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Figure 250. Closeness @400 Centrality Index. Town Centre: Cardonald_Halfway.pdf 
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Figure 251. Closeness @400 Centrality Index. Town Centre: Croftfoot.pdf 
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Figure 252. Closeness @400 Centrality Index. Town Centre: Parkhead.pdf 
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Figure 253. Closeness @400 Centrality Index. Town Centre: Yoker.pdf 
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8.5. Appendix 3: Previously published work 
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8. 5.1. Multiple centrality assessment: understanding and designing mixed use

streets in professional masterplanning.
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Topic 

Milon 

1' Street betweenness 

centrality in three cities 

(red=high, blue=low) 

MULTIPLE CENTRALITY 

ASSESSME:NT 
Sergio Porta and l1is colleagues apply a computer 

based methodology to mixed use streets 

Geneva 

Non-residential economic activities are the heart 
of mixed use streets. That makes mixed use streets 
extremely difficult to plan and develop as the 
activities they support require certain conditions 
to flourish. Those conditions, in turn, depend on 
spatial as well as non-spatial drivers, and equally 
they depend on each other. Like the emergence 
and evolution of living organisms, that of mixed 
use streets goes through an infinite succession 
of individual and collective initiatives, the vast 
majority of which are destined to fail due to 
adverse environmental conditions. Managing such 
conditions is the only chance that designers have to 
influence the development and evolution of mixed 
streets in their plans. 

One of the most profound spatial determinants 
of non-residential uses in cities is street centrality. 
Multiple Centrality Assessment (MCA) is a 
computer-operated procedure for mapping the 
centrality of urban streets and spaces. It applies to 
spatial cases a set of methods drawn from research 
into the physics of complex networks in nature, 
society, culture and technology which emerged in 
the late 1950s and have gained momentum since 
the 1990s. Centrality is a critical element of the 
structure ofall complex networks; its importance 
in spatial networks has been widely acknowledged 
in geography, transportation planning and regional 
analysis, as linked to a notion of proximity. In urban 
design, since the mid 1980s, Space Syntax has 
developed a wider understanding of centrality in 
urban systems. The MCA has re-interpreted these 
as a special class of complex networks. In both, 

Lancaster 

centrality goes beyond proximity, dealing with 
how people experience and navigate the system 
of streets and intersections. The importance of 
street centrality for urban designers and planners 
is twofold: it influences collective behavior -
impacting on key-dynamics such as real estate 
values, land use and crime; it is a primal factor in 
development and evolution of city form over time. 

THE MCA ANALYSIS OF CITIES 

In the MCA of street patterns we developed 
evidence-based knowledge at the interface between 
form and use of the public realm in three main 
areas: the structure and evolution in time of street 
networks; the correlation between street centrality 
and location of economic activities; and the 
structure of space - either external (not necessarily 
streets) or internal to buildings. 

We first applied MCA at city scale to comparative 
studies of dozens of cities highlighting and 
distinguishing non-planned from planned street 
patterns, up to a classification of cities, and 
identifying common universal patterns as well as 
specificities of the urban form. 

We then looked at the evolution of street 
networks in time, by analysing the process of 
urbanisation of a 125 km2 suburban area close to 
Milan, Italy over two centuries. We found a dynamic 
of spatial fragmentation that follows two distinct 
patterns, one of densification and one of expansion 
(exploration). Remarkably, the structure of very 
central streets tends to remain constant in the 
long term despite substantial economic, cultural, 
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technological and demographic change. 
Also significant is the close correlation between 

centrality and the location of different categories 
of economic activities; correlation emerges in most 
different physical, cultural and economic contexts. 
Surprisingly, however, we found that in cities as 
different as Bologna, Barcelona and Glasgow, 
primary activities (eg. rare and specialist shops and 
services) tend to cluster around central streets, but 
secondary activities (eg. mainstream shops and 
services of daily use) require all the centrality they 
can get, and cluster around peaks of centrality even 
more than primary ones. MCA captures here a deep 
determinant of urban form, evolution and life. 

MCA IN PROFESSIONAL MASTERPLANNING 

With most significant masterplanning projects, 
unless they are in existing city centres, the majority 
of uses are residential. The commercial rule­
of-thumb ratio of retail demand to residential 
numbers is surprisingly high at between 660:1 
and 1,000:1 units. Furthermore, as developments 
progress at sales rates of2.5 to 3 units per month, 
the time taken to create this critical mass can be 
considerable. Experience has shown that well­
located small commercial units, clustered and 
associated with housing, can contradict negative 
market predictions based on a simple assessment 
of supply, without reference to context. Recent 
investigation into residential sales potential has 
also shown that sale by location would ideally 
include proximity to local shops. This indicates that 
there might be financial justification for subsidising 
retail outlets at early stages of development in order 
to create active streets. Mixed use and active streets 
can, therefore, contradict conventional market 
assessments, and confirm the widely observed 
benefits of mixed use and active streets in creating 
a sense of place and an attachment to that place, the 
symbiotic relationship between these uses and the 
social advantages of locally shared facilities. 

If the advantages are to have credibility and if the 
allocated uses are to survive, the location of the uses 
has to be effective. Centrality and the best location 
for street activity are often relatively clear but it 
can be hard to persuade land-holders or regulatory 

t, 

authorities concentrating on immediate return or 
rigid regulation. With a scientific tool such as the 
MCA not only can the best location for active streets 
be more clearly identified and fine-tuned but can be 
demonstrated with clarity and effectiveness. 

