, and shorter ones fewer. In this sense, 

it is examined whether these characteristics have any impact on the distribution of house price, as 

exemplified in figure 5.1. For example, many of the properties with the highest prices tend to be 

distributed in the back streets of main roads, as occurs in some parts of the east side of Cardiff. 

Houses that are closer to busier streets, and thus with more commercial uses, tend to be cheaper 

than those in the back roads.  

 
Figure 5.1  Distribution of house prices during 2010 in different locations of Cardiff. 
(Red = most expensive; Yellow = least expensive; Grey = Non-domestic land use) 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  See Chapter 1, Section 1.3.3	  
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Table 5.1 describes a Pearson correlation between constant house prices and the three predictors of 

accessibility. The results show that accessibility by choice Rn and segment length does not impact on 

changes in house price. Integration at different radii, global (Rn) and local (R400m), is positively and 

significantly correlated to price. The higher the price at which a house is sold the higher the odds that 

the house is located in local accessible areas rather than near main routes.   

 

Looking at the differences between global and local integration, as the metric radius increases, the 

lower the correlation of integration with price. The r-value for global integration (0.031, p<0.05) is 

lower than local integration (0.070, p<0.05), suggesting that sold house prices are driven more 

strongly by local conditions of location. For example, if we consider that a radius of 400m is estimated 

as a 5-minute walking distance2, and thus movement is captured within this radius from a street 

segment to all others, the price of a house will be affected if the location of the property is on a well-

connected street within a neighbourhood. A local street that is well connected is likely to link to 

other roads and those roads link to busier ones.  

  

 

Table 5.1 Pearson correlation between historical sold house price and spatial accessibility 

 

The relationship between the variables in the first regression model is specified in Table 5.2. The 

results show a positive and significant low correlation (0.005, p<0.05). The Coefficients table, 

however, demonstrates that the variables are not all significant if we take them individually. Choice 

and segment length remain as variables that do not impact on price. Among the Integration measures, 

for instance, only local integration within a radius of 400m appears significant whilst global integration 

does not. It is suspected, however, that the result of having a level of significance of p<0.05 in the 

overall model is due to the significant correlation of local integration. The same variables were then 

tested excluding integration R400m in a second multiple regression model. Table 5.3 demonstrates 

that all predictors remain insignificant. Hence, choice Rn, segment length and integration Rn do not 

affect changes in house prices. In both regression models, the predictors did not result in a 

correlation amongst them and so the results do not show any multi-colinearity in the final solution.    

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  For differences of metric radius see Chapter 2, Section 2.1.2.3.	  

Correlations 
  ConstantPrices

_ALLYEARS 
IntegrationR

n 
T1024_Choi Segment_

Length 
T1024_In_400 

ConstantPrices
_ALLYEARS 

Pearson 
Correlation 

1 .031* 0.027 0.006 0.070 

 Sig. (2-tailed)  0.04 0.076 0.672 0.00 
 N 4273 4273 4273 4273 4273 
       

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 5.2 Regression model for historical house prices 

 

 

 
Table 5.3 Regression model WITHOUT local integration (R400m) 

 

 

Regression model for House Prices (2008-2010)

R Square 
Change F Change df1 df2

Sig. F 
Change

1 .073a 0.005 0.004 97389.94431 0.005 5.673 4 4268 .000a

Sum of 
Squares

df Mean Square F Sig.

Regression 2.1524E+11 4 53809988066 5.673 .000b

Residual 4.04811E+13 4268 9484801253
Total 4.06964E+13 4272

Standardized 
Coefficients

B Std. Error Beta
Lower 
Bound

Upper 
Bound Tolerance VIF

(Constant) 180656.231 8991.593 20.092 0 163028.03 198284.43
IntegrationRn -4.089 4.089 -0.02 -1 0.317 -12.106 3.928 0.571 1.751
T1024_Choi 0 0 0.015 0.912 0.362 0 0 0.89 1.124
Segment_Length 9.728 24.505 0.006 0.397 0.691 -38.314 57.77 0.897 1.114
T1024_In_400 357.217 86.511 0.078 4.129 0.000 187.611 526.824 0.653 1.532

1

Change Statistics

a. Predictors: (Constant), T1024_In_400, Segment_Length, T1024_Choi, IntegrationRn

a. Dependent Variable: ConstantPrices_ALLYEARS

b. Predictors: (Constant), T1024_In_400, Segment_Length, T1024_Choi, IntegrationRn

Collinearity Statistics
95.0% Confidence 

Interval for B

Coefficientsa

ANOVAa

Model

1

Model

Unstandardized 
Coefficients

t Sig.

a. Dependent Variable: ConstantPrices_ALLYEARS

Model R R Square
Adjusted 
R Square

Std. Error of 
the Estimate

Model Summary

Regression model for House Prices (2008-2010) - NOT INCLUDING LOCAL INTEGRATION (R400m)

R Square 
Change

F Change df1 df2 Sig. F 
Change

1 .036a 0.001 0.001 97572.84838 0.001 1.874 3 4269 .132a

Sum of 
Squares df Mean Square F Sig.

Regression 53524798411 3 17841599470 1.874 .132b

Residual 4.06428E+13 4269 9520460740
Total 4.06964E+13 4272

Standardized 
Coefficients

B Std. Error Beta
Lower 
Bound

Upper 
Bound Tolerance VIF

(Constant) 170257.793 8647.951 19.688 0 153303.31 187212.27
IntegrationRn 5.277 3.409 0.026 1.548 0.122 -1.406 11.961 0.825 1.212
T1024_Choi 0 0 0.019 1.171 0.242 0 0 0.893 1.119
Segment_Length -4.412 24.31 -0.003 -0.181 0.856 -52.072 43.248 0.915 1.093

a. Dependent Variable: ConstantPrices_ALLYEARS

Model

1

Model R R Square Adjusted 
R Square

Std. Error of 
the Estimate

Model

Unstandardized 
Coefficients

1

ANOVAa

t Sig.

a. Predictors: (Constant), Segment_Length, T1024_Choi, IntegrationRn

Change Statistics

Model Summary

a. Dependent Variable: ConstantPrices_ALLYEARS

b. Predictors: (Constant), Segment_Length, T1024_Choi, IntegrationRn

Collinearity Statistics
95.0% Confidence 

Interval for B

Coefficientsa
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5.1.1 House Price as an Indicative of Residential Value 

 

These first findings confirm that certain attributes of the spatial configuration of the built form are less 

likely to impact on house price distribution. The correlation of local integration with price indicates 

that local accessibility can influence the real value of a property. It is acknowledged that house price 

depends directly on spatial conditions of the property itself (e.g. number of bedrooms) along with its 

urban location. It is thus considered another economic variable would indicate the value of a 

residence and not only in terms of house price alone. Thus, council tax band value is considered. 

Since council tax bands are based on value assessment, it is expected that there might be a relation 

between the distribution of tax band values and the real value of the property. The aspects of location 

of the residence, the age of the building and the size of the property are taken in consideration in 

order that a dwelling is banded or categorised under a certain range of council tax value for which the 

owner of the property must pay.  

 

Tax bands are defined by the Valuation Office Agency and in the case of Wales there are nine bands 

in which properties are valued, from tax band A to tax band I. In the methodological description, 

these bands were shown from tax band A, being the lowest tax band value that a residence pays 

corresponding to properties that are valued up to £44,000, and consecutively increasing up to tax 

band I, for which properties valued within a range of £424,001 and above would pay the highest tax 

band value3. The price of a dwelling, then, has been found to correspond with the tax band value of 

the property, shown in figure 5.2. If the nominal (current) price of all dwellings is considered from the 

sample data of historical house prices, we can see that the value of house price corresponds to the 

range of tax band value. This means that the changes in residential sales prices correspond within 

bands and not across bands. A similar trend is shown if constant prices are compared and where the 

effects of inflation are considered. The differences of the peaks in tax band I for constant prices 

reflects the historical change in house price at each given year.  

 
Figure 5.2 Relationship between house price and council tax band values 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  See Chapter 2, Section 2.2.1.5, Table 2.4	  
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5.2 Council Tax Band 
 
In order to estimate the correlation between council tax bands and spatial accessibility measures, this 

section of the chapter begins by specifying the location of each group of tax band values. The 

outcome of the distribution of tax bands using the sample of 147,320 dwellings is shown in figure 5.3 

where the maps are distinguished by the distribution of every group of tax band value. Furthermore, 

each tax band value is linked (or spatially joined) to its correspondent segment line of the street 

network, which includes spatial properties of geometric accessibility measures (i.e. integration and 

choice). The resulting distribution is that every street segment corresponds to an associated tax band 

value, shown in figure 5.4. The maps show overlapping of segment lines, starting from the lowest 

(band A) to the highest (band I) values.  

 

It should be noted that within the sample there are properties that are banded as domestic, which 

include single-use and multiple-use dwellings as described in Chapter 14, the former being banded as a 

self-contained unit whilst the latter as an aggregation of multiple occupations within a residence. 

There are also tax band values within mixed-use properties. For this reason, the study opted to 

distinguish domestic and mixed-use banded properties within the analysis. Thus, within a same 

property, different tax band values can be found. For example, this often happens in houses that have 

been converted into multiple flats or have included non-domestic land uses (e.g. shops). While these 

issues will be further discussed in the subsequent section of this chapter, this section shows firstly the 

results of testing the fourth hypothesis of the study. As described in the literature review, the aim 

involving residential value is to see whether spatial accessibility is positively related to tax band values.  

 

The analysis involves different predictors of accessibility. It 

includes measures of segment length, integration and choice 

along with the different variations of metric radius for each of 

them. The dependent variable (tax band values) is averaged 

according to their corresponding group of bands, thus with the 

result that within each averaged tax band group there is also an 

average value of the different accessibility measures 

corresponding to that band. It should also be noted that for 

reasons of statistical procedure, the denomination of actual tax 

band values (e.g. A, B, C) is represented as ordinal values (e.g. 

1, 2, 3) in the analysis (Table 5.4).  

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  See Section 1.2.5.1	  

Table 5.4 Numeric values 
equivalent to tax band values for 
statistical analysis 



	  

	  

280	  

 



	  

	  

281	  

 

 



	  

	  

282	  

Table 5.5 shows the first exploratory analysis of tax bands and spatial accessibility. The dependent 

variable is shown as tax band values for domestic properties and band values for mixed-use. The 

results show that global and local integration (Rn and R400m, respectively) are positively significant 

with tax band values for both types of properties, equally with a high correlation value (r-value for 

integration Rn = 0.924; for integration R400 = 0.938). This means that as the tax band value increases 

so does the degree of accessibility of to-movement overall.  

 

Segment length appears to be positively significant for purely domestic properties and negatively 

significant for mixed-use types, indicating that block size could be an important factor for tax band 

value. In contrast, accessibility by choice at a global radius does not correlate to residential value. 

Since global choice does not appear to have a significant correlation with tax bands, the measure of 

Choice R800m was added to the analysis so as to examine if local through-movement would have any 

effect on the dependent variable.  

 

Space Syntax literature often argues that choice refers to the number of intersections that need to be 

traversed in order to reach a street, indicating the traffic flow of streets that relates to commercial 

activity. It should be noted that the results of a radius of 800m were similar to those of a radius of 

400m with no major difference. From the previous analysis of sub-centres in Chapter 4, Choice at 

800m is a good indication of the main accessible routes within local areas, and thus the radius of 

800m is shown in the results, indicating that at this radius choice is positively and significantly related 

to tax band values. 

 

 

Table 5.5 Pearson correlations between tax band values and spatial accessibility 

 

These first correlations between the variables demonstrate that the street configuration does affect 

council tax band values. In order to corroborate these first results, the aim was to create a regression 

model using the same predictors with the dependent variable. However, some of the predictors 

resulted to be highly collinear in a multiple regression model, such as Integration Rn, Segment Length 

and Integration R400m. Integration and Choice Rn were the variables that resulted with the least 

collinear effect amongst them. Since the analysis attempts to capture how different spatial elements 

Correlations 
  bnd Integration

Rn 
T1024_Choi Segment_

Length 
T1024_Int_400 Ch_800 

bnd_domestic Pearson 
Correlation 

1 .924** .727* .901** .938** .927** 

 Sig. (2-tailed)  0.000 0.026 0.001 0.000 0.000 
 N 9 9 9 9 9 9 

bnd_mix Pearson 
Correlation 

1 .870** -0.452 -.841** .862** .878** 

 Sig. (2-tailed)  0.002 0.222 0.004 0.003 0.002 
 N 9 9 9 9 9 9 
        

**. Correlation is significant at the 0.01 level (2-tailed).     
*. Correlation is significant at the 0.05 level (2-tailed). 
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may relate to residential value, the study opted to statistically predict tax band values for each type of 

dwelling using the independent variables separately in a regression model, eliminating the effects of 

collinearity.  

 

Table 5.6 presents a taxonomy of regression analyses presented in two models: Model 1 uses tax 

band values for purely domestic properties and Model 2 uses tax band values that are in mixed-use 

properties. In both models, the same predictors are applied. The results of Model 1 demonstrate that 

most of the variables remain significant in each regression analysis. Integration Rn and at radius 400m 

remain highly significant at the 95%-level for tax band values. Choice at a radius of 800m, representing 

a local movement of routes that are more accessible within that radius, appears positively correlated 

to residential value (0.859, p<0.05). These three predictors follow a similar trend with Model 2. 

Integration Rn, R400 and Choice R800 remain as the most significant and positively correlated with 

tax band values. Choice Rn in both models did not represent a significant correlation to tax bands, 

which means that global through-movement does not represent an important factor for residential 

value.  

 

The representation of these correlations is shown in figure 5.5. In most cases, the S-shaped curves in 

the graphs indicate the shape of the data that defines all real input values. The tendency of the data 

shows a progression from a small or lowest value that increases and approaches to a climax. This is 

the case for the two measures of Integration. In domestic properties, Integration Rn shows an 

exponential increase from band C to band D (equivalent to 3 and 4 in the graph), suggesting that the 

major difference of accessibility as a global to-movement is related to these two tax band values. This 

also relates to the fact that bands C and D have the highest number of properties in comparison with 

the rest of the bands (see description of data in Chapter 2). For mixed-use properties, the difference 

of increase is between bands B and C (2 and 3). Local integration at radius 400m appears with a 

similar trend but with less difference than global integration, confirming the results in the regression 

models that local integration is positively correlated with tax band values.  

 

Accessibility by Choice Rn describes an initial increase relating tax bands and through-movement 

measures in domestic properties. From bands A to D (1 to 4), as the higher tax band properties 

increase so does the degree of global choice; it then maintains a stationary phase from band E (5) 

onwards where there is no change between the two variables. It is suspected that the initial increase 

in the graph is because the location of some domestic properties that are banded between A and D 

are likely to be found in or near main accessible routes that interconnect the city.  

 

For example, the maps in figure 5.3 and 5.4 show the distribution of every group band where the 

bands commencing in A are associated with streets that link to main routes or even closer to the city 

centre area, progressively surrounding band A with properties of bands B, C and D. The distribution 

of bands E to I shows tax bands that are mostly concentrated in the suburbs. However, if we consider 

an 800m radius of through-movement, the tendency appears that higher local accessible routes that 
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link to other accessible roads are likely to affect changes in residential value.  

