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ABSTRACT 

 

Throughout Latin America cable-cars are fast becoming a common sight within a city’s transport 

system, taking residents and tourists to and from previously isolated locations, providing much 

improved connections with the rest of the city. While this improvement in connectivity is clear to 

see, it is the social and economic benefits that are the main selling points, especially for 

topographically marginalised informal settlements. As cable-cars become more mainstream there 

is a need to question the actual and future role they play in transforming these types of informal 

settlements and how new solutions in spatial connectivity engage with existing socio-spatial 

components. This aims to make their future role within a comprehensive program of social and 

urban interventions more productive.  

This research does this through the case of Medellin, using a space syntax methodology to model 

the spatial connectivity of the city and analysing defined catchment areas. To understand the 

impact, a model of the city is examined ‘with’ and ‘without’ the cable-car connections and the 

results of this spatial analysis are then compared for each station and line at different urban 

scales. While this alone presents a reasonable set of indicators of change, this research goes 

further by exploring the extent of the local impact on surrounding areas. This is done through a 

series of movement observations and commercial (formal and informal commerce) land-uses 

surveys, completed at different times of the day for each station and while the cable-car is closed, 

producing another set of ‘with’ and ‘without’ results to overlay the spatial analysis results. This 

allows these local factors to be either associated with the attraction of the transport link or the 

configuration of the urban grid. The research concludes by examining a comparison case that 

does not have a cable-car and uses the analytical results from the existing cable-car to predict 

the impact for a future cable-car in this location.  
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IMPACT STATEMENT  

 

The overarching aim of this research is to impact upon the existing knowledge surrounding 

informality by clearly demonstrating the pivotal role spatial connectivity plays in the transformation 

process of an informal settlement. Showing how working with the existing spatial structure can 

yield more successful changes, especially in the short-term and in small areas, though this alone 

is rarely enough to transform large areas of urban poverty.  

The impact of the cable-car in Medellin has been addressed before, most notably by Davila 

(2013), but this research differs by addressing issues directly relating to the spatial configuration 

of the urban grid, which are rarely discussed in the urban upgrading of informal settlements. This 

is because in the past informality has been predominantly researched within the social sciences, 

where its focus was often centred on the local and global policies or cultural dynamics that 

underpin local society. However, this research discusses and examines the role the built 

environment, specifically the spatial configuration of the city, can play in the transformation 

process. This principally relies upon the use of spatial analysis techniques to interpret the 

complexities of an informal urban grid, which can then be connected to local components such 

as movement and commerce that are naturally influenced by space.  

Furthermore, this approach differs because it is not overly concerned with the statistical 

successes of the cable-car as a transport system but is more concerned with how its connectivity 

repositions local informal urban centres within the whole city, altering local pedestrian movement 

and affecting the distribution of commercial outlets. This research argues that this sequence of 

events happens almost instantaneously after the cable-car is introduced, aided by the dynamism 

of informal commerce, and that the extent of these changes depends largely on the way the cable-

car connects to the existing urban grid. This process has the potential to make an informal 

settlement more resilient, especially in the short term and for the area directly surrounding the 

station. This impacts on the academic discourse surrounding urban upgrading in informal 

settlements, outlining the crucial role that the spatial structure of the urban grid can have on this 

transformational process. 

In fact, the most important impact of this research is to provide a framework in which measurable 

changes from improved spatial connectivity in these topographically marginalised locations can 

be recorded, without relying on potentially biased secondary data sources or having to wait long 

periods of time to observe change. This could be used to highlight the impact and successes of 

similar past interventions or to anticipate changes in the future, potentially justifying future 

investment for these types of projects. In doing so, this research acknowledges that large financial 

contributions are often needed to upgrade informal settlements and the evidence needed to 

secure significant funding is often lacking. This research shows that direct and unbiased socio-

spatial indicators can be produced to show the immediate impact in the surrounding areas of 

these types of interventions. This will benefit investors and municipalities needing evidence to 
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implement similar upgrading programmes. Further, it will be beneficial to the built environment for 

planning, designing and building spatial interventions within an informal settlement, as these 

professions can better anticipate the future impact. 
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CHAPTER 1 - INTRODUCTION AND PROBLEM DEFINITION  

 

1.1 A realisation of urban poverty, and a problem 

As informal settlements become a recognised part of Latin American cities, so does our 

awareness of poor urban living conditions and spatial segregations. In recent times this has led 

to a rapid rise in spatial and architectural interventions, as built environment professionals aspire 

to improve these issues, this has resulted in informality becoming a fashionable subject for many. 

Yet, the impact of these interventions is often very questionable at best, with very little unbiased 

evidence available to prove their significance, instead relying upon subjective viewpoints to 

determine their success. 

At present there is a vast array of urban upgrading interventions, which address the deficiency of 

informal growth providing a rich source of evidence to examine their impact. Recently, a lot of 

focus has been on urban transport interventions, as improved connections between segregated 

communities and more central parts of the city aim to kick start the transformation process. 

Potentially the most eye-catching variation of this has been the innovative urban cable-car system 

(Figure 1-1). This uses a traditional alpine ski resort transport system to transport passages by 

simply floating over buildings. This has been particularly prevalent in Latin America, due to the 

combination of extremely steep landscape and the poor layout of roads, which has segregated 

many neighbourhoods. These systems are fast becoming a normal sight in Latin America, taking 

residents and tourists to and from previously isolated locations, providing a new form of 

accessibility that was previously not possible. These are seen in Medellin, Caracas, Rio, La Paz 

and Ecatepec, with similar systems proposed for Lima and Quito. Whilst their accessibility 

benefits are clear to see, it is the social benefits that are often the main selling point, as they 

quickly become the focal point for transforming areas of extreme poverty (Dávila, 2013). 

However, they have also been viewed cynically as merely a political tool by local municipalities 

and governments to gain votes, without offering any real long-term socioeconomic benefit, since 

they are relatively cheap and quick to build, offer environmentally clean transport and provide a 

visual presence for the municipality or government (ibid). Therefore, whilst urban cable-cars are 

lauded many debates their actual impact, feeling they only benefit the people building them and 

offer little socioeconomic benefit to the local communities. This creates the debate of the role this 

new form of transport plays in the transformation process of an informal settlement. As Brand and 

Davila state: “it would be illogical to suppose that aerial cable-car projects such as the 

Metrocables in Medellin will provoke, in and of themselves, broader processes of urban 

improvement” (Brand and Dávila, 2013). 
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Figure 1-1 Medellin’s urban cable-car. Photo taken in 2015 by Author. 

 

So, are urban cable-cars helping to spatially and socially transform areas of urban poverty and 

segregation? Do they connect with other spatial and social interventions, to form an overall urban 

upgrading programme? Or, is it yet another example of inappropriately elaborate design where it 

is least needed? 

As more and more cities use urban cable-cars to transform areas of poverty, there is a growing 

need to understand why the exemplar case of Medellin’s first cable-car line is thought to be so 

successful, as it is often cited as the precedent to justify a new line elsewhere. By developing a 

greater understanding of this case, it is possible to examine the impact these innovative forms of 

transport have had on the transformation of informal settlements and how they work in conjunction 

with other urban conditions. 

Therefore, this research specifically investigates the impact of urban cable-cars in Medellin, with 

a focus on the role of spatial connectivity in the transformation process and how this is combined 

with a comprehensive program for urban upgrading and the existing spatial configuration of the 

city. To do so, the research uses an evidence-based methodology to highlight specific changes 

in the spatial morphology and socioeconomic conditions of the areas affected by the cable-car. 

This provides a platform to investigate the impact improved spatial integration has on local 

activities, specifically focusing on movement patterns and the distribution of local commercial 

land-uses. The research aims to exploit the flexibility of established methods, or to develop them 

further, to enhance understanding of the urban conditions and relationships necessary to 

successfully upgrade and enhance areas of urban poverty. 
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1.2 The spatiality of slum upgrading 

At present UN-Habitat estimate that 863 million people are slum dwellers, as per their own 

definition of this environment, and 33% of the urban population in the Global South1 live in these 

conditions (Habitat, 2013). The size and scale of this has helped to increase the awareness of 

urban poverty, encouraging a rapid increase in urban upgrading projects. While the popularity of 

such projects has risen sharply in recent years, especially with built environment professionals, 

this is not something new.  

Slums, or more specifically, areas of extreme urban poverty have been well documented for over 

two centuries by the likes of ‘Friedrich Engels, Henry Mayhew, Charles Booth and Jacob Riis’ 

bringing to our attention the life of the slum dweller (Davis, 2007). Consequently, there has been 

countless attempts to improve these, ranging from slum clearance to relocations to site and 

service. 

The recent evolution of urban upgrading in informal settlements has in the past been described 

in the context of housing in Latin America by Fiori (2013) and Simpson (2013). While this 

description unmistakably refers to certain interventions and regions of the world, it provides one 

of the clearest evolutionally accounts of how the built environment have attempted to the address 

this urban form. This is grouped into 4 eras – conventional, non-conventional, neo-liberal and 

comprehensive (Simpson, 2013).  

Starting with the ‘conventional’ era, after two World Wars there was a huge housing crisis affecting 

most of Europe and in the Global South many cities started to expand rapidly, creating their own 

housing crisis. This led to many cities adopting a conventional policy to deal with this housing 

crisis. These focussed on the mass construction of large housing blocks, but with very little else 

and were often located far from the city centres (Figure 1-2). This approach failed since it did not 

meet the needs of the citizens for a home, as ‘slums-dwellers were shunted’ away from their 

previous communities (McGuirk, 2015). Following this a ‘non-conventional’ approach was 

adopted, focusing on ‘self-help, incremental construction, and legalization of spontaneous 

urbanization’ aiming to address the problems of urban poverty at the core and acknowledging the 

needs of the individual (Turner, 1977). Yet, whilst this acknowledged the needs of the individual, 

it was unsuccessful in scaling-up and addressing the needs of many. While its efforts failed, its 

rhetoric became a powerful tool for ‘neo-liberal’ policy makers. They used it to push through 

changes that deregulated and privatised public sectors, allowing private investors to be the main 

actors in housing and upgrading projects. This was based on the argument that by increasing 

wealth more money would trickle down to the poor, whom could then self-improve. However, the 

money rarely made its way to the poorest. After this, a new and more holistic and comprehensive 

                                                        

1 The term Global South is used to refer to the regions in the world that were traditionally referred to as 
“Third World”, “developing countries” or “less developed countries”. As Satterthwaite and Mitlin explain the 
Global South ‘is taken to include all nation as classified by the World Bank as low- and middle-income that 
are in Africa, Asia and Latin America and the Caribbean’ (Satterthwaite and Mitlin, 2012). 
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approach emerged, which attempted to recognise past shortcomings and learn from them. This 

developed into a multifaceted approach, which aimed to comprehensively upgrade areas as one 

and not as individual projects. This endeavoured to ‘search for synergies across a variety of 

social, political, institutional and spatial processes, all of which are interconnected and operating 

at different scales simultaneously’ and goes ‘beyond the dualistic approach represented in the 

terms formal and informal’ (Fiori and Brandão, 2010). With this re-emerged the important element 

of spatial design. 

 

Figure 1-2 Nonoalco-Tlatelolco, Mexico City. A typical example of a large conventional 

housing complex designed by architect Mario Peni in the 1960s to reflect the utopian image of 

modernist architecture.  Image from www.archdaily.mx/mx/772426/clasicos-de-arquitectura-

conjunto-habitacional-nonoalco-tlatelolco-mario-pani 

 

It is this approach that has seen multiple and different types of interventions combined to upgrade 

large areas of a city, or even the whole city. This type of approach has seen elements like public 

transport become a vital component of the upgrading programme. This recognises that 

interventions have to scale-up to address the ever-increasing problem of urban poverty, and 

whilst micro-projects often recognise the local issues, these have very limited local impact unless 

connected to the large programme of interventions. Fiori says, ‘scaling-up is increasingly seen as 

a result of multidimensional, multisectoral, and multiscalar processes; as not a quantitative 

process but a change in the quality of the city itself and in the nature of its political institutions; 

and as a political restructuring of urban institutionalities through synergies and contradictions 
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across processes operating at multiple dimensions and scales, including social, economics, 

politico-institutional, and spatial’ (Fiori, 2013). 

 

Figure 1-3 Barrio San Agustin, Caracas. A typical image of Informality in Latin America, 

where the built environment is densely packed, steep and following the contours of the 

landscape. Image from www.favelissues.com/2011/11/23/on-your-marksreaaady-hold/ 

 

However, by accepting that informality needs to be addressed as a complex entity, automatically 

makes solutions and interventions equally complex, instead of the past ‘one-size-for-all’ solution. 

This clearly makes the task of transforming large areas of urban poverty difficult, since different 

projects of a variety of sizes need to be absorbed into a larger plan. Equally, it becomes important 

to understand the overall urban fabric that this is targeting, since it is this that knits together the 

whole transformation process and prevents further isolation (Figure 1-3). However, while this may 

present many challenges and contextualises each upgrading programme, this provides a more 

holistic approach to transforming areas of urban poverty and provides an opportunity to 

understand the needs of all citizens, something past programs often failed to do. 

Throughout these different eras the role of the built environment professional has changed 

radically, ranging from the principle actor to the liberator to non-existent to a member of a diverse 

team. Then even if these eras are different in other parts of the world or exist in different forms, 

built environment professionals always find a connection with informal settlements, because 

essentially these are habituated environments with the same spatial features as other parts of the 

city. This presents the built environment professional with a set of recognisable challenges in 

which they can intervene, and it is the impact of these interventions that can transform areas of 

urban poverty. 
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1.3 Medellin and the cable-car 

The city that often typifies this recent comprehensive approach to upgrading is Medellin, Colombia 

(Figure 1-4). This is the second largest city of Colombia with a municipality population of around 

2,500,0002, behind Bogota the capital that has a municipality population of 7,750,0003. Spaniards 

founded Medellin in 1661, however ‘until the early 19th century Medellin and the rest of Antioquia 

province remained a remote backwater known only for gold mines’ (Salazar, 1992). Then with the 

‘emergence of coffee as an export crop for the growing markets of the northern hemisphere gave 

renewed impetus’ to the region (ibid). 

 

 
Figure 1-4 Geographic location of Medellin. (a) The Municipality of Medellin is within the 

Antioquia region of north Colombia. (b & c) It is one of ten municipalities (Barbosa, Bello, 

Caldas, Copacabana, Girardota, Envigado, Itagüí, Sabaneta, La Estrella and Medellin) that 

make up the Metropolitan area of Valle de Aburra. (d) The Municipality of Medellin is broken 

into 6 zones, with the central zone being the city of Medellin, which is made up of 16 comunas4.  

                                                        

2 The metropolitan population of Medellin is between 3,500,000 and 4,000,000, but the goes beyond the 
boundaries of the city into neighbouring municipalities. Population statistics are provided by ‘The National 
Administrative Department of Statistics’ commonly referred to as DANE (Departamento Administrativo 
Nacional de Estadística) who are responsible for planning, surveying, processing, analyzing and 
disseminating the official statistics of Colombia - www.dane.gov.co/. 
3 Bogota also has a much larger metropolitan population estimated to be around 10,750,000 and this tool 
spread beyond its municipal boundaries. Population statistics are again provided by DANE. 
4 Comuna refers to an administrative division in Medellin and are similar to boroughs in English speaking 
cities. 

(a) (b) 

(c) (d) 

Antioquia 

Valle de 
Aburra 

Municipality of 
Medellin 

City of  
Medellin 
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By the ‘end of the First World War the city was well established as Colombia’s industrial capital’ 

(ibid). The impact of this saw the population grow rapidly increasing from 59,815 in 1905 to 

358,189 in 1951, as the ‘high amount of jobs and services present in the city at the time turn 

Medellin in to the biggest migration attraction of the northwest region of Colombia’ (Calderon, 

2009). Then, in the second half of the century the ‘city began to decline in its major industrial 

activities’ because of an economic crisis that affected the whole country in parallel to this a very 

violent internal conflict erupted in Colombia, often referred to as ‘la violencia’. This was a political 

war that raged mainly in the countryside, forcing citizens to migrate into the cities as ‘migration 

from the countryside turned Colombia into a country of big cities’ (Salazar, 1992). This saw 

Medellin’s population, alongside many other cities in Colombia explode in size, especially in the 

previously unoccupied hillsides of the valley Medellin is situated in (Figure 1-6). These became 

destinations for the poorest immigrants, resulting in many spontaneous informal settlements, 

especially in the northern part of the city (Figure 1-5) as ‘by 1972, 50 percent of the population - 

600,000 people - lived in informal settlements’ (Bahl, 2012). 

As this conflict continued to tear apart the country the nation entered an even darker period as 

international drug traffickers took advantage of the nation’s political instability and the large areas 

of lawless land in the country to produce vast quantities of drugs to sell abroad (Feiling, 2009). 

The cartels running this industry exploited peoples very basic living needs, as without any obvious 

prospect for a legal job ‘they were just what the incipient drug barons needed to develop their 

business’ (Salazar, 1992). This period saw unrelenting violence by the cartels, as they fought 

deadly battles all across the city and attacked many high-profile targets in the media and 

government to keep their businesses running and the city that encapsulated this was Medellin. 

In the late 1990’s and early 2000’s as the cartel started to lose control and the violence calmed, 

cities like Medellin were able to use new decentralisation powers to reinvent themselves. Much 

of Medellin’s current wealth and power can be attributed to the decentralisation of powers in 1997, 

which gave major cities the responsibility for their own urban planning and development 

(Calderon, 2009). This provided Medellin with the opportunity to run its utilities company (EPM5), 

resulting in huge revenues being generated each year of which much are put directly back into 

the city as ‘in the period 2010-2011, EPM’s contribution to the municipality amounted to US$877 

million’ (Coupe et al., 2013). This resource is not only rare for cities in Colombia, but the whole of 

Latin America. It is this capital that allowed the city to transform itself as through a series of very 

                                                        

5 EPM (Empresas Públicas de Medellín) is a Public utility service company. Coupé et al explain it is ‘a 
municipality-owned public company providing water, sewerage, energy and communications services. It 
also produces 20% of the country’s electrical energy and has investments in other countries, especially in 
energy generation’ (Coupe et al., 2013). It is also the second largest company in Colombia. Coupe et al 
further explain ‘EPM not only provides, at commercial prices, the energy (largely from hydro-electric 
sources) for the Metro, but also makes a significant contribution to capital investment projects in the city. 
Between 2001 and 2011, EPM transferred an average of 50% of its surplus to the municipality, which 
represented 27% of the city’s capital investment’ (Coupe et al., 2013). 
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direct urban upgrading interventions positioned in the heart of the poorest and most violent 

neighbourhood the city started to reform itself.  

 

 

Figure 1-5 Urban growth of the location of cable-car linea K between 1970s and 1990s. 
These images demonstrate the continued occupation of land during a period of large internal 

migration, where the north-east of the city quickly become dense with informal settlements. 

Much of the original illegal occupation of land was disguised as legal using a formally planned 

road structure going up the hillside, which now follows the line of the new cable-car. Image 

source Calderon (2009). 
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Figure 1-6 The chronological growth pattern of medellin between 1826 and 2011. Image 

from http://informalsettlements.blogspot.co.uk/ 

 

The man often credited with starting this process was Sergio Fajardo, who was elected Mayor in 

2004. He alongside the architect Alejandro Echeverri, in his post as Director of Urban Projects, 

and many other architects, engineers, planners, urban designers and social workers set about 

the task of transforming the poorest parts of Medellin, through a series of small and large projects, 

which were physical and social, within a strategy called “social urbanism”. These projects were a 

holistic collaboration between architects, community representatives, social workers, city 

administrators and the private sector to create a comprehensive program on interventions in the 

poorest neighbourhoods of Medellin. This is discussed in detail in the literature review in Chapter 

02. 

The project that initially embodied this conceptual model to upgrading was the Urban Integration 

Project (PUI6). This is an ‘instrument of urban intervention based on physical, social and cultural 

dimensions of a defined territory where different kind of development strategies are integrated 

simultaneously in the interventions area’ (Gaviria, 2015). This was and still is an upgrading project 

created by the municipality with the aim of increasing the quality of life of inhabitants, focusing on 

areas where poverty and violence are visible. Its strategy focuses on an integral and 

comprehensive approach, with each project having three main components - physical, social and 

institutional. This saw individual projects become a part of a wider set of improvements, 

                                                        

6 This refers to its common Spanish acronym for ‘Proyecto Urbano Integral’ and is widely used in Medellin. 
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implemented by a variety of sectors and actors, varying in size and scale, all overseen by the 

municipality (Calderon, 2009).  

 

Figure 1-7 PUI Noriental (North-East), Santo Domingo. Image from 

http://informalsettlements.blogspot.co.uk/ 

 

One of the essential elements that reinforced the urban upgrading process was the urban cable-

car. Its presence and success quickly allowed the neighbourhoods of the first PUI to be better 

connected to the whole city and importantly gave the upgrading project more presence within the 

whole city. The North-east PUI was initiated in 2004, the same year the cable-car was opened, 

and harnessed the opportunities presented to it by the new cable-car by integrating the mobility 

infrastructure into the strategic goals of large and socially complex projects in the surrounding 

areas (Figure 1-7). This is discussed in greater detail in the literature review in Chapter 02. 
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Figure 1-8 Linea K cable-car, Medellin. This innovative transport system has the benefit of 

being able to float over existing homes, allowing the existing urban fabric to remain mostly 

untouched. Photo taken in 2015 by Author. 

 

Urban cable-cars have their ‘origins in aerial lifts that have been used for decades in Alpine ski 

resorts’, but have also been previously used in urban transport (Alshalalfah et al., 2012). In New 

York there has been a cable tram to Roosevelt Island since 1976 and similarly cable-cars have 

been used in Singapore since 1974 to cross the Keppel Harbour to a tourist resort island. 

However, Medellin was the first city to directly integrate them into their urban transport system. 

The first cable-car line in Medellin was built in 2004 (Figure 1-8). This was initially aimed at 

transporting large numbers of people in the north-east to the north-south metro line, which at the 

time was being heavily underused. This integrated form of transport greatly improved connections 

for residents of the poor north-east neighbourhoods to the south of the city, where work is more 

readily available. The success of this led to a second line being built in 2007 in the west of the 

city and used the same principle of connecting isolated neighbourhoods with the main train line 

and this was also used to create a completely new settlement at the end station, formed of mostly 

conventional mass housing blocks. Two more Cable-car lines in the east of the city opened at the 

end of 2017, connecting to a new tram-line, which integrates with the main train-line and another 

line is being proposed in the northwest of the city due to be opened in 2019. 

These Cable-cars simply float over existing buildings, connecting hard to reach neighbourhoods 

to other transport links, preventing long cumbersome bus journeys through very complicated road 
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networks. This has the benefit of not needing to demolish large areas of residential and 

commercial land uses, which many local citizens rely upon. They also have very low construction 

costs, a short build time and use environmentally friendly energy, making them very appealing to 

municipalities (Dávila, 2013). 

The success of the Cable-cars in Medellin has led to in other cities across Latin America installing 

the same systems, such as Caracas (Figure 1-9), Rio de Janeiro, La Paz and Ecatepec. In recent 

years urban Cable-cars have been built in cities in the Global North including London, Berlin and 

Ankara and are proposed for many more other cities all across the world such as Lagos, Port-au-

Prince and Cardiff (Rushby, 2015). These helps address transport problems by providing an 

alternative solution. These are discussed in more detail in the literature review in Chapter 02. 