Recently ADAM Urbanism has partnered 
the Urban Design Studies Unit at University of 
Strathclyde under the EPSRC-Knowledge Transfer 
Account programme to study the capacity of 
MCA in professional urban design. As part of this 
experiment, MCA was applied to the masterplan 
of Aldershot, UK. The project is for a new mixed 
use residential development of around 3,800 
homes. The 148 hectare site is surplus military 
land owned by Ministry of Defence. The scheme 
will provide community facilities, schools, local 
centres and leisure uses. The plan will include the 
restoration and conservation of several historic 

There might be financial justification 

for subsidising retail outlets at early 

stages of development in order to 

create active streets 

buildings, including the landmark Cambridge 
Military Hospital. The masterplan is structured 
on a strong network of well-connected streets 
and spaces linking the development to the wider 
area. In this approach, the hierarchy of streets, as 
nicely captured by MCA, plays an important role 
in sustaining a variety of uses. Queen's Avenue, the 
central North-South axis, is the main mixed use 
street within the masterplan: the neighbourhood 
centre, a hospital, two churches, a school, shops, 
offices and houses are facing this street. Another 
mixed use street is Steele's Road. It intersects 
Queen's Avenue in the main square of the new 
development where the neighbourhood centre is 
located and it is characterised by the presence of a 
school, offices and houses. 

Mapping the density of betweenness centrality 
in Aldershot shows that the global connectivity 
of the area improves in a natural manner that 

Topic 

1' Evolution of street network 

in the Groene area Milan 

a) Grey: streets in 1833, 

green: new streets in 1914, 

red: new streets in 1914, 

b) Grey: streets in 1980, 

green: new streets in 1994, 

red: new streets in 1994 

c) Street betweenness 

centrality in 2007, 

red: high centrality, 

blue: low centrality 

Issue 125 - Winter 2013 - Urbon Design - 13 

428 



Topic 

➔ Aldershot: density of 

betweenness centrality in 

the proposed mosterplon 

(dashed boundary), with 

location of mixed use 

buildings (purple) along 

main streets 

� Aldershot, UK, image of 

the proposed development 

along a main street 

➔ Typical incomplete street 

in the United States (Joan 

Hudson) 

e Sergio Porta, Ombretta Romice, Paolcl 

Pasino, Gianpiero Bianchi, Urban Design 

Studies Unit. Department of Architecture, 

University of Strathclyde, Glasgow, UK 

Emanuele Strano, LASIG Laboratory, EPFL 

Lausanne, CH 

Alessandro Venerandi, Civil Environmentul 

and Geomatic Engineering, UCL London, UK 

Robert Adam, ADAM Urbanism, Wincheste·r, UK 

adds potential to the social hub of the proposed 
development: the new neighbourhood is better 
connected with North Town through a West-to-East 
axis (Steele's Road) and the good connectivity of the 
North-South axis (Queen's Avenue) is kept the same. 
Moreover, it clearly highlights the importance 
of these streets as optimal locations for a mix of 
different functions as proposed in the masterplan: 
in this case, the MCA analysis confirmed and 
supported the design choices. 

CONCLUSIONS 

The MCA analysis of urban streets and spaces 
has demonstrated a high capacity to capture 
their potential to develop into mixed use urban 
environments. As such, it has been applied as a 
supporting tool on masterplans designed by ADAM 
Urbanism in several real professional cases. MCA 
confirmed and justified a series of design choices 
regarding the generation and character of mixed 
use streets and enabled the team to select the most 
desirable option from several alternatives. 

Work continues on the research front at 
University of Strathclyde as well as on the 
professional front at ADAM Urbanism, looking 
at the best methods for presenting the MCA to 
prospective commercial and regulatory users. 
MCA's potential lies in how it combines with 
other more established types of analysis, and how 
to easily explain its benefits to commissioning 
bodies, without the recourse to technical language. 
Currently, presentation techniques are being tested 
on various client groups and the development of 
appropriate terminology and case studies is under 
way.• 

COMPLETIE STREETS: 

MORE TH,,N A NEW DESIGN 
Barbara Mccann suggests a new approach to street 

design 

The Complete Streets movement has swept the 
US over the past few years, as more than400 
jurisdictions have adopted Complete Streets 
policies and many more have discussed the 
concept. Yet the true meaning of the term is often 
misunderstood, leading to an ultimately fruitless 
search for the ideal complete street. Those 
searching for the ideal project may miss the real 
transformative power of the Complete Streets 
movement. 

In the US, the norm has long been the incomplete 
street. The US transportation industry was deeply 
influenced by the massive project of building the 
Interstate Highway system - a network of 47,000 
miles of limited-access freeways that knitted the 
country together in the 1950s and 1960s. Solving 
the design and safety challenges in creating this 
system set an orientation that persists to this day 
in US transportation planning and design. The 
goal of transportation projects is usually assumed 
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8. 5. 2. Learning from Glasgow. Geo-Statistics for Urban Management Problems

Strano, Emanuele, Paola Pasino, Sergio Porta, and Ombretta Romice. "Learning 

from Glasgow. Geo-Statistics for Urban Management Problems. " In Vulnerability, 

Risk and Complexity: Impacts of global Change on Human Habitats (IAPS 21 

Conference, Abstracts of Presentations). IAPS. Leipzig, Germany: Helmholtz Centre 

for Environmental Research - UFZ, 2010. 