 

A similar pattern is shown with mixed-use properties at an 800m radius whilst global through-

movement does not appear to have any correlation. In Model 1 and Model 2 Segment Length remains 

strongly related to tax band values as the first Pearson correlations showed. Yet there is a difference 

between domestic and mixed-use properties. The coefficients indicate that segment length for purely 

domestic use is positively significant whilst for mixed-use it is negatively significant. The graphs in 

figure 5.5 illustrate these relationships, which also confirm the previous correlations in table 5.5. The 

tendencies in both graphs signify that as higher tax domestic properties increase so do the chances 

that block size is larger; if tax band values for residences that are in mixed-use properties increase 

then there is a higher tendency that block size is smaller.  
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Table 5.6 Summary of regression models for purely domestic and mixed-use properties 

Model 1 Model 2

R Square 0.854 0.758
Adjusted R Square 0.833 0.723

Sig. F change 0.000* 0.002*

Sig (p-value) 0.000* 0.002*

Constant -115.52 (-6.131) -105.681 (-4.464) 
Integration Rn 0.045 (6.397)* 0.037 (4.667)*

R Square 0.881 0.743
Adjusted R Square 0.864 0.706

Sig. F change 0.000* 0.003*

Sig (p-value) 0.000* 0.003*

Constant -64.636 (-6.667) -37.060 (-3.945) 
Integration R400 1.776 (7.187)* 0.828 (4.494)*

R Square 0.529 0.204
Adjusted R Square 0.462 0.09

Sig. F change 0.260* 0.222*

Sig (p-value) 0.260* 0.222*

Constant -58.123 (-2.580) 57.819 (1.466) 
Choice Rn 1.444E-005 (7.187)* 0.000 (-1.340)*

R Square 0.859 0.772
Adjusted R Square 0.839 0.739

Sig. F change 0.000* 0.002*

Sig (p-value) 0.000* 0.002*

Constant -107.733 (-6.242) -31.421 (-4.186) 
Choice R400 0.042 (6.533)* 0.009 (4.862)*

R Square 0.811 0.707
Adjusted R Square 0.784 0.666

Sig. F change 0.001* 0.004*

Sig (p-value) 0.001* 0.004*

Constant -111.509 (-5.243) 221.013 (4.208) 
Segment Length 1.213 (5.479)* -2.119 (-4.113)*

Integration R400m

B  (t-value)

Integration Rn

Choice R800m

Choice Rn

PURELY DOMESTIC MIXED-USE

* significance p<0.05

VARIABLES

Model Summary

ANOVA

Coefficients:

Segment Length
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Figure 5.5 Graphs representing the correlations between tax bands and accessibility 
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5.2.1 Residential Value, Rents and House Price 

 

The urban form characteristics of correlating segment length and residential value exhibit significant 

effects with interesting directions. For example, in both graphs the curves tend to flatten from bands 

E to band H (5 to 8), suggesting that within this range of bands there is a homogenous morphological 

pattern of urban block size. Figures 5.3 and 5.4 put such an idea in a spatial context. The distribution 

of these bands appears in the main suburbs of the city, which indicates that within these areas there 

are no more larger or shorter segment lengths and so block size patterns remain almost unchanged. 

 

Another morphological aspect refers to the contrasting differences of the curves. For instance, the 

first case shows that domestic properties with the highest property value (band I) will tend to locate 

in plots with larger urban block size. The second case shows that the same house value can also tend 

to locate in plots with smaller block size if it is mixed with other types of land use, namely non-

domestic. In both cases, the highest tax banded house will be more likely to be located in the most 

accessible streets to get to, within the whole city and locally within a neighbourhood (global and local 

integration) as well as in pathways that are easier to get through in more immediate surroundings 

(local choice). The same occurs with the inverse effect. Houses with lowest band values are more 

likely to be in smaller urban blocks, and yet for the same lowest value a house containing other uses 

will be more likely to establish in larger urban blocks. The tendency of finding a lower tax property in 

less accessible routes is higher, regardless of whether it is a domestic or mixed-use property.   

 

The influence of other types of land uses, it is argued, has an effect also on the value of a residence, 

particularly in quantity of land for non-domestic land uses, which can mean commercial uses like 

shops and offices. We can think about this intuitively with the following example: assume that we have 

the two scenarios of the analysis. The first scenario has a house (call this House 1), where 100% of 

the property is used as a domestic space, and we have House 2, where 50% of the space in that 

property is used as a domestic space and the other 50% is used for commercial purposes. Think of a 

reconverted house where we have a shop in the ground floor and a dwelling in the upper floor. Both 

houses pay a council tax in band I, the highest residential value.  

 

While House 1 uses 100% for living, House 2 uses 50% and both pay equally the same tax band rate. 

The remaining 50% of House 2 is the quantity of land destined for retail use (i.e. the shop). House 1, a 

purely domestic property using all available space for living with the highest tax band value, is more 

likely to be in longer blocks that include a larger number of purely domestic properties than mixed 

uses and would also possibly have more plot area available. Since House 2 occupies 50% of its space 

then it is likely that the house may be in a plot where block size is shorter, allowing 50% of the 

property for commercial use yet keeping a high value of the house in a block which has a fewer 

number of plots available. This story recalls the previous analysis of pseudo bid rents and the quantity 

of land for retail use. As retail space decreases, rent value will go up. In other cases, retail and 

residential land values tend to equalise. So, it is inferred that a house with a higher value (not 
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necessarily the highest) within a mixed-use property is more likely to be related with a retail space 

having higher rent values than other locations. It is also argued that both houses are likely to be 

located in accessible areas, benefiting also retail use with high rents per square metre values5. If the 

second scenario is considered, House 1 uses 100% of its space but with a much lower quantity of land 

and thus likely to be in a smaller plot that is within a shorter block. House 2 uses 50% of its space 

with much more land available and thus the 50% for the shop also has a larger amount of space. Both 

houses equally pay a lower council tax band (e.g. band A). The quantity of retail space in this case is 

larger than in the previous scenario. So it is expected that a larger quantity of non-domestic land use 

in the property would influence the remainder of the residential space in being valued lower.  

 

Following the same example of a property with tax band A (Figure 5.3), the distribution of this band 

seems to cluster in areas associated with industrial and office use. The study does not suggest that 

office use is a direct factor for diminishing residential value. What is suggested is that as lower tax 

properties are positively related with least accessible streets, those areas are found in segregated 

locations where office rent values are higher (see Figure 4.13, Chapter 4). Another example is that 

domestic properties with lower tax bands are those that locate closer to streets with higher retail 

activity. This partly would explain why the lowest bands appear to increase with through-movement 

accessibility in the whole city (Choice Rn).  

 

Based on the observed results, it is also important to indicate the difference between residential value 

and house price. The relation of the nominal house price appears to have a relation to the tax band 

value. However, houses that are moderately highly priced are also built on small land plots. A 

residential space that is within a mixed-use property may have a high value but not necessarily the 

highest house price and equally not the highest price per square metre transaction value. 

 
 

5.2.2 Comparison of Council Tax Bands with the case of London 
 

The initial study of considering tax band values was based on a previous Space Syntax study 

correlating the similar predictors of accessibility and council tax bands. As the literature on this 

particular case described, the i-valul project of the UrbanBuzz Programme (Hillier et al, 2008; 

Chiaradia et al, 2009) delivered significant results that this thesis considers worth mentioning as some 

possible comparisons can be made between the city of London and Cardiff. Both cities, different in 

size and density, have demonstrated that the street layout, in particular the spatial accessibility of a 

street, is a key factor affecting residential property value.  

 

It should be mentioned that the difference between the analysis of Cardiff and London is that the 

results are based only in domestic and mixed-use properties. For London, the results shown in figure 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5	  See Chapter 4, Section 4.2.1	  
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5.6 were based on single-use and multiple-use dwellings (which are only domestic). Notwithstanding, 

some of the findings turned out to be similar in the two studies. Global integration demonstrated to 

be positively related with higher tax properties in both cities. Segment length also demonstrated a 

similar outcome, based upon the fact that domestic properties, and particularly single-use dwellings, 

are positively related to tax band values. The major difference between the two cities comes at the 

measure of local integration.  

 

For London, a radius of 300m was considered as the most significant effect for tax bands. The lowest-

valued properties are those which tend to be more locally accessible whereas higher-valued 

properties are more likely to be least locally accessible. In London’s case, then, the higher the tax 

band of the property the more it is orientated towards the global rather than the local system (Hillier 

et al, 2008). Cardiff’s case did not show this difference, as higher tax properties, both in domestic and 

mixed-use properties, showed greater accessibility to the larger system as well as greater local 

accessibility. This suggests that higher tax properties will tend to locate in areas where larger and 

local scale movement are equally found. The limitation in Cardiff’s study, however, is that it does not 

distinguish between single-use and multiple-use in the analysis, but rather takes domestic properties 

all together. The analysis of single-use and multiple-use could be used as an alternative dependent 

variable in a future study that could better inform if the effect of local integration results in a similar 

way to that of London.  

 

 

Figure 5.6  Council tax 

band values and 

accessibility in London. 

Courtesy of Professor 

Bill Hillier, UCL. 
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5.3 The Morphology of Residential Value 
 

Following the analysis of residential value, and with the interest in emphasising the effects that 

economics has on the built form, the chapter now turns to investigate how tax bands are shaped in 

the morphology of blocks and in the spatial layout of single-use and multiple-use dwellings. The 

outcome of the analyses demonstrated interesting findings that make it also matter of scale and 

design. First, the result that global and local movement in the system are equally related to higher tax 

properties. And second, the differences of block size related to higher tax properties in domestic and 

mixed-use properties.  

 

The differences and similarities in the results 

are argued to have a more complex process 

that originates from the design itself of a 

residential building. This can be looked at in 

several scales. In order to put into a spatial 

context the result of relating global 

accessibility and tax band values, tax bands 

are shown in their corresponding building. 

The spatial distribution of tax bands shows 

an intriguing pattern as they appear as 

forming patches, marking areas of clustering 

of tax bands, within different locations and 

within a same local neighbourhood (Figure 

5.7). This formation of clustering tax bands 

or patches is also shown in different areas.  

 

 

Figure 5.8 illustrates three examples of the sub-centres shown in previous chapters – Canton, 

Plasnewydd and Grangetown. The three examples present contrasting tax band values that at times 

are equally located in the same street that provides greater advantage in accessibility. For example, 

within its main high street, Cowbridge Road East, Canton has a distribution of lower tax properties 

(mostly ranging in band E) closer to the high street where properties of commercial use are found. 

Along the same street, higher tax properties (band H) are also located near the main street at almost 

one turn of direction (one topological step depth) from commercial activity.  

 

Another example is Plasnewydd, which on its main junctions has an even greater contrast of 

distribution of tax bands. We find tax bands A (lowest) and tax bands I (highest) located along the 

same street sharing a higher accessible road in the area. It is not known which of these kinds of 

properties are purely domestic and which tax bands concern mixed-use buildings. Most of these 

Figure 5.7. Clustering of tax band values in local districts. 
Grey buildings represent commercial use. 
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properties are located near buildings of commercial use. The same happens with residential buildings 

that are located in Albany Road where higher tax properties are located in close proximity to the 

street (i.e. one topological step depth) and in most of the commercial properties along the street. 

 

 
Figure 5.8 Distribution of council tax bands in local districts and their degree of accessibility.  

 

Another important observation in the morphology of tax bands is the apparent differences of band 

values changing at mid-block. Figure 5.9 shows an example of this issue in the area of Grangetown. 

Showing the organisation of different urban blocks in the district, we can see that at one extreme of 

the block lower tax properties are linked to non-residential use, whilst at the other extreme higher 

tax properties are found. In between these two opposites we find a change of tax band value – almost 

instantly changing from one residence to another side by side at mid-block.  

 

There are two considerations as to why this change of band value in the same block emerges: firstly, 

the effects of the subdivision of a house into flats, which makes it a multiple occupation dwelling. 

Hence, different tax band values can be found in the same residential building. As an example, what 

appears in a building plot (polygon) as one tax band can also be a plot with more than one band value, 

which is unable to be represented for every building. Secondly, the tax band value depends on the 

valuer (in this case, the VOA) that assigns the corresponding band according to the characteristics of 
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the residential building, in addition to taking into account urban location. Depending on whether the 

dwelling is single-use or multiple-use, the valuer defines which spaces are banded and under what 

value. Thus, the banding of the property weights largely on the specific design qualities and 

characteristics of the house itself.  

 

 
Figure 5.9 Detail of block organisation and tax band values in Grangetown area. 

 

Thirdly, there is also the uncertainty of residential buildings containing mixed-uses which can be either 

multiple-use or single-use types of dwellings, or both. According to the VOA (2013), a multiple 

property is allowed to either contain constructed or adapted spaces for non-domestic purposes and 

occupied as more than one dwelling unit of separate living accommodation. It must be clarified that 

the data used for the analysis should not be confused with multiple-use dwellings (see Chapter 2, 

Section 2.2.1.5). Whilst multiple-use dwellings allow non-domestic uses, this does not apply always for 

every case. In the case of London (Hillier et al, 2008), multiple-use dwellings were shown to have 

higher accessibility and to be closer to shops and other non-residential activity than single-use 

dwellings, and this gets stronger with higher tax band (ibid). The same tendency is found in Cardiff’s 

case. Both domestic and mixed-use properties relate to higher tax band properties with greater 

accessibility. However, this does not exclude the possibility that single-use dwellings can also be 

adapted for other types of uses, such as the tradition of working from home. 

 

Literature on the way a house is banded according to its architectural properties was described in 

Chapter 1, where essentially two forms of tax band valuation can be encountered (see Section 

1.2.5.1). One way of evaluating a property depends on whether the dwelling comes as a disaggregated 

or aggregated spatial unit. If the property is presented as ‘disaggregated’, each separate room or 

annex living accommodation of the building will be banded separately even though they are part of the 

same building structure (VOA, 2013). Another way of banding is if the property is presented as an 

‘aggregated’ unit. This case concerns typically the larger houses that are often converted into separate 

living accommodations. Thus, every separate space will be banded as a separate dwelling. What, then, 
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are the architectural implications that influence council tax banding, resulting in the value of a 

residential property? 

 
 

5.3.1 Single-use Dwelling - Disaggregation  

 

According to the VOA (2013), the valuer makes a decision on every case based upon the specific 

nature of the construction and/or adaptation of the property. In single-use dwellings, a space that is 

considered as a separate area of living accommodation is one that usually has: an independent access 

or access from a hallway, landing or other common area, washing facilities and toilet, and its own 

facilities for sleeping and preparing food. When deciding whether or not an additional area of living 

accommodation exists within the house, the valuer is only able to take into account the physical 

features of the property.  

 

Therefore, the VOA looks at what is actually there rather than the way it is used. This means that even if 

an area of a house which could be occupied separately is vacant and not being lived in, it will still 

require a separate council tax band. The complexity of evaluating a residence resides in the fact of the 

tax band value being altered by changes in the internal configuration of the building, and interestingly 

enough, in the access of the building. In the case of the self-contained unit, the access to a house is of 

paramount importance in banding the home.  

 

Five examples are introduced presenting how tax banding is considered in disaggregated units6. For 

instance, if the only access is through the main property front door (street-building), then the annex is 

banded separately, as is the case with House 1 (Figure 5.10). A second example, House 2, would be if 

the only access to the annex of the building is from inside the house (e.g. from a living room of the 

main house), meaning the access comes from a habitable room, then the annex is not banded separately 

(Figure 5.11).  

             

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6	  House plans are based on VOA’s recommendations in Council Tax Manual, Practice Notes (VOA, 2013).	  
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            Figure 5.10  HOUSE 1                Figure 5.11  HOUSE 2 

 

 

The third example, House 3, is a similar case to House 

2, with the difference that if an additional door from 

outside (street-building) is added to the annex, despite 

having access from inside the house, then the annex is 

banded separately (Figure 5.12).  

 

House 4 presents the example that if there is a 

common room to access the annex from the 

residence, if the access is via a hall, stairs or landing 

area of the main dwelling, the annex is banded 

separately regardless of which floor it is located on 

(Figure 5.13). Lastly, there can also be the case of a 

self-contained residential unit that is physically 

separated from the main dwelling. However, if its 

planning consent determined that it is ancillary to the 

main dwelling and cannot be sold separately from it, 

then despite the sales restriction the two buildings are Figure 5.12  HOUSE 3 
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banded separately (Figure 5.14). 

 

 
 

        Figure 5.13  HOUSE 4                         Figures 5.14  HOUSE 5 

 

 

5.3.2 Multiple-use Dwelling – Aggregation  

 

The definition of a multiple property or house of multiple occupation (HMO), according to the VOA 

(2013), is a property including two or more dwellings within a same residential building. When 

banding a property which compromises a number of spaces (i.e. rooms) under multiple occupation it 

will be necessary for the valuer to decide the correct number of tax bands assigned. The nature of the 

occupation of spaces of accommodation contained in some properties will often mean that despite 

not being self-contained these units would have formed separate dwellings (ibid). Therefore, each unit 

would have required a separate band to be attached to it. Often, these types of properties contain 

units of accommodation that are typically referred as ‘bedsits’, which is a form of rented 

accommodation consisting of a single room per occupant and usually all occupants in the property 

would share a bathroom or kitchen.  

 

The VOA defines two main categories in multiple-use properties: a property which has been 

constructed for the purpose of a single dwelling but is occupied in parts, with little or no adaptation. 