Figure 1-9 Metrocable in Caracas, opened in 2010. Image from 

http://trends.archiexpo.com/project-21498.html 

 

While these are undoubtedly a very popular new form of urban transport, this research is not 

concerned about its transportation impact, but is instead focussed in understanding their socio-

spatial impact on the immediate built environment, specifically in informal settlements. While the 

Cable-car is often thought of as a transport tool to integrate isolated neighbourhoods, with the 

first line in Medellin it became a mechanism to promote social and spatial changes. ‘[I]n the four 

years following its introduction, the city invested seven times the cost of the cable-car system in 

complementary urban projects’, harnessing its potential to not only spatially reconnect the poor, 

but also to socially and economically integrate communities with the rest of the city (Dávila, 2013). 

Yet, this was not the case with the second line, where a lack of investment in secondary projects 

and poor connections to the existing urban grid meant there was an initial over reliance in its value 
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as a transportation link and as a result it had significantly less impact. 

At present cable-cars are a trend, possibly because they are novel, inexpensive and politically 

appealing, nonetheless, they still can efficiently connect neighbourhoods with minimal impact. 

However, it is often not the transportation benefits that sell these systems in Latin America, but 

instead the socioeconomic benefits. Therefore, this research proposes to investigate the local 

spatial and socioeconomic impact of cable-cars, so that the role of spatial connectivity in the 

transformation process of an informal settlement can be better understood. 

 

1.4 Measuring the impact 

After the election of Sergio Fajardo in 2004, the municipality started a process of making its 

administration transparent and a major part of this was to make city data more freely available 

(Calderon, 2009). Much of this started with openly publishing of the annual Quality of Life Survey7, 

which used a standard set of questions to gauge the quality of life of its residents and determine 

where urban upgrading programs should be targeting (DANE, 2011). Alongside this the 

municipality started a program of mapping the city in detail including the informal settlements and 

adding various attributes to a geo-database8.  

The Municipality’s Quality of Life Survey is the most consistent source of socioeconomic data in 

Medellin. This is an annual survey conducted each year by the municipality and aims to establish 

certain socioeconomic conditions within the different comunas and regions. Each year a sample 

size of about 1-2%9 is taken from every comuna where a series of relevant questions are asked 

regarding the living standards and these have been repeated each year since 2004. This allows 

changes to be established since the first wave of urban upgrading. Each survey is broken down 

into seven sections – Population, Housing, Domestic, Education, Work, Health and Social 

Security. Alongside this, there is also an annual social demographic profile10 for each local district 

focussing on age and gender demographics and is also completed each year (Municipio de 

Medellín and DANE, 2015). 

                                                        

7 Encuesta de Calidad De Vida (Quality of Life in English) is an annual survey completed by the 
municipality and its results are published online - www.medellin.gov.co - from 2004 onwards 
8 This data is available online - www.medellin.gov.co/geomedellin 
9 In 2015 a sample size of 13333 homes were questioned and this represents 1.67% of the total population 
of Medellin. 
10 This is ‘Perfil Sociodemografico’ in Spanish. All the surveys between 2005-2015 are available from 
www.medellin.gov.co. 
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Alongside this effort to make data and records more easily accessible, there have also been 

attempts by independent sources to document similar information such as the national 

organization Como Vamos11 and local universities. However, these do not fully cover the full 

period of urban transformation since the first cable-car was introduced, nor is the sample size as 

large as the municipality’s, as only 1504 surveys were completed in the 2016 (Vamos, 2016).  

The municipality has also mapped a lot of this data in GIS as a part of it cadastral department12. 

This includes the data mapping of local socioeconomic stratums, basic land values, typical land-

uses and building heights, which are examined in Chapter 03 for each case study. However, 

these are not regularly updated and the areas that do get updated often focuses on areas of 

special interest for future developments. 

Understandably, a lot of the data made available by the municipality has been examined in great 

detail before. Coupe and Cardona’s (2013) explored the Cable-car’s influence on local economy. 

To do this they examined the results from the employment of households, average income and 

home-based enterprise surveys. The first category, ‘employment of households’ showed a slight 

increase in the number or people employed between 2004 and 2010, yet the number of people 

searching for work only increased for two out of the four comunas examined. Next, the ‘average 

income of household heads’ showed a large increase for all the affected comunas between 2004 

and 2009, almost double for each comuna. Yet during the same timeframe the minimum monthly 

wage increased from US$201 to US$27913. Then finally home-based enterprises are explored, 

here between 2004 and 2009 there is a general increase in the industrial, but service businesses 

associated with local shops, show more erratic changes. However, as Coupe and Cardona 

explains ‘it is difficult to disentangle their effect from city-wide trends such as macro-economic 

processes, the effect of urban and social policies and other spatial-physical interventions, and the 

levels of violence linked to criminal gangs vying for control of local territories’ (Coupe and 

Cardona, 2013). 

Within the same research Coupe and Cardona go onto to further explore the residential and 

commercial transactions and values of property data from the Land and Real Estate Markets 

Observatory (OIME)14. These all show a general increase for Comuna One between 2000 and 

2007. This data only represents a small proportion of properties within informal settlements and 

not each building. This is mainly because these locations are irregular and this data relies on 

                                                        

11 In August 2006 Medellin’s Como Vamos program was launched and aims to measure the quality of life. 
It is a private institutional alliance between numerous independent organizations who specialise in 
monitoring the quality of life in cities across Colombia, including Medellin. 
12 Many of these datasets are available from www.medellin.gov.co, however some of the datasets used in 
this research are sourced locally from Universities and the local planning department. 
13 These calculations are made in US dollars without an exchange rate for both years. 
14 Observatorio Inmobiliario Catastral de Medellín (OIME) in Spanish. This is a department within 
Medellin’s main planning department. 
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formal transactions being registered by ‘notary solicitors and the office for the register of public 

instrument’ and many, if not most, of the informal activities go unnoticed (ibid).  

To explore further if changes are noticeable some of the existing municipal data from the quality 

of life surveys are examined in more detail. The socioeconomic stratum is examined because it 

is a national indicator set up by the Colombian government to determine local residential tax and 

there are six levels, 01 is the lowest and 06 the highest. This banding takes into account the 

physical conditions of a neighbourhood and provide ‘an instrument that allows a municipality or 

district to classify its population in distinct groups or strata with similar social and economic 

characteristics’ (Hudson, 2010).  

	

Figure 1-10 Socioeconomic stratums proportions for each comuna with cable-car. This 

show the proportions for each socioeconomic stratum is generally the same since 2004. 
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Starting with the lowest banding, Stratum 1, between the years 2004 and 2015 the two comunas 

that the first cable-car passes through, Popular and Santa Cruz, both show a small increase in 

the percentage of its residents living in the lowest banding. This suggests that living conditions 

are not getting better, but worse. For the comunas that the second cable-car passes through, 

Robledo drops slightly, while San Javier remains roughly the same, hence there is very little 

change here (Figure 1-10). 

When the percentage of people living in Stratum 2 is examined there are less dramatic changes 

occurring and in general the percentage of people living in these categories remain the same. For 

the other bandings – Stratum 3, 4, 5 and 6 – there are no citizens living in these conditions in 

either Santa Cruz or Popular, in Robledo and San Javier there is a small percentage of people 

living in these conditions, yet none of these show changes (Figure 1-10). 

 

	

Figure 1-11 Percentage of residential homes in the comunas with a cable-car with a 
business. Since 2004 very few homes in the affected comunas have started a new business, 

even though new commercial enterprises were encouraged (Bateman et al., 2011). 

 

In general, these bandings show few changes as the percentage of citizens still living in the lowest 

banding remains the same. These classifications are often controversial, because ‘it reinforces a 

sense of classism within Colombian society and essentially codifies the rigid class system first 

imposed by the Spanish Empire nearly 500 years ago’ (Bogliacino et al., 2017). Therefore, it is 

important to explore another indicator that may be more responsive to urban changes such as 

commercial activities. So, the number of residential properties that has a secondary commercial 
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business is examined (Figure 1-11). This is a common feature for informal settlements in 

Colombia as ‘small shops still account for 51% of the food market’ as citizens use this to generate 

extra income (Coupe and Cardona, 2013). 

This reveals few changes between 2004 and 2014 for the four comunas affected by the cable-

cars and even Medellin shows very little change (Figure 1-11). Hence, from this it would be 

presumed that the urban upgrading program has not encouraged more local businesses to open 

even though an entrepreneurial program was part of the upgrading program (Calderon, 2009). 

Nor, does this relate to established research that shows local businesses in informal homes is 

often the first step towards alleviation out of poverty (Bateman et al., 2011). 

This lack of change could be the result of citizens not responding to the surveys truthfully in the 

fear of reprisals if the activities are illegal or if the commerce is small, irregular or temporary. This 

is the most likely scenario for street vendors, even though they are a regular source of commerce 

throughout the city they are unlikely to be recorded in formal surveys. This is analysed in more 

detail during the commercial land-use surveys in Chapter 06. 

However, there are indicators within the Quality of Life surveys that do suggest changes, but 

these can often be associated to national policymaking, such as reduced violent crime and better 

education. As Coupe et al mentions the ‘city underwent considerable changes, especially in terms 

of a decline in levels of violence (particularly homicides)’ (Coupe et al., 2013). It is also worth 

noting, that many of the local changes may not have been observed since these surveys ‘only 

analyse the trends at the scale of the comuna’ and not individual local areas within each comuna 

(Calderon, 2009).  

Therefore, while the Medellin’s municipality made an assertive effort to produce and make public 

more data since 2004, with a specific focus on socio-economic changes, these datasets do not 
show any conclusive changes that can be directly connected to the impact of the cable-
car, or other local interventions. This is likely a consequence of the data representing too 
large an area to record the small changes that have occurred in and around the cable-car 
stations.  

As a result, market indicators have recently become a useful tool to measure change. These often 

use indicators like rental costs or property values, which are less likely to be bias since they are 

market lead, and in recent time the availability of this data for whole cities is becoming more 

readily available. Unfortunately, this type of big data is often limited to large western cities, as the 

availability of similar data in informal settlements is very difficult to obtain and if acquired the 

validity may be questionable. As Fallatah et al explain, ‘obtaining up-to-date spatial information 

about informal settlements is a challenge because of their dynamic spatio-temporal behaviour’ 

(Fallatah et al 2018). This is also because many informal settlement homes are still deemed 

illegal, since official tenancy agreements are difficult to attain and commercial activities within are 

often not recorded because of this to, making it hard for market led indicators to accurately 

recorded in a similar manner to other parts of the world. As Mahadevia and Gogoi points outs, in 

informal settlements ‘tenure is a continuum with a mix of formal and informal tenure types’ and 
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many of these are squatters or unauthorised tenants, which are hard to account for (Mahadevia 

and Gogoi, 2011). 

These types of problems have commonly led researchers to conduct onsite investigations, often 

via participatory engagement methods. This typically relies upon direct engagement with local 

groups via interviews, workshops, questionnaires, community meetings and surveys and aims to 

establish citizen’s opinions and thoughts, to determine a local insight into local changes. As 

Frediani explains this is ‘not as a methodology for planners and architects of governmental 

authorities or development agencies to mediate diverse interests, but rather as a practice of social 

mobilization and contestation of the mode of production of the city’ (Frediani, 2016). However, 

this method is very difficult to scale-up for large areas without time and sizeable resources. It also 

presents the problem of analysing detailed and potentially opinionated data, which again adds 

pressure on resources and time. A potential way around this has been the use of online surveys 

and digital analysis techniques of quantitative data, but as with market led data, the informal 

environment is not ideal for online surveys unlike other parts of the world. 

All these methods and indicators have validity when measuring change and depending on scale 

and time these can often present the best methods available. Yet, because of the nature of time-

limited research and the practical realities of investors wanting unbiased reassurances that their 

interventions are making a difference these methods are often inadequate. This is because the 

socioeconomic changes take time to change and are very difficult to accurately record in a short 

timeframe. 

Although local socioeconomic conditions are regularly understood to influence the day-to-day 

lives within an informal settlement, other elements within the built environment are also 

influencing daily lives. As Hillier explains ‘a local process generates differences in local grid 

patterns and apparently reflects differences in spatial culture; and the other a global process 

generates a single overriding structure that seems to reflect a more generic or universal process’ 

(Hillier, 2002). This demonstrates that while local socioeconomic components create the 

underlying pattern of differences between urban centres, there is also a set of ‘autonomous spatial 

laws that are governing the effects on spatial configuration’ (ibid). It is these ‘invariants’ that allow 

for greater spatial integration within the whole city. These principles can be observed in informal 

settlements, as often the lack of global integration leads to isolation, encouraging the local socio-

components to dominate, making informal settlements turn their back on the city.  

Hillier argues that ‘urban grids seem to be structured in order to create, by the generation and 

channelling of movement, a kind of probabilistic field of potential encounter and avoidance’ (Hillier 

et al., 1993). So where a local urban grid is configured to avoid encounters with the rest of the 

city, such as an informal settlement, these areas are marginalised from economic activities that 

may occur elsewhere in the city. This introduces the argument that the configuration of the urban 

grid influences both local and global socioeconomic condition. So, by understanding the role the 

urban grid plays in the local lives of citizens, when changes are made to its configuration the 

impact of this can be better predicted, since its role has already been established. 
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Space syntax is a method that computationally quantifies spatial elements, providing a reliable 

framework to assess and predict urban systems. This has a long established connection to urban 

theory that can ‘link physical aspects of the urban system with its functional, social and 

behavioural aspects, directly and seamlessly’ (Karimi et al., 2013). Part of this has focused on 

urban segregation, theorising how societal conditions can be linked to spatial isolation, 

introducing the importance of connecting local conditions in society with space. As Vaughan and 

Arbaci say ‘the reason this matters is that the way in which urban spaces both acquire social 

meaning and have social consequences comes out of how they form part of the city’s layout’ 

(Vaughan and Arbaci, 2011). By using a computational method such as space syntax, unbiased 

spatial data can be collated and when changes to this spatial structure are implemented, the 

changes can be assessed and associated to local activities, so that the impact of reconfiguring 

the urban grid can be better measured. This type of analysis is critically assessed in greater detail 

in the literature review in Chapter 02. 

It is very clear that measuring the impact of spatial interventions in informal settlements is a 

difficult and hazardous task. This includes a wide variety of methods to measure different 

indicators, which focus on different aspects of change and scale. However, one of the main 

downfalls in the past has been the availability of time and resources to measure the impact 

accurately and many of the indicators available in Western cities are not reliably available in 

informal settlements. However, when local activities are closely connected to the configuration of 

the urban grid, this provides an opportunity to focus on space and the consequential results of 

reconfiguring spatial connections. By focusing on the impact of reconfiguring local space, this 

offers the chance to connect local socioeconomic components to certain spatial characteristics, 

which can then be associated with change. 

 

1.5 A hypothesis: the positive socio-economic transformation of an informal settlement 
relies upon enhanced spatial connectivity. 

The aim of this research is to study the socio-spatial impact an urban cable-car transport system 

has on the transformation process of an informal settlement. This will be completed using the 

research hypothesis that improved spatial connectivity is an essential element to the positive 

transformation process of an informal settlement. Since this helps prevent supporting physical, 

social, institutional and political interventions becoming introvert projects and provides the spatial 

platform for positively enhancing local urban centres. To do this, the role the cable-cars plays in 

the transformation process of informal settlements in Medellin is examined and is connected to 

local socioeconomic indicators to measure the impact. This will develop the overall discussion 

about the impact this new fashionable mode of transport is having and will build upon past 

research, which has tended to focus on the socio-political impact of the cable-cars. 

However, it should be made clear that this research is not proposing that improved spatial 

connectivity alone can upgrade informal settlements. Instead it is aiming to understand its roles 

within a comprehensive urban upgrading programme, such as Medellin’s PUI, so that its impact 



54 

can be better interpreted. By highlighting the major part spatial connectivity plays in an urban 

upgrading programme, this research aims to demonstrate that interventions, such as the cable-

car, can become the foundation for long-term resilience in an informal settlement. This is because 

not only do they offer citizens the benefits of a wider reach of economic opportunities by being 

better connected to the city, but also provide the local benefits of making urban centres more 

robust by establishing a central focus, thus encouraging more pedestrian movement and reliable 

land-uses. 

Therefore, this research intends to examine the discourse that the comprehensive approach to 

urban upgrading in informal settlements is an effective methodological concept currently available 

to urban practitioners and is the most positive approach to transforming areas of urban poverty. 

This accepts the failings of past single use interventions and instead encourages a holistic 

approach that combines a series of spatial, social, institutional and political interventions, aimed 

at transforming socially and spatially segregated communities. In Medellin the municipality 

implemented this through its ‘social urbanism’ rhetoric and PUI projects. The PUI Noriental, which 

was the pilot project for this programme, is widely regarded as a success story, since its 

implementation included a wide variety of interventions, but it is still questionable if this success 

would have been possible without the cable-car (Calderon, 2009). Then, with the second cable-

car line, the lack of supporting urban interventions is often cited as main failing to transform the 

surrounding informal settlements in the same positive manner (Brand and Dávila, 2013). Instead, 

the approach here focused solely on transport and housing at the end station. This starts to 

support the relevance of this hypothesis by highlighting the potentially important role spatial 

connectivity played in the success of the urban upgrading around the first cable-car and highlights 

the lack of a comprehensive approach to the failings of the second cable-car as alone spatial 

connections cannot stimulate change.  

This research will take this argument further by debating how new spatial interventions that are 

intertwined with existing spatial networks can further enhance the transformation process and 

naturally develop parts of the existing urban grid through natural urban processes. So, while the 

combination of interventions and local socio-components come together to transform informal 

settlements, this research argues that the process can be enhanced by understanding existing 

spatial networks and better connecting interventions to this.  

 

1.6 Research objective and research questions 

The main objective of this research is: 

• to study the impact of urban cable-cars in the transformation process of informal 

settlements in Medellin and in doing so, to determine the role spatial connectivity 
plays in the comprehensive approach to urban upgrading in informal settlements. 

This provides the opportunity to critically assess the role spatial connectivity plays in the 
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comprehensive approach to slum upgrading and discuss how it can enhance the process of 

transforming an informal settlement. By questioning the role of spatial connectivity, the success 

or failings of other intertwined socio-components can be examined. This not only provides the 

opportunity to investigate the impact of an urban cable-car, but also allows the size of the impact 

to be investigated in detail. Through the case of Medellin’s cable-car this research will 

demonstrate thoroughly the local socioeconomic impact that the related upgrading program has 

had and highlight where this impact is best observed. 

The cable-cars in Medellin played a huge role in the upgrading process and provided a visual 

icon of a transforming city, which is now recognisable all around the world. However, there is still 

a huge question about what exactly the impact has been, and this is not helped by the much-

hyped rhetoric that often clouds the realities of current urban poverty. Therefore, this research 

aims to avoid the subjective commentary that often overshadows the actual changes and instead 

focus on unbiased evidence. This will be done by first analysing the spatial configuration of 

Medellin’s urban grid and specifically the surrounding areas of each cable-car line. This will 

provide the opportunity to examine the consequences of spatially reconfiguring the urban grid 

with new spatial connections. This then provides the opportunity to record local actions connected 

to the urban grid such as movement pattern, which then contributes to the distribution of 

commercial land-uses. All are recordable using an evidence-based method and can be linked to 

the impact of the cable-car and the reconfiguring of the local urban grid. 

This research not only attempts to understand the role of spatial connectivity in a comprehensive 

upgrading program, but it also tries to highlight the importance of understanding the existing urban 

grid before attempting to transform an informal settlement. By understanding the existing urban 

grid and its spatial characteristics, future interventions have a greater potential to enhance 

existing informal settlements 

To examine this the research objective, the investigation is broken down into four interrelated, 

individual research questions. Whereas the first three questions underpin ‘The Impact’, the last 

question goes further to ‘Predict the Impact’” 

• Does the introduction of a single urban cable-car connection help to reconnect 
previously segregated informal settlements, as per the popular discourse, and to 

what extent does the impact on the spatial configuration play a positive role?  

• When a local urban grid is reconfigured via an enhanced spatial connection, such 

as an urban cable-car, does this also reconfigure local movement patterns? And if 

so, to what extent does the location of each station within the urban grid influence 

local movement?  

• If the reconfiguration of space, via the introduction of an improvement spatial 

connections, brings about changes in local pedestrian movement, to what extent 

could local commerce be used as an indicator to measure the immediate impact? 
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• Can the impact of spatial connectivity in the case of an urban cable-car transport 

system be quantified to predict the future impact of a similar project? 

These questions help to set out the structure of this thesis. The first examines the spatial impact 

of the cable-car and how it has altered the existing urban grid, which then leads onto the second 

question that investigates the resulting actions of the cable-car and how it influences local 

pedestrian movement and finally the third question explores the actual outcomes of this 

transformation by investigating if these previous changes have resulted in the distribution of 

certain commercial land-uses, which can then be used as an indicator of change. These three 

questions establish the changes that have resulted because of the urban cable-car. After this the 

research concludes by looking at the role of urban cable-cars in the future, by predicting the 

impact of a new cable-car system in a similar location in Medellin. This will help to establish a 

process for evaluating the impact of a new cable-cars in topographically challenging cities like 

Medellin, by utilising evidence-based methods of analysis that can be used to measure the impact 

before or after the cable-car has been introduced to a location. 

By answering these questions, the objective of this research will be addressed and the role of 

spatial connectivity in the upgrading process of informal settlement will be thoroughly examined. 

This will demonstrate how a strong understanding of the existing urban grid provides greater 

opportunities for transforming areas of urban poverty, yet at the same time it will also clarify that 

this alone is not enough. This is because the transformation process requires many different 

urban conditions to come together, all of which are unique for each location. 

 

1.7 General methodological approach of the thesis 

To answer these questions, the research utilises evidence-based methodologies wherever it is 

possible, but it starts with a comprehensive theoretical literature review to critically assess past 

urban upgrading policies and techniques for measuring the impact. This study aims to document 

the varying general practices that have been used in the past to upgrade informal settlements, 

specifically focussing on Medellin and urban transport solutions including the urban cable-car, 

allowing a discussion to be formulated into the role of urban interventions in the transformation 

process of an informal settlements. With this background established, the theoretical part of the 

research concludes by discussing the benefits of an evidence-base methodology in assessing 

the impact and the complexities that surround informality, with a specific focus on informal 

commerce. 

While literature can be used to theorise the role of urban upgrading in informal settlements, outline 

established methods for measuring change and discuss key issues relating to the transformation 

process, this alone cannot explain the impact of an intervention. Instead a precise methodology 

is needed so that the research objective of understanding the role of the cable-car in the 

transformation process of informal settlements in Medellin can be answered.  
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Figure 1-12 Medellin Map with metro-line and cable-car stations. (K3) Santo Domingo, (K2) 
Popular, (K1) Andulica, (J3) La Aurora, (J2) Vallejuelos and (J1) Juan XXIII.  

 

To record the impact this would traditionally rely on a longitudinal study over the course of a long 

period of time. However ‘one needs to have long time series of data from before the program was 

implemented in order to be able to compare trends over long enough periods’ (Field and Kremer, 

2006a), but there is no reliable or accurate data to do such a comparison in Medellin’s informal 
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settlements. To address the issue this research uses comparative studies of the same case study 

‘with’ and ‘without’ the cable-car, wherever possible. While this is easily done with a 

computational spatial model by simply removing the cable-car connection to create the ‘without’ 

scenario, for onsite observations this was possible by analysing each case study while the cable-

cars were closed briefly for maintenance15, closing for around ten days per year (Heinrichs and 

Bernet, 2014). Though this is only temporary, it still provides an insight into how residents act 

when the cable-car is removed. Without reliable historical data this provides the best method for 

analysing the impact, especially at a very small location. By comparing each case study in detail, 

including a ‘with’ and ‘without’ scenario, the role of the cable-car in the transformation process is 

better understood. 