The planning of resources and management in cities is a multilayered task requiring a 

complex interpretative basis and the capacity to predict economic, social, environmental 

changes over time. This paper presents an approach to urban analysis based on 

complex systems and geostatistic to address complex urban management problems 

by the Urban Design Studies Unit (University of Strathclyde, Glasgow). Glasgow is 

the largest city in Scotland currently experiencing a slow period of population and 

economic growth (the latter as consequence of the recent global economic downturn); 

even a generally very buoyant property market and construction sectors now lack 

both the will and capacity to undertak,e long term commitments. Still, there is a great 

need for substantial regeneration and rationalisation of resources to address disparities 

in choice and lifestyles, affordability and access to a better quality of life. Aims of 

this work are to study the spatial distribution of retails across the city in relation to 
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access, density and availability of services, using a set of GIS based geo-statistical 

analysis. This analysis uses street centrality indices, the spatial distribution of retails 

and an in-depth field study. The analysis of urban centralities is based on MCA model 

(Multiple Centrality Assessment) that utilizes a standard primal format for the street 

network representation and a "complex system approach" to define centrality by a set 

of multiple peer indices (Porta et al,2006b ). These centralities are computed not only in 

terms of being close to all others (Closeness Centrality), as in many traditional model, 

but also in terms of being the intermediary between others (Betweeness Centrality) and 

being accessible via a straight route to all others indices are (Straightness Centrality). 

(Porta et al, 2006, Wasserman S, 1994) The distribution of activities is done by a 

common spatial interpolation GIS tool, that is Kernel Density. Basically, the KDE uses 

the density within a range (window) of each observation to represent the value at the 

centre of the window. Within the window, the KDE weighs nearby objects more than 

distant objects, on the basis of a kernel Function. The in-depth study on hierarchical 

nodes is based on studies that have shown how Glasgow has an urban pattern whereby 

main routes and public transport nodes broadly overlap with urban densities, although 

significant areas remain disconnected by such channels. The implication of these 

distributions for future densification and resources rationalisation are fundamental. 

These three variables ( centrality, retail activities density and spatial distribution) are 

then interpolated through a raster analysis approach. As a result, a linear correlation 
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between them indicates the location of areas with long term economic potential, and of 

those with little economic strength when related to street centrality and mixed land use. 

The analysis ofresults shows the limits and potential of this geo-statistical approach in 

relation to urban strategic planning. 
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and greenery is mainly used to fill in resulting spaces rather than 
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the neighbourhood is still segregated from its surroundings by 
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(Source: www.glasgow.gov.uk) 104 
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Figure 17. Model of the interaction between segregation and the formation 
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Figure 18. Random Networks and Scale Free Networks (Seo et al., 2013) 

Most nodes in random networks have the same number of links, 

while Scale-free networks present a few highly connected nodes 

which are called hubs (dark circles). Source: (Seo et al., 2013) 149 

Figure 19. How to construct an axial map (above) and an MCA primal graph 

(below): the differences ane clearly show; in the axial map streets 

are nodes and intersections are edges, while in the primal graph 

intersections are nodes and streets are edges (Source: Crucitti et 

al., 2006, pg 3). 152 

Figure 20. The Betweenness centrality index indicates the likelihood of 
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passing traffic 155 

Figure 21. The Closeness Centrality Index measures the accessibility to a 

node, the closer the node is to the others, and the more accessible it is.155 

Figure 22. The Straightness Centrality Index indicates the efficiency in 

communication between two nodes. 155 

Figure 23. Four samples of lsq mile for four different c1t1es, namely 

Ahmedabad (a), Venice (b), Richmond- London (c) and Walnut 

Creek ( d), translated respectively in a primal and a dual graph. We 

note how the original shape of the built environment is lost in the 

dual graphs translation (Porta et al., 2005). 157 

Figure 24. Betweenness centrality index calculated on the urban network of 

Glasgow. Main routes present high Betweenness index levels and 

are represented in red; main routes are easily recognizable in the 

overall network. 159 

Figure 25. Kernel Density Estimation of a cloud of points (Timothee et 

al., 2010); the density of a cloud of points is calculated through 

the Kernel function that weights each event according to their 

distance from the point within the bandwidth assigned by the 

user. Within each window the KDE assigns an higher weight to 

the object that are closer to the centre of the window and a lower 

weight to the object that are further away (Porta et al., 2009). 

Through this operation the KDE is able to generate a density 

of the events (points, e.g. activities, car accidents, crime, etc.) 

as a continuous field (e.g. raster). A more formal definition can 

be found in the paper A network based kernel density estimator 

applied to Barcelona economic activities (Timothee et al., 2010) 

on page 26. (Source: Timothee et al., 2010, pg 32) 160 

Figure 26. The axial line, the convex space and the isovist as defined in SS 

(Hillier, 1996, pg 127) 164 

Figure 27. Deep and shallow structures (Hillier, 1996); "it is by expressing 

these pattern properties in a numerical way that we can find clear 

relations between space patterns and how collections of people 
use them." Source: (Hillier, 1996), pg 21 165 

Figure 28. The four fundamental steps of the Space Syntax methodology 

(Source: Crucitti et al., 2006, pg 3). 166 

Figure 29. Map of Glasgow and the Clyde Valley Strategic Development 

Plan Area. The light blue line around the area named Glasgow 

City represents Glasgow's statutory boundaries, although the 

conurbation extends seamlessly in each direction in the Glasgow 

and Clyde Valley area, which is inhabited by 1/3 of the overall 

452 



population in Scotland (Source: http://www.nrscotland.gov.uk/). 177 

Figure 30. Glasgow's boundaries and the street network used in the MCA 

calculations. The street network extends well beyond Glasgow's 
boundary in order to avoid edge effects in the calculations. 178 