The properties that fall within this category should generally have a single band attached to the whole 

original self-contained unit. The second category is a property which has been constructed, physically 

converted or structurally adapted, so as to provide separate units of accommodation for several 

occupiers with significant degrees of self-containment. Those falling within this category should have a 

band attached to each separate unit of self-contained accommodation located within them. Several 

examples are presented describing these categories. The first house, called HMO 1, presents a 
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residence with no adaptations or no significant alterations in the property. Structurally, the single self-

contained unit remains (i.e. single house). Internally, there are multi-occupied dwellings, bedsits, 

sharing a common kitchen in the ground floor and a common bathroom on both floors. The plans 

show that the original design of the house still remains.    

  

 
Figure 5.15 HMO 1 – No adaptations with multi-occupied rooms 

 

A second example, HMO 2, is a case that presents adaptations on each floor, with separate self-

contained units existing in the same property (Figure 5.16). Each floor has its own facilities to serve 

two separate dwellings. Hence, each floor is banded separately. The third example is the case of a 

structurally altered property in which spaces are adapted for letting rooms (Figure 5.17). Most of the 

parts have been altered in order to provide either self-contained units within themselves or kitchen 

areas that are included within the bedrooms. Even if the property still has shared facilities, in this case 

the example of a shared bathroom in each floor, there are structural alterations to the property and 

therefore each separate dwelling should have its own council tax band.  

 
Figure 5.16  HMO 2 – Adaptations on each floor making two separate dwellings in the same property. 
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Figure 5.17  HMO 3 – Structurally altered as adapted letting rooms 

 

Another case is if the house contains significant structural adaptations where every room comes with 

an en-suite (Figure 5.18). The internal configuration is adapted in such a way that every room has a 

purpose-built bath/shower and WC. Therefore, the valuer will band every room separately according 

to the degree to which that space has been physically altered. This last example illustrates the 

common case of multiple-use dwellings that are created as a purpose built development, either in new 

build flats, within a converted house or a former commercial building.  

 

 
Figure 5.18  HMO 4 – Structurally adapted as en-suite rooms 
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5.3.3 Mixing Uses 

 

All the examples present situations in which the assignation of a tax band to a dwelling is largely 

affected by the spatial configuration of the building. The analysis correlating purely domestic 

properties with accessibility can fall into any of the examples above. So even within a property we can 

find different bands contained in the same building and that building being part of a single block. In 

either of the two types of dwellings, the banding of the house can be changed if another kind of non-

domestic activity is introduced. An example would be the case of working from home in which 

elements of changing the access to the building, amongst other things, is the most evident change7. 

 

Working at or from home requires a space in the house which can have a partly non-domestic use 

and therefore this area is excluded from council tax banding and would be subject to business rates. 

As with the example of single-use dwellings, there are certain parts of the living accommodation that 

can remain as part of the residence of the owner, altering only part of the property for business use. 

Figure 5.19 shows the example of single-use dwelling where we find the inclusion of a non-domestic 

land use, which can be either an office or a shop having two external entrances to the property, one 

for the dwelling and the other for the business, or having one single access to the property. The latter 

suggests the owner lives and works in the property and the business may run at specific hours. In the 

two cases, the area destined for residential use will be banded according to the specific properties of 

access, internal configuration, any physical alterations and urban location of the property; the space 

destined for the office/shop will be subject to paying business rates. 

 

 
Figure 5.19 Examples of single-use dwellings with mixed-uses. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7	  See the described example in the literature chapter, section 1.2.1.5.	  
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In a multiple-use type dwelling, the benefit of separating spaces may offer more alternatives for non-

domestic use within multi-occupied accommodation. For instance, in the case of the shop, depending 

on the size and alterations to the building, this would normally require planning permission. Because a 

shop usually requires building work, this will also depend on the local authority as to what kind of 

activity is permitted for the property, and thus specific requirements for the proper integration of 

another use are defined by building regulations (i.e. codes regulating building use and form).  

 

Some of the possibilities for a mixed-use property presenting the two types of dwellings are shown in 

figure 5.20. Assuming that the ground floor is for retail use, the property includes two entrances in its 

front façade, one for the business and the other for the dwelling. Option 1 shows the upper floor as a 

multiple-use type dwelling where letting rooms share facilities. The second option indicates a self-

contained unit, where the dwelling space takes the whole floor. Thus, the banding of the dwelling is 

different for both options yet the banding of the dwelling begins from the stairs linking to the access 

of the building.  

 

 
Figure 5.20 Examples of multiple-use dwellings with mixed-uses. 
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Overall, a property is estimated by its financial value in relation to a property in the same 

neighbourhood, sharing the same forms of benefits from externalities (Brown, 2013). Council tax 

band is assigned according to the urban and architectural properties of the building. The price 

transaction of the dwelling will depend on the physical conditions of the property itself. Value, 

however, is not to be taken as a matter of appraising a client’s property value by only calculating a 

building by its area in square metres, according to Barnes (2013). Rather, value is built up at the street 

and land levels, in which good urbanism is not explained only in its physical form, but through other 

factors such as local economy, industry and people’s needs: “What matters is the whole content of a 

place, what might be called the ‘neighbourhood commercial uses’. These are fine-grained and include, 

for example, the corner shop, the florist, the key-cutter, dry-cleaner, jobbing builder, funeral parlour, 

pub, cafe, local solicitor – all the things that people use in their domestic lives and like to be able to 

walk to. This is what increases the value of an area, but sadly is rarely found in new or proposed 

developments” (ibid:3-5). 

 

 

 

Summary 

 

The main purpose of this chapter was to investigate whether spatial accessibility tends to correspond 

with residential value. The focus of analysis was based on using two economic variables relating 

residential value: sold house prices and council tax bands. Through analysing house prices in the years 

of 2008, 2009 and 2010, it was possible to conclude that spatial accessibility had a relatively 

insignificant effect on house price over time. Price resulted in a low significant correlation with local 

accessibility, which suggests that the sold price of a residence may take into account the local 

conditions in which the property is located. On the other hand, it was also evident that there is a 

relationship between house price and council tax bands. It is assumed that the real value of a property 

can change over time but the changes would be within bands and not across bands. A comparison was 

made between constant prices, as an inflated value, and tax bands. Findings showed that council tax 

bands and residential sale prices are correlated. 

 

The second section focused on comparing council tax band values in domestic and mixed-use 

properties with the street configuration. Comparisons between tax bands and spatial accessibility lead 

to several conclusions: analysis of global (Rn) and local integration (R400m) showed that they are 

strongly and positively correlated with higher tax properties, both for domestic and mixed-use 

properties. In contrast, tax bands resulted as insignificant to the global passing-through movement 

with Choice Rn whereas higher tax properties have more local scale movement passing through the 

street with Choice R800m. Higher tax properties of purely domestic use showed that they are part of 

larger blocks. Tax band values of residential space in mixed-use properties demonstrated the opposite 

effect, indicating that higher tax properties are part of smaller blocks. It is argued that these 

differences have to do partly with the quantity of space of non-domestic use within a property, or 
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how proximate a mixed-use property is may influence changes in residential value. If mixed-use 

properties are in longer blocks the dwellings in those properties will tend to have lower council tax 

bands; if the mixed-use properties are in shorter blocks the residential spaces will tend to have a 

higher tax band value. The simple bivariate regressions proved to have significant findings. If a 

multivariate regression model were fitted, the analysis would correlate council tax bands with all of 

the predictors in a single model. However, the predictors showed to be highly collinear in a multiple 

regression model because some of the predictors refer to the same variable; for example, Integration 

at global radius and Integration at radius 400m. The two predictors become redundant; Integration is 

one and the same variable, regardless of whether it is measured at a global radius or at radius of 

400m.     

 

Since the data does not include whether the properties are single-use or multiple-use dwellings, a 

comparison between findings in Cardiff and London were presented. London’s case uses single-use 

and multiple-use dwellings. Both cities presented similar trends of correlating higher integration with 

higher tax properties. London’s results showed that multiple-use dwellings tend to be closer to shops 

and other non-residential activity than single-use as tax bands increase. The likelihood that multiple-

use dwellings may tend to contain mixed-uses rather than single-use was brought to the fore, arguing 

that the complexity of banding a residential space is indeed a matter of architectural adaptation. 

 

Analysis on the urban location of tax band values showed that tax bands values formed clusters or 

patches within local areas. Specifically, changes in tax band values shift drastically being located in 

streets with greater advantage in accessibility. The change of tax band value occurs also at mid blocks, 

typically having a lower tax band at one extreme of the block and higher at the opposite extreme. It is 

suggested that these changes are due to the fact that within the same property different tax bands can 

be assigned depending on whether the type of dwelling is a self-contained unit (a building or a space 

adapted for use as living accommodation) or a house of multiple occupation (with one or more 

separate dwelling spaces). Single-use types show self-contained units that may include a separate 

annexe and, depending on the internal configuration and access to the annexe and the house, the 

banding of the dwelling can result in one or more council tax bands in the same property. Similarly, 

the complexity increases if the property is a house with multi-occupied rooms, in which the banding 

will depend on whether there are adaptations or structural alterations to the building.  

 

The examples illustrating the differences of the two types of dwellings showed that the valuation of 

the property, aside from its urban location, depends largely on the internal configuration of the 

dwelling. Whether it is single-use or of multiple occupation, the inclusion of non-domestic land use 

affects the residential value of the property. The inclusion of a non-domestic use will depend on the 

advantage in accessibility in which the property is located. Spatial accessibility, then, will determine 

patterns of residential value whilst also influencing the location of non-domestic land uses and these in 

turn will affect residential value.  
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6 
ARCHITECTURAL LOCATION: THE 

COMMERCIAL-RESIDENTIAL BUILDING 
 

 

Introduction 
 

The thesis now turns to look at the local architectural scale. This chapter opens with an investigation 

that follows from the results of how spatial configuration affects certain economic activity, addressing 

the issue of scale in the second part of the main research question: How does the relationship 

between spatial configuration and socio-economic activity take effect in the built form structure? The 

previous chapter found that there was a significant relation between residential value and the street 

accessibility; especially finding that mixed-use properties combining residential space and other non-

domestic land use are strongly related to the street configuration. The previous chapter also found 

that the mixing of uses within a property depends on the structural adaptations of the building, 

providing other kinds of uses to be included in either self-contained spatial units or having multiple 

occupation spaces. This chapter studies the commercial-residential building in order to establish 

whether these buildings constitute different spatial adaptable typologies depending on their urban 

location.  

 

The commercial-residential building is considered as the main type of mixed-use property, focusing on 

two distinctive building forms: mixed-use buildings that are located at corners in an urban block and 

those that are located along streets. In particular, these two building forms are given special attention 

in local districts rather than the city centre area. The reason that the city centre was not studied in 

this case was principally due to the fact that mixed-use properties in the central area are found in the 

high-rise developments that consist of retail shops, commercial services, offices and civic uses on the 

ground floor and apartment-style housing on the upper floors. Commercial-residential buildings in 

local neighbourhoods posed a more interesting case since they are typologies in which the function of 

work/living relationship is brought together relating to either a building in which the family owns the 
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shop and lives in the same property or the building takes independent functions of shops and 

dwellings. In both cases, the commercial-residential building is part of an architectural adaptability 

influenced by any given economic situation, such as renting a house or a retail space.   

 

The main source of data in this chapter is the tax band values of mixed-use properties from the 

preceding analysis of residential value. In addition, land use data is compared with the location of tax 

bands of mixed-use properties in order to identify which kinds of uses are associated to those 

properties, thus mapping the location of commercial-residential buildings across the city. It should be 

noted that an observation survey of commercial–residential buildings conducted by the author was 

added to the data of mixed-use tax band properties. The observation was done in the four local 

centres previously studied – Canton, Plasnewydd, Grangetown and Butetown. The source of 

information was gathered through informal interviews with the owners of the shops. This was in 

order to deal with the difference between some properties where the owner lived and worked in the 

building and others which had separate functions, renting the space for the shop or the dwelling.  

 

The chapter looks at the distribution of commercial-residential buildings (CRBs) differentiating 

between corner shops and CRBs along streets. It continues with an analysis of corner shops and their 

location based on topological, metric and angular distance across the city. Following this the location 

of commercial residential buildings in local centres is looked at to see how different mixed-use 

patterns exist in different morphological situations. After this comes a discussion of how the CRB 

defines spatial adaptable typologies comparing corner shops and CRBs located along a street. Lastly, 

the relationship between the location of commercial-residential buildings with council tax banding and 

property rent values is discussed.   

 

 

6.1 The Geography of Commercial-Residential 

Buildings (CRBs) 

 

6.1.1 Data on CRBs  
 

Figure 6.1 shows the spatial distribution of tax band values for mixed-use properties. The map shows 

that most of the lower tax properties, ranging from band A to D, are distributed in the surroundings 

of the city centre, particularly in the local centres of Canton, Plasnewydd and Grangetown, and to a 

lesser extent in Butetown. The data on tax bands was associated with the land use map. This way it is 

ensured that for every building that has a non-domestic land use, if it overlaps with a tax band value, 

that same building includes a residential use, resulting in the location of commercial-residential 

buildings. The distribution of CRBs is shown in figure 6.2 where the city centre and its surrounding 

local districts are highlighted. Along with the location of CRBs, secondary land uses were looked at in 

order to establish what kinds of activities are associated with each CRB. 
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The descriptive data of the maps are firstly shown in figure 6.3 where the two types of commercial-

residential buildings are distinguished: the corner shop and CRBs along streets. With 679 mixed-use 

properties from the tax band data plus 245 properties that were mapped by the author during the 

year of 2013, a total of 924 mixed-use buildings were assessed. As expected, CRBs located along 

streets were more commonly found than those on corners. With 147 corner shops, the data was 

shown to be a good indicator for exploring the analysis of mixed-use patterns across the city and 

possible differences between a location on a corner of a street in comparison to mixed-use buildings 

along a street, whether or not it is a main high street. 

 

  

 
 

Figure 6.3 (left) Frequency distribution of types of commercial-residential buildings. 

Figure 6.4 (right) Tax band values according to types of commercial-residential buildings. 

 

Figure 6.4 describes the types of commercial-residential buildings according to the tax band value that 

covers the residential space included in them. CRBs along streets present all council tax bands in 

different degrees, with the majority ranging in band B to E, that is, residential values that range 

between £44,000 to £162,000. Corner shops present the same trend to a lesser degree, yet they do 

not contain residential spaces that are valued at more than £223,000 (band G). These data 

descriptions are also associated with the types of non-domestic land uses shown in figure 6.5 where 

commercial is the dominant use, followed by shopping, office and takeaway food activities. 

Furthermore, the types of land uses are distinguished between the two types of CRBs, as corner 

shops and along-street types (Figure 6.6). It must be noted that the land use named as ‘General 

Commercial’ refers to the type of use that can be either retail or office use according to Ordnance 

Survey (see Chapter 2, Section 2.2.1.2). 
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Figure 6.5 Non-domestic land uses in commercial-residential buildings 
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6.1.2 Analysis of CRBs – The Case of Corner Shops 

 

It is evident from the data of land use in figure 6.6 that CRBs located at corners are predominantly of 

general commercial use, businesses that can either be professional services or of retail use, such as 

shopping or takeaway food businesses. The type of land use at corners reflects the kinds of activity 

that is allowed in locations that have residential streets and commercial activity at close proximity. 

Even more interesting are the spatial qualities that the corner as a spatial location itself embeds. For 

example, in terms of accessibility (or distance from an accessible location), a corner is a location that 

has more than one alternative route to reach or pass through it; it is part of an urban path among 

multiple competing alternatives. A corner can either have a path leading to a busier road composed of 

higher commercial activity and with other competing types of land uses, or equally have the choice of 

a path that leads to more private or quieter streets where residential use is often found.  

 

Similarly, a corner has the advantage of the visibility of its location. For instance a corner that is 

located on an urban block that forms part of a large main high street has the advantage of being visibly 

accessible from the high street as well as visibility from local streets of residential areas that connect 

to the high street. Looking at the graphs in figure 6.7 the study of corner shops is shown according to 

their location across the city. The locations of corner shops are investigated by correlating them with 

topological, metric and angular distances from every local centre addressed in this thesis (see Chapter 

4). Since each of these distance networks are measured as ‘step depths’, that is, distance from one 

street segment (i.e. a main high street) to all other streets, corner shops are examined according to 

their distance from each local centre. This way the study is able to establish how these types of CRBs 

tend to distribute across the city and how they develop in terms of their urban centrality.  