The ‘with’ and ‘without’ case studies are broken down into three separate impact zones. The first 

is the whole city, then both cable-car lines - Linea K and Linea J - and then finally each of the 

cable-car stations (not the interchange stations) - Santo Domingo, Popular, Andalucia, La Aurora, 

Vallejuelos and Juan XXIII (Figure 1-12). A description of each can be found in Chapter 03. 

The analysis of these case studies is then broken down into four distinct chapters that address 

each research question, and this forms the main structure of the thesis (Figure 1-13). The first 

three chapters analytically explore if the impact can be better understood using evidence-based 

methodologies and then fourth chapter examines how the findings can be used to predict the 

future impact of a new cable-car line.  

 

Figure 1-13 Structure of thesis. The research is broken down into four main elements, each 

answering a different research question.  

 

There is a detailed description of the methodological approach at the beginning of each Chapter, 

so that the varied methodological approaches used in each type of analysis can be clearly 

                                                        

15 Each year the cable-car lines have to close for annual maintenance. The length and timing of these 
closures depend on the level of maintenance require. For example Linea J closed for 2 weeks in 2015 
during the fieldwork for this research because new cables needed replacing, whereas Linea K only closed 
for 1 week, since the maintenance requirements were less. 
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explained before the results are examined in detail. Nevertheless, below is a summary of each of 

the main methodological approaches used in these four analytical chapters. 

The first analytical chapter focusses on Space (Chapter 04) to answer the first research question. 

This examines its own evidence-based data generated from the spatial analysis of the city and 

the surrounding areas of each cable-car station, using a space syntax method. This has the 

benefit of objectively analysing the urban grid without the influence of outside parameters, 

enabling it to demonstrate different levels of spatial integration and segregation. This is done 

using a series of different spatial measurements (Integration, Choice, Integration Difference, 

Socioeconomic Spatial Condition Benchmarks and Angular Step-Depth) to first understand the 

configuration of the urban grid and then to measure how the introduction of the cable-car has 

impact on the urban grid. This impact is measured by comparing the results ‘with’ and ‘without’ 

the cable-car for each of the case studies. This chapter also aims to provide a baseline study to 

guide the rest of the research.  

To understand the impact of the cable-car further and to answer the next research question the 

next chapter examines the direct consequences of the local urban grid’s reconfiguration by 

focussing on movement (Chapter 05). This is done by recording pedestrian movement patterns 

in the surrounding areas of each cable-car station at different times of the day (early morning, 

mid-morning, lunchtime and late afternoon), both ‘with’ and ‘without’ the cable-car. This enables 

the research to understand when and where the cable-car attracts movement to and from the 

station. Then these movement patterns can be directly connected to the previous spatial analysis 

results to determine when and where the configuration of the urban grid has a bigger influence 

on local movement. This aims to explore the role the cable-car plays in generating local pedestrian 

movement, which can then go on and influence the distribution of certain land-uses.  

Since traditional socioeconomic indicators of change are difficult to rely on in informal settlements 

and do not show immediate changes to a local area, this next analytical chapter explores the 

worthiness of commerce (Chapter 06) as a natural indictor of immediate change to answer the 

next research question. This is also a land-use that is generally uninfluenced by municipality 

forces and appears to be very reactionary to change, especially within the informal economy 

(Soto, 2002). Commerce is also believed to naturally position itself wherever best to receive 

customers. As Hillier argues ‘configurational properties of spaces are crucial to the ways in which 

space ‘works’ at the level of patterns of movement, and the knock-on effects these have over time 

on other aspects of urban form which are sensitive to movement, such as the distribution of certain 

types of land use, such as retail’ (Hiller, 1996). Hence, by analysing this local component in detail 

the relationship of certain types of commerce (‘regular’, ‘irregular’ and ‘street vendors’) to both 

space and movement can be established and this can then be used as an indicator for measuring 

the impact of the cable-cars, as it distribution changes to pick-up customers that are influenced 

by the cable-car. As per the movement analysis, this is recorded at different times of the day ‘with’ 

and ‘without’ the cable-car and in mostly the same areas, so that where and when the impact is 

greatest can be better understood. 
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Since there is no reliable historic data to do a chronological analysis of change this research relies 

upon ‘with’ and ‘without’ comparison case studies within the existing spatial network of Medellin. 

However, this comparative method presents potential problems because the ‘without’ scenario 

does not represent the local area untouched by a cable-car intervention, since the cable-car is 

only closed for a short period. Consequently, the final chapter (Chapter 07) examines a case 

study that does not have a cable-car, so that it can hypothesised what the local urban grids would 

have been like before the cable-car, allowing the impact to be better understood. This also 

provides an opportunity for any anomalies that might have arisen in the research because of the 

reshaping of the local areas from the cable-car to be addressed by repeating the previous 

methods of analysis for this new case study. This comparative case is then used to predict the 

impact of a future cable-car line in the same location and addresses the final research question. 

To do this, the spatial analysis methods of the first chapter are repeated to predict the spatial 

impact of a new line in this location and then the multiple regression analysis results from Santo 

Domingo are used as the basis to predict pedestrian movement patterns and the distribution of 

commercial outlets. This has the direct aim of establishing the role of a cable-car intervention in 

the transformation process of a similarly topographically marginalised informal settlement and will 

demonstrate the importance of a spatial connectivity solution in the upgrading process. 

This methodological approach aims to address the hypothesis that spatial connectivity is an 

important element in upgrading informal settlements. To do this the urban conditions that 

contribute to the transformation process of an informal settlement are critically assessed using 

unbiased evidence, which relies upon locally gathered data that can be related to a 

computationally measured model of Medellin’s urban grid. 

 

1.8 Contribution 

By using this rigorous methodology, this research intends to contribute to knowledge by 

demonstrating the importance of improved spatial connectivity in the transformation process of 

an informal settlement, highlighting its pivotal role in naturally upgrading local urban centres 

alongside other interventions. Through the case of Medellin’s Cable-cars, this research shows 

the important relationship between improving spatial integration and a successful comprehensive 

upgrading program, whilst making it clear that spatial integration is not enough on its own to 

succeed in transforming areas of urban poverty.  

While the impact of the cable-car in Medellin has been addressed before (Bocarejo and Oviedo, 

2012; Brand and Dávila, 2011b; Dávila, 2013; McGuirk, 2015), this research differs by addressing 

issues directly relating to the built environment and the urban grid, focusing on the relationship 

between space, movement and commerce to address the impact. In the past, informality has 

been predominantly researched within the social sciences, where its focus was often centred on 

the local and global policies and cultural dynamics that underpin local society. This research 

differs by discussing and examining the role the built environment plays in the transformation 

process, through the impact of improved spatial connections. The research also differs by using 
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an evidence-based methodology to gather data. This principally relies upon the use of spatial 

analysis techniques to understand the complexities of an informal urban grid, which can then be 

connected to local socio-components, influenced by the configuration of the urban grid. This 

research does not aim to create a new methodology or argue against established methods, 

instead it adapts and evolves recognised methods to show the impact caused by the Cable-cars 

in Medellin. 

The impact of the cable-car has also previously been investigated in a traditional transport study 

manner, where the impact is measured in the number of people that use the system and how 

much quicker they get from A to B than before (Sarmiento et al., 2013). However, this research 

differs for this approach because it is not overly concerned about the statistical successes of the 

cable-car system, but is more concerned with how it has successfully, or unsuccessfully, 

redefined a local urban centre. By analysing how a new spatial connection redefines a local area 

by altering movement and commercial outlet distribution patterns, arguing it is these factors that 

initially help to make an informal settlement more resilient. 

The main objective of the research is to demonstrate the impact of the urban cable-cars in 

Medellin and allows the role of spatial connectivity in urban upgrading to be better understood. 

Moreover, this research aims to contribute even further by using these results to predict the impact 

of future interventions that use Cable-cars to spatially connect isolated informal settlements. 

Alongside this, the research contributes to the academic discourse surrounding urban upgrading 

in informal settlements, by outlining the potentially crucial part that a wider understanding of the 

spatial configuration of the urban grid can have in this transformational process. 

In fact, the most important contribution of this research is to provide a framework in which the 

impact of improved spatial connectivity can be measured, without having to rely on potentially 

biased secondary data sources or wait long periods of time to observe change. This could be 

used to highlight the impact of past interventions to prove their successes or potentially justify 

investment in future interventions. In doing so, this research acknowledges that large financial 

investments are often needed to upgrade informal settlements and the evidence needed to secure 

significant investment is often lacking. This is because typical indicators take a long time to 

highlight changes, especially in cases of extreme urban poverty, whereas this research 

hypothesises that direct spatial and socioeconomic indicators can show the immediate impact 

faster. This would benefit investors and municipalities needing evidence to implement upgrading 

programmes. If this research were successful in predicting the impact of certain local socio-

components, it would be hugely beneficial to the built environment for planning, designing and 

building interventions within an informal settlement. This research aims to contribute beyond the 

academic realm by being beneficial to the built environment to justify and support future upgrades. 

As we start to live in an increasingly urbanised era, there is a growing realisation that informality 

is the inevitable solution to ever-expanding cities across the world, yet these settlements 

demonstrate high levels of poverty and inequality, creating the desire to intervene to improve the 

lives of dwellers. These interventions have resulted in many problems in the past and have often 



62 

been conceived as objects and not generators of social and spatial systems resulting in many 

introverted and localised projects, not integrated into the wider city. While many of these ‘micro-

projects have shown considerable inventiveness and often good architectural design, their 

contribution to an urbanism relevant to the conditions of informality is very limited’ (Fiori, 2013). 

Nonetheless, a new generation believes that the shaping of informal space and structure occurs 

through the understanding and development of the complex interrelation of spatial parts and 

social engagement. Their responses ‘reflect the emergence of a different understanding of site, 

of context, of connectivity, of scale, and of the articulation of design with the productivity of the 

territory, with the social organisation and mobilisation of informal producers and dwellers, and 

with the politics of institutional redesign’ (ibid). This offers an immense opportunity to study and 

investigate the complex urban conditions that come together to transform informality and alleviate 

people in urban poverty, so that we can better appreciate the impact each of these conditions 

have on this transformation process. 

 

1.9 Thesis Outline 

CHAPTER 01 – INTRODUCTION 

 

CHAPTER 02 – UNDERSTANDING THE COMPLEXITIES OF URBAN UPGRADING IN 
INFORMAL SETTLEMENTS: A LITERATURE REVIEW 

• This provides a general discussion into the key topics of this research and addresses the 

issues outlined in the introduction. The chapter starts by expanding upon the initial 

discussion set out in the introduction about the development of slum upgrading program, 

by focusing on Medellin and its comprehensive program of urban upgrading throughout 

the city. It then outlines a key project from the upgrading program and the central theme 

of this research, the urban cable-cars. Allowing a discussion to formulate into the role of 

transport in urban upgrading, how Medellin utilised transport in its upgrading approach 

and how the cable-car project evolved and resulted in its replication in other cities in Latin 

America. Following this, the discussion addresses the key issue of measuring the impact 

of these intervention in the context of informality, outlining how it has been done in the 

past and how the impact of the cable-car was measured previously, discussing certain 

downfalls. Leading the research to discuss an alternative method that focusses on 

recording spatial conditions in the city called Space Syntax, it worthiness as a tool for 

measuring change is then fully explored. Leading the chapter to finish by discussing 

informal commerce, a local condition that is deeply embedding into an informal 

settlement, but also a very complex and hard to understand condition that summarise the 

dynamic issues related to informal settlements. By outlining how the main issues of this 

research have been previously addressed provides background knowledge base in which 

this research can address the main objectives of this research in the following chapters. 
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CHAPTER 03 – THE CABLE-CAR AND THE STATION: CASE STUDIES  

• This section provides information about each of the case studies analysed in this 

research, focusing on the current socio-spatial conditions of each case using available 

socioeconomic data, maps and photos. 

 

CHAPTER 04 – RECONFIGURING THE SPATIAL CONNECTIVITY OF AN URBAN GRID 
USING A CABLE-CAR 

• The first analytical chapter explores the extent of the impact of the cable-car on the urban 

grid. To do to this, a thorough analysis of the spatial configuration of Medellin’s urban grid 

is completed, which then allows the impact of a new spatial connection within this grid to 

be better understood by comparing two different scenarios ‘with’ and ‘without’ cable-car. 

This is done using a mixture of traditional space syntax measurements (Integration, 

Choice and Angular Step-Depth) and adapted measurements (Integration difference and 

spatial condition benchmarking). The results provide a baseline study that can be used 

in the preceding chapters to examine the impact onsite. 

CHAPTER 05 – HOW MOVEMENT IS RECONFIGURED WITH MODIFIED CONNECTIVITY 

• This chapter follows on from the previous by examining the impact in the areas 

immediately surrounding each station and this is done by exploring how the cable-car 

affects local pedestrian movement. This uses a series of movement observation surveys 

to record pedestrian movement patterns at each case study, during different times of the 

day, ‘with’ and ‘without’ the cable-car. The results are first analysed on their own and then 

correlated to the previous spatial analysis results for Choice. Allowing the relationship 

between movement and the urban grid to be established, so that the immediate role the 

cable-car has played in defining movement across the neighbourhood of each station can 

be better understood. 

CHAPTER 06 – COMMERCE AN INDICATOR OF CHANGE 

• This next chapter builds upon the movement analysis findings and looks at the material 

impact of this increase in pedestrian movement by examining the distribution of 

commercial outlets, which can be directly linked to both movement and space. This is 

done by accurately surveying the location of each local commercial outlet (including all 

informal commerce) that is open at different times of the day for all the case studies, using 

the same time periods and observations zones as the movement analysis. Then similarly 

to the movement observations, the locations of each commercial outlet is connected to 

the spatial analysis results for Choice to determine the influence of the urban grid in these 

arrangement pattern, and furthermore, allow the influence of the cable-car on the location 
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of commerce to be better explained. This allows the distribution of commerce to become 

a measurable indicator of change. 

 

CHAPTER 07 – HOW CAN THE IMPACT OF CABLE-CARS BE PREDICTED? 

• This next chapter summarises the main findings of the analysis using a comparative case 

study that does not have a cable-car intervention – Picacho. This location has not been 

affected by a major new transport connection or much urban upgrading, provides a clear 

before scenario and help to further highlight where the cable-car has influenced the 

previous results. This location then provides a case study that can use the previous 

results in this research to make a prediction on what the impact is likely to be if a cable-

car opens here.  

 

CHAPTER 08 – CONCLUSION  

• The final chapter conclude the research by discussing how the analysis addressed each 

of the main research questions set out in the introduction and outlines the contributions 

of this research.  
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CHAPTER 2 - UNDERSTANDING THE COMPLEXITIES OF 
URBAN UPGRADING IN INFORMAL SETTLEMENTS: A 
LITERATURE REVIEW 

 

2.1 Chapter introduction  

This chapter provides a general discussion into the key topics of this research and addresses the 

issues outlined in the introduction. The chapter starts by expanding upon the initial discussion set 

out in the introduction about the development of slum upgrading programs, by focusing on 

Medellin and its comprehensive program of urban upgrading throughout the city. It then outlines 

a key project from the upgrading program and the central theme of this research, the urban cable-

cars. Allowing a discussion to formulate into the role of transport in urban upgrading, how Medellin 

utilised transport in its upgrading approach, how the cable-car project evolved and resulted in its 

replication in other cities in Latin America. Following this, the discussion addresses the key issue 

of measuring the impact of these interventions in the context of informality, outlining how it has 

been done in the past and how the impact of the cable-car was measured previously, discussing 

certain downfalls. Leading the research to discuss an alternative method that focusses on 

recording spatial conditions in the city called Space Syntax, its worthiness as a tool for measuring 

change is then fully explored. Leading the chapter to finish by discussing informal commerce, a 

local condition that is deeply embedded into an informal settlement, but also a very complex and 

hard to understand condition that summarises the dynamic issues related to informal settlements. 

By outlining how the main issues of this research have been previously addressed provides a 

background knowledge base in which this research can address the main objectives of this 

research in the following chapters. 

 

2.2 The informal settlement - a new type of urbanisation and a new set of problems 

Urban poverty has been a part of the city for centuries and throughout history there has been 

many attempts to improve the living conditions of the dwellings within these often very unpleasant 

built environments. However, since around the 1950s, when the developing world started 

‘urbanising at a speed unprecedented in human history’, areas of urban poverty have taken a 

much larger toll on cities (Davis, 2007). This resulted in the conception of a new type of urban 

form based around poverty and focuses on being self-sufficient, autonomous from the state and 

above all surviving without much, this has led some theorists to argue ‘that such urban settlements 

should be reinterpreted as new urban vernaculars’ (Hernández et al., 2010) (Rapoport, 1988). 
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Today these are widely recognised as Informal Settlements16. This has led to a rapid rise in urban 

interventions, where built environment professionals attempt to improve living conditions in this 

new type of urban form.  

This clamour to intervene in areas of urban poverty is not something new, as there is a long 

history in this type of urban upgrading, often referred to as slum upgrading (Un-Habitat, 2016). In 

the past this often relied on slum clearances, with such methods used in ‘1860s Paris under the 

fanatical reign of Baron Haussmann’ and after the largescale clearances of the slums in central 

Paris Haussmann’s famed project “Cite Napoleon” ‘housed only bourgeois tenants’ (Davis, 2007). 

However, when large areas of urban poverty started to engulf cities in the Global South as a 

results of mass migration from the countryside and informal settlements became some of the 

largest parts of the city, this was not an option as this unrelenting growth could not be stemmed. 

As McGuirk points out in Mexico City there ‘was a population of little over a million in 1940’ and 

by 1980 this ‘became 15 million’ (McGuirk, 2015).  

With the rapid growth of cities in the global south and the formalisation of the concept and term 

‘Informal’ followed a long period of debate over the best ways to approach these new urban 

problems. As Fiori explains there was ‘decades of strategies and policies to address the 

conditions of informality. The concept was soon appropriated by different disciplines, theoretical 

perspectives and ideological positions, leading to different understandings of the causes of 

informality and to different policy and planning responses’ (Fiori, 2013). The evolution of these 

policies was discussed in the Introduction. This led to numerous failed upgrading approaches that 

aim to tackle the problems associated with fast growing informal settlements and Fiori argues that 

‘one contributing factor in these failures has been the almost complete despatialisation of the 

debate of the informal city and of the strategies for dealing with it’ (ibid). 

From these failings emerged a new approach to tackle urban poverty, one that recognised past 

shortcomings and looked to learn from them. With this re-emerged architecture and spatial 

design, but unlike before the built environment was not the principal driver of change, instead it 

was a part of a new multifaceted approach. This can be understood as the ‘comprehensive’ era, 

mentioned in the previous Chapter. This endeavoured to ‘search for synergies across a variety of 

social, political, institutional and spatial processes, all of which are interconnected and operating 

at different scales simultaneously’ (Hernández et al., 2010). As Fiori and Brandao explain, this 

attempts to go ‘beyond the dualistic approach represented in the terms formal and informal’ and 

                                                        

16 In the past areas of urban poverty have been commonly referred to as slums and for many this is still the 
go to word to describe these types of urban environment, and is still adopted by the United Nations ‘in 
order to publicise the seriousness of the urban problem and to improve its ability to attract funding’ (Gilbert, 
2007). However, as Hernandez and Kellett explain ‘the terms ‘formal’ and ‘informal’ became popular 
among Latin and North American social theorists in the 1970s’, as they were useful to ‘illustrate the 
development of alternative economies blooming in developing countries since the 1950s’ (Hernandez and 
Kellett, 2010). It is this term that is most commonly used in the built environment today, even though there 
is much debate about the notion of ‘formal’ and ‘informal’. 
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recognise the multidimensional needs of informal settlements and the city as one (Fiori and 

Brandão, 2009).  

This resulted in a series of key and well documented interventions, like Urban Think Tank’s (UTT) 

vertical gyms in Caracas, Teddy Cruz’s exploration of the border between USA and Mexico where 

he theorises about the role of spatial design to bridge frontiers and Elemental in Chile who 

designed half a house so that the residents can build the other half (Figure 2-1). These and many 

more have started to address the problems more directly than in the past, looking for innovative 

solutions. For example, UTT advocate for how design can be used to stimulate the 

transformations of informal settlements, often seen through innovative pieces of acupuncture 

architectures, which attempt to act as the catalyst for change. Their vertical gym offers a novel 

solution to the need for more recreational space in a very dense environment by packing multiple 

sports facilities vertically (Figure 2-1). Brillembourg and Klumpner explain that by ‘manoeuvring 

around these obstacles’ recreational space can be created, offering resident opportunities to 

engage in social activates instead of criminal acts, claiming ‘crime dropped sharply in the 

neighbourhood’ after the Gym’s inception (Brillembourg and Klumpner, 2010). For Elemental, it 

was not a problem of space, but a problem of resources. They were commissioned to design 

affordable homes, but funds available were not enough to build a full house, therefore they came 

up with the solution to build half, insuring the minimum services and structure were included and 

this allowed residents to build the other half when they could afford to. Both examples use 

innovative design solutions to tackle problems associated with informality, demonstrating the 

process and use value as more important than the object (Figure 2-1).  

    

Figure 2-1 Example of architectural interventions in informal settlements. (left) This is the 

incremental housing project in Quinta Monroy in Chile, 2004 by Alejandro Aravena. Here the 

state would provide half the house, including the main structure and services, and the 

homeowner would construct the other half when they can afford to do so. (right) This is a 

vertical gym, in Caracas by Urban Think Tank. Here four layers of different sports facilities are 

provided in the centre of an Informal Settlement. 

 

However, these can be seen as individual projects and rarely connecting to an overall plan for 

the city, though their ambition is often to start a largescale transformation process. As McGuirk 
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points out, the half houses work on a local scale, ‘but extended to the scale of the whole slum it 

would be a dispiriting mono-culture’ (McGuirk, 2015). Whilst these interventions address issues 

relating to poverty, they are not a part of a larger plan for the whole city, instead they follow a 

strategy of urban renewal named ‘urban acupuncture’. This promotes the ideal that an urban area 

can be entirely affected by small and precise, operations in very specific locations (Gallego, 

2011).   

There were larger projects that attempted to address the whole city in this era. One that typified 

this comprehensive policy and aimed to be more wide reaching than past projects, was ‘Favela 

Bairro’ in Rio de Janerio, launched in 1994 by the Inter-American Development Bank and the 

Housing Department of Rio de Janerio. As Fiori et al explains, this programme aimed to upgrade 

all medium sized favelas (the largest and smallest were a part of separate programs), the 

‘objectives being to reduce social exclusion and improving living conditions in the squatter 

settlements’ (Fiori et al., 2000). Integration of isolated communities became hugely significant, 

focussing on breakdown of edges, improving road connections and softening the urban 

boundaries through public spaces, making it more inviting to outsiders. It promoted the use of 

various actors from diverse sectors, people that would have rarely worked together. At first the 

program relied heavily on physical interventions, but social interventions slowly became more 

prevalent, whilst not dominating. 

Yet, this project was heavily criticised, mainly for its centralised execution by the municipality and 

its lack of direct communication with the residents, along with criticisms surrounding the lack of 

adequate housing being provided during the program, with most interventions focussing on non-

housing projects such as infrastructure and public spaces. Further criticism also emerged from 

the integration being provided, as people saw this as merely open space and improved roads, 

without improved transport and often allowed easier access for police. Fiori et al further explain 

that whilst it never met its own ambitious goals, it demonstrated that ‘collective and individual 

needs can only be addressed if upgrading projects are multi-sectoral’ and ‘through its ambition to 

work at the city scale and to achieve city integration at least recognises that poverty cannot be 

addressed purely at the settlement level’ (Fiori et al., 2000). It can be viewed as setting up the 

framework for other cities to upgrade and pave the way for future multi-billion dollar projects in 

Rio’s like Morar Carioca17, and as Simpson points out once again this project’s number one 

objective is to ‘promote social inclusion through complete and definitive urban and social 

integration of all favelas by 2020’ (Simpson, 2013). 