Figure 31. Postcodes units polygons within Glasgow's boundary. There 

are 14212 polygons of different areas within the boundary; the 

polygons were defined by Royal Mail and designate an area with 

a number of addresses or a single major delivery point. 180 

Figure 32. Sketch plan of the City of Glasgow about l 560"published in 
Robert Renwick's History of Glasgow published in 1919. It 

appears to have been based on the 154 7 map, which was produced 

in 1894 to illustrate the book edited by Renwick, Protocols of the 

Town Clerks of Glasgow.(Source: http://www.theglasgowstory.com) 183 

Figure 33. Ordinance Survey Map of Glasgow 1915/16 with the indication 

of the major Town Centres and their expansion. The map is based 
on the original image in (Frey, 2003) on page 123; the background 

image of the original map from 1915 could not be retrieved and 

the 1912-BARTHOLOMEW -Plan of Glasgow, from the Survey 
Atlas of Scotland was used instead. (source:http://maps.nls.uk/ 
towns/#glasgow National Library of Scotland) 184 

Figure 34. The map above displays the axes in Glasgow's urban network 

that carry high levels of Betweenness index. As we can see the 

overall high level transport structure of the city, or foreground 

network, corresponds to the edges associated with high levels of 

Betweenness index. ( Data source : Glasgow City Council) 190 

Figure 35. This map shows the city centre and beginning of the west end 
of Glasgow; the axis mapped are only the ones carrying high 

levels of Betweenness index as in Figure 34 but this scale is more 

legible. We note that the major thoroughfares, including the M8 

(Glasgow's motorway), carry high levels of Betweenness index, 
confirming again how the index is able to reveal the foreground 
structure of the city. 190 

Figure 36. This map displays the vanat10n of the Closeness @400m 

Centrality Index. We note that the axes that were associated with 

high levels of Betweenness Centrality in Figure 35 generally have 

low levels of Closeness @400m as they are not easily navigable 
on foot. On the other hand areas framed by edges associated with 

high levels of Betweenness Centrality contain edges associated 

with high Closeness @400m, as in the case of the city centre. 
The Closeness @400m index has the ability of highlighting the 

background of the city, those areas that are easy to navigate on 
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foot and respond to human metrics. 191 

Figure 37. The closeness centrality of a node in a social network is equal 

to 1 divided by the sum of the distances between that node and 

all other nodes. Closeness centrality CC measures how close 

a node is to all the other nodes along the shortest paths of the 

network (Wang et al., 2011 ). (Source: http://www.thinglink.com/ 

scene/366327566090371073#tlsite) 192 

Figure 38. The global level of cities is defined by the main streets indicated 

in red, while the local level is defined by the secondary streets 

indicated in orange. In the two cities in the image, Bologna, Italy 

(plate a), and Al Hofuf, Saudi Arabia (plate b ), main streets are 

about 400m apart (Source: (Mehaffy et al., 2010)) 193 

Figure 39. Urban task Force model for ideal facility distances (Rogers Stirk 

Harbour+ Partners); the diagram defines different levels within 

the city: Local, Neighbourhood, District and Town. Facilities have 

to be distributed according to their function across all the levels to 

enable the functioning of a city (Force, 1999). 194 

Figure 40. The Betweenness centrality index indicates the likelihood of 

passing traffic, whether in an urban or social network context. 

The graph above illustrates musical relationships between the 

Beatles and other artists. The colour of each node represents 

its Betweenness centrality. According to this graph, Paul is the 

busiest member of the Beatles (Source: https://wiki.cs.umd.edu/ 

cmsc734 _ 09/index. php?title=Music _ Artist_ Collaborations_ 

from_MusicBrainz) 195 

Figure 41. Betweenness Centrality Index calculated over the street network 

of Glasgow; Warm red colours indicate high levels of Betweenness 

centrality indexes while cool colours, like greens and blues, 

indicate low levels of the index, as per the legend in the map. 197 

Figure 42. The cartography of Glasgow begins with Timothy Pont's survey 

in 1596, the Nether Ward of Clydesdale and Barony of Glasgow, 

published in Blaeu's Atlas in 1564. The map above is a Victorian 

representation of historical records created by Sir James Marwick 

(Town Clerk of Glasgow from 1873 to 1903) illustrating the area 

surrounding Glasgow Cathedral in 1547. Glasgow's oldest house, 

Provand'sLordship, built in 1471 is situated close to the Cathedral, 

on the west side of Castle Street. The contemporary High Street is 

indicated on the map as Street from Mercat Cross to Metropolitan 

Church and the secular part of the settlement develops around 

Mercat Cross, the present day Glasgow Cross (Brown, 1921 ). 198 

Figure 43. Betweenness index has its highest values along the axis where 
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the city first settlements developed, at the intersection between 

Trongate and High Street (Glasgow Cross). 199 

Figure 44. The values of Betweenness index have been sorted by 
descending order. The forth and sixth edges with highest values 

of Betweenness are located at the intersection between the High 

Street and Trongate in the historic nucleus of Glasgow. 199 

Figure 45. Global Closeness Index calculated over Glasgow's network. 

The Global Closeness index is able to point to the exact centre 
of the network, which in case of Glasgow, corresponds with the 

historical nucleus and contemporary shopping and business area. 201 

Figure 46. Closeness @400m Centrality Index across the urban network of 

Glasgow; 400m represent a 5 minutes walk; areas with high levels 

of Closeness @400m Centrality Index are easily navigable on 

foot, highly permeable and accessible. 202 

Figure 47. Closeness @800 Centrality Index across the urban network of 
Glasgow; 800m represent a 10 minutes walk; areas with high 

levels of Closeness @800m Centrality Index are quite easily 

navigable on foot. 