 

Topologically, corner shops tend to locate at one step depth from a main high street; this tends to 

occur in the districts of Plasnewydd, Canton and Grangetown. Butetown does not present this trend, 

but rather a lesser amount of corner shops at three or more turns from the main street. In particular, 

Plasnewydd represents the area with the highest amount of CRBs at corners, followed by 

Grangetown and Canton. Furthermore, the metric distance across the city, which measures at every 

500m from each high street, shows there are fewer corner shops at less than 500m in the areas of 

Plasnewydd and Canton; Grangetown and Butetown have corner shops at distances that are more 

than 500m away from their main streets.  

 

Angular distance showed even fewer corner shops, highlighting only the area of Grangetown with the 

least angle changes of direction from its main streets. The differences in identifying corner shops and 

their locations apart from the main street suggest also the morphological differences that each local 

centre presents. For example, whilst a radial urban form can have corner shops reached with the least 

angle changes in the network, possibly due to the multiple routes that are offered, a non-radial form 

such as Plasnewydd shows a higher number of corner shops at one turn of direction from the main 

street and not by the least angle change. Thus, the same topological location does not mean having 
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the least angle path to reach that location. Metrically, this can also occur depending on the size and 

organisation of the urban block. For example, being at one topological step depth can imply being 

more or less than 500m from the high street. 

 

The corner shops at distance zero in the graphs represent the corner shops that are within urban 

blocks placed in the main street. Yet, the largest number of corner shops are not located in the main 

street, but rather at the most proximate location from the high street. Comparing the results of 

corner shops with those of CRBs along streets, the largest amount of CRBs are found in the main 

streets. There is little difference, however, for CRBs along streets that are on roads at one 

topological depth from the high street (Figure 6.8). Metrically and in angular terms, CRBs along 

streets signified an ambiguous result because this does not compare location; rather, it estimates how 

many CRBs are located along a route that may or may not be within the same street.   
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Figure 6.7 Corner shops located across the city distinguished by types of distance networks 
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Figure 6.8 CRBs located along streets by topological location 
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6.1.3 Analysis of Corner Shops and Land Use 

 

The second analysis concerns the location of corner shops according to the non-domestic land use 

that they include. Figure 6.9 demonstrates the location of corner shops and their use depending on 

what distance from the main street these are found. Topologically, corner shops are found containing 

a variety of activities at one step depth from a main high street; the most consistent type of activity is 

general commercial, followed by shopping, public houses and takeaway food businesses.  

 

Other businesses such as a hairdresser, a chemist or a restaurant are less frequently found to be 

proximate to the main high street. Metrically, at less than 500m from the main street, we find the 

same kinds of activities as in one topological turn. This suggests that at one single turn of direction 

from a block that is possibly less than 500m away from the high street we are able to find a CRB at a 

corner that is likely to combine residential use with a general commercial use or a retail shop.  

 

At different locations in the city, corner shops with commercial and shopping activities are more likely 

to be found at a least angle deviation from a high street. That is, by making the least angle turns, CRBs 

will most likely be found at corners that are of commercial use or specialised businesses such as a 

chemist or office. It should be noted that office use refers to businesses providing professional and 

other services for the public (e.g. meeting centres, art or film studios, offices for local government)1. 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  See Appendix A for full details on land uses.	  
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Figure 6.9 Types of uses in corner shops across the city 
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6.2 Mixed-Use Patterns and Local Urban Form 
 
This section looks at corner shops in the specific context of local centres. It distinguishes how the 

corner shop and more generally mixed-use patterns develop in different morphological situations and 

then examines what types of uses corner shops include. So far, the previous analyses on corner shops 

have shown how these are distributed in local centres that have different urban morphologies, mainly 

radial and non-radial urban forms. Thus, how corner shops develop in different urban forms is further 

analysed.  

 

The section presents an analysis of corner shops in gridiron/linear urban forms, such as the case of 

Plasnewydd and Canton, and then shows how corner shop patterns develop in the radial morphology 

of Grangetown. Chapter 3 described the history and transformation of the spatial structure of these 

centres, which are now presented in the context of how their history has influence mixed-use 

patterns, specifically in the case of corner shops.  

 

There are two considerations in this section: first, the analysis presents the topological location of 

corner shops in each local centre in order to provide a clearer picture of mixed-use patterns. A 

common trend that the topological distance graphs showed in the previous analysis is the higher 

numbers of CRBs located between 10 and 13 steps depths across the city. This result means that at 

those distances the local centres begin to overlap and so eventually the number of CRBs from one 

location spread into the spatial territory of another local centre. In order to isolate the cause of this 

finding, the analysis takes only the first 5 topological step depths from each local centre and the 

corresponding high street in order to consider only corner shops within the boundaries of the centre. 

Metric and angular distances are not included in this case since they are metrics that show how many 

corner shops can exist in different locations, but without indicating where they have developed 

morphologically.  

 

Secondly, part of the research on commercial-residential buildings included an observation survey that 

was carried out during the year 2013. The purpose was to investigate if some of the commercial-

residential buildings were part of a ‘family shop/house’ (Davis, 2012), whether the building contained 

separate functions where the dwelling was rented or lived independently of the shop, or if both the 

retail and residential spaces were rented. The survey included informal interviews with local shop 

owners. The more accurate mapping of residents working and living in the same building along with 

the architectural qualities of the building itself could instead be used in a future study. It is described, 

however, as a modest review of what was found in the observation survey.  
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6.2.1 CRBs in Non-Radial Urban Forms – Plasnewydd and 

Canton 

 

The morphology of Plasnewydd has evolved over time into a commercial activity centre composed by 

its two main streets, Albany Road and City Road, at the boundary with the district of Roath (Figure 

6.10). Historically, Plasnewydd’s form evolved as a regular pattern of blocks that was due to an 

extensive housing construction during the 20th century. However, part of the spatial evolution of 

Plasnewydd is due to the lack of space in the area, where properties are not particularly large or 

spacious and the demand for a higher concentration of commercial activity increased over time 

(Morgan, 2003). Albany Road, the main shopping street in Plasnewydd, is composed by large frontages 

on the north side of the street with a smaller number of plots; whereas on its south side the length of 

the block is parallel to the street, having more plots with smaller frontages (Figure 6.11).  

 

	  
Figure 6.10  Plas Newydd in 1920s (Source: OS Digimap, 2014). 

 

The blocks from the north side of Albany 

Road are those that have had the least 

changes over time of conversions from 

residential to commercial use. However, 

the conversion of residential to 

commercial use at the corners of the 

blocks that face the two main streets, 

Albany and City Road, are shown in the 

graph of figure 6.12.  

 

Figure 6.11  Section of Albany Road. 
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Mixed-use buildings combining dwelling and takeaway shops are found to be on corners that connect 

the main high streets and local streets, shown in step depth 0 in the graph of figure 6.12. These 

corner shops take advantage of the accessibility of the commercial roads of Albany and City Road 

while also connecting to residential streets. The major amount of corner shops in immediate 

proximity to the high streets include mixed-use buildings combining residence with activities of 

general commercial and shopping. These two types of uses are the most persistent ones within the 

boundaries of Plasnewydd, followed by corner shops containing general offices use, businesses like 

hairdressers and a supermarket.  

 

 
Figure 6.12 Topological location of corner shops in Plasnewydd. 

 

Based on the observation survey, figure 6.13 shows four cases of urban blocks in Plasnewydd, two 

from Albany Road and two from City Road. Most of the CRBs in Albany Road were found to be not 

independent from residential spaces. In case 1 in figure 6.13, the owner inhabits the CRBs. Two 

commercial residential buildings in that same block are side by side with two large retail shops. The 

entrance to both of the properties has a single entrance, which leads to the shop and the dwelling in 

the upper floor. In case 2 in the same figure, the façade of the building showed a double entrance 

separating the shop and the dwelling on the upper floor, suggesting that commercial spaces are 

independent within the building.  



	  

	  

319	  

The arrangement of the block in City Road is organised with large plots where offices and light 

industry are found. Cases 3 and 4 also show examples of blocks combining only commercial use with 

CRBs. The form of a gridiron structure shows that corner shops are found in the most immediate 

blocks to the ones described in figure 6.13. This presents a spatial context for the findings, in which 

corner shops take advantage of being on a single turn from the main street, being more visible and 

accessible to the local residential streets in comparison to those that are directly connected to the 

high street. 
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A second example of a non-radial form is Canton. The historical analysis in Chapter 3 described 

Cowbridge Road East as the main shopping street of the district, composed of Victorian housing in its 

surroundings with wide roads that provide parking spaces and a range of shops and commercial 

activity. The main street provided spaces where many family businesses arose that endured for many 

years, such as office studios and bakeries, and have now become public houses. The morphology of 

Canton is largely organised through its long, single shopping thoroughfare (Figure 6.14). The proximity 

of the area to the city centre has been an attraction for young professionals to establish in Canton, 

which has partly resulted in developing more commercial uses around the area influenced by the local 

population and creative industry (Morgan, 2003). The development of Cowbridge Road has kept 

dwellings along the street, most of them delimiting their entrances using front gardens and car parking 

(Figure 6.15), contrasting with other commercial units that have a direct entrance to the street with 

commercial extensions in their frontages. 

  

	  
Figure 6.14  Canton highlighting Cowbridge Road in 1920s (Source: OS Digimap, 2014). 

 
 

	  
Figure 6.15  Section of Cowbridge Road highlighting housing blocks. 
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The analysis of corner shops in the immediate surrounding of Canton is shown in figure 6.16. The 

CRBs on corners in blocks along the thoroughfare, indicated in step 0 in the graph, include uses such 

as a bank, office, takeaway, restaurant and public houses in the majority. At one step depth from the 

high street we find takeaway shops and specialised services, such as a veterinary surgery. General 

commercial and shopping remain as the predominant use in corner shops within the vicinity of the 

high street. At four topological turns, we find a higher number of corner shops with more diversity of 

uses. This was further analysed, finding that these buildings were located at corners that linked to 

another main avenue, which connects in a north direction the boundaries between Canton and the 

area of Llandaff. Drawing from the observation survey in Canton, it was found that most of the 

dwellings are at one or two steps away form the main street yet adjacent to retail activities that 

involved restaurants, cafes and food markets. In some cases, the restaurants were found to be fast-

food places like pizzerias, sandwich bars and a Chinese restaurant where the owners of the shop also 

lived in the building. These observations corresponded with the analysis in figure 6.16 and also 

confirmed that these CRBs were primarily located at corners along the main street.  

 

 
Figure 6.16 Topological location of corner shops in Canton 

 

A few of these examples are demonstrated in figure 6.17 where CRBs are shown with specific types 

of activities drawn from the survey. The blocks shown in the figure illustrate a section of Cowbridge 

Road East. The CRBs indicated with their specific uses in the plan of figure 6.17 are those which were 

assessed through interviews with the local shop owners at the time of the survey. With the exception 

of the takeaway shop and a photography studio, the dwelling and the non-domestic space are kept 

separated. The residences above the shop were rented. Only with the restaurant, an office providing 
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legal services and a retail clothing shop did the owner of the retail space work in the shop but live 

elsewhere.  

 

 

 

	  
Figure 6.17 Survey of CRBs in Cowbridge Road – Canton.  Example: Public house on ground floor at a corner in 

Cowbridge Road East. Upper floors are rented flats. 
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6.2.2 CRBs in Radial Urban Morphology – Grangetown 

 

Grangetown represents an example of radial 

urban form. Historically, the area has attracted 

large businesses of ironworks and large industry 

companies. Over time, the radial form of the 

district has allowed transformation of large-scale 

facilities into shopping retail stores, sporting 

facilities and retail parks that links to Butetown 

and the Docklands to the south east of Cardiff 

(Figure 6.18). The radial composition of 

Grangetown has also acquired a relevant 

connection to other towns at the south west of 

Cardiff. Penarth Road connects from the city 

centre of Cardiff, crossing Grangetown and leads 

to the upmarket town of Penarth in the south of 

Wales. The road has gradually filled primarily 

with car dealers, fast food outlets and 

warehouses. A main avenue that connects the 

north part of Cardiff also delimits the boundaries 

of Grangetown with the city centre.  

 

The radial geometrical form of Grangetown is argued to have a major morphological influence in the 

location of mixed-use buildings. For example, the configuration of the street layout only allows access 

to residential streets from other secondary roads and not directly from the main high streets (Figure 

6.19). So it is expected that the major flow of vehicular movement occurs in these main radial routes 

of the district. Along these routes, the vehicular access is restricted by urban elements like trees, bus 

stops and urban furniture, allowing only pedestrian traffic.  

 

The restriction of vehicular access suggests a matter of control, keeping more private residential 

streets from the more commercial and busier high streets. The control of access then depends on the 

configuration of street network; there are several available routes that one is able take to pass a 

commercial activity or to reach to a residence. So it is argued that through-movement connectivity, in a 

radial form structure, is a matter of control. Mixed-use buildings, as it was demonstrated in the 

previous chapter, are likely to be closer to locations with more advantage in accessibility or in highly 

connected streets.  

 

Figure 6.18. Grangetown in 1920s (Source: OS 
Digimap, 2014). 
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Figure 6.19 Access to residential properties through back streets; restriction of access from the high streets. 

 

The analysis of corner shops in Grangetown demonstrated that these types of CRBs are not found 

along the radial routes but rather in the local streets. We should caution the reader that, in this 

particular case, the topological distance of the corner shops is taken from the four main roads all 

together. The number of corner shops in the graph in figure 6.20 shows the CRBs found in the whole 

area without specifying from which high street they are located.  

 

Some of the activities found at one step depth from the high streets are specialised uses, such as 

surgery and a hairdresser shop; office use, restaurants, shopping and general commercial uses were 

often the most common types of use in the surrounding area. Grangetown presents the corner shops 

with the most diverse activities in comparison to Plasnewydd and Canton. At five steps from the high 

street, other food establishments and local supermarkets are found; these corner shops are part of 

residential areas in the south side of Grangetown.  
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Figure 6.20 Topological location of corner shops in Grangetown 

 

Figure 6.21 shows two examples of blocks that are have their vehicular access restricted from the 

high streets. The observation survey in the area highlighted two main characteristics: on smaller 

blocks, like case 5, CRBs are distributed along the street whereas in longer blocks there are the 

fewest corner shops. In case 6, the CRBs are mostly local businesses, such as restaurants and 

barbershops, finding through the observation survey that the owner lives and works in the property; 

many of the corner shops found also at one and two turns away from the high streets are family-

owned businesses. These findings suggest that a corner shop distributed in a radial urban form is likely 

to be found more frequently in back streets rather than connect directly to the main commercial 

streets. It is argued that this is partly due to the control of accessibility to direct the movement, at 

least vehicular, through secondary roads.  

 

Corner shops, then, are in locations where they can retain customer demand from their 

neighbourhoods with more diverse or even specialised activities than those found in non-radial forms, 

where corner shops have primarily retail and general commercial use. Overall, corner shops have 

remained as a mixed-use location that meets the needs of people unable or not willing to travel to the 

main shopping centres, such as in the city centre. Residential use is strictly maintained in the upper 

floors of the premises, but the kind of non-domestic use established in the building suggests the 

appropriate activity that works for the neighbourhood such as takeaway shops. The architectural 
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implications of a CRB being morphologically developed in a corner or in the middle of a block along a 

street is a subject that is described in the following section. 

 

 
 

Figure 6.21 Survey of CRBs in the radial form of Grangetown 
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6.3 Spatial Adaptabili ty and Economic Value 
 

This section continues the analysis with a discussion about the architectural adaptation of a 

commercial-residential building. This part of the chapter takes the two types of CRBs, corner shops 

and along-street types, investigating the possibilities of the building’s spatial adaptability to foster 

mixed-uses. Whether a mixed-use building is placed at the middle of a road or at a corner of a street, 

the building finds an economic adaptability. Particularly, a mixed-used building finds a way to 

accommodate different uses that serves a single location and under the same geometrical constraints 

of a property. The commercial-residential building is a form of mixing uses that has been set as an 

example of adapting a particular urban form to new uses within neighbourhoods.  