As Fiori and Brandao explain ‘the enabling or integrative approach refer not only to housing 

delivery systems, but to urban development and management as a whole’ (Fiori and Brandão, 

                                                        

17 Simpson mentions that Morar Carioca, which has a strong similarity to ‘Favela-Bairro’ has the ‘financial 
backing of the Inter-American Development Bank and, with resources from the national and local 
government, should cost over US$ 5 billion’ (Simpson, 2013). It is also a programme that ‘promises to 
urbanise all of Rio’s favelas and to promote accessibility, waste management, public spaces and services, 
environmental protection and eco-efficiency, reduction of density, resettlements and housing 
improvements’ (Simpson, 2013). 
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2009). This reintroduced the argument of spatiality to urban upgrading projects in informal 

settlements, bringing with it a multitude of new professions all addressing urban poverty together. 

Throughout the development of urban upgrading programmes for informal settlements the role of 

spatial design and architecture has changed, ranging from the principle actor to no evolvement, 

but the physical and spatial nature of an informal settlement means there will always be a 

connection with spatial design. Yet, how we understand and address the varying spatial 

relationships is questionable with this new urban form.  

The relationship between ‘space and society’ has been widely discussed as an indicator of 

success, though mostly in the context of the Global North. Much of this started from the early 

work of Hillier and Hansen (1984), which created a theory of ‘how and why different forms of 

social reproduction require and find an embodiment in a different type of spatial order’ (Hillier and 

Hanson, 1984). From this they argue that ‘society can only have lawful relations to space if society 

already possesses its own intrinsic spatial dimensions; and likewise space can only be lawfully 

related to society if it can carry those social dimensions’ (ibid). They discuss how finding relations 

between ‘social structure’ and ‘spatial structure’ help the designer have a more positive impact 

on a community when they intervene. This is discussed in more detail later, however, it is 

important to acknowledge the potential societal impact spatial interventions can have and Hillier 

and Hanson started to demonstrate this in their early work into ‘space and society’. 

The lessons learnt from recent developments show the importance of understanding the current 

situation and being flexible could be key, encouraging us to understand the problems first.  

 

2.3 ‘Social urbanism’ 

One region that has played a huge role in the development of slum upgrading is Latin America. 

Here there are many mature examples of informal settlements, some dating back over 100 

years18, contributing to this region becoming heavily urbanised with over 70% the population now 

living in a city. Hence the urban population here show few signs of past rural roots. It is this 

consistent urban environment that McGuirk says has allowed Latin America to be the ‘home to 

some of the greatest experiments in urban living of the twentieth century’ (McGuirk, 2015). 

Cities in Latin America grew exponentially in the first half of the 20th century, due to intense 

industrialization and rural migration (Echeverri and Orsini, 2011) and this growth resulted in a 

widespread growth of informal settlements (Brakarz et al., 2002; Fiori et al., 2000). These often 

lack basic infrastructure and correspond to the most violent places in the cities (Echeverri and 

Orsini, 2011). The Latin-American governments’ first attempt to resolve these problems was to 

                                                        

18 The first favela was recorded in 1933 and was made up of 1504 houses built on the hill Morro da 
Favela, where this type of neighbourhood got its name from (Fiori et al., 1992). 
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reallocate the urban poor to the edges of the cities, using coercive force as their mean to eradicate 

urban informality (Echeverri and Orsini, 2011). However, as previously discussed, at the end of 

the 20th century saw the emergence of a new strategy, where improvement of the existing poor 

urban settlements was the less ambitious goal of many cities (Brakarz et al., 2002; Echeverri and 

Orsini, 2011; Fiori et al., 2000).  

 

 

Figure 2-2 Antanas Mockus (top) and Bogota’s BRT system the Transmilenio BRT system 
(Bottom). The social and spatial interventions of Bogota in the 1990s inspired many of the initial 

changes introduced in Medellin during the early 2000’s. 

 

The city that has typified this is in recent times is Medellin. This is encapsulated by a new form 

urbanism, which aims to engage with the urban poor directly and reintegrate them into city life. 

Yet, much of this stemmed from actions elsewhere, none more so than the radical actions of 

Bogota and its mayors during the 1990s. At the time Bogota had problems with escalating 

violence, terrible transport and bad basic services, nonetheless the Mayor at the time Antanas 

Mockus (mayor between 1995-1996 and 2001-2003) humorously addressed these issues 

through a series of surreal initiatives, such as employing mime artists to conduct traffic, 

distributing red cards to wave at citizens who misbehaved and even dressing up as a ‘super 

citizen’ (Figure 2-2). This aimed to make people aware of their roles as citizens and how they 

could positively influence each other. To the surprise of many it was a huge success and 
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coincided with better management of the city’s finances. Enrique Penalosa (mayor between 1998-

2000) following on from this success and thanks to the greatly improved budget, implemented a 

series of physical interventions. This included five megaprojects: 01) The Banks of Lands; 02) 

The Districts System of Parks; 03) The District System of Library; 04) Road Construction and 

Maintenance; and most importantly, 05) A mass transit system, ‘The Transmileno’ (Figure 2-2). 

These added a visibility to the previous improvements in citizenship (Gilbert and Dávila, 2002). 

These successes clearly inspired Medellin, alongside largescale projects elsewhere, such as 

‘Favela Bairros’ in Rio de Janeiro, yet attempts to improve the city were not new. As Bahl explains, 

some of the first improvement were completed by the drug cartels who funded ‘social programs, 

[built] soccer fields, churches, schools and even entire barrios where poor people living in shacks 

could be relocated into brick houses with electricity and running water’ (Bahl, 2012). While, it is 

hard to legitimise this, since it was essentially in exchange for loyalty, it was nonetheless an active 

effort to spatially transform poor urban conditions.  

The first legitimate effort by Medellin’s municipality was the Holistic Upgrading Programme for 

Subnormal Neighbourhoods in Medellin initiated in 1993, commonly referred to as PRIMED19. As 

Calderon explains, ‘the program was based on an integral and inter-sectoral planning approach 

grouped in six different components and objectives: neighbourhood upgrading, housing 

improvement, physical risk mitigation, relocation, legalization of tenure and promotion of 

community development’ (Calderon, 2008). This had similarities to ‘Favela Bairro’ in its ambition 

to address multiple issues related to urban poverty, using a variety of different sectors. Yet, as 

Betanur explains ‘local resistance/readiness, unexpected factors, lack of experience, 

organizational difficulties, political priorities, and overly optimistic expectations explain many of 

the shortcomings’ (Betancur, 2007). In much the same way as ‘Favela Bairro’ failed, this 

ambitious project could not succeed due to its’ unrealistic aims and the lack of any substantial 

visible improvement. 

After the approval of the ‘Legislation of Urban Territorial Order’20 in the late 1990’s, the mandate 

for city development fell onto Colombian cities instead of the state, enabling municipalities to 

develop they own city plans and creating a series of influential mayors, who became very 

important actors in the recent history of Medellin (Calderon, 2009).  

When Sergio Fajardo was elected in 2004 one of his main goals was to create an ‘equal city for 

all and where all citizens can construct relations stimulated by a city rich in services, culture and 

                                                        

19 In Spanish this stands for ‘Programa Integral de Mejoramiento de Barrios Subnormles en Medellin’. 
20 In Spanish this is Ley 388 de 1997 - Ley de Ordenamiento Terrioral. Republica de Colombia. This law 
‘mandates that municipal administrations should be responsible for addressing the own issues through 
local Development Plans’ (Calderon, 2009). 
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public space’ (Lawrence et al., 2012). This helped develop a new approach for implementing 

urban projects combining simultaneously physical transformations, social programs and 

participation, where iconic architecture would often be the public face. Davila explains, it ‘had the 

objective that whenever there is a physical transformation of development, in parallel there are 

social programs reinforcing the change’ (Davila, 2013). To do this the term ‘Social Urbanism’21 

was used. Levy describes this as ‘a metaphor for an integrated approach to transport and urban 

development, and for the power of the strategic potential of this integrated approach to address 

urban inequality’ (Levy, 2013). While it is essentially just a metaphor, it was the mechanism to 

start a large-scale urban upgrading project that focused on the poor. When asked why so much 

of the city’s transformation was concentrated here, Fajardo replied, “this was a re-payment of an 

historical debt” (Davila, 2013). 

The most important project to come from this was the Integral Urban Project (PUI), which is an 

urban upgrading project created by the municipality and administrated by Enterprise of Urban 

Development (EDU22) and organisation within the municipality. Its objective is to increase the 

quality of life of inhabitants, focusing on areas where poverty and violence are more visible. This 

focuses on an integral and comprehensive approach, with each project having three main 

components - physical, social and institutional (Calderon, 2009).  

    

Figure 2-3 Espana Library, Santo Domingo, Medellin. This is potentially the most iconic of 

Medellin’s urban upgrading programme and is located next the first cable-car line in Medellin. 

Images from www.archdaily.com/2565/espana-library-giancarlo-mazzanti. 

 

                                                        

21 Brand and Davila explains ‘the expression ‘social urbanism’ had been previously used in 1952 by Karl 
Brunner, an Austrian urban planner, who had a decisive influence in the planning of Santiago de Chile, 
Bogotá and Panamá in the 1930s and 1940s before returning to post-war Austria where he became 
Director of Vienna’s Planning Directorate’ (Brand and Dávila, 2013). 
22 This refers to its common Spanish acronym for ‘Empresa de Desarrollo Urbano’. 
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This is best observed at the PUI Noriental, the pilot project. Calderon describes how this oversaw 

the construction of community facilities, like the Library-Park Santo Domingo (Figure 2-3) and the 

Center for Business Development of the District (CEDEZO23), 15 new or upgraded public spaces 

and streets, 3 new bridges offering connections between local neighbourhoods, new housing 

including the upgrading and consolidation of existing homes, a wide range of community 

meetings, workshops and events, a series of social programs from the municipality (ibid). 

This was implemented with the urban cable-car in the backdrop and uses heavily designed 

architecture to visually transforming the neighbourhood (Figure 2-3). This use of urbanism, with 

iconic architecture as the focus, has led to the city being heavily publicised internationally. As 

Ortiz explains ‘the ‘Medellin model’ heavily publicised by the city marketing. Media, international 

urban experts, and multilateral agencies praise the story of overcoming violence and inequality 

through a type of urbanism labelled as social’ (Ortiz, 2015). However, Medellin is not a perfect 

example, as it still remains ‘one of the most unequal cities in Colombia’ (Duque et al., 2013). 

Further criticism highlights how this designed approach focused ‘only on public space and 

overlooked existing housing dynamics’ and this risks the effect on the growth of self-managed 

informal communities (Ortiz, 2015). These interventions can also ‘serve as a vehicle for the re-

establishment of state control’ forcing out informal enterprises and then there is the continued 

relocation of residents in the city centre to newly developed housing, such as the ‘nearly 20,000 

new residents in Ciudadela Nuevo Occidente’ at the end of Linea J and just outside the city’s 

boundary (Coupe and Cardona, 2013). This is all to make room for new urban projects to further 

showcase the city to an international audience. Then finally there is a local perception that if the 

upgrading does not take place in your local neighbourhood residents do not ‘feel the change very 

much because it’s a bit far away’ (Agudelo et al., 2013). 

However, Medellin still offers a good example of a comprehensive approach to urban upgrading 

in informal settlements, especially the role of spatial connectivity, as transport and spatial design 

played a pivotal role in the city’s transformation. This has seen a wide range of spatial, social, 

institutional and political interventions implemented since its very dark past, when Medellin was 

‘the murder capital of the world24, a centre of violence in a country notorious for its apparently 

casual attitude to life and death’ (Salazar, 1992). This allows a better picture of the transformation 

process of an informal settlement to be formulated, so that the critical role of certain interventions 

can be assessed. 

 

                                                        

23 This refers to its common Spanish acronym for ‘Centros de Desarrollo Empresarial Zonal’. 
24 In 1991, there were 17 murders every day in Medellin, Colombia, making it the murder capital of the 
world. 
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2.4 Transport, the catalyst for reconnecting broken cities 

A key element to the immediate success of Medellin transformation was public transport, which 

has become a common mechanism for improving cities in the Global South. As Riberio et al points 

out ‘transport activity, a key component of economic development and human welfare, is 

increasing around the world as economies grow’ (Ribeiro et al., 2007). 

Therefore, it is unsurprising that transport has been a central part of urban upgrading in Latin 

American cities, such as Curtiba’s BRT25 system in the 70’s and 80’s. This was the ‘first city in 

the world to implement a full BRT system’ and as Lindau et al explain ‘Curitiba has been 

demonstrating to the world its potential to produce creative and relatively low-cost solutions or 

urban mobility’ (Lindau et al., 2010). Bogota followed this with its own successful BRT, the 

Transmilenio, which ‘sought to widen transport provision with broad social goals’ (Cracknell, 

2003). Here improvements in ‘public transport became a political imperative, and the Mayor 

adopted an enlightened policy with the objectives (i) to improve bus service quality to passengers, 

(ii) to improve the environment by reducing bus-caused emissions, and (iii) above all, to develop 

a more civilized city’ (Cracknell, 2003). There was an immediate impact, as ‘in 1998 [before 

TransMilenio], there were 865 collusions, 936 injuries, and 66 deaths reported on the roads’, but 

in 2002 there were only ‘50 collusions, 174 injuries and 8 fatalities’ and in the first ‘12 months of 

operation, TransMilenio reported a decline in air pollutants of 40% in their busway corridors’ (ibid).  

Along with this immediate impact there is now a noticeable impact ‘on urban form, real estate 

investment, and land value in its area of influence’ (Bocarejo et al., 2013a). This is because since 

‘its implementation, the Transmilenio has shown a transforming potential in the areas surrounding 

terminal stations, which makes it possible to build commercial areas and other developments that 

previously had no place in peripheral zones of the city’ (ibid). In the areas served by the 

Transmilenio network the ‘population density increased by around 1700 inhabitants/km2, while 

other areas had a more moderate growth at 1400 inhabitant/km2’ (ibid). There is also a slightly 

larger increase in the residential property built in the surrounding area, with ‘a difference of 3.7 

thousand sq/m2 more’ (ibid). As Bocajero et al explains, the Transmilenio had a positive impact 

on commercial property price, which is demonstrated by the ‘price decreasing with increasing 

distance from the transport corridors’ (ibid). Here the ‘average square metre price of commercial 

properties having access to Transmilenio is between 257% and 367% higher than those with no 

access’ (Perdomo Calvo et al., 2007). It has also been shown that residential property prices 

increase too, as it has been ‘detected a premium of 6.8–9.3% for every 5 min walking time closer 

to a BRT station’ (Rodriguez and Targa, 2004). However, the residential property price was harder 

to correlate (Bocarejo et al., 2013a).  As Bocajero et al explains, the impact on residential property 

price was relative to the economic stratums ‘as the low-income residential market did not pay 

more for housing with easy access to the Transmilenio system’ (ibid). Similarly, for high-income 

                                                        

25 Bus Rapid Transit (BRT) is a bus-based public transport system designed to improve capacity and is a 
system that usually includes a roadway that is dedicated to this type of bus. 



75 

properties, the proximity to the BRT did not infer a premium value. However, the results did show 

that for the ‘new middle-income stratum properties in the proximity of Transmilenio trunks and 

feeder routes had premium values’ (ibid). 

This demonstrates how urban development has often centred around major transport projects, 

even though there are many problems with the cost of use, overcrowding and discrimination 

preventing some for using its services (Bocarejo and Oviedo, 2012). 

While the introductions of transport to marginalised sites often implies greater opportunities, as 

Brand points out ‘this presupposes the availability of the economic, physical and cognitive 

resources necessary to take advantage of those opportunities’ (Brand, 2013a). Then as Bauman 

states ‘an increase in mobility does not homogenise societies, rather it stratifies and polarises 

them: it liberates some individuals to act at distance without any kind of territorial attachment, 

while imprisoning others in particular place’ (Bauman, 2000). This demonstrates that transport 

does not always uniformly improve isolated communities by spatially connecting them to other 

parts of the city, as there are often deep-rooted socioeconomic issues preventing certain groups 

from using the new connection. 

Brand mentions that the traditional ‘concept in transport studies is that of accessibility, understood 

as a measure of the place’s connectedness in terms of opportunities that can be realised there, 

referring to the objective conditions for moving something or someone’ (Brand, 2013a). However, 

as Levy discusses this can be more as ‘transport accessibility to urban opportunities relates not 

only to time/distance, but also to cost, safety and comfort. Transport accessibility also has an 

integrative dimension in people’s lives, enabling them to balance - or orchestrate activities on a 

daily basis’ (Levy, 2013a). Therefore, while transport is traditionally seen as a study of how to get 

people from one place to another, the act of movement required to go from one place to another 

can itself initiate change.  

As Jiron highlights, mobility ‘has been extensively studied from the transport perspective; 

essentially from the disciplines of engineering, economics, geography and transport planning’ and 

as he further explains these are ‘generally interested in understanding the travel patterns by 

means of origin and destination of daily journeys’ (Jirón, 2010). However, in contrast the recent 

‘concept of mobility is directed more towards the logics and practises of the actor: how an actor 

builds his/her relationship with space, with less emphasis placed on the objective opportunities 

offered by a territory’ (Brand, 2013a). Brand explains, ‘there is an important difference between 

more technical transport studies and those that take a sociological approach around the notional 

of motilities’ (ibid). This starts to show that the study of mobility has recently started to look at 

transport in a different way, in a way that can highlight the local social impact of the transport 

connection. 

A large part of this is movement and how citizens move between space and the connections that 

take them there. However, as Urry points out, ‘movement has not been adequately researched, 

except for work by engineer and transport economist who tend to examine simple journey 

categories’ and argues that movement and flows should be placed at the forefront of mobility 
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studies, as the organising elements of social life (Urry, 2003). Then as Jiron mentions ‘to 

understand these types of connections means to concentrate more on the experiences than only 

in the types and forms of transport, as mobility is above anything else a means by which to carry 

out activities of a social nature’ (Jirón, 2010). This further highlight that transport is not just about 

the physical objects that take you from one place to another but is also about the experience of 

moving between different spaces and benefits gained from this experience. 

Anciaes et al discuss how there is an increase in ‘attention being given to relationships such as 

those between walking mobility, health and social cohesion, and between accessibility and social 

inclusion’ (Anciaes et al., 2014). This means the walking environment is very important. As 

Anciaes and Jones point out ‘the characteristics of the local street network plays a crucial role. In 

particular, the density, connectivity, and configuration of the network are often associated with 

observed levels of walking’ (Anciaes and Jones, 2016). However ‘despite the growing evidence 

of the links between the built environment, walking, health, and well-being, still relatively little 

knowledge exists about the effects of barriers on the way that pedestrians use the street network 

and their strategies to overcome these barriers’ (Anciaes et al., 2014). 

In areas of informality, even in locations that are topographically challenging, walking is often the 

most common form of daily transport, because of financial restrictions or lack of transport 

connections. In the neighbourhood of Medellin’s first cable-car ‘walking is the main mode of 

transport’ (Sarmiento et al., 2013), as locals ‘have reported walking for an hour twice a day, over 

a distance of between four and five kilometres’ (Agudelo et al., 2013). However, as Bocarejo and 

Valasquez highlight, where there is long ‘walking times this makes it more attractive to continue 

using poor quality transport systems that are more easily accessible’ and further highlights that 

‘even with good access to new systems, individual mobility may not increase significantly, and 

informal systems with cheaper fares continue to be preferred by users’ (Bocarejo and Velasquez, 

2013). Thus, the challenge of integrating new transport systems with those already in operation 

is crucial in areas of informality. 

It is not just important to integrate new transport with existing transport, but it is also vital to 

integrate these into the whole urban structure of the city. This is because ‘when implementing 

and improving sustainable means of public transportation, urban functions such as dwellings, 

shops, services, workshops and offices have to be in short walking distances from stations and 

the street network must be easily understandable for way‐finding’ (Van Nes and Stolk, 2012). Van 

Nes and Stolk (2012) argues that it is important to understand the impact of transport on the 

existing urban structure and how the spatial configuration of the urban grid can influence this 

impact. This is because the scale of the impact is influenced by the way it connects to existing 

systems of movement. As Van Nes and Stolk point out ‘stations located directly to a city centre 

or town centre that have a highly integrated road and street network on various scale levels are 

the most sustainable’ (ibid). They further explain that successful railway stations with ‘high 

frequencies of services and timetables have a high number of people ‘dependent on a high 

number of services, functions (such as jobs, shops, amenities, dwellings, and offices) in its 

vicinity, high density of the built mass, and high variation of step over possibilities to other mobility 
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means (bicycle, tram, metro, light‐rail, bus, walking, taxi and car) within a short metrical distance’ 

(ibid). However, Van Nes and Stolk (2012) further state that ‘diversity and frequency seem to 

depend on the spatial configuration of the street and road network in a station’s vicinity’, 

highlighting the importance of the urban grid to supplement the success of a transport connection 

(ibid). 

This starts to highlight how the ‘attributes that give value to transport systems have been 

progressively changing’ (Bocarejo and Oviedo, 2012). While in the past speed and reduced travel 

times were given too much importance, ‘currently the relevance of characteristics such as system 

reliability, low environmental impact, provided accessibility and equality contributions have 

constantly increased’ (ibid).  Alongside this an increase in the social and economic benefits are 

being more widely used and this often ‘depends directly on the number of opportunities reachable 

from a given location’ (ibid).  This starts to highlight that the success of a transport connection is 

starting to be measured differently to traditional measures and connection to the immediate 

surrounding environment is proving to be important in these new measures of success. 

As Bocajero and Oviedo discuss, the most frequently used measures are based on the 

combination of opportunities and impedances. An example of this is a gravity-type accessibility 

model ‘this measures the attractive power and the friction of spatial separation’, whereas another 

different type of measurement uses ‘activities-based indicators, which usually describe the level 

of access to activities distributed in space, using indicators of opportunities availability regarding 

their distribution in space and time’ (ibid). Bocajero and Oviedo further mention that other potential 

measures are generated by ‘weighting opportunities located in a given area using an attribute of 

attraction (population, ability to pay, etc.), and discounting a measure of impedance’ (ibid). 

Whereas ‘people-based indicators are based on spatial and temporal geography and consider 

the restrictions of an individual to reach activities’ (ibid). These consider accessibility as an 

attribute of individuals and evaluate it from the daily schedule of activities and spatial and temporal 

constraints for an individual (ibid).  

While the discussion on how to measure the impact of transport has expanded away from typical 

transport science measurements, how social and economic aspects are measured and related to 

transport is still not very clear. Yet, it is evident that these indicators are becoming more desirable 

and studied wider. 

Davila mentions, a ‘city dweller’s ability to move on a daily or occasional basis hinges on factors 

such as the ease of physical access to a mode of transport, the frequency of the mode and the 

economic cost of travelling’ (Dávila, 2013) and these factors are especially important in areas of 

informality. As Brand states out the ‘important thing is the recognition that mobility is not static 

and uniform in character’ (Brand, 2013a). 
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2.5 The start of an era of urban cable-cars 

Medellin’s first attempt to address the problem of transport was its over-ground train line (Metro), 

opened in 1995 following long delays after construction work initially started in 1984 and money 

running out during construction (Coupe et al., 2013). As Brand and Davila explain the aim of this 

line was simple, it was to ‘transport workers swiftly from low-income residential areas in 

municipalities to the north of the city to southern municipalities where factories are located’ (Brand 

and Dávila, 2011b). This did little to aid the accessibility problems of residents high up in the 

valley, as just getting to the train line was a problem due to the dense informal build-up. Hence, 

when the idea of the cable-car was first thought up in the late 1990s, this ‘was an attractive idea 

for bringing passengers down from the hillsides to the Metro’ (Brand and Dávila, 2011a). So after 

Luis Perez was elected mayor, who was ‘as keen an enthusiast of cable-cars as the newly 

appointed head of the Metro de Medellin26’, it took less than three years from his election for the 

first cable-car line (Figure 2-4) to be operational in 2004 (Brand and Dávila, 2011b).  