Figure 48. Closeness @1600 Centrality Index across the urban network of 

Glasgow; 1600m represent a 20 minutes walk; areas with high 
levels ofCloseness@l600m Centrality Index are easily navigable 

203 

on a bicycle or with public transport. 204 

Figure 49. Town Centres in Glasgow as defined m the City Plan 2 

(GlasgowCityCouncil, 2009); Town Centres are ranked in the 

City Plan 2 according to the proportion of ground floor retail use, 

Tier 1 being the areas where the proportion is higher. 205 

Figure 50. Betweenness Centrality Index mapped over the Town Centres as 

per City Plan 2. Axes with high levels of Betweenness Centrality 

traverse the Town Centres (see detailed maps in Appendix 8.1 ). 207 

Figure 51. Easterhouse is a post-war development located in the eastern comer 

of the Glasgow Boundary. Developed by Glasgow Corporation in 

the 1950s, the vast estate was built to offer better living conditions 

to the population of Glasgow already living the east end. 208 

Figure 52. Drumchapel is a post-war development located in the north west 
comer of the city boundary. Developed by Glasgow Corporation 

in the 1950s, the vast estate was built to house 34.000 people as 

part of a programme of clearance of inner city slums. 209 

Figure 53. : Castlemilk Town Centre. Castlemilk is a post war development 

located in the south of the city. The Glasgow Corporation developed 
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this peripheral housing scheme in the 1950s as part of a programme 

of clearance of inner city slums. Levels of Betweenness index are 

low in the internal streets of the development and are higher in the 

axis surrounding the area. 209 

Figure 54. Govan is one of Glasgow's oldest town centres, the original 

settlement dating back to the 7th century. Govan expanded greatly 

during the late 19th century and has been traditionally viewed as a 

lower working class area. 212 

Figure 55. : Govan town centre in seal e 1 : 1000. This map offers a view of 

the wider context and of how the Betweenness Centrality Index 

varies in the rest of the surrounding area. 213 

Figure 56. : Historical OS Map of Govan from 1932-1934 (Courtesy of 

National Library of Scotland).The historical map is overlaid 

with a modified version of the current street network, where 

connections across the Clyde have been added at the locations 

of the Ferries in the 1930s. A few East to West connections have 

also been added to reflect the historical urban form now lost due 

to post-war developments. The red circles highlight the new 

connections. 

Figure 57. : Historical OS Map of Govan from 1932-1934 (Source: National 

Library of Scotland). The map depicts Govan at the height of its 

population density and when it was a very thriving civic centre. The 

current street network displaying the variation of the Betweenness 

Index is overlaid on top of the historical map. Although the 

quality of the historical map is not excellent we can note quite 

a remarkable difference in the urban form. The residential areas 

were laid out in regular tenement blocks and access to the other 

bank of the river was ensured through 3 ferries, one where the 

Clyde Tunnel is situated toady, and two at either sides of the river 

214 

Kelvin. 214 

Figure 58. This map displays a new scenario, where Govan is connected to 

the North Bank of the River Clyde with three new bridges and the 

area contained in the dashed red circle has been rationalized with 

the addition of a few east to west connections. 

Figure 59. Such improvements would improve dramatically the potential 

for development of Govan Town Centre. Glasgow City Council 

supports the proposal on introducing at least one pedestrian bridge 

at the Riverside Museum; the bridge will be implemented as a part 

of a series of infrastructural improvements funded by the recently 

215 

awarded City Deal. 215 

Figure 60. Great Western Road, stretch A between Anniesland and the 
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Botanic Gardens is indicated in blue, Stretch B between the 
Botanic Gardens and the City Centre is indicated in orange (Bing 
map in the background) 216 

Figure 61. The Estates of Glasgow's West End . Based on a map in: (Pacione, 
1995) 217 

Figure 62. : Stretch A and B of Great western Road present a very different 
character reflecting the grandeur of n upmarket residential area in 
Stretch A, and a middle class residential area in Stretch B which 
incorporated shops at the ground floor 219 

Figure 63. Great Western Road Stretch A (Source: Google maps). 219 

Figure 64. Great Western Road Stretch B (Source: Google maps). 219 

Figure 65. Betweenness Index values are very high along the whole axis of 
Great Western Road, starting from St Georges' Cross, through 
Anniesland and beyond towards the city's boundary. The Town 
Centres are indicated in white. 220 

Figure 66. Kernel Density of Betweenness values along Great Western Road; 
the values decrease between Anniesland and the intersection of 
Byres Road, while remain almost constant between the intersection 
with Byres Road at the eastern end of GWR at St Georges Cross. 221 

Figure 67. Should and urban centre be planned at the edge of at the centre 
of a residential community? Organically developed settlements 
present an exposed nucleus scenario, where the high street, the 
axis connecting the local level to the global level, traverses the 
commercial street; the axis presents high levels of Betweenness 
and is surrounded by residential areas. Post War, modernists, 
planned developments include their commercial nucleus in the 
middle of the residential area, and thoroughfares are kept at the 
external edges (Mehaffy et al., 2010). 223 

Figure 68. Closeness @400 m around Byres Road Town Centre, in the busy 
West End of Glasgow. 227 

Figure 69. Closeness @400 m around The Barras, Duke Street, Bridgeton 
in the East End Of Glasgow. These three town centres have high 
streets with levels of Betweenness index and are surrounded by 

residential areas with high levels of Closeness @400m; such 
areas are easily navigable on foot. The area of Duke Street in 
particular has been undergoing a spontaneous gentrification in the 
past ten years: the high street is lively, the sandstone tenements 
very appealing, and from there the City Centre can be reached on 
foot. 227 
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Figure 70. Govan Town Centre has developed organically but the urban 

form around it has substantially changed as a consequence of the 
processes of deindustrialization. Levels of Closeness @400m 

centrality are still high where the urban form was retained. 228 

Figure 71. Castlemilk Town Centre is set at the centre of the housing scheme 

(Shielded Nucleus) and is surrounded by an area with low values 

of Closeness Centrality @400m Index. The urban form around 

the Town Centre presents a typical suburban layout where the 

urban block is lost, intersections are further away that 400m and 

cul de sacs are very frequent 229 

Figure 73. Easterhouse Town Centre is set at the centre of the housing scheme 

(Shielded Nucleus) and is surrounded by an area with low values 
of Closeness Centrality @400m Index. 230 