 

The literature presented in Chapter 1 described how certain terminologies define a type of mixed-use 

building according to their function, size and economic situations. Davis has addressed the 

‘shop/house’ as a mixed-use building that incorporates a combination of residence and business 

expressing “continuities across different cultures and historic periods (2014: vi). Using the shop/house 

in order to explain a building’s adaptable social, economic and design qualities, Davis distinguishes the 

commercial-residential building as a typology that has independent functions of shops and dwellings, 

or as “work/living” building, while a family shop/house is one in which the family owns the shop and 

lives in the same property (Davis, 2014:4). While these different terms express particular 

architectural and cultural adaptations, any mixed-use building itself is designed to accommodate a set 

of socio-economic and spatial practices. The chapter proposes here types of spatial adaptations that 

the commercial-residential building can offer in regards to the morphology of its spatial location, 

either having independent functions of commerce and residence or being a family-owned business and 

living conditions; lastly, the relationship between building adaptation with council tax bands and rent 

values is discussed. 

 

 

6.3.1 Middle or Corner?  

 

The form of the street grid in the different local centres has contributed to allowing CRBs to be 

placed in the vicinity of neighbourhoods, either keeping corner shops in more private residential 

streets or having the mix of residential use with commerce in direct connection to main avenues. 

Importantly, the strong relationship between the street level shop and the street ensures a living 

street that meets different demands. First, the most common type of CRB is described, which is 

named ‘along-street’ mixed-use buildings. Positioned at a location along a street means being in a plot 

that is in the middle of a row of properties, and so the spatial changes of the property occurs in 

mainly two ways: the front façade and back of the building (Figure 6.22). The ground floor is adaptable 

to a wide range of commercial purposes, from shops, to offices, takeaways and restaurants. The 

residential space remains on the upper floor. The commercial addition to the building is only found on 
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the ground floor whereas the residential space can be kept in its original form or it can be extended 

to the shop front making more available space for living or for the retail shop as it is the same as the 

back of the property. The ‘middle shop’ type, then, refers to the position of the shop at front of the 

residential property, and so the commercial addition occurs at the front of the building connecting to 

directly to the street, as it occurs in the main high streets of the local centres.  

 

 
Figure 6.22 Types of commercial additions in CRBs along streets. 

 

 

Examples of these spatial adaptations are shown in figure 6.23. Along Albany Road in Plasnewyyd, we 

find a supermarket chain at the corner of the block, which includes storage facilities accessed through 

the rear of the building. The property located next to the large supermarket is a CRB. The CRB 

includes a local supermarket. The owner of the shop also lives in the property, but the access to the 

dwelling is separated from the shop (Figure 6.24). The commercial addition to the local supermarket 

includes its own access; the shop functions at particular days/times.  

 

The second adaptation in the property is the dwelling space. The house on the upper floor is 

removed from the traffic and noise at street-level, and has access via a separate staircase from the 

shop. The house maximises its living space by extending the house to the façade of the shop. The 

nature of the shop in the CRB makes an interesting case. The local market has the benefit of co-

locating with a larger chain supermarket and so also of taking advantage of the number of customers 

attracted to the shop and of being in a highly commercial road. While these kinds of examples 

illustrate an adaptation of CRB along a street, there are also CRBs on corners with shops that may 

benefit more from residential streets than commercial ones.  
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Figure 6.23 Comparison between a large retail store and a local shop. Retail space and a CRB next to each other 

in the same location and urban block. 

 

 
Figure 6.24 Conceptual representation of adaptability of a CRB along a street. 

 

A commercial-residential building in a corner brings more possibilities of spatial adaptation. Corner 

shops can be either in urban blocks that link to main roads (at the beginning of the block) or at the 

end of the block. Figure 6.25 shows four types of spatial adaptability of a CRB at a corner. A corner 

shop can take full advantage of the plot by including commercial additions either at the front or rear 

of the building and subsequently these can be combined and extended upwards. Type 1 in figure 6.24 

shows a spatial typology that results from having only one commercial addition at the front of the 

building; this type can subsequently be adapted by expanding the space in the upper floor. Type 2 

refers to the same addition but at the rear of the building, without altering the front façade; the 
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choice of using the rear of the property can also allow use of the back of the plot for the shop. The 

combination of having these two additions at the same time is indicated in Type 3, in which the 

additions are included at the ground floor, but the house is kept in its original state. Type 4 shows 

that two or more combined additions are also possible. The adaptation of the building can combine 

the additions for commercial use on the ground floor and the extension of the upper floor either at 

the rear or at the front, or both; the use of the back of the property is also an alterative for adapting 

the building for commercial or residential use. 

 

 
Figure 6.25 Spatial adaptable typologies of a CRB in a corner location. 

 

Every type of spatial adaptability has the option of including two entrances to the building. The 

entrance to the property also depends on whether the corner shop is placed at the beginning of the 

block, assuming that the block connects to a high street; or if the corner shop is at the end of the 

block, in which case it is assumed that the corner is in between two local (residential) streets. Figure 

6.26 shows that the most frquent case is that of a corner shop that is directly linked to a high street, 

having the entrance of the shop linked to the high street and a secondary entrance for the house. If 

the dwelling is extended to the upper floors, then there several possibilities: first, the extension of the 
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property is used for residential space; or second, the property is able to contain 2 or more non-

domestic uses combined with a dwelling, in which case we can find two secondary entrances at the 

rear of the building.  

 

The second case is that of corner shops that are between two local streets, usually consisting of 

primarily residential use. The adaptability of the building and its use can be similar to the first case –

two different entrances, one for the shop and one for the dwelling. The difference is that the 

entrances to the property can be altered depending on where the owner wants to capture more 

visibility for the shop. For example, the entrance of the shop can be positioned on a local street 

linking to a major road, or it can be positioned on a local street that faces only residences without 

being visible to a high street. In either case, this can mean that the entrance to the shop or the 

dwelling can be either in the front façade or at the rear of the building. There is also the case that 

none of the local streets lead to any particular high street. The changes of the building can still occur 

under the different types of adaptability.   

 

A few examples found in Cardiff that refer to some of the types described here are shown in figure 

6.27. The two cases of CRBs were located in Cowbridge Road in Canton. The use and the conceptual 

description of the buildings were drawn based on the interviews with the owners of the shops. In 

both cases, the owner of the shop also lived on the upper floors. The first case presented a complex 

case of adaptation and building use. The CRB did not have commercial additions to its structure. 

Rather the adaptation was internal, by mixing retail, office and residential use. The retail space 

destined for the fruit market had the entrance of the shop along the high street. There were two 

secondary entrances at the rear of the building: one entrance for the office and dwelling of the shop 

owner, which were on the upper floor of the shop.  

 

The second entrance was for dwellings – letting rooms above the office/living space of the shop 

owner. Two non-domestic land uses and residential spaces (a multiple occupation property) were 

combined in the same building. The second case was a family-owned business of a Thai massage and 

spa. The building kept its front façade for the shop and extended the dwelling at the rear, having a 

second entrance. The dwelling was accessed via the rear entrance and with a staircase that led to the 

upper floor of the building.  
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Corner between a high street and a local street: 

Access to the shop from the high street and entrance to the house on the rear side of the building. 
 
 

 
 

Corner between local streets: 
Commercial addition can be either at the front, the rear side, or both; entrances are separated. 

 
 

Figure 6.26 Conceptual representation of adaptability of corner shops according to their entrances. 
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Figure 6.27 Examples of corner shops and adaptation in Canton. 
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6.3.2 Changes of Use in CRBs 

 

Much of the analysis on CRBs has invoked planning regulations as a potentially important variable to 

consider for the research. Planning permission is often required for a material change of use as the 

proposed new use is a different classification within the planning system. Building regulations are 

required to change the use of a house into a shop, but not currently into an office. The building works 

are part of the ‘changes of use’ to improve access and facilities and to improve fire escape and other 

precautions. So building regulations will also apply to any structural alterations or adaptation made to 

the property. While it is acknowledged that building regulations of form and use are part of how the 

adaptations of a CRB may evolve, this study deliberately chose not to include building codes in the 

types of spatial adaptability of CRBs, as the change of use depends on the individual circumstances of 

each case and on the local planning authorities to either permit or reject changes of use in a building.  

 

What is considered are the kinds of land use classes that are permitted in CRBs. The Town and 

Country Planning (Use Classes) in the UK puts uses of land and buildings into various categories 

known as ‘use classes’, as presented in Chapter 2. Each land use class indicates the types of use which 

fall within each class. The most common land uses classes permitted in the four local centres studied, 

and specifically in corner shops, involve shop use (A1), restaurants (A3), takeaways (A5), public 

houses (A4), and businesses (B1). In many cases involving similar types of use, a change of use of a 

building or land plot does not need planning permission. Planning permission is not needed when both 

the present and proposed uses fall within the same ‘class’. For example, a grocer’s shop can be 

changed to a shoe shop without permission as these uses fall within the same class, or a restaurant 

can be changed into a shop or estate agency. For other material changes of use, such as public house 

and takeaways, planning permission would be required because the proposed new use is a different 

use class within the planning system. A similar case is the change of dwelling types. The conversion of 

a dwelling (C3), which covers a single household, to a house of multiple occupation (C4) does not 

need permission.  

 

 

6.3.3 The Commercial-Residential Building, Tax Band and 

Property Rent 

 

So far, the chapter has presented the types of spatial adaptability of a CRB and the types of use 

classed according to their location, corner or in the middle of a block, as well as their urban 

centeredness. This section explains in more detail the relationship between architectural adaptability 

and residential value. As seen in Chapter 5, the complexity of banding a home depends upon the 

physical alterations to the building and the type of dwelling that is being assessed – a single-use or a 

multiple-use. In order to simplify the complexity of tax banding, two examples are presented showing 

the most common cases in which a dwelling would combine with a non-domestic use and the 
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implications this has for assessing the value of the residence. Figure 6.28 shows a typical plan of a 

three-floor terraced house as the common type of housing for CRBs.  

 

The first example shows a property combining a shop and a residence. There is the possibility of a 

family-owned business where the shopkeeper also lives in the property or the CRB has independent 

functions where the shop is independent from the dwelling, and any of the two spaces can be lived by 

the shopkeeper or be a rented property. In both cases, the residential space is restricted to the upper 

floors. The access to the property depends on the location of the CRB, as described earlier. The 

difference here is the relation of the access to the property that causes a change to how the dwelling 

is banded for council tax and therefore causes a change in the value of the residential space. For 

example, if the property does not have any structural additions, then the same council tax band will 

be given for the dwelling space. This could be the case of a family living and working in the shop, or 

that the shop is independent from the shop and the dwelling space is rented. If a commercial addition 

exists, or any other facilities to extend the property destined for the shop (i.e. storage facilities) and 

providing an entrance separated from the shop for the dwelling, the tax band will be for the remaining 

residential space. In this case, if the upper floors are separate dwellings (e.g. each floor is rented 

separately), the tax band will be different for each floor and both floors equally include the area of 

circulation for the entrance to the property. These first three cases present dwellings in land use class 

C3 (single-use). If a change of use from C3 to C4 (multiple occupation) occurs, which means renting 

each room of the upper floors sharing facilities, then each room will be given a separate tax band.  

 

The second example is another common type of tax banding and part of a CRB building use involving 

‘working at or from home’. While this can also involve a shop, the business referred to here is a 

service that usually runs at particular hours and days of the week. A tradition of working at home 

goes back many years from repairing cars, offering services such as dental services or selling 

insurance. In more recent years with the development of internet and e-commerce, many people are 

working at or from home, using the employer’s office as a base only for meetings or picking up work. 

With video conferencing even meetings can be conducted away from the workplace and at home. 

This new trend of office work migrating to the home has also defined valuing a house in regards to 

the spaces used exclusively for business purposes within the home.  

 

There is an increased complexity of banding these types of homes in CRBs that goes beyond this 

research due to the fact that there is a changing pattern of working for every individual case. For 

example, some businesses only function certain days a week and only require a minimum amount of 

space in the house for the business while other may transform a whole floor for business purposes, as 

in the case of the shop. These few examples are shown in figure 6.29 where the CRB can have the 

same possibilities of adaptation as the shop. If the family lives in the property and the business is 

carried out on the ground floor, the banding will be the same for the remainder of the residential 

space. Sometimes, in order to make more profit, a CRB involves sub-dividing the property in which 

the owner of the house lives and works, but also rents the upper floors. For example, adapting a 
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space for the business on the ground floor and also having a dwelling with a separate entrance on the 

same floor (e.g. corner). The upper floors can either be rented as a 2-floor apartment (a single tax 

band) or as separate floors (tax band for each floor). The other case would be if the property makes 

a structural adaptation by making a separate annexe on the upper floor while maintaining the business 

on the ground floor.  

 

 
 

Figure 6.28 Terraced house plan showing mixed-use and tax bands in a CRB. 
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Figure 6.29 Working from home, assuming that is not a shop but rather a service office, may imply using only part 

of the ground floor of the house at certain times/days of the week in a CRB. 

 

The urban and architectural scale of the commercial-residential building is summarised in figures 6.30, 

6.31 and 6.32. Centrality, economic value and mixed-use patterns are described in the context of the 

local centres addressed in this research. First, the three centres show their respective main 

commercial streets with a high advantage for accessibility as potential destinations. Integration, or 

closeness, at a local level within 800 metres is shown; a measure that refers to how close one is likely 

to be from one location to all other locations; so the main streets in each local centre are potential 

destinations to be reached and mixed-use patterns are likely to be located near these locations. 

Closeness centrality has proved to be significantly correlated to higher mixed-use tax properties, in 

contrast to between-ness, or choice, centrality. Therefore, highly valued residences in mixed-use 
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buildings are likely to be closer to more highly accessible routes. Most of the non-domestic land uses 

are located near such routes in the three local centres. The location of CRBs has been presented in 

respect to their proximity to a local centre, distinguishing corner shops and along street types. Along-

street CRBs in all three centres show the highest numbers of CRBs in comparison with corner shops. 

The geography of tax band values contrasted in mid blocks was compared with the location of CRBs, 

taking into account that such dramatic changes of tax band from one house to another in the row of 

houses is the result of various tax banding of dwelling units within a same property.  

 

Particularly, the study looks at corner shops and their council tax band values at the nearest 

topological locations from their respective local centre. All centres presented tax bands ranging 

between £65,000 - £91,000 (band C) and £91,000 to £123,000 (band D). Higher tax dwellings showed 

to be located further away from the high streets, between 3-5 turns of direction. However, it is 

argued that corner shops do not influence a decrease of residential value from an urban perspective. 

For example, Plasnewydd (Figure 6.30) has the highest number of corner shops. At one single turn 

(step 1) we find blocks of purely domestic properties with a higher tax band value (band H) and with 

a corner shop in the same blocks. While the corner shop may include a lower tax property in this 

residential space, the tax band values within the whole block do not change. The adaptable typologies 

of CRBs found in Plasnewydd in one turn of direction are on corners with additions to the rear and 

front (Type 3) and 2 or more additions (Type 4) on corners linked to the high streets. The most 

common types of use in these adaptations are shopping and general commercial, followed by 

takeaway shops.  

 

Another example is Canton (Figure 6.31); lower tax CRBs were found in this area, from one to two 

topological turns, and with a higher number of CRBs along the street than corner shop types. It is 

suggested that this is partly due to the morphology of Canton, developed on a long and linear avenue 

with high pedestrian and vehicular traffic. Higher value, purely domestic properties are found at the 

extreme of Cowbridge Road on the west side while along the road towards the east showed lower 

domestic tax properties, where the major concentration of commercial use is found. A radial urban 

form, such as Grangetown (Figure 6.32), showed that the least number of corner shops included 

office and general commercial use. The most common adaptable typologies of corner shops are with 

one commercial addition on the front façade (Type 1) or a combination of two additions (Type 3) on 

the building.  

 

The bid rent analysis in Chapter 4 showed that, topologically, retail use dominates in every local 

centre within the first 5 turns of direction from the high street. Residential and office use equalise at 

0-1 steps (from the high street to one turn of direction), which means that the rent values for a 

residence are likely to be equally at the same rate of office units at these locations. This suggests that 

if retail use is the dominant type of activity, then CRBs are likely to keep high rent values for their 

shop, with a lower tax band for the residential space while being near or in close proximity to highly 

accessible roads.   
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Summary 

 

The first analytical section of this chapter found a pattern of commercial-residential buildings in two 

types of building forms and location: Mixed-use buildings containing a dwelling and a shop were found 

at a corner of a block and shops or businesses combining residential use found in the middle of a 

block (along a street); moreover, the findings suggested that corner shops tend to locate near roads 

that provide good connections to the rest of the city. These roads were found to be the main high 

streets that penetrate a local district or sub-centre. These findings suggested that the formation of 

commercial-residential buildings at corner blocks were created by their proximity to key streets.  