While the authorities insist that this was always a ‘socially-motivated’ project, Brand and Davila 

explain this was not the case, as it was initially ‘a way of increasing passenger numbers for a then 

underused Metro capacity’ and only later did it become ‘socially-motivated’ (Brand and Dávila, 

2011a). As ‘in the four years following its introduction, the city invested seven times the cost of 

the cable-car system in complementary urban projects’, harnessing its potential to not only 

spatially connect the poor, but also socially and economically improve lives (Brand and Dávila, 

2013). This saw radical changes occurring in some of the previously most violent and poor 

neighbourhoods. With it followed much international acclaim due to the eye catching style of 

architecture used, as cities all across the world started this flamboyant approach to urban 

upgrading (McGuirk, 2012). 

 

 

                                                        

26 Metro de Medellin was created for the administration and operation of the Metro system that functions 
mostly in Medellin’s Municipal, though it does provide access into neighbouring Municipals that form the 
metropolitan area of Valle de Aburra. It is currently owned by the Department of Antioquia. 
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Figure 2-4 Metrocable linea K, Medellin. The first cable-car line open in 2004 provided an 

opportunity to connect isolated neighbourhoods with the rest of the city. Photo taken in 2015 by 

Author. 

This transport system essentially replaces the snow-covered mountains of the Alps with the dense 

informal building of Medellin, as its carriages float over these whilst climbing up a very steep valley 

faces (Figure 2-5), negating the need to demolish homes or for long cumbersome journeys on 

microbuses. This quickly became more than a transport system, as Brand explains it symbolised 

Medellin’s transformation soon after it opened, representing the ‘inclusion of those 

neighbourhoods [informal settlements] in the urban agenda, the attention and investment of the 

city administration, positive media coverage and the arrival of visitors of all kinds’ (Brand, 2013b).  

The first cable-car line connected isolated hillside neighbourhoods in the northeast with the metro. 

Brand and Davila describe how this part of the city ‘is characterised by a difficult, steeply sloping 

terrain broken by deep smaller valleys carved by the numerous streams running down the hillside 

to the main river. Developed through informal settlements and land invasions dating from the 

1950s and 1960s, by the end of the century it was the most densely urbanised sector of the city, 

with over 400 dwellings/hectare. As a consequence, road infrastructure was minimal and access 

difficult, although the area was relatively well served by conventional buses’ (Brand and Dávila, 

2011a). Brand explains, once the cable-car opened the municipality quickly ‘became aware of the 

potential as a reference point for broader and more comprehensive urban interventions’ (Brand, 

2013b). All the interventions of this project are visibly located nearby the cable-car, helping to 

form a direct connection.  
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Figure 2-5 Santo Domingo with cable-car line above. Soon after the first cable-line opened 

in 2004 a large number of complimentary interventions attached themselves to it, proving a big 

visual transformation to these parts. Photo taken in 2015 by Author. 

 

While the first cable-car line is widely accepted as being a mechanism to promote social and 

spatial change, this was not the case with the second line where a lack of investment in secondary 

projects, meant an over reliance in its value as a transportation link. As Brand and Davila argue 

‘the Metrocable and the practice of ‘social urbanism’ were pulling in different directions’ for the 

second line (Brand and Dávila, 2013). Also, the urban fabric is very different here, as the cable-

car traverses ‘a more diverse physical and social landscape in the western sector of the city’ 

(Brand and Dávila, 2011b). Then, finally the cable-car finishes up at ‘the city’s expansion zone, 

Ciudadela Nuevo Occidente, developed by the municipality in partnership with the private sector, 

and currently undergoing intensive development consisting of social housing estates’ (Coupe, 

2013). This is very different to any cable-car station location, as the mass housing is spaciously 

spread across the neighbourhood instead of the densely pack informal building found elsewhere 

(Figure 2-6). 

Brand and Davila suggest the same close articulation between the ‘urban and social fabric failed 

to materialise, for several reasons: the topography was more difficult, complementary 

interventions were spatially disconnected from each other, there were lower levels of community 

participation, and J Line [the second line] to a large extent sought to leap-frog the neighbourhoods 
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closer to the Metro station in a bid to connect as efficiently as possible the newly developed area 

of Ciudadela Nuevo Occidente, outside the municipality’s built-up area’ (Brand and Dávila, 2013). 

Coupe and Cardona suggest that ‘what has happened around the K and J lines makes it 

abundantly clear that integrated, localised, parallel and coordinated strategies of intervention 

generate far greater benefits than the sum of independent and sequential projects’ (Coupe and 

Cardona, 2013). This makes the point that the Cable-car on its own is not enough to upgrade 

whole neighbourhoods, which leads to Brand pointing out ‘it should not be assumed that aerial 

cable-car systems [alone] will lead directly to the integration of poor neighbourhoods with the rest 

of the city’ (Brand, 2013a). 

 

Figure 2-6 La Aurora, Medellin. The new neighbourhood at the end of Linea J, just outside the 

city boundary, is a location allocated for densification and has resulted in mass housing far 

away from the city centre, with very few amenities provided. This is similar to the conventional 

housing programmes previously discussed in Chapter 01. Photo taken in 2015 by author. 

 

Whilst the cable-cars connecting to the main metro line have helped to create an extensive 

transport system, as Sarmiento et al point outs it is the microbuses that are still the most popular 

form of transport, accounting for 37% of all trips and walking is second at 25% (Sarmiento et al., 

2013). However, with the road network restricted by steep topology and tightly packed buildings, 

alternative forms of transport are clearly needed. The cable-cars at Medellin help to provide this 

in a very complex and unforgiving environment. As Caicedo points, cities today have new goals, 

including the need to ‘maximise access to transport systems, improve access to all areas of the 
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city and the region, and reduce sprawl, integrate urban functions, and create a greater sense of 

ownership of the neighbourhood by its residents’ (Caicedo, 2013).  

As Bocajero et al explains ‘transport demand is derived from people’s needs to reach activities 

and access opportunities that are not available at their trip origin’ (Bocarejo et al., 2013b). In that 

order, social and economic benefits depend directly on the number of opportunities accessible 

from a given location. While the cable-car offers this hope, it is their role in the upgrading process 

that is of most importance, as Brand warns ‘an aerial cable-car that hangs over an unchangingly 

improvised social and urban landscape loses all charm and positive political significance’ (Brand, 

2013b). 

2.6 The spread of urban cable-cars 

The first Cable-car system to follow Medellin, was built in Caracas and opened in 2010. Similar 

to the first line in Medellin this provided direct access to a hillside informal settlement, called San 

Agustin, from the main metro line. This system offered ‘local residents a valuable alternative to 

the arduous access through longs steep routes consisting of concrete staircases’ (Naranjo, 2013). 

As Naranjo explains residents previously had to ‘negotiate an average of 800 steps to climb up 

the 200 metres between the lowest part of the neighbourhood and the mountain ridge’ (ibid). This 

system is designed to service a neighbourhood that is mostly disconnected from the city’s road 

network, its original designers UTT explain ‘San Agustin, survives solely without cars’ (Sokol, 

2010). This represents a more densely packed settlement than Medellin, as while it too is heavily 

packed with informal buildings there are importantly many roads that access each neighbourhood 

to provide connections with the rest of city without the Cable-car (Figure 2-7). 

 

Figure 2-7 Caracas Cable-car. Opened in 2010, this was the first urban cable-car system after 

Medellin to target areas of urban poverty. Image from www.archdaily.com/429744/metro-cable-

caracas-urban-think-tank. 
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Besides accessibility, the cable-car at Caracas aimed ‘to improve the quality of life of the 

inhabitants in the areas served by the project’ and ‘contribute to upgrade the spaces around the 

stations, complemented with new buildings’ (Naranjo, 2013). These are similar ambitions to 

Medellin’s ‘social urbanism’. For UTT ‘the cable car was not as a solution for all the problems 

these communities are facing, but as the base for the solution – an infrastructure for social 

change’ (Sokol, 2010). 

Nonetheless, the project quickly became troubled by costs, escalating dramatically to a final cost 

of $318 million, compared to Medellin’s Linea K at $24 million and Linea J at $47 million (Naranjo, 

2013). This alone left a negative image of the Cable-car in Caracas, but it also operates well 

below capacity, with estimated usage at around 4,500 passengers/day, less than its 15,000 

capacity, highlight a very small impact in comparison to Medellin. Naranjo further points out ‘other 

aspects that merit more in-depth research such as: lack of connection to the system for 

inhabitants in the lower part of the neighbourhood, lack of pedestrian connection between 

stations’ (ibid).  

Therefore, while the accessibility improved for some residents, presumably those living nearest 

the stations, its low usage would suggest something is failing and this maybe the fault of local 

roads not connecting to each station.  

In Rio, the upgrading of ‘Complexo do Alemao’ (Figure 2-8) was directly inspired by Medellin 

(Silva, 2013). Silva explains the urban upgrading programme named PAC Alemao27, began in 

2008, ‘comprised investments and integrated actions in diverse fields such as infrastructure, the 

supply of public facilities, improvement of housing and construction of new dwellings, street 

layouts, risk mitigation, and policies for land regularisation and job and income generation 

programmes’ (ibid). The project is estimated to have cost US$405 million and like Medellin this 

project quickly became famous for its ‘construction of an aerial cable-car lines integrating five hills 

of Complexo do Alemão’ (ibid). 

Inaugurated in 2011, the cable-car connects six stations along a route of 3.4 km and similar to 

Caracas and Medellin, it is integrated into the main transport system. The city allows residents 

the rights to two free return trips per day. However, the cable-car was only one part of the overall 

upgrading project. As Silva explains, the cable-car was initially seen as ‘an important action in 

terms of reducing socio-spatial inequalities and the integration of this area with its surrounding 

area’ (ibid). Silva further outlines that the cable-car stations aimed to transform the surrounding 

areas into ‘new urban nodes, offering public and private services’ and would stimulate ‘tourist 

                                                        

27 PAC stands for ‘Programa de Aceleração do Crescimento’ in Portuguese, which translates to ‘Growth 
Acceleration Program’. This is a largescale, comprehensive urban upgrading program for a large area in 
Rio de Janeiro and at the centre of this development is a Cable-car system based upon the first Cable-car 
system in Medellin.  
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exploration of the zone’ (ibid). These ambitions have clear connections to Medellin, which 

managed to achieve each of these goals. 

However, there was much criticism at a cost of $103 million, nearly a quarter of the whole 

upgrading program budget, also residents felt there was not enough consultation, especially 

regarding complimentary facilities and interventions, even though participatory planning was a 

policy (McGuirk, 2015). Then there was the large relocation of families and the ‘use of the system 

amongst residents is limited’ (Silva, 2013). Silva explains how inhabitants ‘maintain that the cable-

car only benefits residents in the higher parts of the hills. For inhabitants in the lower parts access 

to the stations is more difficult, and they continue to use other means of transport. On the Adeus 

hill, for example, it is necessary to climb stairs to reach the station, or to walk long distances’ 

(ibid). This was not a problem at Medellin’s first line, where the simplicity of the system going up 

one hill and connecting to already busy roads, meant accessing the station was simple (Figure 2-

8). Furthermore, the ‘company administering the cable-car concession, reports that they transport 

ten thousand passengers every day - compared with 30,000 at Medellin Linea K’, highlighting 

another negative impact of this line. 

 

Figure 2-8 Complexo do Alemao cable-car, Rio de Janerio. This system opened in 2011 and 

similar to Medellin’s first cable-car system it was integrated into a large urban upgrading 

programme. However, this system was, and still is, very unpopular with locals. Image from 

www.inhabitat.com/cable-car-system-crowns-urban-revitalization-project-in-rio-de-janeiros-

alemao-favela-complex/ 
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This negative opinion escalated when the cable-car stopped running in 2017. Darabi explains that 

‘the cables which carry the cars required maintenance, and Rio, amid a terrible recession, doesn’t 

have the money to make the repairs. Violence is rising in the favelas, and unemployment and 

poverty have remained stagnant, while sanitation problems persist. Residents don’t mourn the 

cable car’s loss, but lament the waste of public money – which could have been spent on the 

lasting infrastructure they desperately need’ (Darabi, 2018). 

Whilst this upgrading approach is based on Medellin, the same level of success was not 

established. For Darabi ‘Medellin’s success has created the illusion that social problems can be 

resolved simply by dropping another government’s solution onto a waiting area’, but at Rio this 

proved very troublesome (ibid). 

 

Figure 2-9 La Paz Cable-car. Unlike the other cable-car systems, this does not target areas of 

urban poverty but instead aims to be the principle transport system of the city. Image from 

www.gondolaproject.com. 

 

Finally, in La Paz the Cable-cars are used slightly differently (Figure 2-9). Here, instead of being 

a complimentary line to the main transport system and accessing hard to reach areas of the city, 

it aims to form major routes through the city and between two large urban areas. The system runs 

between La Paz and El Alto, ‘making it the longest urban cable car network in the world’ and 

‘connects two geographically complex areas with about two million inhabitants and high rates of 

poverty’ (Garsous et al., 2017). Garsous et al explains that ‘various factors motivated the decision 

to invest in this nonconventional mode of transport, geography being perhaps the most important’, 

this is because ‘topography complicates the movement of inhabitants not only between the two 
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cities but also within them’ (ibid). Koch further explains that it is hoped that the Cable-car lines 

will connect with a proposed BRT network to provide a comprehensive transport system for the 

city (Koch, 2013).  

Here the cable-car is very much ‘championed by the national government’, whereas a BRT 

system is ‘championed by local governments’ (Koch, 2013). This demonstrates the political 

impact of the cable-car, especially when the successes of the Medellin can be cited, as it becomes 

a tool to gather votes. As Garsous et al points out ‘no matter how short or long the commute, it 

takes less time when the cable car network is used’ (Garsous et al., 2017). Hence, when the 

simple issue of accessibility is the only method of assessing the impact the cable-car clearly 

provide a transport solution for difficult topologies. Therefore, whilst the system at La Paz is 

different, it still provides valuable integration to previously isolated areas, however it is the long-

term socioeconomic impact that sells these systems, and this is much harder to understand and 

measure.  

At La Paz the greatest challenge is ‘to link the aerial cable-car project with the proposal for the 

BRT mass transport system’, as the creation of a wide reaching transport system where both 

systems are integrated will have the greatest impact on the whole city (Koch, 2013). 

These examples have clearly had different levels of success in comparison to Medellin, especially 

at Caracas and Rio de Janerio where similar systems and locations are used. As not only are 

both of these systems heavily underused in comparison, but their perceived social impact is 

significantly less, and they have been negatively received by local residents. These failings are 

made worse by their considerably larger construction costs compared to Medellin. So, while there 

are clear accessibility benefits to the cable-car, this is not enough to make them successful. 

At present cable-cars are a popular trend and they are no longer just proposed for hillside informal 

settlements in Latin America, but also many Western cities28. It is hard to ignore this novel 

approach to reaching awkward locations, since it is so visible and different to traditional transport. 

This leapfrogs major obstacles with minimal disruption and provides a very simple method to 

connect isolated locations with the rest of the city. While its basic accessibility benefits are clear, 

it is its use as an ‘urban and social’ upgrading tool that has captured the imagination of the so 

many commentators, yet rarely has the perceived success of a system be as potent at Medellin. 

This brings into question why the first line at Medellin was the most successful and how can its 

feats be better understood and implemented elsewhere. 

 

                                                        

28 The website http://gondolaproject.com/ (Accessed May 2018) publish a map of all the different Cable-car 
transport systems in world, though a clear definition of what makes a Cable-car Transport system is hard 
to determine. This map can be found here www.google.com/maps/d/viewer?mid=1hwO5qHquWxMh090X-
qLcvR1Xwyo&usp=sharing.  
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2.7 Measuring poverty and how it changes. 

Measuring change in urban poverty was once simple, relying on one indicator, income, but this is 

not a good indicator, as it does not reflect the diverse conditions of poverty people live in. As 

Woodward and Abdallah explain about $1 Dollar-a-day threshold indicator of poverty this 

‘definition focuses exclusively on one aspect of poverty, namely income, to the exclusion of other 

critical aspects of deprivation, such as assets, access to essential services, and social exclusion. 

Even in the context of income, it sets the poverty line at an essentially arbitrary level. It also gives 

rise to a number of serious technical problems in the measurement of poverty, comparisons 

between countries, and analysis of changes in poverty over time’ (Woodward and Abdallah, 

2008). 

This led to composite indicators, such as the Human Poverty Index29 (HPI), Human Development 

Index30 (HDI) and the Multidimensional Poverty Index31 (MPI). As Brakarz and Jaitman explain 

these ‘aggregate a set of simple indicators to construct a single measurement of a complex 

phenomenon’ (Brakarz and Jaitman, 2013). Recently the Gini coefficient 32 has been used to 

measure urban poverty as it calculates inequality (Un-Habitat, 2004).  

These measurements are mostly used for nations or large cities, and often unhelpful for individual 

neighbourhoods, instead smaller studies are needed to focus on local issues. As Woodward and 

Abdallah explains ‘if a single global poverty line is set at the right level on average, it will 

necessarily be too high in some cases and too low in others, whether based on an input or an 

outcome approach’ (Woodward and Abdallah, 2008). Brakarz and Jaitman discuss how ‘there is 

a wide range of indicators employed in different studies to measure housing, neighbourhood, and 

individual outcomes, according to the objectives of the programs and the aim of the research 

analysis’ (Brakarz and Jaitman, 2013). Hence there is rarely one single indicator to measure the 

                                                        

29 The Human Poverty Index (HPI) was an indication of the standard of living in a country, developed by the 
United Nations. The HPI concentrates on the deprivation in the three essential elements of human life 
already reflected in the HDI: longevity, knowledge and a decent standard of living. [source] 
en.wikipedia.org/wiki/Human_Poverty_Index 
30 The Human Development Index (HDI) is a composite statistic of life expectancy, education, and per 
capita income indicators, which are used to rank countries into four tiers of human development. [source] 
en.wikipedia.org/wiki/Human_Development_Index 
31 The Global Multidimensional Poverty Index (MPI) was developed in 2010 by the Oxford Poverty & 
Human Development Initiative (OPHI) and the United Nations Development Programme and uses different 
factors to determine poverty beyond income-based lists. It replaced the previous Human Poverty Index. It 
complements traditional income-based poverty measures by capturing the severe deprivations that each 
person faces at the same time with respect to education, health and living standards. [source] 
en.wikipedia.org/wiki/Multidimensional_Poverty_Index 
32 The Gini coefficient is a measure of statistical dispersion intended to represent the income or wealth 
distribution of a nation's residents, and is the most commonly used measurement of inequality. It was 
developed by the Italian statistician and sociologist Corrado Gini. [source] 
en.wikipedia.org/wiki/Gini_coefficient 
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impact of an intervention, especially at a neighbourhood scale, instead a combination of local 

indicators is needed  

These are often complied at a regional or city level, such as local household surveys and are very 

important because ‘surveys aimed at households represent one of the most important sources of 

socioeconomic data that countries have’ (DANE, 2011). These include ‘indicators to measure 

specific economic and social aspects that can be calculated as from this type of surveys. In 

addition, they provide information that makes it possible to learn about and explain the 

determining elements or causal factors of the behaviour of such aspects, which is of great 

importance for the design and monitoring of results in public policies’ (ibid). 

Many of the decentralised cities in Colombia, including Medellin, implement their own household 

surveys, as these ‘represent an important tool for measuring and understanding poverty levels’ 

(ibid). Samper explains, these ‘measuring tools help justify and evaluate the location of the 

investment of the territory of the city’ (Samper Escobar, 2010). The transparency of these 

surveys33, which evolved from a large pledge of ‘enhanced transparency’ by the Municipality, 

mean these surveys are largely available to the public, mostly dating back to 2004, allowing 

citizens to become more aware of their own living conditions (Calderon, 2009). In Medellin, these 

are conducted each year and are broken down into specific categories: Education, Work, Home, 

Population, Housing, Health and Security. The results are further broken down into individual 

areas of the city. While this data is useful for understanding trends and changes, as Samper 

explains these have ‘limitations in mapping the real situation of the territory’ because ‘the scale 

of the measurement generalizes heterogeneous territories and thus hides valuable information’ 

(Samper Escobar, 2010). 

This has often led to the use of market lead indicators to measure impact. Coupe and Cardona’s 

used Residential Property Transactions, Commercial and Service Property Transactions and 

Average Cadastral Value of Property surveys from the Land and Real Estate Markets 

Observatory, at Medellin’s Planning Department to show changes in Medellin (Coupe and 

Cardona, 2013). These indicate change overtime, especially with a spike at 2007, but as per 

Samper’s previous criticism of the Quality of Life results, these show the generalised impact of a 

large neighbourhood and rarely go into detail for a small area, such as the area directly 

surrounding each cable-car station. Coupe and Cardona also discuss how hard it is to use local 

economies to measure impact at a local scale, since it is ‘difficult to disentangle their effect from 

city-wide trends such as macro-economic processes’ (ibid). 

These make the use of municipal data difficult to rely on individually. To combat this problem local 

qualitative surveys have been used in the past to understand local impact. This involves direct 

engagement with residents via interviews, workshops, questionnaires, community meetings and 

surveys. This type of engagement can understand the direct impact of change on groups and 

                                                        

33 Encuesta Calidad de Vida in Spanish. Available from www.medellin.gov.co 
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individuals. Francoise Coupe researched the direct impact the Cable-cars at Medellin had on 

resident through a series of ‘visits to the communes and field observations, meetings with 

community leaders, and individual and group interviews’ (Coupe, 2013). This pinpoints exact local 

issues and personal experiences in relation to changes. As Field and Kremer explain ‘qualitative 

data or open-ended survey questions are most useful in capturing changes in feelings of political 

inclusion or exclusion’ (Field and Kremer, 2006b). Yet, there are floors in these techniques too, 

such as potential researcher bias or the lack of time and resources to the scale up to cover large 

areas. 

It is also possible to use a quantifiable technique to measure a qualitative study area, such as 

surveying building materials. This offers and insight into the wealth of residents and 

neighbourhood, which is especially useful when measured over a long period of time as it can 

demonstrate how people self-improve. Ronaldo Ramirez et al researched this in the Barrios of 

Caracas, classifying homes according to their materials, ‘a good house was one built entirely with 

industrially produced materials, even if it was not completed and a bad house was one built with 

refuse materials, and a regular one was a combination of both’ (Ramirez et al., 1991). This is 

easily done when housing is a ‘use-value’, as proposed by Turner, however within an open-

market this is harder to measure since land and rental cost influences what a dweller has to spend 

on materials and these are difficult to obtain for individual homes, let alone a whole 

neighbourhood. There is also a problem of being misled with external materials, as what is on the 

outside of a building may not be the same as the inside.  

These methods, and many others, all have validity when measuring change, nevertheless what 

is most important is that the method used is correct for that location and scale of the specific 

research targets. 