Figure 72. Drumchapel Town Centre is set at the centre of the housing 
scheme (Shielded Nucleus) and is surrounded by an area with low 

values of Closeness Centrality @400m Index. 230 

Figure 74. : The interwar development of Knightswood is the third largest 

in Glasgow. Its development started in the 1920s with two storey 

cottages and cottage flats:, in later phases the specifications of 

the construction had to be downgraded due to costs constraints 

(Williamson et al., 1990). 231 

Figure 75. : Mount Florida is another of Glasgow's interwar developments; 

with a similar garden suburb layout as Knightswood the levels of 

Closeness @400m centrality index are not high. 232 

Figure 76. The core of Glasgow's city centre performs extremely well in 

terms of Closeness @400m. This portion of the city is based on 

an iron grid layout, which makes it extremely easy to navigate 

on foot. A system of secondary lanes spread throughout the city 

centre increases the overalI permeability of this area. 232 

Figure 77. Street junctions have been codified in ArcGis; working with the 

layer of the middle lines of the streets, each street junction has 

been assigned a node. The number of intersections is calculated 
for each node through spatial join. 234 

Figure 78. A node with value 1 is a cul de sac, value 2 does not offer a choice 

of change of direction and is therefore not mapped, value 3 is a 3 

ways junction and indicates medium connectivity, value 4 is a 4 

four ways junction and indicates High connectivity. Values above 
4 are rarer and indicate extremely high connectivity (Porta et al., 

2005). Each node is then assigned a weighted value according to 

the number of intersections associated with it ( 1 intersection= -1; 
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3 intersections= l ;  >3 intersections=2). (Dunham-Jones et al., 2011) 234 

Figure 79. Junction density; the urban form of four areas with different age 

of development in Glasgow has been sampled in a 1000 x 1000 
m square. The City Centre sample presents the highest number 

of junctions and therefore has better connectivity. It is worth 

observing the almost complete lack of 4 ways junctions in the post 

war developments; Knightswood presents a significant number of 
4 ways junctions even if 3 ways junctions are still predominant. 

The City Centre presents a higher number of 4 ways junctions 

than of 3 ways junctions. As to be expected, cul de sacs are much 

more common in the post war developments samples. 236 

Figure 80. Knightswood 1925. The image of a newly constructed 

Knightswood is somehow overwhelming with rows and rows of 

similar looking houses surrounded by fields. (Source: http://www. 

b be. co. uk/ scotland/landscapes/knightswood/) 23 7 

Figure 81. The Closeness @400meters and the Kernel Density of the street 

junctions indicate the City Centre is highly permeable and 

navigable, while Knigthswood, not withstanding the grid layout, 
looses in permeability and Closeness @400 values are low due to 

the elongated blocks. Both Castlemilk and Drumchapel present 

isolated areas where the Closeness @400m presents high values; 

such areas though are detached from the rest of the housing scheme 

and most importantly from the Town Centre itself so they do not 
contribute to the overall pi�rmeability of the area. The Closeness 

@400m centrality index and the Kernel Density of the street 

junctions are two different ways of assessing accessibility but as 

we can see from the images tell a very similar story. The advantage 
of the Closeness @ 400 m index is that it is calculated over the 

street axis so it of easier legibility and offers more flexibility to the 

designer who might want to explore the possibility on increasing 

permeability through the addition of new links in strategic positions. 239 

Figure 82. Closeness @400m calculated over the urban network in Glasgow 240 

Figure 83. Closeness @800m calculated over the urban network in Glasgow 241 

Figure 84. Closeness @l  600m calculated over the urban network of 

Glasgow. As the radius of the Closeness lengthens, so does the 

area covered by high values around the City Centre which now 

connects seamlessly with the West End and the East End, showing 

that these areas of the city are easily reachable, for example, on a 

bicycle, which increases our speed of movement and allows us to 
cover bigger distances than on foot. 241 

Figure 85. at a visual examination, the Kernel Density of the street junctions 
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in Glasgow presents a similar distribution of high values to the 

map of the closeness @1600m in Figure 80. The circle on the 
West loosely identifies what in Glasgow is called the west end, 
and the circle on the East loosely identifies the East End. 242 

Figure 86. Distribution of retail in Glasgow and Town Centres. Retail units 

are indicated as black dots,, while the town centres are in red. 245 

Figure 87. Betweenness Centrality index and retail units distribution in 

Glasgow's urban network. The correlation between high levels of 
the Betweenness and presence of commerce is evident even at a 
visual examination. 246 

Figure 88. Kernel Density ofBetweenness Centrality Index. Glasgow's major 
thoroughfares are clearly identified by high levels of Betweenness. 249 

Figure 89. Kernel Density of Betweenness Centrality Index and Commercial 

Units in Glasgow. The commercial units are mapped as a point 

file. At a visual examination commercial units are denser where 
levels of Betweenness index are higher 249 

Figure 90. Kernel Density of Commercial Units in Glasgow. 250 

Figure 91. Raster Layers Overlay; the two kernel densities of the commercial 

units in Glasgow and of the Betweenness index are calculated 
over exactly the same extent, with a cell size of 50m and a radius 

of 400m. The raster cells stack exactly oven one another to allow 
for cell to cell correlation. 250 

Figure 92. A schematic example of the extraction of all values of the same 
cell from different Kernel Densities raster layers with the same 

geographical extent to a correlation table. Through this procedure 

different datasets coherently georeferenced can be correlated. 