 

The analysis found that corner shops tend to be located at the first change of direction from a high 

street and such corner shops are more likely to be located at the end of a block connecting to a local 

street that forms part of a neighbourhood; this result was found to be similar in different local centres 

across the city, a finding that tends to contradict theories pertaining to the formation of mixed-uses in 

streets developed only on high streets, where the major concentration of commercial activity is often 

found. When comparing metric distances from the local high streets, it was found that corner shops 

tend to locate at less than 500m from the main shopping streets, specifically ranging between 150m – 

200m in districts of linear and gridiron urban morphologies, such as Plasnwydd and Canton. The 

measure of angular distance showed as more associated with a radial urban form. Angular distance 

showed the minimum angular path between a high street and the location of CRBs. A radial 

morphology composed of fours main avenues in Grangetown showed that with a minimum angle 

change in direction, CRBs are more likely to be reached with as few turns as a person can make from 

the high street, in contrast to Plasnewydd and Canton. For all three local centres, the most common 

types of uses found in corner shops are general commercial, shopping and takeaways, followed by 

public houses and restaurants; general commercial implied that the types of activity could be destined 

for retail or for office use, a detail that was defined from the data provided by Ordnance Survey.  

 

These findings were further analysed by studying commercial-residential buildings in different 

morphological situations, distinguishing non-radial and radial urban forms. Taking into consideration 

the historical context of each sub-centre, the question of building form and use in corner shops was 

investigated. In non-radial urban forms, corner shops most proximate to the high street (1-2 turns of 

direction) are found to have more general types of uses like general commercial and shopping. It was 

also found that corner shops distributed in more linear or gridiron road structures meant also having 

a greater variety of uses at corners of blocks connecting directly to a high street; specialised uses (e.g. 

veterinary surgery) and drinking establishments such as public houses were found to be the most 

common activities at corners along a high street. In contrast, there were hardly any corner shops in 

high streets found in a radial form. It was found that there was more variety in types of use in corner 

shops located at 1 topological step from the main streets composing the radial junctions of 

Grangetown. These findings together required investigation of the question of the spatial adaptability 

of commercial-residential buildings. 
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The analysis of the architectural properties of the CRB and the spatial characteristics of a corner or a 

mid-block location offered further confirmation of the hypothesis that residential buildings, including 

commercial additions, offer different spatial adaptable typologies depending on CRBs’ urban location. 

The type of spatial adaptabilities proposed were based upon the concept of the ‘shop/house’ in the 

sense that a commercial-residential building can have independent functions separating the access and 

spaces of the dwelling and the retail space, or having a dwelling space in connection to the shop via a 

single access to the property. In both instances, it is assumed that several possibilities can occur: a 

family-owned business/shopkeeper who works and lives in the property; independent functions of 

retail and residential spaces are rented by the owner; shopkeeper works and rents the residence on 

the upper floor. The spatial analysis of the topological distance of CRBs suggested that along-street 

types limited the adaptability of a CRB to have a commercial addition at the front or at the back of 

the building. The addition of a commercial space also implies the possibility of extending the front 

façade of the upper floor and therefore expanding the dwelling space; the access to the property is 

more likely to have a double entrance with a direct connection to the high street or via the shop, 

suggesting independent or contained functions in the building.  

 

The adaptability of a CRB located at a corner offered more possibilities for architectural change, 

defining four main types: a single addition at the front facade, a single addition at the rear, a 

combination of adding commercial use on both sides of the CRB, or having 2 or more additions 

combining front and rear additions and extension of the upper floors. Different combinations of 

addition/extension to the building were proposed, defining that all types of adaptability of a corner 

have the common element of featuring two entrances to the building – one at the front and one at 

the rear façade. Hence, the advantage in accessibility of reaching a corner shop has also the advantage 

of its location to make a corner shop a potential destination that can be reached by two competing 

routes: corner shops that are between a high street and a local street, and corner shops that are 

between two local streets (i.e. residential streets). 

 

Analysis of the spatial adaptable typologies offered further investigation to link architectural flexibility 

with economic value. The relationship between CRBs and council tax band values was further 

analysed by firstly describing the most common forms of exchange and daily life of a household, street 

and neighbourhood: accommodating a shop and working at or from home, referring to the use of a 

house to accommodate a business services. Using the example of the terraced house typology as the 

most common example of building adaptation, examples of council tax banding combining non-

domestic use were described and served as a basis to link the effects of residential and property rent 

values in the built form. Analysis of council tax bands included in corner shops was investigated based 

on their topological location across the city.  The analysis showed that the most common tax band 

value within CRBs are bands C and D, ranging a residential value between £65,000 - £123,000. 

Corner shops on blocks forming part of a high street in Canton were found with lower tax properties 

than the rest of the local centres. These tax bands were frequently found also at one turn of direction 

from main high streets. Higher tax properties contained in corner shops were found to be located 
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further away from main roads, within 3 to 5 turns of direction, suggesting that higher tax band values 

in CRBs are likely to be in more private areas connecting only to local streets. The analysis also 

suggested that corner shops most proximate to local high streets do not influence changes of 

residential value within a block. These findings also suggest that even if lower tax bands are found in 

CRBs, the commercial use of the CRB will still be a type of use in the property market that dominates 

over residential use; the bid rent analysis in Chapter 4 gave us the further confirmation on these 

findings. The bid rents from each local centre showed that retail dominates within the first five 

topological turns and within the first 500 metres from the high streets. Property values of residential 

and office use equalise at these first distances, indicating that rents for dwellings and office space are 

almost the same within those distances from a high street. So while the residential value in a CRB may 

be lower at the fewest turns of direction from a main commercial street, the rent for the commercial 

space in the CRB can still remain at a high value.  

 

A few points emerge from this chapter and are discussed in the final part of this thesis: first, a 

commercial-residential building represents forms of exchange, the ‘skills’ and ‘knowledge’ of 

combining activities in a household that are functional aspects of everyday life. Second, the CRB 

shows the relationship between building and economy addressing the problem of scale raised in the 

introduction of this research. Corner shops developing in different urban morphologies showed how 

a CRB fosters resilience for change over time, playing a critical role in connecting socio-economic 

activity from the building, to the neighbourhood and to the city. Lastly, how such resilience to change 

is also a result of individual decisions that respond to locational contexts which embed dynamics of 

pathway configuration, land value and, ultimately, urban centeredness.   
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7 
DISCUSSION AND CONCLUSIONS 
 

 

7.1 Summarising the Main Issues 
 

This thesis has studied the location of different economic activities in the built environment. It has 

shown that the interaction between these activities can be understood from the perspective of 

different fields of knowledge and at different design scales. This work has been investigated through 

the collection of large amounts of fine-grain data in the context of configurational studies of the built 

environment and urban economics. The specific issues that this thesis explored concerns whether the 

spatial configuration of the city affects the spatial location of economic activity and the way this 

activity takes effect on the built form.  

 

Studies relating urban economics and urban form across scales have been rare in the last decades. 

Many studies have examined the distribution of socio-economic activity with street connectivity and 

configuration, without evaluating the potential impact of other variables in the built form. While there 

have been measures describing spatial structures, incorporating the analysis of land use distribution, 

most of these studies have mainly focused on the description of only commercial or retail uses, 

without taking into consideration other physical and economic elements that influence such uses to 

develop. Other studies have addressed the distribution of residential use and its economic value yet 

fail to address the architectural qualities that define the value of a residential space.  

 

These differences call for a new investigation on the economic effects of activities taking place in a city 

and understanding them both in their urban and architectural contexts. This thesis has aimed to 

advance that goal, motivated by the hypothesis that centrality, land use and urban form play a crucial 

role in the physical design of the built environment to influence how a particular use locates in one 

place rather than another. For this reason, this research has particularly focused on investigating 

indicators of rents, council tax bands and development of mixed-uses, and how these are related to 

the spatial configuration of the built environment; using each of these variables in order to link the 
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urban and architectural scale, it has been demonstrated that the spatial geometry of the built 

environment exerts an important influence on their urban location. It has been pointed out that the 

configuration of urban form is founded on the interconnectedness of parts, constrained by the 

geometry of spaces, where each relation of any given space is defined in association to all others, a 

feature that has been largely ignored in urban economic studies.  

 

The results of this work are specific to the city of Cardiff, UK. With results estimated for a large 

number of street segments composing the city (n= 31,314), the methodology of this thesis is 

demonstrated to be an innovative development combining geometric properties of the spatial 

configuration of the city with multiple economic variables. The method itself is a flexible technique 

that is also replicable in different urban settings. It relies on spatial data from topographical maps, 

open source tools that use spatial accessibility measures and online databases of real estate agencies. 

It can be applied using these sources of information, with their specific contexts and spatial 

backgrounds, and relating other types of activities, such as specialised business companies or 

particular manufacturing facilities like warehouses and factories.  

 

The methodology centred on the quantification of centrality. In order to describe how much 

individuals are willing to pay for different locations, known as a ‘bid rent’, the research proposed a 

hybrid model that combined bid rents with street configuration analysis. Two important modifications 

were proposed for the bid rent modelling. The first modification consisted of using constructed-land 

values from each property market instead of rent land values typically used in the traditional bid rent 

modelling. Therefore, the study defined the assessment of rent values as pseudo bid rent curves, 

proposing a variant from a traditional bid rent model. The second modification involved re-

considering how distance was measured. This research used different friction measures of distance as 

a geometric quantity calculated in the street network configuration. These frictions were used in two 

ways: first, by spatial accessibility measures – one that captures the advantages in accessibility of being 

close from one location to all other locations, and the other, capturing how likely one is to pass along 

or across it on the shortest path between any two points in an area. Second, by measuring ‘distance 

from the city centre’, the thesis addressed the differences in estimating the number of shortest paths 

available in metric distance, the number of fewest turns available from an origin and the number of 

turns with the least angle deviation. The two modifications aimed to capture the different effects of 

distance on spatial and economic interactions in the street network.  

 

Furthermore, street network analysis allowed comparison of how a street segment with high-tax 

properties can be differentiated from a street segment with low-tax properties, in addition to 

appropriately distinguishing how those properties are in larger or shorter urban blocks. Similarly, 

purely domestic properties could be distinguished from mixed-use properties. These differences 

provided a platform to examine how street accessibility, location and economic value could be 

examined in the built form focusing on mixed-use buildings. Street network analysis offered the means 

to link an urban analysis with a morphological analysis of the built form, allowing computing 
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accessibility metrics with multiple regression models. Spatial statistics implied quantifying how a given 

economic activity related to the way one is able to make preferential moves to parts of the city that 

permit a certain location to be spatially more accessible than others.  

 

The methodology has argued that using a technique that incorporates the shortest topological 

distance in street network analysis in terms of movement (Turner et al, 2005) provided a more 

effective way to measure accessibility, in contrast to those used in land-use transport models 

(Wegener, 1995). Based on an all-line map of the street network produced by axial lines and then 

subsequently producing a segment map splitting a line every time it crossed another line, network 

analysis in terms of movement allowed taking the number of connections within a street in addition 

to the metric analysis within every street. The analysis also permitted us to see whether the cognitive 

aspects of navigation, derived from a segmental representation of the street network, play a significant 

role in the location of activities. Segment analysis of the street network facilitated testing certain 

street segments or sets of segments that are part of an angle or distance minimising routes, informing 

an interesting aspect of how street segments can estimate a cognitive or behavioural reality. The 

advantage of using a topological-based technique provided a means of studying the local architectural 

scale and specific patterns of locations, such as buildings on corners. Particularly, the research 

addressed how mixed-uses are developed and the kinds of building adaptations that a certain location 

can provide.  

 

 

7.2 Review of the Main Findings 
 

The findings of this thesis provide a benchmark to the two general questions that were raised at the 

outset. They show a significant contribution to understanding the effects of the spatial configuration of 

the built environment on the location patterns of specific factors: property rents, residential value and 

land use. The effects of these factors enhanced also the understanding that the act of urban design is 

important, finding that economic value develops from architectural interventions, providing a 

building’s capacity to spatially adapt social and economic forms in the city. 

 

Analysis of various aspects of the spatial transformation of Cardiff in the years 1880, 1960 and 2012 

showed that the configuration of the city contributed to the economic expansion of the city, forming 

multiple interconnected centralities over time. Examining configurational metrics of the street 

accessibility within each year, it was found that the city centre and sub-centres all interlinked over 

time through a network of choice across different scale radii. A similar result was captured by 

integration, showing that the main high streets of the centres served as important routes being 

spatially integrated to local neighbourhoods and at the level of the city as a whole. It was found that 

the road network, largely influenced by the historical city planning doctrines, gradually generated a 

higher demand of movement concentrating in the local centres, making them potential destinations 

with higher advantages in accessibility than other areas.  
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The city centre evolved as a dense and compact structure that mediates the interconnection between 

the local centres; these were identified in the districts of Canton, Plasnewydd, Grangetown and 

Butetown. The socio-economic development of each of these areas reflected their pattern of urban 

growth: Canton and Plasnewydd forming avenues destined for commercial and retail hubs, 

Grangetown producing multiple street junctions in a radial organisation connecting to other towns, 

and Butetown forming streets linking to the main industrial sites and redevelopment of the docklands; 

all of them resulting in different structural and morphological urban settings. It was found that as the 

high streets of these centres enabled global connections (routes that interconnect larger parts of the 

city), this characteristic shows that an urban core, either the city centre or a sub-centre, service both 

local and large scale functions.  

 

The distribution of property rent values corroborated the findings of the importance of local 

centralities from the historical analysis; most of the retail and office rent values were located along 

the local high streets of the fours sub-centres. The highest retail values were not only found in the 

city centre, but at scattered locations across the city; office and industrial rents were found with 

higher rent values closer to the periphery of the city. This was confirmed with the pseudo bid rent 

model. It was found that as the quantity for retail space decreased in further locations from the city 

centre, retail use would bid higher. It was also found that manufacturing use dominated in locations 

with path dependency, mainly in the docklands where most of the historical industrial development 

took place during the pre and post-industrialisation of the city, and in areas closer to the outskirts of 

the city that include large industrial estates. It was also demonstrated that pseudo bid rent curves 

identified areas of land use mix, showing profiles of urban areas where land values equalise in different 

locations in the city.  

 

Property rent values, all together, showed to be positively related to how close they are to most 

advantageous locations. The effects of ‘closeness’, measured as Integration, suggested that locations 

that lie on a higher number of streets and being closer to accessible locations is likely to increase the 

rent value by 2.3%. In contrast, the effects of ‘betweenness’, measured by Choice, proved to have a 

lesser impact on rent price. It is concluded that rent price for a land use depends on nearness or how 

close a type of use will co-locate with other uses rather than rent value being influenced by how likely 

a type of use is being crossed or passed through. Taking only the factor of land use and street 

accessibility, it was demonstrated that the average number of more highly accessible streets, either 

serving as potential destinations with the effects of Integration or as shortest path connections 

between locations with the effects of Choice, corresponded to a 66.21% of retail use, followed by 

office (60.54%) and industrial use (38.87%). Residential use corresponded with a 22.59% with streets 

serving as destinations and with a lesser amount (11.07%) to those that function as passing through 

routes. 

 

Findings from measuring centrality distinguishing topological, metric and angular distances in the street 

network with (pseudo) bid rents extended several contributions. First, it was found that each type of 
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distance measured from the main high street of the city centre showed patterns of land use mix 

profiles across the city. The use mix profiles are the result of property rent values having equal rent 

price at certain locations rather than competing land uses. This suggested that rents do not 

necessarily result as a declining function of distance to the city centre, as a typical bid rent curve 

would suggest (Alonso, 1964). The joint model showed that bidding for a location, by all types of land 

uses, occurs at specific locations. Rents were found to be higher closer to the city centre as well as in 

locations further from the centre, particularly in areas of new developments. Secondly, the three 

types of distances demonstrated that the competition of different land users willing to pay for a good 

location could be captured at different spatial resolutions. This means that the different types of 

distance allow us to understand competing land uses or equalising land values (land use mix), through 

different ‘spatial scales’: a finer ‘spatial resolution’ would be within the fewest turns of directions (e.g. 

which type of land use dominates within fewest blocks from a particular location); to then see how 

competing land use operates within a certain distance range (e.g. what land uses are dominating or 

equalising within 500m), and to understand how competition for a location highlights areas that are 

potentially reached by minimising angle changes, as, similarly, pedestrians would walk through the 

network of streets, within a route in order to get to a location. The findings of pseudo bid rents 

under the three definitions of distances can be summarised as follows: 

 

1. Pseudo bid rent curves by topological distance showed how land uses operate throughout 

the city and interact with other types of uses for every turn of direction in the street 

network. Topological distance implies units (turns of direction) measured at every location. 