 

2.8 Measuring the impact of Medellin’s metrocable: past examples 

The impact of the Cable-cars in Medellin has been previously addressed, most notably by Julio 

Davila (2013) in the book titled ‘Urban Mobility and Poverty’. This ‘examines the experiences of 

Medellin in seeking to reduce poverty and integrate marginalised areas’, with the main focuses 

being ‘the impact of two aerial cable-cars connecting high density hill neighbourhoods with the 

rest of the city’ (Dávila, 2013). Davila and other researchers explored the ‘theoretical explorations 

of mobility and transport in the context of an urbanised society’ investigating the ‘institutional 

background of the interventions, the communities’ socioeconomic profiles, the travel patterns and 

the opinions of users and non-users of the Metrocables, and the system’s political resonance’ 

(ibid). This research relied on traditional methods, such as workshops, interviews and lots of 

onsite observations, alongside analysis of available data from the municipality and independent 

sources. This produced a variety of outcomes, for example Caren Levy discussed the issues 

relating to women, and how transport planning can be ‘an obstacle to its effectiveness in 

addressing diversity and inequality in contemporary urban areas’ (Levy, 2013a). Peter Brand talks 

about how cable-cars can be like a political tool that creates the ‘sensation of social inclusion’, 
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yet if they ‘hang over an unchangingly impoverished social and urban landscape it loses all charm 

and positive political significance’ (Brand, 2013a). 

This research showed the effectiveness that a set of interventions, not just the cable-cars, has in 

revitalising a city that has had a long, negative history and doing so focussed on issues relating 

to urban poverty. This highlights the benefits of ‘an increase in mobility’, discussing the ‘degree 

of poverty reduction in the population who lives and works in the neighbourhoods affected by the 

intervention’ (Dávila, 2013). This revealed the level of urban integration of some of poorest 

neighbourhoods in Medellin and refers to ‘the perception that the rest of the city has of these 

neighbourhoods’ (ibid)  

While it provides an in-depth report on the social impact the cable-cars had on the urban poor, 

focussing on the ‘social and cultural meaning of this movement’, it does not provide analysis of 

the ways spatial connections are altered by the cable-car, nor does it specifically mention the 

importance of the urban grid’s configuration in the upgrading process (Dávila, 2013). As Garous 

et al point out no ‘quantitative analytical assessment’ of the impact of the cable-car’s connectivity 

is provided (Garsous et al., 2017). Yet, spatial interventions are promoted as the foundations of 

the city’s transformation (Kimmelman, 2012; McGuirk, 2012; Vulliamy, 2013), instead, Davila’s 

book focuses on the social and political impact of the intervention on the urban poor, without 

discussing the relationship between spatial design and society. 

This was not the only piece of research by Davila on the impact of the cable-car system at 

Medellin, alongside Peter Brand they completed a series of articles discussing many of the social, 

cultural, political and environmental issues (Brand and Dávila, 2011a, 2013, 2011b; Dávila and 

Daste, 2012). The general body of this research attempts to understand how ‘mobility affects 

opportunity’ and specifically how the ‘Metrocable system might contribute to poverty reduction by 

improving income generation and the living conditions of the population of the surrounding area’ 

(Brand and Dávila, 2011a). This attempts to understand the role of the Cable-car and mobility in 

the process of urban upgrading, specifically how governments use this as a tool to transform 

areas of poverty. Yet, rarely does this research extensively examine quantified data, relying 

mostly on surveys conducted by the municipality or bodies working for the municipality, such as 

local universities like Universidad Nacional de Colombia in Medellin (Dávila, 2013). 

A piece of research that does extensively examine quantifiable data addressing the issues of 

accessibility related to the cable-cars at Medellin on low-income users is by Juan Pablo Bocarejo 

et al (2014). This uses accessibility data from the ‘Origin-Destination’ survey, which show travel 

patterns for the city and compared it to house prices, to ‘evaluate the impact on equity for the 

population in the zone of influence, considering changes in accessibility to employment and in 

housing-related costs’ (Bocarejo et al., 2014). ‘Treated-groups’ areas with cable-cars and 

‘controlled-groups’ areas without, were compared and contrasted to evaluate how much impact 

the cable-car had on house prices. 

This argues that the main benefits, in terms of accessibility that differentiates the areas with a 

cable-car to those without, ‘are related to a localised ease of access to specific centres of activity 
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according to the centralised development of the city’s job market along the mass transit lines’ 

(Bocarejo et al., 2014). However, it showed that in terms of housing costs, using a set of 

difference-in-difference models that considered rent, transport, and public utilities costs, that there 

was not ‘a statistically valid relationship between the Metrocable and the changes in costs 

between the two analysed populations’ (Bocarejo et al., 2013a). This relates to the previously 

discussed research surrounding the BRT system at Bogota, which also struggled to show a 

connection between improved transport and residential house prices for the poorest stratums in 

the city. 

The results from this research showed there was little impact, though this could be attributed to 

the analysis model or biased data. The origin-destination survey is a mixture of usage data from 

the Metro and surveys conducted by universities, but in Medellin trips are often on foot and 

motorbikes, which are not easy to quantify, and house price data provided by the Cadastral does 

not include values for individual homes in informal settlements, instead averages for blocks are 

provided. Nor does it provide data for new settlements just outside the city’s borders or the 

metropolitan area. Whilst the results are not conclusive, it addresses the impact of accessibility 

and how this results in market values changing. This comes close to addressing the impact of 

spatial connectivity, but by addressing cable-cars as an individual form of accessibility neglects 

how the whole spatial network of the city works as one and how the cable-car connects to 

something like the existing road network. 

Past studies into the impact of urban upgrading interventions, such as the cable-cars, have 

generally relied on collating data via traditional methods or through the analysis of household 

survey data collected by local government. These often neglect the spatial impact of the built 

environment and its role in the transformation process of an informal settlement. Therefore, it is 

important to explore a method that addresses both space and society together and not separately. 

 

2.9 Space Syntax, a method to understand space and society as one 

Since the emergence of the term ‘informal’ in the ‘early 1970s to describe a set of socioeconomic 

and spatial processes, which combined irregularity with very low levels of productivity in the 

product of goods, services, and the built environment’ its relationship to cities has gained 

enormous importance (Fiori, 2013). Within informal settlements, ‘there are certain parameters 

and elements which, are increasingly present and should be part of any serious attempt to 

address issues of poverty’ (Segre, 2009). 

A method for computationally quantifying spatial elements is space syntax (Figure 2-10). It is a 

method that provides a reliable framework to assess and predict urban systems, it can ‘link 

physical aspects of the urban system with its functional, social and behavioural aspects, directly 

and seamlessly’ (Karimi and Parham, 2012). 
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Figure 2-10 Normalised Integration at ‘n’ metric radius for Medellin. This is an example of 

the analysis discussed in detail in Chapter 04. 

 

This came about from studies by Bill Hillier and Julienne Hanson in the 1980’s that examined the 

spatial configuration of buildings and cities, resulting in the book titled ‘The Social Logic of Space’ 

This outlined a ‘new theory and method for the investigation of the society-space relation’ and is 

done by ‘first attempting to build a conceptual model within which the relation can be investigated 

on the basis of the social content of spatial patterning and the spatial content of social patterning’ 

(Hillier and Hanson, 1984). Then it ‘tries to establish, via a new definition of spatial order as 

restrictions on a random process, a method of analysis of spatial pattern, with the emphasis on 

the relation between local morphological relations and global patterns’ (ibid). This relates the 
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configuration of space back to real social issues, demonstrating that integrated spaces, the ones 

with the least number of turns away from each other, were important social centres (ibid). Leading 

to the conclusion that spatial configuration played a significant role in society and from this it was 

clear that the spatial configuration of a network of open space influences the way people move. 

For example, many of the poorly constructed housing estates in London, did not have a steady 

flow of people moving in and out like traditional street negating a sense of presence and security. 

As Hillier points out this makes them ‘aware of almost no one, and which changes the structure 

of patterns of co-presence and co-awareness, leading to fear, the domination of some spaces by 

single categories of user and the emptying out of other spaces’ (Hiller, 1996). The configuration 

of these estates led to numerous unnecessary trips, pockets of emptiness, which are 

unsupervised and an increased separation from doorstep to the street. 

Karimi outlines that the standard method in urban design are ‘rarely multi-disciplinary and multi-

scalar, which restrict their application to only particular areas of urban design or planning with no 

or very minor connections with other disciplines, such as transportation, engineering or 

socioeconomics, or to various scales of an urban system, such as regional, district, 

neighbourhood or public space scales’ (Karimi, 2012). Many of these weaknesses can be 

connected to the conventional housing policy previously discussed, which was responsible for 

many of the failing estates in London, as ‘the urban normality of street-based systems usually 

seems relatively safer than most housing estates’ (Hiller, 1996). He further argues that ‘the 

analysis of spatial configuration provides an efficient method of analysis to explore the 

functionality and efficiency of urban systems’ (Karimi, 2012). This demonstrates that methods like 

Space Syntax has the benefit of both connecting multiple urban scales within the same city and 

allowing various disciplines to be associated to the spatial analysis. 

Karimi further explains ‘the analytical model will then be applied to evaluate design options and 

help transform design ideas further to become applicable design solutions’ (ibid). This has led to 

a series of studies to explore further the principle spatial issues relating to informality and how 

intervention can be designed to improve these, mainly through the reconfiguration of the grid. In 

the paper, ‘Evidence-Based Spatial Intervention for Regeneration of Informal Settlements’, Karimi 

et al (2007), explores how limited physical interventions can start to facilitate the spatial 

integration of informal settlements, looking at the case of Jeddah. It attempts to demonstrate that 

with a deeper understanding of the elements and invariants that consolidate informality, the 

upgrading process can be improved. This led to an analysis-driven, evidence-based proposal that 

begins with computational analysis of different spatial and socioeconomic factors, using a multi-

criterion Geographic Information System (GIS) method to form a dataset. A composite indexing 

system compiles this data and ranks the buildings based on this index, which is then used as a 

guideline for design decisions. The final output identifies the weak points and proposes spatial 

solutions, which aim to ‘reinforce the internal structure of the unplanned areas while reconnecting 

them back to the whole of the city’ (Karimi et al., 2007). Whilst this empirical method focuses on 

the spatial and physical aspects of informality, it also demonstrates how socioeconomic factors 

can be analysed computationally, alongside traditional spatial and physical data. This method 
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also reveals a variety of design proposals, each with a different budget, showing the varying 

impact each has. This not only reveal problems, but also reveals solutions (ibid). 

 

Figure 2-11 A study of informal settlements of Santiago, Chile by Hillier & Greene (2000).  

 

Hillier et al also observed informal settlements previously in Santiago, Chile, studying 17 informal 

settlements (Figure 2-11). Here pedestrian and vehicular patterns of movement and land uses 

were examined alongside a typical spatial configuration models, to critical assess the spatial 

aspects that lead to consolidation. This established that the settlements that were better equip to 
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develop ‘edge orientated commercial activity, can participate in the wider local economy’ and 

would therefore consolidate quicker, whereas the settlements that have no, or little, edge-activity 

consolidate slower (Hillier et al., 2000). This showed that integration around the edges allow better 

commercial activities to occur between informal and formal communities. While the revitalisation 

of edges is not original as it has been policy before, such as ‘Favela Bairro’, this type of analysis 

and computationally processing quickly highlights spatial invariants that outline consolidation 

processes and add validity to many past assumptions. 

Both of these examples demonstrate how Space Syntax theory can be used to understand the 

failings of an urban grid and when linked back to socioeconomic conditions, predict change. Here, 

space becomes the foundation for measuring impact, allowing a variety of local measurements 

to be connected to it to predict and understand change. 

Also, Space Syntax has explored urban segregation, examining how societal conditions can be 

linked to spatial isolation. Vaughan and Arbaci discuss how ‘life in a poor neighbourhood is 

different from one in mixed-income neighbourhood and it is vital to consider this difference in 

order to understand everyday constraints on integration, such as access to work or the mixing of 

population’ (Vaughan and Arbaci, 2011). This shows the importance of connecting conditions in 

society with space, because ‘the way in which urban spaces both acquire social meaning and 

have social consequences comes out of how they form part of the city’s layout’ (ibid). 

Whilst space syntax can provide a foundation for spatial analysis, it should be acknowledged that 

an understanding of the local political, cultural and socio-economic dynamics that underpin 

segregation is also needed. As Vaughan and Arbaci stat ‘without a mutli-scalar approach that 

takes account of the relationship between localized patterns of mutuality and division and wider-

scale opportunities for movement across space and time, the ability to handle the social 

complexity of the subject is lost. Equally, without recognizing that a differing spatial context, such 

as the inner-city or the outer suburb, can have a profound impact on social division, the spatial 

complexity of the subject is also lost’ (ibid).  

Medellin provides an example of a multi-scalar approach to urban and social upgrading, were a 

variety of social, institutional and political interventions have been implemented seamlessly 

together. Yet, the challenge of understanding the role of these in the transformation process is 

not easy and this is made worse because the socioeconomic indicators of change within these 

communities, rarely demonstrate any significant changes. However, the spatiality of a 

neighbourhood can almost always be linked to aspects of local life, as there is ‘a strong 

relationship between the spatial form and the ways in which encounters are generated and 

controlled’ (Hillier and Hanson, 1984). These spatial changes can be measured where 

socioeconomic changes are not observable. 

This is a major advantage of Space Syntax, as Psarra describes, it ‘first considers space as a 

system of relations, rather than as a collection of individual elements defined through the notion 

of configuration. Second, it is the consideration of these relations independently of surface 

appearances, or traditional notions of geometrical order. Third, it is the view of space not as 
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enclosure or background to human actions but as an integral part of the social actions of people’ 

(Psarra, 2009). This place the emphasis of understanding a city on the configuration of its grid, 

so instead of focussing on the visual appearance of the built form or the socio-economic make-

up it examines the arrangement and order of the spaces in-between the building. As it is these 

that determine the daily functions and activities of the people that occupy the city. 

For Hillier and Hanson (1984) space is as much a part of society and society is a part of space, 

as one cannot be understood without the other. With this way of thinking it is possible to use the 

knowledge of the city’s configuration to understand aspects of society and how different types of 

social interactions are influenced by the form and order of space. This then creates a great deal 

of importance in understanding the spatial order of a city. 

This advocates the use of logic to understand the city so that the societal conditions that emerge 

from this can be better interpreted and anticipated. As Alexander points outs the use of ‘logical 

structure to represent design problems has an important consequence. It brings with it the loss of 

innocence. A logical picture is easier to criticise than a vague picture since the assumptions it is 

based on are brought out into the open’ (Alexander, 1964). This highlights how the use of 

evidence in analysis can make the process of design more rigorous ‘as before we can ourselves 

turn a problem into form, because we are self-conscious, we need to make explicit maps of the 

problem’s structure’ (ibid).  

Karimi further explains that ‘by applying analytical methods, a more reliable evaluation of the 

design idea is expected, as it is not the mind of one individual (or a group of individuals) that 

determine whether or not the design idea would work, but there is a method that could be repeated 

and applied by others to get the same result’ (Karimi, 2012). With evidence more reliable design 

outcomes can be expected. Thus, by using this type of methodology it is possible to observe the 

role space has played in defining the successes and failings of interventions that influence them. 

This is because the spatial configuration of a city fundamental to the success of it users, as 

‘society acquires a definite and recognisable spatial order’ (Hillier and Hanson, 1984). 

 

2.10 Can space syntax be effectively used to research the impact of new urban 
interventions? 

Space syntax has become a powerful urban tool in recent times to understand spatial problems 

and aid designers, however there are still questions about its adaptability and ability to work in 

complex and dynamic environments. This is mainly because it traditionally analyses space on its 

own and as a two-dimensional object not considering local factors during the analysis stage. This 

is because the theory works with the understanding that space is usually the most important 

driving force behind change in the city allowing other urban conditions to be related to the spatial 

network.  
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Netto points out ‘few sociospatial approaches have been quite so polemical and stirred quite so 

many different responses from scholars of the city as space syntax’ (Netto, 2016). So, whilst in 

recent times space syntax has established itself as a both a reliable methodology and a well-

respected urban theory, there are still many detractors. Many cite its epistemological limitations, 

as Netto explains they ‘accuse the theory of excessive formalization and geometric reduction, 

questioning its capacity to represent the city, its morphology and transformations, and the partial 

way in which it captures the complexity of the social world’ (ibib). These detractors suggest that 

Space Syntax analyses the world almost exclusively as pure geometry and structure, making its 

analysis focus on configuration and hierarchies’ (ibid). 

Netto further explains how others accuse it of putting emphasis on the representational value, as 

‘clearly the phenomenon of space is greater than the properties depicted in a line or any other 

form of representation. But in the case of space syntax, representation frequently seems to have 

taken the place of the thing represented, and this reductive and reifying conflation requires 

ignoring all the other inherent connections between space, the relationality of practice and the 

temporality of human experience’ (ibid). 

Then Read points to two main weaknesses ‘one is its tendency to treat the urban object as a thing 

bounded by the limits of the densely built fabric of the centre; the other, to treat all movement 

spaces equally when it is quite clear that different classes of physical space in the fabric of the 

city perform quite differently at the levels of urban speed and function and at the level of the 

human experience of space and time’ (Read, 2005). 

Along with this a common criticism of its method highlights how the axial and segment map 

discards 3d information, since ‘the height of buildings never appears in space syntax analysis’ 

(Ratti, 2004). Building heights change from one location to another, thus modifying movement - 

taller buildings acting as generators of greater movement (ibid). Furthermore the method negates 

for an ‘account of the way that urban mobilities and everyday dynamics affect the space of the 

city in distributed and penetrative rather than localized and centring ways – in the ways that we 

are aware of when we think of urban mobilitiies in the cities as wholes’ (Read, 2005). Then, whilst 

it provides ‘indices associated with forecasting trip volumes, these are not based on models which 

stimulate processes of movement and thus do not provide methods for predicting the impact of 

locational changes on patterns of pedestrian flow’ (Ratti, 2004). This shows how the 2-

dimensional analysis of the city shows weakness in its ability to pick up dynamic elements such 

as changing pedestrian flow patterns influenced by 3-dimenstional objects. Read explains that for 

many this demonstrates that ‘it [Space Syntax] is not fulfilling its potential as a manner of thinking 

the dynamical forms of the contemporary city’ (Read, 2005). 

However, Space Syntax is a way to understand complex effects, on the ‘horizontally distributed 

social body of the city and its physical infrastructural movement’ (ibid). Its ability to focus on and 

fully understand one key element of city – space – and connect it to various socio-political and 

economic conditions has made it a very power theory in recent times. Therefore it should be 
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understood that whilst its neutrality in measuring space may be seen as a weakness, it is also its 

major asset (Netto, 2016). 

In recent times some of these failings have started to be addressed such as the act of varied 

movement. Space Syntax is generally concerned with the geometric connectivity of locations and 

places based on their spatial links and does not include costs of moving between places. 

However, people don’t simply overcome distances, ‘they move within cities with different 

objectives, such as to do shopping, to socialize, to go to some particular space or only to wander. 

Everyone moves in his own way, with their unique mental and physics distinctive peculiarities and 

motivations. However, human behaviour is based on a number of shared decision-making 

parameters and spatial accessibility restrictions imposed by the environment where it occurs’ 

(Zampieri et al., 2009). Yet, this dynamism and individuality in movement is not included in 

traditional Space Syntax (ibid). If movement is not considered the city is simplified by ‘reducing 

the way we understand the pedestrians behaviour, disregarding important attributes like: 

ambiance; socialisation elements; health and rest; and aesthetic’ (ibid). Whilst Space Syntax map 

these conditions with a certain colour depending on its connectivity, for the individual there are 

many other local factors that may influence simple movement. 

This leads to the discussion that Space Syntax does not pick up 3-dimensional elements of the 

city. Yet as Hillier and Penn (2004) explain ‘building height along with many other metric variables, 

such as road width and length, is dealt with extensively in a study of pedestrian and vehicular 

movement in five separate areas of London’ (Hillier and Penn, 2004). In this study each road 

segment was observed throughout the day in each area, giving a total of over 400 observation 

gates and this study ‘showed that building height was a significant variable in pedestrian 

movement at the level of the area, though not at the level of the individual road segment, and that 

pavement width was significant at the level of the road segment, but that both effects were minor 

compared with configurational variables’ (ibid). The effect of a steep slope on the overall 

movement patterns of an urban grid has similarly been shown to have little effect in Ozer and 

Kubat’s (2007) research into pedestrians’ movement in Istanbul. Here a ‘dataset that includes the 

observations of pedestrian counts for weekday and weekend, land use analyses, integration 

values of Space Syntax analyses, gradient ratio (slope), safety and security values and visual 

quality, attraction and comfort values has been analysed with a multiple regression analysis’ 

(Ozer and Kubat, 2007). This is to understand ‘what degree pedestrian movement levels are 

affected by different types of environmental factors’ (ibid). From this study the ‘gradient ratio was 

significant neither in the multi-regression analysis, nor in the correlation analysis’, demonstrating 

that the slope did not alter the overall movement patterns (ibid). 

As Penn points out Space Syntax as a theory ‘measures how specific ‘space’ is constituted by its 

relations to all other ‘spaces’ in a system, while the theory considers an individual’s identity to be 

constituted, not only by their subjective view, but also by the view of all others in the social group’ 

(Penn, 2003). He further explains that ‘there is considerable interest in understanding the 

mechanisms at the individual level that give rise to these observed regularities in aggregate 

behaviour’ (ibid). This is because the dimension of time within which individuals experience the 
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spatial and social environment is always changing, this brings with it the issue of metric space 

since individuals can only move within a relatively constrained range of speeds (ibid). 

Law et al point out ‘in an age where citizens are connected in an endless city of intertwining social, 

transport and communications networks, there is a need for space syntax analysis to look beyond 

the street network in exploring how different networks impact upon today’s society’ (Law et al., 

2012). This highlights the need to combine ‘geometric analysis of space syntax with geographic 

analysis of traditional transportation accessibility model’ (ibid). This aims to use Space Syntax 

analysis as the basis for adding addition datasets, thus creating a more robust model of the city 

(ibid).  

This has been addressed by Stephen Law et al (2012) in the paper ‘Towards a Multi-modal Space 

Syntax Analysis. A case study of the London street and underground network’. This explores a 

method to understand how different spatial networks impact today’s society through the example 

of London’s underground. This ‘suggests that an integrated bi-modal network analysis is able to 

capture more accurately the spatial advantage of town centre that are well connected by non-

street based modes of transport than a traditional space syntax street-only network analysis’ (Law 

et al., 2012). This shows the possibility to adapt a spatial model to consider the varying forms of 

spatial connections offered from public transport. By using Space Syntax as the basis for other 

dynamic measurements, this allows other factors to be added to the analysis and the speed of 

public transport affects the integration of neighbourhoods within the city. Law et al point out ‘the 

decrease in travel time through faster modes of transport, such as the underground, allows for a 

further accumulation of towns and the emergence of the metropolis. Underground stations 

emerge as multi-modal hubs with high volumes of pedestrian activity, land use intensity and 

specialization. They play an important role for the spatial economy and shift town centres from 

the original location’ (ibid). Law et al then demonstrate how much more integrated certain 

neighbourhoods in London are when located next to an underground station, which provides 

faster connections. 

These different ways of looking at Space Syntax are not trying to reinvent the theory, but instead 

build upon what is already successful and push for a for stronger integration between the 

traditional configurational analysis and geographical analysis from other sources (ibid). This has 

the potential to create more dynamic measurements of analysis.  