( Source: http://www.innovativegis.com/basis/mapanalysis/ 
Topic 18/Topi c 18 _ fil es/ima.ge023. png). 251 

Figure 93. Methodology flow chart. The steps to extract the data for the 
calculation of the correlation are executed in ArcGIS and then the 

data is exported to Excel where the calculation of the correlation 

occurs. 

Figure 94. Screen shot of the attribute table of the new point layer containing 

all the centroids of the Kernel Densities raster cells associated 
with the values of the cells of the commercial units Kernel 

Density (Kdret) and the values of the cells of the Betweenness 

252 

Index Kernel Density (Kdbetw). 253 

Figure 95. Variation of rateable values per square meter for commercial 

properties across Glasgow. The raw data presented the overall 
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rateable vale for the property, but in order to offer consistency in 

the representation of the data, the value was divided by the size 

in square meters of the property. Rates vary from £9 per sqm to 

a quite considerable £2629 per sqm a year in the most desirable 

locations (the higher rate values are concentrated along the Style 

Mile and Ingram Street in particular). 257 

Figure 96. Kernel Density of rateable values per square meters of commercial 

properties in Glasgow. 257 

Figure 97. KD of the Betweenness Centrality Index in Glasgow and the 

variation of the rateable value of commercial properties (Scottish 

Assessors Association 2011). Rateable values are mapped with a 

variation from white to black; white units are associated with a 

higher rateable value. There is a strong relation between these two 
dimensions, suggesting that where centrality indexes are higher 

rateable values are also higher. 258 

Figure 98. Map of the city of Glasgow in 1776 by R. Collier before the 

expansion plans commissioned by the municipality. Source : 
(Reed, 1993) 260 

Figure 99. Plan of the city of Glasgow by the Surveyor James Barry dated 

1782; the map show the new expansion plans towards the west; 

George Square. Source : (Reed, 1993) 261 

Figure 100. Levels of Betweenness index at the heart of Glasgow's city 

centre, along Sauchiehall, Buchanan and Argyle Street. 262 

Figure 101. Presence of commerce, food and offices at the ground floor 

along the three main commercial axis in Glasgow City Centre. 

Food related premises are indicated with blue dots, vacant units 

with red dots, health related activities such as doctor surgeries or 

chemists are indicated with a green cross and offices are mapped 

with a dark blue dot; any other retail unit is indicated with a black 

dot. 263 

Figure 102. : Sauchiehall Street looking towards Charing Cross: the quality 

of the shops and the overall environment is poor. Plenty of empty 

units are dotted along the thoroughfare (Google maps). 264 

Figure 103. Buchanan Galleries: at the junction between Sauchiehall Street 

and Buchanan Street at the heart of the pedestrian prescient; the 

public realm which extends throughout the length of the street 

and the shops are of very high end quality; an extension to the 

shopping area is being built at the moment. Rental values are 

generally at the high end of the spectrum in this area but again, in 

the stretch of Sauchiehall Street where centrality decreases, rental 
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values also decrease. 265 

Figure 104. Argy 1 e Street, whi eh runs from East to West and is perpendicular 
to Buchanan Street also presents very high levels of centrality 
almost throughout its entire length (more than 3 km in total). A 
stretch of this long thoroughfare has been closed to the traffic 
and dedicated to retail. In recent times though, this stretch of the 
commercial axis, has suffered from the change of retail trends 
happening around the globe, with on line retail becoming more 
and more popular. The local retailers association is campaigning 
for a change of the restrictive retail only planning policy for in 

this area, in order to permit the opening of restaurants and coffee 
shops, which would increase the offer for visitors. This aspiration 
is in line with the recently adopted City Centre Strategy, which 
envisages a City Centre able to offer more than a retail experience 
through public spaces able to foster a thriving civic life for all 
(source: Google maps) 266 

Figure 105. Kernel Density of the distribution of methadone prescriptions 
in Glasgow in 2011 calculated with a 50m cell and a 400m radius; 
the point data was aggregated to postcode unit geometry rather 

than punctual at local addresses. 275 

Figure 106. Detail of post codes geometry in an area of Glasgow's West 
End. The postcode geometry is not associated with a street, or a 
building, but with the number of postal addresses it contains. It is 
not a homogeneous unit, which can be adopted for correlation with 
Centrality indexes, as the occurrence of methadone prescriptions 
is associated with the centroid of the postcode geometry, rather 
than being located in an actual street. 276 

Figure 107. Multiple deprivation in Glasgow, 1981 (Pacione, 1993). 