This suggests that we are able to find locations in which the competition amongst land users 

depends on the fewest turns available to each type of use. The use mix profiles are shown 

according to their topological location in the network, therefore finding them within an 

average number of turns from the city centre.  

2. Pseudo curves by metric distance showed that within a distance range land uses are able to 

compete or equalise at different locations. Metric distance involved measuring the number of 

units that fall within a distance range at every location. The model proposed a distance range 

of every 500 metres from the city centre. This demonstrated that land users outbid other 

users depending on the shortest paths available within every 500m, regardless of how many 

changes of direction are encountered. The use-mix profiles are then captured in locations 

with a distance averaged every 500m across the city.  

3. Pseudo curves by angular distance showed that land users compete by minimising distance 

routes with the least angle turns in the network. Angular distance implied the measuring 

number of units found within routes that have the least angle cost of changing direction at 

every location. Fewer locations were found that highlighted land use mix profiles throughout 

the city. Pseudo curves captured an average spatial position of these profiles, which meant 

different locations across the city that varied either in the number of turns or the distance 

range. This suggested the ‘behavioural’ aspect of minimising distances in the city. When 

calculating the cost of angular distance it is assumed that carrying on straight implies zero 
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cost. So the pseudo curves by angular distance captured how land users will compete or 

dominate in locations that are within the minimal cost paths in the network.  

 

It is concluded that the three types of distances can inform different spatial interpretations of how 

individuals might pay at different locations in order to achieve a certain utility level (gaining a level of 

satisfaction or profit for a business). For example, this utility level can be if a resident is willing to pay 

for a location that is one block away from a commercial local high street (which is equivalent to, say, 

within 100m from the high street); that same location can also mean that it is within 500m from the 

resident’s workplace, where tentatively other competing land uses are found. Similarly, if that same 

location would provide the resident with travel to the city centre by simply following the main high 

street that connects to the central area of the city. These findings were also evidenced in the local 

centres of the city, estimating distance from various origins. This confirmed the hypothesis that 

pseudo bid rents are locally developed, showing that land users will compete according to the relative 

position of a local high street, or an area of potential destination, in the network.  

 

Residential analysis revealed two contrasting results: on the one hand, house price was not affected 

by spatial accessibility, which demonstrated that house price depends on the particular conditions of 

the property and on the specific local conditions of its location and not on street accessibility. On the 

other hand, council tax bands revealed that higher tax properties which include purely domestic use 

and those residential spaces banded in mixed-use buildings are strongly affected by the effects of 

integration at the global scale of the city and the local scale within a radius of 400m. This suggested 

that as the tax band value of a property increases there is a higher chance that street connectivity also 

increases. It also found a positive ‘choice’ effect at a local scale, suggesting that locations within a 

800m radius area that lie on a higher number of shortest path connections between other locations 

have a higher significant chance of affecting higher tax properties, in both domestic and in mixed-use 

buildings. Domestic properties with a higher tax band values resulted as strongly and positively 

related with longer street segments (higher street length). Dwellings with higher tax bands in mixed-

use properties resulted with the inverse effect, indicating that these have a higher chance of being 

related with shorter street segments.  

 

These results demonstrated that higher tax domestic properties have a higher chance of being in 

larger blocks and higher tax mixed-use properties are more likely to be in smaller blocks. The study 

suggests two possible explanations for these effects: one is the quantity of non-domestic use included 

in a property. If a house accommodates more non-domestic use (e.g. a retail shop) then it is likely 

that the remaining dwelling space includes a lower tax band value. The other has to do with the 

structural adaptation of a property that influences how a dwelling is banded. Dwellings that are single-

use with self-contained units or multiple-use houses that include a number of letting rooms with 

shared facilities can be modified to contain different tax band values. Changes in the internal design of 

a property affect tax bands and directly affect the value of the residence. This indicated that within a 
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same property different tax bands can be found and contrasting tax bands can also be found within a 

row of houses of the same block. 

 

It was found that properties containing commercial use and tax banded with a residential space were 

distributed in buildings located on corners and at the middle of a block along roads with higher 

connectivity, which pertained to the local high street of sub-centres. Using a sample of 924 mixed-use 

buildings, 147 were commercial-residential buildings (CRBs) located at corners and 777 were located 

at mid-block along a street across the city. From 147 corner shops, 71 were found at the locations 

most proximate to local high streets in different parts of the city; 40 were at one single turn of 

direction and 31 within two changes of direction. The main activities contained in corner shops 

included primarily general commercial and shopping, followed by restaurants, takeaways and public 

houses.  

 

The adaptability of commercial-residential buildings showed a resilience to change over time 

occurring in different morphological situations. It was demonstrated that at the most proximate 

locations, corner shops containing more general commercial use and shopping activities were found in 

areas that were morphologically non-radial structures destined as hubs for commercial activity 

supporting local neighbourhoods (i.e. organised by a linear avenue or by the junction of two main high 

streets to form a regular pattern of blocks). On the other hand, CRBs on corners within a first turn 

of direction containing businesses of more specialised nature (e.g. betting offices or general office use) 

were found in a radial structure where much of the historical industrial and business development 

took place.  

 

In terms of building adaptability, it was shown that CRBs on corners have more flexibility for adapting 

one or more commercial additions at the street level, taking advantage of the front and rear sides that 

a corner provides. These additions establish new entrances to the building and allow extensions of 

the dwelling space on the upper floors. A single or double entrance adaptability of the CRB suggested 

also possible economic situations in which the building could be used. If the building can use the same 

access for both a business and the dwelling, it is potentially a family-owned business or a dwelling that 

is used as for ‘working at/from home’ in which a business service operates at specific hours/days of 

the week. If the building provides a double access, then it may be the same situation as the previous 

one or have independent functions.  

 

Lastly, it was shown that corner shops across the city tend to have tax banded dwelling spaces valued 

within a range of £65,000 - £91,000. However, it was found that the residential value in corner shops 

does not impact on the residential value of other properties located in the same block. Most of the 

properties of purely domestic use, with a higher tax band value, are found within one or two turns of 

direction from purely retail and office uses. These results links to the urban analysis of council tax 

bands and rents. The results of linking the urban and local scale analyses are described as follows: 
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- The adaptability to accommodate different uses is important for buildings on corners. The 

presence of commercial-residential buildings is found in corner locations that are more 

proximate and also between residential and commercial locations.  

- Proximity is less important than ‘betweenness’ for commercial locations, meaning that 

pedestrians do not necessarily live or work near those locations but pass them along their way 

from one place to another. Contrarily, proximity is more important than betweenness for 

residential use. 

- Proximity is more important than betweenness for the location of residential value in relation to 

council tax bands. 

- Nearness is more important than passing trade for rent price, suggesting that rents will depend 

more upon the co-location or mutual competition with the nearest locations and not on the fact 

that people may walk into a shop or a restaurant because they see it when going past, not 

necessarily because they planned to go there. 

- The rent price that an individual is willing to pay for a residential location looks to obtain as 

much satisfaction or benefit (utility) gained from a given price and in a given location. So, it is 

suggested that part of that utility means how close that residential location is to a highly 

connected street and how proximate it is to a commercial location.  

- The rent price that non-domestic land users are willing to pay for a location search to gain a 

certain level of profits for their businesses. Part of this utility would be how proximate the 

locations of non-domestic land users are to a residential location, providing that an individual 

would pay to live near those locations; and part of that utility is also taking advantage of the 

likelihood that individuals will pass along or near businesses’ locations.  

- The competition to pay for a central location does not necessarily depend on how close one is 

to the centre of the city, but how close one is to a location that provides an equal utility for a 

residential and commercial activity. 

 

 

7.3 Future Work Suggestions 
 

So far the specific findings of this research have discussed the socio-economics of urban form at 

different design scales, which have significance not only for enhancing methodological techniques but 

also for understanding the effects of urban form and urban design in the economy of cities. Working 

through the analysis of Cardiff revealed several directions in which the study can be improved. 

Enhancing the research framework will lead to more thorough assessments and to the development 

of other closely related strings of research.  

 

An important aspect that emerged from using bid rent modelling is the improvement of input data. 

Several assumptions from the analysis have been the result of data limitations. As a consequence, the 

pseudo bid rents models are a representation of property values and not from the price of land 

values. This is due to the fact that it is difficult to obtain accurate data on land value that would 
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facilitate a more comprehensive analysis of the bid rent model with street network analysis. Work in 

this area should focus on testing land values with the model and comparing these with the results of 

pseudo bid rents.  

 

Future extensions of this part of the research would also benefit from adding the factor of 

transportation into the analysis. Within the purpose of this research, this study did not include 

transport variables in the measures of spatial accessibility in order to isolate the effects of transport 

variables, such as estimation of journey times or travel costs. However, it is acknowledged that the 

factor of transportation accessibility is important for the relationship between distance and location. 

While the spatial accessibility measures are able to define a radius distance in terms of movement and 

taking into account only the geometric properties of the street network, a radius defined in terms of 

time can add a more holistic view to the model of this research. For example, adding data regarding 

public transport, private automobile or cycling travel costs and time distances to the spatial 

accessibility measures. 

 

The description of residential value can also improve with more accurate data on historical house 

prices. One of the limitations of house price data is the lack of information on the size of the 

property (e.g. number of rooms or floors) in order to estimate the price per square metre. The 

analysis took initially the calculation of each house price divided by the plot size area from the 

topographical data from the Ordnance Survey map. However, these calculations proved to be 

inaccurate, as the estimations were only based on the plot size and the assumption of an average 

height for all the properties. Therefore, it can be suggested that improving a more precise measure of 

historical land values would potentially identify the possibility that a higher connectivity can be 

associated to higher land values but not necessarily to the highest house price or tax bands. 

 

Lastly, another important question that remained from the results of council tax band analysis is the 

incorporation of single-use and multiple-use types of dwellings. The framework proposed tax bands in 

domestic and mixed-use properties. However, in order to examine conditions closer to reality, the 

analysis can be improved by distinguishing which of the domestic and mixed-use properties are single-

use and multiple-use dwellings. Consequently, this effort would direct the research towards a more 

integrated analysis correlating accessibility measures with specific types of dwellings and their current 

uses (domestic and mixed-use), which in turn would enhance the definition of spatial typologies and 

types of dwellings of commercial-residential buildings.  
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7.4 Reflections on Architecture, Economy and Space 
 

“How wonderful an achievement cities are. You walk the city and you own it. It has 

become more marvellous what cities are today than they were before.” – Shopkeeper 

in Cambridge, 2014.  

 

Cities are indeed complex systems. They form a certain order and certain patterns that are based in a 

myriad of decisions and processes that a built environment needs for its development and growth. 

This thesis has studied a city that can tell us about how its physical structure links to its social and 

economic functions. Most of all, it has argued that a city should be studied on its own terms as a 

materialisation of social morphology. This view is based upon on the works of Jacobs (1961) and 

Hillier and Hanson (1984). Their shared view that cities are sites of exchange between different kinds 

of people, that cities pose ‘problems of organised complexity’ and that these should be understood in 

the sense of ‘how cities work’, are brought up in this study with different theories, with empirical 

analysis and systematic observation to inform and understand design. 

 

A city’s growth depends on much of its social and economic activities and the way these activities 

facilitate the competition of spaces. Market areas pinpoint the geometry of how cities were ordered 

as hierarchical systems; cities began to be used in urban economic models in order to explain how 

such systems grow and develop through agglomerations. But the most important outcome from these 

urban models – centrality – is brought into question by the implication of what movement represents 

in the spatial configuration of urban form. It is precisely movement that links the built form and 

human activities as the basis for the social and economic life of cities. Centrality, then, is neither clear 

nor stable, either in its focus or its limits. It is driven by a single and most primal element that renders 

all kinds of interaction in cities. This study has argued that this element is distance.  

 

Distance is a physical measure as much as it is an economic resource; it is a process that triggers 

social interactions to create forms of exchange. Movement depends on the distribution of activities 

and the grid constructed so as to minimise distances in the city. Cities can only minimise the problem 

of distance through the distribution of movement potentials that take the form of degrees in 

accessibility and in turn shape centralities, which consequently affects the efficient patterns of location 

of activities. The increased usability of GIS tools and new techniques for spatial analysis in the last 

decades has facilitated the designer in evaluating distance in urban models with more precision, but 

also in overlapping theories that help understand the built environment through hybrid and pragmatic 

approaches.  

 

The level of methodological complexity and interdisciplinary discourse that are needed for a 

particular urban design problem characterises many of the initiatives in this work. This thesis has 

presented a method that can show different professionals engaged in the study of urban processes 

how to share a common language, thus arguing for a more open-ended and interdisciplinary approach 
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to urban planning and design. For architects and planners, it is essential to consider that trade for an 

urban location, land use and accessibility are equally important in building and city design. Economists 

should consider what design brings to an economy. In both instances, there needs to be a mutual 

understanding that cities as well as markets are dynamic processes. Economies are not mechanistic 

and they cannot be conducted only from the top down in the same way that cities are not machines; 

they are dynamic social processes of forms of exchange, or of knowledge and skills as Jacobs argued 

(1969a), that provide the spatial component for entrepreneurial activity (Ikeda, 2012).  

 

Knowledge is a key thing here. Urban development is an information gathering process based upon 

dispersed and tacit knowledge of entrepreneurs, like any other markets. At times, zoning or planning 

regulations are not well suited to shape this sort of knowledge, functioning most of the time as 

restrictive tools rather than facilitators. Whilst there are initiatives in reforming the use of building 

codes to make them less restrictive (Talen, 2012), planning regulations are not made in a very 

empirical or evidenced-based fashion. If planning regulations were more empirically defined it would 

keep open the economic opportunities for new activities. Governments need to play this key role and 

take advantage of different urban practices in order to improve the landscape.  

 

This research has suggested that in order to share this common language it is imperative to 

understand and describe it across the design scales of the built environment: firstly, through the city’s 

global spatial configuration, taking the physical form of the city as a whole system. Secondly, through 

the spatial information that links the urban with the architectural design scale. It is the information 

derived from the spatial structure of the city that involves the economic and social practices of city 

dwellers. And thirdly, through the local urban form that includes a city’s architecture; building 

patterns and forms of occupation, or what kinds of spaces support the social and economic practices 

(activities) and how they are distributed. To know what architecture embeds in its socio-economic 

practices, is to know how a specific ‘locality’ functions and what other localities are being made there 

that conform to the very structure of the city. In the end, it all comes back to location. Location 

rendered by knowledge.  

 

Knowledge, in its most ordinary form, is used in everyday practice by city dwellers and planners, by 

designers and economists. It is in the spatial configuration of city form that the subtleties of 

knowledge of individuals are formed, shaped by centralities, making no distinction of distances, but 

rather using it for their own benefit. It is the “locality knowledge” (Jacobs, 1961) or the “knowledge 

of the particular circumstances of time and place” (Hayek, 1945) that give neighbourhood residents 

insights into the best use of the land either in the few blocks that they traverse daily or in the very 

place they live.  

 

In the spirit of William Alonso’s trade off model, we can think of this as the notion of competing for a 

(good) value, whatever this value means. Competition is not central planning; it is a means of 

decentralised planning made by many individuals that searches to add the ‘new work to the old work’ 
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(Jacobs, 1969a). Even the traditional urban models of Von Thünen or Burgess can teach us such 

knowledge. Like concentric rings, knowledge and skills are at the core of the most desired location 

for adding new work to old work. It is where we find the local entrepreneurs and new modes of 

production. In a subsequent ring, the old but established work is found, providing support to the new 

work and this is where the large chains of established supermarkets or the larger business offices are 

developed. This second ring provides the diffusion of knowledge and skills for the generation of new 

work and the new work provides forms of innovation.  