 

2.11 Movement, a consequence of configuration 

Space Syntax provides the opportunity to understand the city as a diverse mix of complex 

activities that occur at multiple scales, all intertwined. It is this mix of activities that often create 

the type of ‘ballet of the sidewalk’ that Jane Jacobs famously described in ‘The Death and Life of 

Great American Cities’ (Jacobs, 1961). The role space plays in this mix of activities is something 

that Space Syntax has often endeavoured to understand, as Seamon argues ‘much of Jacobs’s 

argument has parallels with the findings of Space Syntax research’ (Seamon, 2012a). 
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Therefore, it becomes very important to understand pedestrian movement and large transport 

groups, such a Transport for London (TFL), invest heavily into monitoring movement and 

developing new ways to do so. This is important because ‘pedestrian movement patterns and 

their use of public space are key inputs for informing the design process. These can range from 

assessing pedestrian desire lines and footway capacity issues to understanding and providing for 

social spaces in the public realm’ (TFL, 2010). A better understanding of pedestrian movement 

can better inform the developments process of new public spaces and ‘promoting walking 

improves health, reduces congestion and emissions, and improves the vitality and security of 

London’s streets’ (Smith and Blewitt, 2010). This had led to cities like London setting out explicit 

guidelines for measuring pedestrian movement patterns to guarantee a high level of accuracy, 

this includes a range of manual counting methods for onsite or via remote camera observations, 

alongside more technological methods that use sensors to automate the process of calculating 

movement flows (ibid). 

Movement is important when understanding the role of small urban centres, as the ‘greater the 

mix of activities, the more likely a centre will be a hub for the social life’ (Vaughan and Griffiths, 

2013). Vaughan et al state that the challenge ‘is the need to provide both ‘links in a movement 

system that connects places’, and ‘destinations of “places” in their own right’. She further 

mentions how the ‘synergy of activities in and around suburban town centres has been shown to 

stem from the presence of overlapping movement flows, which in turn creates the conditions for 

local diversity in land use’ (Vaughan et al., 2013). This shows how the diversity of space, can 

stimulate a variety of activities. This is demonstrated through the use of Space Syntax analysis, 

as based on the supposition that ‘choice 34  approximates a measure of through-movement 

potential and integration35 approximates a measure of to-movement potential, where the highest 

values for both measures overlap to the greatest degree will create different modes of spatial co-

presence and virtual community’ (Seamon, 2012b). 

This connects to Hillier’s description of the principles of natural movement (Hiller, 1996). He 

proposes that ‘evolving space organization in settlements first generates movement patterns, 

which then influence land use choices, and these in turn generate multipliers effects on movement 

with further feed-backs on land use choices and the local grid as it adapts itself to more intensive 

development’ (ibid).  

Hillier et al. (1993) analysed the relation between the configuration of the King’s Cross area in 

London and the observed pedestrian movement (Figure 2-12). A positive and significant degree 

of correlation was found between the pedestrian flow and space syntax indicators (connectivity, 

                                                        

34 ‘Choice measures how likely an axial line or a street segment it is to be passed through on all shortest 
routes from all spaces to all other spaces in the entire system or within a predetermined distance (radius) 
from each segment.’ Definition from - http://otp.spacesyntax.net/term/choice/ 
35 ‘Integration is a normalised measure of distance from any a space of origin to all others in a system. In 
general, it calculates how close the origin space is to all other spaces, and can be seen as the measure of 
relative asymmetry.’ Definition from - http://otp.spacesyntax.net/term/integration/ 
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integration, control and global choice), of which “integration” was found to show the strongest 

association (Hillier et al., 1993). Using simple linear regression between pedestrian movement 

rates and integration, a correlation coefficient of 0.24r2 was obtained, but this was improved to 

0.55r2 when using the natural logarithm of pedestrian movement rates. (ibid). The degree of 

correlation also increased when each of the 10 subareas of the global study area was analysed 

individually, meaning that almost 60 to 80% of the variation in the pedestrian movement rates 

could be explained by configurational aspects only (ibid). This initial work by Hillier showed the 

strong connection between pedestrian movement and the configuration of the grid, especially 

when a large number of people could be accurately recorded. 

 

Figure 2-12 An example of gate counting at Barnsbury, Islington, London (Hillier et al., 
1993). This attempt to measure pattern pedestrian movement by observing the number of 

people passing along a street at a certain time of the day, typically this observes a wide variety 

of different street, some busy and some quiet.  
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Yet, while movement and integration show a significant relationship, especially when covering a 

large area, the appeal of choice as an alternative correlation ‘is clear, as this measure has an 

explicit link between space and the behaviour of a pedestrian’ and is ‘implicitly journey-based’ 

(Dalton, 2003). As a result, it has been previously proposed that the ‘measure of angular choice 

might result in improved correlations with pedestrian movement and possibly explain why choice 

[without the angular value] has failed to out-perform integration despite its clearer situated 

individual model' (ibid). This is because angular ‘choice’ more naturally reflects the concept of a 

‘path’ or a ‘trail’ though an urban system than any of the current measures (ibid). 

In a study about the action of the pedestrians in complicated space, factors other than spatial 

configuration are needed to understand movement, ‘including local visual factors, major 

generators and attractors of movement, and effects of grade separation - stairs’ (Ueno et al., 

2009). From this study, in unintelligible systems it turned out to be necessary to take a range of 

factors into consideration to model pedestrian movement behaviour. So, from this ‘it came to be 

clear that the choice of routes in a complicated multi-layered space was influenced greatly by 

three factors: one's visual range, the number of turns, and the shortest distance’ (ibid). Many of 

these factors can be linked to the space syntax measurement of angular choice, as it is closely 

connected to wayfinding within a certain network, highlighting its potential to be used alongside 

other factors as a measurement to understand movement in complex urban systems. 

In his book Space is the Machine, he explains ‘the reason that a spatial analysis can give such a 

true-to-life functional picture is due to the powerful influence that natural movement has on the 

evolution of the urban pattern and its distribution of land uses’ (Hiller, 1996). He further clarifies 

that the location on a grid is crucial, as it ‘either increases or diminishes the degree to which 

movement by-product is available as potential contact’ (ibid). Then, if cities are ‘mechanisms for 

generating contact’, ‘this means that some locations have more potential than others because 

they have more by-product and this will depend on the structure of the grid and how they relate 

to it’ (ibid). Therefore, the ‘grid is the means by which the town becomes a mechanism for 

generating contact’ and urban space is mostly used for movement, of which most ‘movement is 

through movement, that is, the by-product of how the grid offers routes from everywhere to 

everywhere else’ (ibid). This then encourages ‘land uses and building density follow movement 

in the grid, both adapting to and multiplying its effects’ (ibid). As Hillier argues ‘the fundamental 

land use element is not the zone or even the urban block but the line: land uses changes slowly 

as you progress along particular lines of movement, but can change quite sharply with ninety-

degree turns onto different alignments’ (ibid). 

This explains the role the configuration of urban grid can play in first organising movement and 

then distributing land-uses, which then in turn encourages further movement along theses space, 

creating a multiplier effect (Hillier et al., 1993). Therefore, spatially driven movement patterns are 

key elements in making local street segments attractive for commercial land-uses, as shops tend 

to ‘cluster in street segments where the spatial configuration has already allocated enough 

movement to support a profitable customer base’ (Liebst, 2015). Demonstrating the importance 
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that urban centres not only develop into spaces that people go to, but also where they naturally 

move through. This balance naturally creates more resilience to local urban centre.  

This allows the socioeconomic impact of altering the spatial network to be theorised as the 

‘relationship between the structure of the urban grid and movement densities along lines… called 

the principle of ‘natural movement’, strongly relates to the location of commercial land-use (Hiller, 

1996). As Hillier states ‘every retailer knows that you should put the shop where people are going 

to be anyway, and it is no surprise if we find that the structure of the urban grid influences at least 

some land uses as it evolves’ (ibid). 

However, as Griffiths et al discuss ‘broad categories of urban morphological types based on land 

use or density characteristics will struggle to capture the complex street level dynamics that 

generate movements patterns’ (Griffiths et al., 2008). This is because past static urban analysis 

methods have struggled to pick up these dynamic patterns, as they can only show one scale of 

impact. Therefore, the importance of street-level analysis is essential, as the understanding of 

how micro-scales relate to larger scales of movement is important for understanding how local 

urban centres functions within the whole of the city. This is something that is addressed using 

Space Syntax as this is concerned with ‘systematically describing and analysing streets, squares 

and all open public space as a continuous system in order to measure how well-connected each 

street space is to its surroundings’ (ibid). 

 

2.12 The complexity and necessity of informal commerce  

Hillier proposes that ‘evolving space organisation in settlements first generates movement 

patterns, which then influence land use choices, and these in turn generate multiplier effects on 

movement with further feed-backs on land use choices and the local grid as it adapts itself to 

more intensive development’ (Hiller, 1996). This demonstrates how the configuration of an urban 

grid first organises natural movement, then determines the location of certain land uses such as 

commerce. This then results in an increase in movement as more people become attracted 

towards these land-uses.  

These principles occur in all urban forms, including informal settlements. Here, as with other 

locations, the ‘inhabitant of unplanned urban areas seek the spatial opportunities of the 

neighbourhood to generate any kind of income for surviving’ (Figure 2-13), positioning themselves 

in the best locations for pedestrian movement, which are the ‘locally accessible streets connected 

to the metropolitan road network’ (Mohamed et al., 2015). Like other urban locations, ‘residents 

of informal areas have, to a certain extent, a local knowledge of their neighbourhoods’ thus they 

know where best to position their commercial activates (ibid). This then naturally encourages 

more movement to these locations and over time adds an element of permanency to the 

commercial centres. Simone and Febriyani explains in reference to an informal market in Jakarta, 

‘the market takes advantage of the morphological possibilities of spatial concentrations capable 

of adding density to transactions, keeping them with multiple vantage points, overlaying them with 
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a plurality of reciprocities, responsibilities and history’ (Simone and Febriyani, 2015). This 

highlights how pedestrian movement can be exploited by sellers to get as much business as 

possible, following the basic principles of the ‘movement economy’. 

However, the multiplier effect does not just occur because of natural movement but also because 

of major attractors such as busy transport hubs. Spencer describes how in Brasilia ‘the constant 

flux of workers through the Rodoviaria [bus station] is what gives the space its meaning and socio-

cultural significance’ and it is these interconnecting spaces that ‘an informal sales network of 

vendors has been established’ (Spencer, 2009).  

As Cross explains, ‘what made street vending the preferred mode of commercialisation in the 

premodern world is usually what makes it a viable enterprise today: It takes advantage of public 

space (Figure 2-12), forgoing the security of fixed-site construction, which reduces capital 

investment costs in the form of rent’ (Cross, 1998). As per any other type of commerce, there is 

still a strong need to be positioned where the largest audience will be. This is done by the street 

vender ‘estimating the number of customers who may frequent the pitch daily, which will 

determine whether the location can be operated economically’ (Soto, 2002). Street vending 

‘provides participants a platform on which to earn a modest and steady income but also a vantage 

point from which to continuously have the possibility of rearranging their activities in terms of 

those surrounding them’ (Simone and Febriyani, 2015). 

    

Figure 2-13 Informal Commerce, La Aurora, Medellin. This type of commerce adapts to local 

conditions to provide a valuable source of both income and goods for residents who are unable 

to use traditional formal source of commerce. Photos taken in 2015 by author. 

 

This type of commerce is generally referred to as the ‘informal economy’, which was first used by 

Keith Hart (1970) to describe the activity of minor entrepreneurs in Ghana, because these 

activities had been ignored as potential sources of development because they often existed 

outside the formal image of business (Hart, 1973, 1970). Hart describes how ‘the informal 

economy started off forty years ago as a way of talking about the Third World urban poor living in 

the cracks of a rule system that would not reach down to their level’ (Hart, 2015). The term 

attempts to acknowledge commercial activities that go on outside the regulatory system of the 
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formal city. Yet these two systems rarely operate apart, as ‘the idea of an “informal economy” is 

entailed in the institutional effort to organise society along formal lines’ (ibid). Therefore, while the 

informal gives recognition to multiple forms of unregistered commercial activities, these practices 

are rarely clear enough to be one or the other, and Hart himself even concluded years later ‘that 

the informal concept was insufficiently dynamic’ (ibid). 

This is because the types of commerce associated with the informal are often very complex with 

a wide range of products and facilities available, and these themselves are always dynamically 

changing for an ever-evolving urban environment (Figure 2-13). Neuwirth lists some of the 

products being sold by street vendors in a location in Sau Paulo. ‘Biscuits, balloons, and battery-

powered lint removers. Rag dolls, DVDs, and cut-price datebooks. Individual packets of laundry 

detergent, cockroach killer, rat poison, face cream. Fresh fruit and finger puppets. Sunglasses 

and magnifying glasses. The Un-Bra (a pair of gravity-defying, self-adhesive, strapless silicone 

push-up cups). Counterfeit Calvin Klein cologne cling-wrapped in Styrofoam clamshells’ 

(Neuwirth, 2012). 

This highlights the potentially wide-range of products sold in informal locations, as shopkeepers 

attempt to sell whatever they can to make money and residents often have little dependable 

income to afford large shops so must buy essentials daily. Also commerce here is not always 

static, as many street vendors go looking for business, usually selling ‘small quantities of trinkets, 

delicacies, or non-perishable foodstuffs and walk around the streets trying to sell them to passers-

bys’ (Soto, 2002). Then at the same time commerce often evolves throughout the day, as shops 

open at different times dependant on clientele and vendors often swap location with a different 

seller offering a whole new product (Neuwirth, 2012). While this creates a confusing and 

unorganised image of informal commerce this ‘is how much of the world survives, and how many 

people thrive’ (ibid). Simone and Febriyani describes this type of commerce, as less about 

‘following the right way of doing things, of kicking money through the right channels, or of knowing 

what your designated spot allows you to do. Rather, it is constantly learning how to inhabit a world 

where price is an opening salvo into uncharted waters, where selling is a way of operating 

between the lines, and where everything is yet to be worked out’ (Simone and Febriyani, 2015). 

Therefore, although this might be ‘unstructured, unofficial, and, to many, unfathomable’ this fills 

a large economic gap that regulated businesses do not provide, as it is ‘guided not by corporations 

or politicians or economist, but by ordinary citizens’ (Neuwirth, 2012). People working within this 

system have to optimise their monetary returns by positioning themselves in the best location to 

pick up pedestrian foot traffic (Figure 2-13), as they ‘take advantage of the morphological 

possibilities of spatial concentrations capable of adding density to transactions’ (Simone and 

Febriyani, 2015). As Rao and Diwadker explain vendors often adapt the local surroundings by 

functioning when and where locals need them, such as ‘setting up their stall in the afternoons 

when parents typically pick up their children’ (Rao and Diwadkar, 2015). While this type of 

commerce has many types of vulnerabilities, it provides a very basic service in locations that have 

a significant deficit of goods necessary for residents to survive. 
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In Colombia where the ‘neighbourhood shop is a deeply rooted institution’ and ‘small shops 

account for ‘51% of the food market’ many of these informal traits can be observed (Coupe and 

Cardona, 2013). This is especially prevalent in informal settlements ‘since not only are they 

accessible but they also constitute an important source of income for many residents’ and many 

of these shops are ‘family-run businesses in which the owner is also the administrator’ and the 

‘labour force they employ includes his/her own family’ (ibid). These are often started by 

‘unemployed people with little in the way of business experience and as a consequence, 

businesses here tend to be unstable and vulnerable’ (ibid). This type of commerce ‘relies not on 

uniform expectations, logics and mechanisms but rather on situational needs, initiatives and 

opportunities’ (Mortenbock, 2015). This explains why these shops are often complex to 

understand, as they often sell a ‘combination of food products including fruits and vegetables, 

personal hygiene products and other basic necessities purchased in bulk from wholesale markets’ 

(Coupe and Cardona, 2013). Customers to these shops generally ‘belong to the same socio-

economic strata as the shopkeepers, buy products regularly and in small quantities for daily needs 

since they lack the purchasing power to buy and store in bulk’ (ibid). Hence, within Medellin, like 

many other cities in the Global South, informal commerce is a necessity for both the salesperson 

to make money and the customer to survive daily. From this it is possible to understand the 

important role commerce plays in the urban centres of informal settlements.  

Nonetheless, Medellin is polarized in ‘terms of wealth inequality, and informal economic activities 

control the poorer areas of the city’ (Maclean, 2014). During the upgrading programme small 

business support was provided by the municipality in the form of Centres of Zonal Development 

(CEDEZOS) and these would often be located within the library parks or a stand-alone building 

and would provide information points to unite all the potential sources of credit, training and small 

business competitions. Maclean explains ‘these address the information gaps and difficulties in 

accessing mainstream markets, and have been successful in identifying entrepreneurs who can 

make the crucial transition from a local, informal micro-enterprise to a small business capable of 

reaching the mainstream market’ (ibid). Then ‘working alongside the CEDEZOs is the Banco de 

las Oportunidades, which provides microloans up to $2,500 at a favourable interest rate (0.91% 

monthly) to establish microenterprises’ (Bateman et al., 2011). Bateman et al explains ‘equality 

of opportunity is, increasingly, a meaningful concept in Medellin as opposed to just an abstract 

ideal’ (ibid). 
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Figure 2-14 Street vendors in Santo Domingo, Medellin. This form of commerce typically 

positions itself in the space and time that is most profitable and has the ability to seek out 

customers where other forms of commerce require fixed premises. Photos taken in 2015 by 

author. 

 

While Bateman et al applaud this approach for opening the opportunities of viable small 

businesses to residents living in the poorest conditions in Medellin, he acknowledges limitations 

and says that this has led to a ‘chasita36 economy’ (Figure 2-14). He explains that ‘Medellin 

authorities have found that financially self-sustaining, private sector-owned, local-led 

development agencies do not work. Such agencies typically shy away from the work most 

urgently required for local economic development, instead getting involved with more lucrative 

consulting activities. So Medellin’s network of CEDEZOs, is now targeting growth-oriented small 

and medium businesses, rather than just helping lots of chasita-type microenterprises that 

typically survive no longer than a year of two’ (Bateman, 2012). From this Medellin’ municipality 

attempted to address the insecurity surround the informal economies of Medellin, by including 

specific programs within the overall urban upgrading plans. Nevertheless, there has been a lot of 

problems with this, none more so that attempting to address the weakest businesses within the 

poorest communities that had little chance of survival, resulting in little changes. 

The importance of commerce within the informal environment is undeniable, as it is in most other 

cities, but this is not simple or easy to understand since it is dynamic, responsive and very 

unstable, just like the urban environment it is situated in. 

 

                                                        

36 Chasitas being the small trolleys the poor use to move around the community while selling simple food 
and non-food items (Bateman, 2012). 
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2.13 Literature overview 

The recent transformation of Medellin provides an opportunity to understand what a 

comprehensive approach to upgrading can offer a city that has recently been heavily engulfed by 

Informality. Now a recognised part of the urban fabric in the Global South. This approach and 

acceptance of Informality has not always been welcomed in Latin America, or other parts of the 

world. This section discussed how urban upgrading has evolved over recent times, with Medellin 

becoming the pinnacle of this discussion, yet, our understanding of its impact and transformation 

process is very complicated, as Informality does not lend itself to traditional urban analysis. 

While it is very difficult, if not impossible, to accurately record the evolution of urban upgrading in 

informal settlements, it is feasible to understand how policies in housing evolved in Latin America 

since the mid-20th century, when Informality started to overwhelm cities, as it is very difficult to 

discuss urban upgrading in Informal settlements without including housing. This can then act as 

a proxy for urban upgrading in informal Settlements. This is mostly through the work of Fiori (2013) 

and Simpson (2013) who outline how housing in Latin America evolved through four main eras. 

However, this evolution is clearly focussed on one region in the world and one topic, and these 

do not perfectly lend themselves to other parts of the world that have developed differently. What 

this does do is provide a basis in which the evolution of upgrading in informal settlements, which 

is closely related can be broadly discussed, as at present there are very few longitudinal studies 

into this.  

By loosely understanding how urban upgrading evolved in this context it is hard to overlook the 

recent transformations of Medellin, mainly because its interventions are so bold and its discourse 

is heavily published across numerous international media outlets. At the heart of these 

developments is the innovative urban cable-car transport solution and while transport has been 

used before to help transform a city, here it is not only trying to connect marginalised areas of the 

city with the rest of the city, but it also played a role in developing local neighbourhoods by being 

part of a larger upgrading programme.  

This has led to a lot of research attempting to record its changes, often romanticising the rags to 

riches story or overplaying the bold and photogenic architecture that makes often dull articles 

more attractive. When researchers get beyond this very attractive storyline and attempt to 

understand where the impact has been there is often the problem that there is very little unbiased 

or untangled data showing positive changes. As where large changes are noticeable this can 

often be linked to national policies or macroeconomics changes and not necessarily from the 

urban upgrading programme. Also, Medellin still remains one of the most divided cities in 

Colombia between rich and poor demonstrating that this program has done little to address this. 

However, it may be unreasonable to expect largescale changes to happen in a short period of 

time, since the impact from new schools and libraries and the introduction of business centres 

rarely happen overnight, instead this takes time to develop within a whole neighbourhood and 

even more so for a whole city. 
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Even if it is not possible to see largescale changes, there are some small changes at a very local 

level, often directly surrounding the interventions and because of these very localised 

transformations it is difficult to rely upon traditional indicators to record this transformation. 

Therefore, a non-traditional method is needed to understand these, specifically in the areas 

surrounding the cable-car stations, where much of the upgrading took place. Up until now the 

impact of the cable-car has mostly been analysed for its socio-politics significance or as a 

transportation accessibility assessment. These types of research mostly rely upon either data 

gathered from a secondary source, such as the Municipality or qualitative data from 

questionnaires, interviews and discussion groups, which are not scalable and produce large 

amounts of biased results. 

Therefore, it is important to use another method that does not have these flaws and one that also 

acknowledges the spatiality of the impact, since the cable-car is a spatial connection, and this led 

to Space Syntax. By using a computational spatial analysis method, the city and all its connections 

can be modelled unbiasedly, allowing alterations to this, such as the introduction of the Cable-car 

connections, to be accurately recorded, even if these changes are small and localised. This 

established research method then has the benefit that it can form a baseline study for the rest of 

the research and allow local activities, such as pedestrian movement and the distribution of 

commerce, to be associated with configurational changes in the urban grid, allowing the role of 

space to be greater debated. 

However, Space Syntax is not perfect and has had some criticism, targeting its two-dimensional 

approach that negates the impact of the three-dimensional world and an overemphasis on its 

simple colour representation of the city. Nonetheless, it is these weaknesses that are also its 

strengths, as this generalised view of the city allows many other local elements to be attached to 

its configuration to help explain certain social interactions and its simple representations allows 

local stakeholders to easily understand their city without a complex methodology. While each city 

has its own complexities, which are difficult to represent in a homogenises model, there a certain 

spatial invariant that are common in all cities, as cities are undeniably influenced by space and it 

is these that can often help explain local actions and the potential impact of changes. 

While these changes can be modelled and associated with local actions it is important to 

demonstrate the consequence of these changes to a local neighbourhood and the most natural 

outcome of the spatial changes, is a redistribution of movement and then commerce. However, 

informal commerce is not simple to understand, let alone record, as it often follows the dynamic 

context in which it is situated, positioning itself in strange locations within non-conventional 

facilities, selling a wide variety of non-relatable products and at strange times of the day, following 

customers to their places of study and work. Like other types of commerce, they are heavily 

influenced by space and when this changes so do these. 

Informality as it is known and recognised today is a new form of urbanisation and consequently, 

built environment professionals are consistently trying to further their understanding of it. This has 

resulted in many failed interventions, even where there have been good intentions, yet as the 
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neighbourhoods become more established our understanding of them grows and the impact of 

best practise cases can be studied. However, with this subject matter being so young the methods 

used to study them are also in their infancy. As Hernandez and Kellett point out ‘new and more 

dynamic methods of analysis and interventions need to be developed in order to deal with the 

conditions of informality that exists in Latin America cities, conditions which vary between 

countries and cities and, in some case, even within the same city’ (Hernandez and Kellett, 2010). 