Figure 108. 2012 Scottish Index of Multiple Deprivation (http://www. 
sns.gov.uk/Simd/Simd.aspx). Glasgow's post war developments 

279 

remain in the most deprived areas in Scotland. 280 

Figure 109. : Drumchapel is located in the northwest area of the city 
boundary; it was developed in the 1950s and 1960s as apart of the 
program to relocate the population displaced from by the inner 
city comprehensive development programs. At its peak, in 1971, 
it house 34.000 people; population has since then considerably 

declined. Large areas of derelict land are a consequence of the 
demolition of substandard council housing (Pacione, 1993). Scale 
1:10.000 @A3 283 

Figure 110. "One of the strange things about Easterhouse, with its huge 
reputation, is that it is nowhere defined on a map. Greater 
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Easterhouse appears, a district of relevance to the Glasgow City 

Council elections, but this includes a much larger area with other 
districts. It felt wrong that a place of such history and belonging 

should not be located on maps or on the ground. With the help 

of Pauls Marsden from Platform Arts who helped with pen and 

map, and with an enormous quantity of wool I set about putting 
this right. I walked the entire perimeter ofEasterhouse, where the 

city meets the country, the motorway, the edge, and as I walked 
I laid down one continuous line of brightly colored wools, thus 
defining the area enclosed within. A distance of 10.6kms, the walk 

was performed on 5th February 2013. I saw deer, icicles, wildlife, 
birds and buses, and lots of people." Carrie Gooch (https:// 
carriegooch.wordpress.com/2013/04/02/ easterhouse-wrap/) 283 

Figure 111.Easterhouse is the largest peripheral post war development in 

Glasgow. The housing estate consists primarily of three and four 

storey tenements inhabited mainly from the population moved out 
from the old tenements in the East End. As indicated by the SIMD 

the area presents poor social outcomes (Pacione, 1993). Scale 
1:10.000 @A3 284 

Figure 112. Castlemilk was also developed between the 1950s and 1960s as 
a council scheme for the population cleared from inner city slums. 

Notwithstanding the designation of the area as a Social Inclusion 
Partnership Area in 1988, and the substantial investments in 

housing renewal, the area remains in the worst 5% most deprived 
areas in Scotland according to the SIMD 2012. Scale 1:10.000 @A3 284 

Figure 113. Pollock is located in the southwest edge of the city. This estate 
was developed in different phases from the 1920s, but the post war 
period saw the most of the construction, with a large number of 

houses being built to host the population from the inner city slum 

clearances. Pollock was one of the first outer developments in the 

city to attract private investments and it accommodates more than 
4000 private homes. The SIMD 2012 (Figure 106) indicates that 
levels of deprivation are lower in this estate; please note that the 
areas covered by the Pollock development is much larger than 
Easterhouse, Drumchapel or Castlemilk. Scale 1 :25.000 @A3 285 

Figure 114. : There are 693 Datazones in Glasgow; The Scottish 

Neighbourhood Statistics Guide defines them as: "The data zone 

is the key small-area statistical geography in Scotland. SNS has 

introduced, for the first time, a common, stable and consistent, 

small-area geography called data zones. The data-zone geography 
covers the whole of Scotland and nests within local authority 

boundaries. Data zones are groups of 2001 Census output areas and 
have populations of between 500 and 1,000 household residents. 

Where possible, they have beenmadetorespectphysical boundaries 
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and natural communities. They have a regular shape and, as far as 

possible, contain households with similar social characteristics." 
(http://www. gov. scot/Publi cati ons/200 5 /02/20697 / 5 2626). 28 7 

Figure 115. Thoroughfares with high levels of Betweenness index 

surround the Post war developments in Glasgow, which in the 

map above are enclosed in a red boundary. The peripheral estates 

are distributed at the 4 corners of the boundary: Drumchapel at 
the North West, Pollok at the South West, Castlemilk at the South 

East and Easterhouse at the North East. 288 

Figure 116. Centred/Shielded Nucleus: major thoroughfares surround the 
nucleus but are detached from it (Mehaffy et al., 2010). 289 
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Figure 121. : Drumchapel Betweenness Index and Commercial activities; 

Services are located along an axis with moderately high levels 

of Betweenness; the area surrounding the shopping centre is 

inhospitable with an industrial area, large patches of unused grass, 
roads designed for car traffic and not pedestrian movement. 293 

Figure 123. Closeness @800; values improve in the northern part of the 

estate, but peripheral areas are still inaccessible. 293 

Figure 125. Access to the estate of Drumchapel is not pedestrian friendly 

(Google hearth) and presi�nts low levels of centrality indexes, 

Betweenness, Closeness at 400, 800 and 1600 m. (Source: Google 

maps). 293 

Figure 122. services are located in areas which are not easily reachable on 
foot, due to the existing built environment in the area and also as 

demonstrated by the closeness @400m index. Areas that present 

high levels of closeness at 400 are concentrated around the 

residential developments, which in turn are isolated from services 
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and commerce. 293 

Figure 124. Closeness @1600; values improve in the northern part of the 

estate, but peripheral areas are still inaccessible. 293 

Figure 126. Commercial units in Drumchapel; the units appear run down, 
vacant and do not offer a quality public space able to foster co 
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indexes, but is disconnected from the residential areas around it. 
(Source: Google maps). 294 
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(Source: Google maps). 294 
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Figure 129. Betweenness index and commercial units in Pollok. Axes with 
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levels of Betweenness 295 

Figure 131. Closeness @800m. 

Figure 130. Closeness @400m. The: whole estate performs poorly with the 

closeness index. The layout is generally disconnected and not easy 

to navigate on foot. Commercial activities are located in areas that 
do not offer high levels of closeness and re therefore not likely to 
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Figure 132. Closeness @1600. 

Figure 138. Castlemilk Health Centre on the left hand side and the 

landscape around it. The residential towers dominate the landscape 

in isolation. The environment is designed for car movement and 
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not with people in mind. 296 
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Figure 136. Closeness @800m. 
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Figure 137. Closeness @1600. 

Figure 139. : Easterhouse shopping centre is located in area with low 
closeness index values. At street level, the environment is not 
hospitable; pavements run along empty green spaces and the 

296 

streets are car dominated. 297 

Figure 140. Betweenness index and commerce in Easterhouse. Axis with 

high levels of Betweenness surround the residential areas where 
Betweenness is low. 297 

Figure 142. Closeness @800m. 
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