 

Knowledge, then, forms new modes of production. If knowledge forms part of the social process that 

spatial configurations embed, what are the consequences for architecture of new modes of 

production and the management of that production? The first thing to think about is architecture and 

the economy, the building and the production of the building. A building implies a spatial unit 

separating living and working, and also the possibility of combining these two aspects through the use 

of new knowledge and skills. Economy is in itself a geography. Nowadays, markets have reproduced in 

a digital system where entrepreneurs use new media, software or digital services creating the most 

advantageous location: their own place and the places most proximate to them. The urban grid, as the 

spatial unifying framework in which these new forms of knowledge develop, is the source of a historic 

memory (Hanson, 2000) that makes resilient architecture in order to respond to changes over time. 
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CONCLUSIONS 
 

 
This work is as much about the socio-economics of urban form as it is about the value of its 

architecture. It has provided a new method, using interdisciplinary research in order to better 

understand the physical form of a city and its capacity to host economic forms of exchange. The 

analysis of location patterns of economic activity seen in the urban and architectural scales has 

presented a modest insight into the spatial economic workings of human activities and shown how 

this could produce great value in contemporary urban design and planning practices. It is imperative 

to understand that an economic value goes hand-in-hand with a social value. This study has aimed to 

investigate such value with methodological rigour and systematic analysis linking the physical 

configuration of urban space to the activity patterns of its city dwellers. Finally, this work has argued 

that such value needs to be, and should be, understood in the nature and distribution of life in our 

streets.   
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A 
 

APPENDIX – LAND USE CLASSIFICATION 
 
OS MasterMap® Address Layer 2 by Ordnance Survey © Crown Copyright, 

8 December 2011. 

 

Ordnance survey data for Cardiff, UK is provided by Royal Mail® and PAF®, registered trademarks of Royal 

Mail Group Limited / Royal Mail Group plc. 

 

• National Land Use Database (NLUD) Group 
  

The NLUD classification is more general having 41 groups, for example, Agriculture and 

Manufacturing (Ordnance Survey 2011: 35). 

 

 
TABLE AA.1 NLUD LAND USE GROUPS (ORDNANCE SURVEY 2011) 
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B 
 

APPENDIX – CHAPTER 4 
 

SECTION 1. PROPERTY MARKETS AND DISTANCE IN KM 

 

• Pseudo Bid Rent Curve 

Based on the frequencies of data between rent values grouped as residential, manufacturing and retail 

in Chapter 4, and distances (expressed in km), the data for all rent values and for each type of 

property market was plotted in boxplot graphs in order to depict the numerical data and any possible 

outliers.  

 

The graphs in figure AB1 show the data for all rent values of all property markets represented in box 

plots. The whiskers in box plots (lines extending vertically from the box) represent the main body of 

data (i.e. the range). The box represents the interquartile range for the 25th to75th (the middle half 

of the data). The horizontal bar through the box is the median value. Open circles represent outlying 

data points (Filed 2009).  

 

Graph b1 shows differences between rent values at different distances. The medians show that they 

are generally close to the average value, being more consistent in distances between 3.0 to 7.0km. 

However, at distances between 9.0 and 11.0km the data shows a higher difference of its distribution. 

There were also outliers in the data, as assessed by inspection of the box plot. The outliers are 

shown at almost every distance point, which means that there are certain rent values that are 

‘outside’ from the average of all rent values.  

 

Graph b2 shows the data between rent values and each type of property market clustered by 

distances. Manufacturing shows more differences of distribution at different distances (i.e. 7.0km). 

Residential displays a more normal distribution between all distances yet having slightly differences at 

1.0km. This suggests that there is a least amount of residential properties closer to the city centre 

that might be more random that in other parts of the city. Retail shows differences of distribution; at 

9.0km have a least amount of range and at 11.0km the lower quartile of the data results the same as 

the minimum score and the upper quartile is the same as the maximum score. The distribution and 
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data point outliers for each property market and their rent values are shown in figure AB2 (graphs 

b3, b4 and b5). 

 

 

 
Figure AB1. Box plot graphs of property rent values by distances in concentric rings (km). 
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Figure AB2. Box plot graphs for each type of property market as: residential, manufacturing and retail. 
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SECTION 2. BID RENT CONFIGURATION MODEL 

 

• Disclosure and normality test for data in SPSS 

Figure AB3 shows a box plot graph depicting the data for all rent values per square metre grouped by 

type of market. Graph b6 shows that in each type of market there are exiting outliers in the data 

sample, yet having an equal distribution in the median for each market. Because it is real data obtained 

from real estate agencies, the presence of outliers might explain the contrasts of peaks and troughs in 

the graphs of the bid rent configuration –for each particular distance type. Graph b7 shows the mean 

rent values (sqm) for each type of use where the highest mean of all rent values is retail use (i.e. the 

most expensive rent per square metre of overall rent values). Residential and office use maintain 

almost equally the same mean score in comparison to industrial use. 

 

Table AB.1 shows the normality test for all rent values resulting with a significance level of less than 

0.05, which indicates that the data is not normally distributed. This is followed by the statistical 

description of the different types of distances used in the bid rent configuration model, which are 

then assessed individually by a Kruskal-Wallis H test. For all these same cases, a one-sample T-test 

and one-way ANOVA test were not tested, as these assume that data should be almost normally 

distributed, which is not the case here. 

 

 
Table AB.1 Normality test of data for rent values per square metres 

 

 

Tests of Normality 
 Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 
Rent_SQM .224 3176 .000 .549 3176 .000 

 
a. Lilliefors Significance Correction 
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Figure AB3. Graphs representing all data value identifying outliers (graph b6) and the mean rent value for each 

market (graph b7). 
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SECTION 3. TYPES OF DISTANCES IN BID RENT CONFIGURATION MODEL 

 

• Topological distance 

Table AB.2 shows a normality test in which the significance level indicates that p<0.05, meaning that 

the data is not normally distributed. Figure AB4 shows the full description for topological distances. 

Graph b8 shows the histogram of all topological step depths followed by a the representation of the 

mean values of topological distances according to each type of market (graph b9), summarising that 

the highest mean value (higher number of step depths) in residential properties followed by industrial 

uses. The least mean value is associated with retail use, being the type of property that is potentially 

with the least amount of step depths in all rent values. Figure AB5 shows the frequency of the number 

of segments according to each type of market.  

        
Table AB.2. Normality test results for topological distance values 

 
A Kruskal-Wallis H test was performed using all rent values and topological distance. Comparing the 

mean rank for topological distances, the range taken was from 0 to 60 to perform the test accounting 

all topological step depths measured and banded in Figure 4.3b in Chapter 4. Table AB.3 shows that 

there is a significant difference of p<0.05 between the different topological distance step depths. This 

suggests that there is a relationship between topological accessibility and the rent values at different 

distances in the city for each type of market. 

     
Table AB.3. Kruskal-Wallis summary of results for topological distance and rent values (per sqm) 

 

Case Processing Summary 
 Cases 

Valid Missing Total 
N Percent N Percent N Percent 

TopologicalDistance 3176 100.0% 0 0.0% 3176 100.0% 

 

 
Descriptives 

 Statistic Std. Error 

TopologicalDistance 

Mean 14.65 .201 

95% Confidence Interval 
for Mean 

Lower Bound 14.26  

Upper Bound 15.04  

5% Trimmed Mean 13.92  

Median 12.00  

Variance 127.784  

Std. Deviation 11.304  

Minimum 0  

Maximum 56  

Range 56  

Interquartile Range 16  

Skewness .847 .043 
Kurtosis -.025 .087 

 

 
Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

TopologicalDistance .130 3176 .000 .918 3176 .000 
 
a. Lilliefors Significance Correction 
 

Test Statisticsa,b 
 Rent_SQM 
Chi-Square 452.390 
df 52 
Asymp. Sig. .000 

 
a. Kruskal Wallis Test 
b. Grouping Variable: 
TopologicalDistance 
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Figure AB4. Description of data of topological distances 
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Figure AB5. Frequencies of number of segment lines by type of use in topological distances 
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• Metric distance 

The data from metric distance values was assessed by a normality test (Table AB.4) showing that the 

data is not normally distributed (p<0.05). This was followed by a Kruskal-Wallis H test using a range 

that includes all metric step depths. The results show that there is a significant difference between 

metric distances accounting all property rent values (Table AB.5).   

 

 
Table AB.4. Normality test results for metric distance values 

 

 
Table AB.5. Kruskal-Wallis results for metric distance values 

 

The highest number of metric step depths is found in 2500 (Graph b14, Figure AB6), compared to the 

mean metric distances in Graph b15 in which the highest number of distances is associated with 

residential use. In contrast, retail use is found with the least number of segment lines of metric step 

depths suggesting that retail is concentrated primarily within the surroundings of the city centre. The 

graphs in Figure AB7 confirm this in which some gaps between distances across the city can be seen. 

Office and industrial use have the most concentration closer to the city centre with the exception 

that office use can also be found at further distances –a result that is argued to be the developments 

of large complex business parks or commercial areas in the suburbs. 

Tests of Normality 
 Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 
MetricDistance .145 3176 .000 .927 3176 .000 

 
a. Lilliefors Significance Correction 
 

Test Statisticsa,b 
 Rent_SQM 
Chi-Square 96.389 
df 23 
Asymp. Sig. .000 

 
a. Kruskal Wallis Test 
b. Grouping Variable: 
MetricDistance 
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Figure AB6. Description of metric distances and mean values of distances by market 
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Figure AB7. Frequencies of number of segment lines by type of use in metric distances 
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• Angular distance 

Similar to the previous two types of distances, the normality test for angular distance data resulted in 

a not normal distribution (Table AB.6). The Kruskal-Wallis H test also confirms that within a range of 

0 to 18, including all angular step depths, have statistical significant differences between distances 

tested with all rent values (Table AB.7). 

 

 
Table AB.6. Normality test results for angular distance values 

 

 
Table AB.7. Kruskal-Wallis for angular distance 

 
The graphs in Figure AB8 show a similar trend of step depths by market types in angular distances. 

The difference with the other two previous types of distances is that markets appear with major gaps 

between distances across the city (Figure AB9). The differences in frequencies between each type of 

distance inform the number of step depths taken for each measurement of rent and distance; it also 

informs how each distance type operates differently where some rent values are better informed –in 

terms of location for instance- in metric or topological measurements.  

Tests of Normality 
 Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 
AngularDistance .116 3176 .000 .936 3176 .000 

 
a. Lilliefors Significance Correction 
 

Test Statisticsa,b 
 Rent_SQM 
Chi-Square 187.407 
df 18 
Asymp. Sig. .000 

 
a. Kruskal Wallis Test 
b. Grouping Variable: 
AngularDistance 
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Figure AB8. Description of angular distances and mean values of distances by market 
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Figure AB9. Frequencies of number of segment lines by type of use in angular distances 

 

 

 

 

 



	   398	  

C 
 

APPENDIX – LAND USE MIX PROFILES [Chapter 4] 

 

SECTION 1. DESCRIPTIONS OF BID RENT GRAPHS 

 
The following illustrations present the full description of the bid rent graphs for each type of distance. 

What is presented here is how the economic value is associated to morphological attributes of 

location. Therefore, the way to describe and unfold each point plotted in the bid rent configuration 

graphs are presented in two forms of descriptions: 

 

1. Graphic description – Shows the spatial features of every point plotted. These features are: 

a. Urban layout: This refers to the local urban form of the point in the graph. 

b. Street morphology: Representing connectivity and access of the street 

configuration. 

c. Function: Referring to the diversity of land uses. 

d. Urban location: Referring to the relationship of mixed-uses. 

e. Network distance: Only in the case of metric distance, this feature shows the 

intervals of streets at every 500m from the centre composing the location of step 

depth distances. This shows patterns of land use organised according to its actual spatial 

distribution in the configuration network without having zoning areas of uses like in 

Alonso’s model.  

2. Narrative description – Shows the explanation of the spatial features described above. 

Every description presents a symbol, and ID point and the step depth number in the graph:  

- The symbol refers to the types of markets are associated to the point plotted, in which some 

cases it may be one or more markets overlapping. The colours are represented according to 

the bid rent graphs for each market: Red=retail, blue=office, yellow=residential and 

purple=industrial. 

- The ID point refers to the name of the point plotted in the graph (i.e. A, B, 1, 2, I1, I2, and so 

on). 

- Step depth is the banded distance in which the corresponding point in the graph is located in 

the city. 
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LAND USE MIX PROFILES 

BY 

TOPOLOGICAL DISTANCE  

[FROM BID RENT CONFIGURATION MODEL] 

 

 
 

 

 

 

TABLE AC.1 GRAPHIC DESCRIPTION – TOPOLOGICAL DISTANCE 

 

TABLE AC.2 NARRATIVE DESCRIPTION – TOPOLOGICAL DISTANCE 
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LAND USE MIX PROFILES 

BY 

METRIC DISTANCE  

[FROM BID RENT CONFIGURATION MODEL] 

 

 

 
 
 

 

TABLE AC.3 GRAPHIC DESCRIPTION – METRIC DISTANCE 

 

TABLE AC.4 NARRATIVE DESCRIPTION – METRIC DISTANCE 
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LAND USE MIX PROFILES 

BY 

ANGULAR DISTANCE  

[FROM BID RENT CONFIGURATION MODEL] 

 

 
 

 

TABLE AC.5 GRAPHIC DESCRIPTION – ANGULAR DISTANCE 

 

TABLE AC.6 NARRATIVE DESCRIPTION – ANGULAR DISTANCE 
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SECTION 2. SUMMARY OF CENTRALITIES 

 

The following table shows a summarised description of bid rent graphs of all centres detailed in 

Chapter 4. The table describes the following: 

 

- CBD: This refers to a conceptual diagram for each centre: City centre, Canton, 

Grangetown, Roath and Butetown.  

- Accessibility: A graphic synthesis of their spatial structure.  

- Configurational distances: bid rent graphs for each type of distance: angular, 

topological and metric. 

- Urban location: Refers to the overall activity in the area. 

 

 

 

TABLE AC. 7 DESCRIPTION OF LOCAL CENTRES 
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D 
 

APPENDIX – CHAPTER 5 

 

 

SECTION 1. SOLD HOUSE PRICES 

 

• Comparisons: 2010, 2009, 2008 

The data for house prices for 2010 are shown in Figure AD1, in which prices of the properties do not 

differ from those of 2009 (Figure AD2). Data for 2008 (Figure AD3) shows the major difference 

between the three years. Although having obtained real data from Land Registry (2012), a 

governmental agency for properties in the UK, plotting the data in box plots indicates that in each 

year there are potential outliers according to each type of dwelling. The majority of these outliers are 

found in the terraced house, particularly in the year 2008 (Graph d8, Figure AD3).  

 

What remains constant is the ‘normal’ distribution between variables is the direct link between price 

and council tax bands. This relation can be seen for every year of sold house prices (Graph d2, Figure 

AD1; Graph d5, Figure AD2; Graph d8, Figure AD3). There are no exiting outliers concerning tax 

bands and house prices.  
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Figure AD1. Description of sold house prices for 2010 
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Figure AD2. Description of sold house prices for 2009 
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Figure AD3. Description of sold house prices for 2008 
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SECTION 2. COUNCIL TAX BANDS 

 

• Description of tax band data 

The data of council tax bands are shown in Graph e1, Figure AD4 in which the total number of the 

data presents a total of 146, 630 dwellings. Yet, only the single use properties were used in the 

analyses of Chapter 5 (Graph e2), excluding yet not ignoring the number of dwellings for mixed-use 

dwellings. The highest amount of mixed-use dwellings is ranged in tax bands 2, 3 and 4 (Graph e3), 

which represent tax bands B, C and D from the VOA’s definition – meaning dwellings ranging from a 

value of £44,000 - £123,000. This may suggest that mixed-use tax band properties tend to be found 

more in-between the surroundings of the city centre (local sub-centres) than in the periphery or the 

city centre area. Considering that mixed-use dwellings are banded differently from those purely of 

residential use and therefore including a business rate rather than banding a local tax value.  

 

The data for both types of use of dwellings in terms of tax bands are shown in Graph e4, in which 

very little outliers exist in residential use having an equal distribution. Mixed-use dwellings, although 

with a sample size different from residential (only 673 dwellings), are found with a median at the 

lower quartile and some exiting outliers informing that the data for mixed-use can be subject of more 

irregular distribution than residential.   
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Figure AD.4. Description of council tax band value data 
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