This research explores the use of a non-standard method for measuring the impact of a spatial 

intervention in an Informal settlement, to demonstrate the important role spatial connectivity plays 

in urban upgrading and how change can be recorded without traditional socioeconomic indicators. 
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CHAPTER 3 - THE CABLE-CAR AND THE STATIONS: CASE 
STUDIES  

 

3.1 Chapter introduction 

This chapter provides detailed information about each of the case studies analysed throughout 

this research, focusing on the current socio-spatial condition of each case using available 

socioeconomic data.  

To understand the impact more clearly later in the analysis these case studies are observed within 

three impact areas – City, Cable-car Line and Cable-car Station (Figure 3-1). The City Impact 
Area is defined as the whole spatial model. The Cable-car Line Impact Area is defined by the 

combined area directly opposite each station within the designated line and the Cable-car 
Station Impact Area is defined by the same areas, but separately for each station (Figure 3-1). 

This area is metrically measured at a 500m radius from the entrance of each station. This area of 

analysis was partly chosen because it approximately equals five minutes’ walking distance, an 

area of space previously defined as a ‘market area’, (Al Sayed et al., 2009) and has previously 

been proven to be ‘the most accurate distance to capture local building types’ and uses 

(Berghauser Pont et al., 2017). Both important for capturing local movement and local commerce. 

Yet, more importantly it was an area of space that could be safely observed onsite by a single 

researcher for each case study. The level of personal safety was very different for each case 

study and especially for different times of day, such as when there was less light or when more 

local activities occurred this could draw unwanted attention to the researcher. Hence, it was 

important to observe an area of space nearby the cable-car station that was always within the 

general sightline of the security staff that manned each station or was at least within the sightline 

of a busy main road. While the level of violence in Medellin has been greatly reduced in recent 

years, violent and gang-controlled crime is still prevalent in many of the informal settlements, 

including the ones being observed. So, while this area is accurately measured for the spatial 

analysis, for movement and commerce this is less well defined due to these types of restrictions 

in observing the nearby areas.  

Also, the observed cable-car stations are those that are solely used for the cable-car (Figure 3-

3), because the two transfer stations (Acevedo and San Javier) are also heavily used by the 

metro trains, which attracts much larger number of users due to faster connections and a larger 

capacity.  
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City Impact Area 

Cable-car Line Impact Area 

Cable-car Station Impact Area 

Figure 3-1 Structure of impact areas. 
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3.2 Medellin – city impact 

The City Impact Area is the first to be summarised and this represents the whole metropolitan 

area of the city that is analysed in the spatial model (Chapter 04). 

	

Figure 3-2 Medellin’s communas and corregimientos. 

 

At present Medellin, with a population of around 2,500,000 is divided into 16 comunas, each of 

which are further divided into smaller districts and alongside the comunas are 5 corregimientos37 

form the Municipality of Medellin (Figure 3-2). This alongside 10 other municipalities form the 

metropolitan area of Valle de Aburra, even though large parts of the metropolitan area are 

spatially connected, and this makes the divide between municipalities hard to observe at street 

level. Medellin is the richest and most populated municipality in the metropolitan area, with ‘a 

budget that is considerably larger than the sum of the other municipalities’ (Coupe et al., 2013).  

                                                        

37 Corregimientos is a term used in Colombia to define a subdivision of Colombian municipalities. 
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Figure 3-3 Medellin’s Metro System.  

 

However, it is not the municipality that owns the transport network (Metro de Medellin) but instead 

the regional government of Antioquia. At the time of the fieldwork, 201538, the transport system 

includes two overground trains (Linea A and Linea B), two urban transport cable-car lines (Linea 

K and Linea J) both feeding off the overground train lines and a further tourist cable-car line (Linea 

L) extending to the nature park ‘Arvi’ and finally there are two BRT lines (Linea 1 and Linea 2). 

This forms the Metro’s central transport system (Figure 3-3). At the same time there are numerous 

micro-buses that cover most of the city and are a mixture of private and public services. Generally, 

travel on the central transport system is covered by one single ticket, though certain additional 

supplements are required when moving between the metro system (train and cable-cars) and 

buses, including the BRT. Along with the public transport system there are also large amounts of 

private car usage, with a very busy motorway going through the heart of the city and for the many 

living in the hillside informal settlements there is a heavy reliance on the use of motorbikes for 

                                                        

38 At the end of 2015 a new tram-line was introduced between San Antonio and Oriente (Linea TA) 
connecting the east of the city to the city centre and Linea A. This tram also connects to two new cable-car 
lines, Linea M going from Miraflores to Trece de Noviembre and Linea H going from Oriente to Villa Sierra 
both due to open by 2017. 
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quick and cheap local transport. There is also a public bike hire service for the central areas of 

the city. Even though transport options are extensive in Medellin walking still provides the second 

most popular form of transport (Figure 3-4), which is surprising considering the landscape, but is 

most likely a reflection of the lack of wealth many residents have. 

 

 
Figure 3-4 Overall Transport Usage Stats for Medellin. 

Medellin is a very complex city with a very dark past and still has its problems, as it is presently 

divided quite clearly between rich and poor, as mentioned earlier in the Introduction and Literature 

Review. This is reflected in an equal balance of people living in the highest and lowest socio-

economic stratums (Figure 3-6). This is discussed in more detail in Chapter 04 when the 

socioeconomic stratums are mapped. Nonetheless the average building heights and land-values 

for the whole city are consistently very low, indicating similarities in the urban form of the city, with 

less than 5% of buildings over 06 floors (Figure 3-6). Then, the commercial city centre is also very 

centrally positioned, which would make it accessible to a large range of citizens, if the road 

network and public transport is functional (Figure 3-7). These spatial and physical features may 

suggest the foundations for a coherent city are in place.	
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Figure 3-5 Citywide statistics for Medellin.  
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Figure 3-6 General land-uses in Medellin. 
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3.3 Cable-car line case studies 

While the previous impact area will focus on understanding the impact of the cable-car on the 

whole city, the next area starts to attempt to understand the impact on the immediate area 

surrounding each cable-car line. 

The comparison of both cable-car line is important because a lot of initial investment was centred 

around the first cable-car line in the northeast of the city (Figure 3-7). However, when it came to 

the second cable-car line in the west of the city, there was not the same level of investment or 

focus spent in the surrounding areas, as the ‘practice of social urbanism here was pulling in 

different directions’ (Brand and Dávila, 2013). Hence, the comparison of both lines provides an 

important opportunity to examine if the space immediately surrounding each line (Figure 3-7) 

reflect the different level of investment and allows contrasting of results. 

 
Figure 3-7 Location of studied cable-car lines. 

  

Linea K 
Linea J 
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3.3.1 Cable-car line case study: Linea K 

Linea K was opened in 2004, in the same year Sergio Fajardo was elected mayor of Medellin and 

subsequently initiated the process of ‘Social Urbanism’, as was discussed in the Literature 

Review. However, the cable-car was not initially a part of the upgrading process and was 

implemented by the previous Mayor Luis Perez (Brand and Dávila, 2013). The initial purpose of 

this line was to connect workers in the north-east to the heavily underused metro line, which would 

then feed them south to more reliable sources of work (Brand and Dávila, 2013). Nonetheless, 

because of its initial success and iconic imagery it quickly became intertwined with the Medellin 

urban upgrading program and this heavily targeted this part of the city, which until 2004 has some 

of the most violent and poor neighbourhoods in Medellin. 

This line feeds off the metro station Acevedo and heads up the very steep valley stopping at 

Andalucia, Popular and Santo Domingo (Figure 3-8). At Santo Domingo, the final stop there is 

the possibility to transfer onto Linea L, a tourist line that goes to Arvi an unhabituated nature park 

and popular destination for locals during public holidays. As per most locations alongside the 

cable-car line, residents generally live in the lowest socioeconomic bandings between stratum 01 

and stratum 02, and average land-values are some of lowest of the whole city (Figure 3-9). It is 

also very noticeable how densely built-up this part of the city is, as it was here many of the first 

informal settlements started to grow in the 1970s (Figure 1-5) as more and more people came to 

the city because of the violence in the countryside. Samper explains ‘because of the rapid 

expansion of urbanization and the scarcity of land in a city located in a valley of the Andes 

Mountains, only the edges of the steep hills are accessible to invasions by these displaced people’ 

(Samper, 2012). 
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Figure 3-8 General land-uses surrounding Linea K. 
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Figure 3-9 General statistics for area surrounding Linea K. 
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3.3.2 Cable-car line case study - Linea J 

After the success of Linea K, a second line was built a few years later in 2007, on the opposite 

side of the city in the west. This had the same simple plan of connecting citizens in hard to reach 

neighbourhoods with the main metro line, this time Linea B. However, the area surrounding the 

second line appears to be very different (Figure 3-10). As the end station, La Aurora, was built 

from scratch and this is mainly ‘a large and rapidly growing concentration of municipal social 

housing projects’ and the landscape between each station is also very different as it transcends 

up and down a range of hills, creating natural barriers between the connecting stations (Coupe 

and Cardona, 2013). Also, the neighbourhoods are a lot smaller on the edges of Communes 13 

and 7 and nearby areas appear less consolidated.  

Nonetheless, the mechanics of the line are the same, though the line is slightly longer and cost a 

little more too to build. The cable-car feeds off the end station of Linea B, San Javier, heading up 

to Juan XXIII, then up and over a hill to Vallejuelos and finishes at La Aurora. There are far fewer 

supporting interventions built in the surrounding areas though more are rapidly being built at La 

Aurora, alongside the quickly expanding blocks of mass housing. This is discussed in the cable-

car station case study section. As per the first line, the socioeconomic conditions surrounding this 

line are equally poor, but these stations belong to more diverse comunas that have higher 

socioeconomic living conditions, suggesting this line to be more prosperous by association 

(Figure 3-10).  

 

 

 
 

 



123 

 

 

Figure 3-10 General land-uses surrounding Linea J. 
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Figure 3-11 General statistics for area surrounding Linea J. 
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3.4 Cable-car station case studies 

While both lines are very different, it’s also possible to observe large differences between each 

station (Figure 3-12). Therefore, the next impact area focuses on the area immediately 

surrounding each cable-car station where both lines are examined, as while each area is 

metrically the same, the urban landscape is often very different. 

 
Figure 3-12 Location of Cable-car Stations. (K3) Santo Domingo, (K2) Popular, (K1) 

Andalucia, (J3) La Aurora, (J2) Vallejuelos and (J1) Juan XXIII. 

(K3) 
(K2) 

(K1) 

(J1) 
(J2) 

(J3) 



126 

3.4.1 Cable-car station case study - Santo Domingo (K3) 

The end station at Linea K, Santo Domingo as already discussed, was the location of much of 

the initial upgrading process, especially the eye-catching pieces of iconic architecture. Like all the 

stations along Linea K, the surrounding area is very compact and informal (Figure 3-14). The 

station appears to be in the heart of this neighbourhood between the busy roads of Carrera 32 

and Carrera 31 (Figure 3-14), which connect to various bus routes going into the city and to other 

neighbouring areas, some outside the city’s boundary. These were presumably busy before the 

cable-car was built. As per all the other stations along Linea K, there is a large public space 

directly underneath the station (Figure 3-15). In the area surrounding Santo Domingo there is a 

variety of supporting urban interventions and public facilities, which create a very distinct 

presence for the municipality and allows formal urban structures to inhabit this informal 

environment. The most distinct of these interventions is the ‘Biblioteca Espana’ built on the edge 

of a very steep slope overlooking the city. This provides the iconic image that many people have 

of Medellin’s ‘social urbanism’ program, with this very accomplished designed library, sitting in its 

own public space with the cable-car passing in the background and the valley of the Medellin next 

to it.  

Then, like most of Linea K, nearby residents generally live in the lowest socioeconomic bandings 

between stratum 01 and 02 and the average land-value in the area is very low (Figure 3-13). 
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Figure 3-13 General statistics for area surrounding Santo Domingo 
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Figure 3-14 – Aerial image of Santo Domingo. 
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(a) Main road in front of cable station  (b) Street leading to station 

   

 

(c) Street leading to Spanish Library  (d) Public space under station 

   

Figure 3-15 Images of Santo Domingo. Photos taken in 2015 by Author. 
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3.4.2 Cable-car station case study - Popular (K2) 

Popular is the penultimate station on Linea K and it too is in a very compact informal settlement 

(Figure 3-17). Importantly there is also a busy road opposite the entrance, like the other stations 

along Linea K, and it is here secondary transport connections are available from local buses 

(Figure 3-18). The importance of this is discussed later in the analytical chapters. This station 

also has a large public space beneath it and alongside this there is also a large all-weather sports 

pitch next to it (Figure 3-18). These sites host activities for all generations, including football for 

the youth and aerobics for older adults. This site also has upgrading projects around the stations, 

however unlike Santo Domingo these are less obvious and are not as iconic. Here there is a linear 

park, which runs along the narrow river, which is now in much disrepair, and is meant to connect 

to a sports park next to the station. This was complete as a part of the Noriental PUI, the same 

programme that oversaw the development of Santo Domingo and other sites nearby Linea K. 

There is little evidence of any other developments.  

As per the other stations of Linea K, residents here mostly live in the lowest socioeconomic 

bandings of either stratum 01 or 02 and land-value is rated very low (Figure 3-16).   
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Figure 3-16 General statistics for area surrounding Popular 
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.  

 

Figure 3-17 Aerial image of Popular. 
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(a) Public space under station   (b) View over valley 

   

 

(c) Main road in front of cable station  (d) Connecting bus in front of station 

			 	

Figure 3-18 Images of Popular. Photos taken in 2015 by Author. 
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3.4.3 Cable-car station case study - Andalucia (K1) 

The final station to be discussed along Linea K is Andalucia, which is the first station after 

departing Acevedo. As per the other stations this is also a very compact informal settlement site 

(Figure 3-20) and again the station provides a public space beneath, yet this is smaller than both 

Popular and Santo Domingo acting as more of a shortcut for residents passing through (Figure 

3-21). It is also positioned next to the busy road Carrea 46a providing connections to many buses, 

it is reasonable to presume that this was a busy road before the cable-car, as the roads that pass 

the other stations along Linea K (Figure 3-20, 3-21). The space beneath the station is quite small 

and does not appear to be used much, but directly opposite is another public space, which is 

terraced with concrete steps and has a small children’s park on top, however this is falling into 

disrepair with little evidence of maintenance (Figure 3-21). The surrounding area also has had a 

large amount of urban upgrading, most of this was done along Calle 106 that runs directly under 

the cable-car line (Figure 3-21). Here a lot of work was done improving the condition of the road 

and pavement, a new sports field was built alongside new schools. However, the most successful 

or at least the most celebrated intervention is the housing project Juan Bobo, with aims of 

‘improved access, ordered public space, relocated in situ and improved housing, and mitigated 

environmental risks’ and formed the main element of housing for the initial Noriental PUI (Brand 

and Dávila, 2013). Yet, intriguingly housing is often talked about as being the element most 

lacking in recent upgrading projects.  

Like elsewhere along Linea K residents generally live in the lowest socioeconomic bandings, 

either stratum 01 or 02 and land-value is very poor for the surrounding area (Figure 3-19). 
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Figure 3-19 General statistics for area surrounding Andalucia. 



136 

 
.  

 

Figure 3-20 Aerial image of Andalucia  
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(a) Public space under station   (b) Terrace park opposite station  

		 	
	

(c) Road leading to Acevedo   (d) View over valley 

		 	

Figure 3-21 Images of Andalucia. Photos taken in 2015 by Author. 
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3.4.4 Cable-car station case study - La Aurora (J3) 

Next the stations along Linea J are discussed. Starting with the final station, La Aurora (Figure 3-

23), this neighbourhood was built from scratch and started out as ‘the Olympic Village for athletes 

during the South American Games hosted by Medellín in 2010’ and was then converted into social 

housing afterwards (Coupe, 2013). Since then it has become an area designated for densification 

with many more social housing blocks built for relocated families for various parts of the city 

(Figure 3-24). Many of which are making way for new landmark projects in the city, often nearby 

Moravia, which is located in the city centre ‘close to strategic infrastructures: the city’s new central 

bus station, universities, hospitals, new leisure parks; its ground rent potential is high and 

inhabitants constantly feel the pressure of being relocated’ (Betancur et al., 2014). At La Aurora 

there are supplementary interventions, such as a hospital, police station, new schools and a 

sports centre. As per the other station buildings, there is a public space directly underneath with 

views towards the city centre and adjoining the station is the police station and hospital. With this 

neighbourhood being heavily planned it is very different from the other locations, the roads are 

wide with generous pavements and there are even cycle lanes (Figure 3-23, 3-24). Housing here 

is fully contained in the newly built tower blocks, there are large open areas scattered across, with 

large parks and almost all the commerce is informal, with no formal provisions for shops (Figure 

3-24). This is very different to the compact informal settlements elsewhere. One key similarity to 

the stations of Linea K is that there is an important road link opposite the station, which provides 

secondary transport connections into the city and to other nearby neighbourhoods. However, this 

clearly was not here before the cable-car.  

While it is presumed that like the other stations residents generally live in the lowest 

socioeconomic bandings between stratum 01 and 02, this is harder to tell since the land is 

technically not in the city and the socioeconomic data that covers this area indicates that there 

are parts in Stratum 06 which are clearly not representative of an area that is all social housing. 

Also, the land-value here is very high, which would make this like more prosperous parts of the 

city, but this might be an artificial inflation to prevent private development. This further highlights 

the potential flaws in using the municipal’s data (Figure 3-22). 

  



139 

 

 

 

 
Figure 3-22 General statistics for area surrounding La Aurora. 
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Figure 3-23 Aerial image of La Aurora. 
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(a) Road leading to station   (b) View over valley 

   

 

(c) Mass housing     (d) Space in front of station 

			 	

Figure 3-24 Photos La Aurora. Photos taken in 2015 by Author. 
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3.4.5 Cable-car station case study - Vallejuelos (J2) 

The next station on Linea J is Vallejuelos and this is more typical of an informal settlement than 

the previous La Aurora, but the scale of this is a lot smaller than the other locations along Linea 

J and the urban fabric varies (Figure 3-26). Directly opposite the station and to the side are poorly 

constructed homes of timber and metal panels on a grid system, which may have been an old 

site and service project (Figure 3-27). To the south of the station is a more organically formed 

urban fabric, with solidly constructed homes, which are more like the consolidated homes of Linea 

K (Figure 3-27). Then, within sight of the station and directly underneath the line, there is a cluster 

of unconsolidated homes build on the hillside of mainly scrap timber and metal sheeting and this 

suggests these homes are recent additions to the neighbourhood. This part of the neighbourhood 

also appears to be poorly connected to the rest (Figure 3-27), with only an unpaved foot path 

offering a connection. Unlike other stations there is no busy road opposite or even nearby as the 

space opposite the station is pedestrianised pubic space. As with the other stations, there is a 

public space directly underneath and adjoined to the station is a public computer suite, which is 

heavily used by local kids. During the onsite observations, the space to the west of the station 

was being heavily developed into a major highway. The secondary interventions here are almost 

non-existent, with the only noticeable intervention being the mostly unoccupied public space 

surrounding the station (Figure 3-27).  

Residents here generally live in the lowest socioeconomic bandings between stratum 01 and 02 

(Figure 3-25), yet the overall living standards of this comuna are much higher than stations along 

Linea K, due to the socioeconomic diversity of people living farther away from the cable-car. 

Nonetheless, the average land-value here is very low, similar to the stations along Linea K (Figure 

3-25). 
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Figure 3-25 General statistics for area surrounding Vallejuelos. 



144 

 

 

Figure 3-26 Aerial image of Vallejuelos. 
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(a) View up valley    (b) Housing opposite station 

   

 

(c) Public space opposite station  (d) Public space opposite station 

			 	

Figure 3-27 Images of Vallejuelos. Photos taken in 2015 by Author. 
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3.4.6 Cable-car station case study - Juan XXIII (J1) 

The final station to be discussed is Juan XXIII, which in terms of its nearby informal urban fabric 

is the most like Linea K of the station along Line J (Figure 3-29). This is because here it is not 

only heavily informal and dense, but also steep with many buildings climbing up the steep face of 

a hill. However, this neighbourhood is a lot smaller than the locations along Linea K and stops at 

a line of open green space, presumably protected by the municipality from development (Figure 

4-29, 4-30). Unlike the stations along Linea K, there are no busy roads directly opposite the station 

entrance, instead the main connecting road into the city runs parallel alongside the cable-car line 

and the space opposite the station is for pedestrian use only (Figure 3-30), like Vallejuelos. As 

with all the other stations, there is public space directly beneath the station and much of this is 

terraced to allow it to flow down the steep slopes, however it does not appear to get used much. 

There is also a staircase and bridge connected to the station that provide easy access to the 

higher parts of the nearby neighbourhoods (Figure 3-30). Then, similarly to Vallejuelos, there is 

no obvious sign of supporting urban interventions, other than the public landscaping of the areas 

surrounding the station.  

Like the other stations residents generally live in the lowest socioeconomic bandings between 

stratum 01 and 02 (Figure 3-28), yet the overall living standards of this comuna is high, because 

this communa has a larger number of people in living in higher socioeconomic stratums, like 

Vallejuelos. The average land-value here is equally as low as the other stations’ asides from La 

Aurora (Figure 3-28). 
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Figure 3-28 General statistics for area surrounding Juan XXIII 
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Figure 3-29 Aerial Image of Juan XXIII  

Cable-car  
station 
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(a) Terrace space next to station   (b) Main road parallel to station 

  

 

(c) Space opposite station   (d) Housing opposite station 

		 	

Figure 3-30 Images of Juan XXIII. Photos taken in 2015 by Author. 
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3.5 Case study summary. 

This chapter provided a summary of each of the case studies analysed throughout this research, 

summarising some of the main features of each location. 

	

Figure 3-31 Comparative study of each cable-car station for the distribution 
socioeconomic stratums and public facilities. 

 

This look at the two different cable-car lines and their associated stations confirm much of the 

past discourse (Dávila, 2013) that the upgrading approach and location of both lines were very 

different. While Linea K is in a very dense and compact informal part of the city, Linea J 
appears to be in a much more unconsolidated area on the fringes of the city and is 
significantly more fragmented between stations with larger topographical obstacles in 
between.  
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The contrast between both lines continue to be apparent when each station is examined, as while 

there are less similar features between each station at Linea K, such as stations positioned next 

to busy roads within a compact informal neighbourhood, commonalities between stations at Linea 

are less visible. Here at Linea J stations appear disconnected from existing urban centres 

and the final station on the line, La Aurora, is characterised by large social housing blocks and 

little else, though this neighbourhood is still in the process of being developed from nothing. 

Not only are the neighbourhoods very different but the upgrading approach to each also appears 

to be different. At Linea K there is large concentration of physical interventions at Santo 
Domingo, but there are far fewer interventions at the other stations along Linea K. At Linea 

J it is also the final station that has the largest concentration of interventions, however here the 

interventions are not connecting to the existing structure of the neighbourhood but are instead 

creating a neighbourhood from scratch (Figure 3-31). One feature that each station has in 
common is the creation of a large public open space either directly underneath the station 
or the side of the station, though many of these spaces do not appear to be popular. 

These case studies provide clear contrasting surroundings to analyse at different impact scales, 

as not only do both lines appear to be different, as has been discussed elsewhere (Dávila, 2013) 

but also each station. This provides a clear basis to analyse the differing impact of the cable-car 

at each location, by providing a set of contrasting scenarios that can help explain the extent of 

the impact. This is further aided by each case study being studied at different times of the day 

‘with’ and ‘without’ the cable-car, when the cable-car has different levels of attraction, to provide 

a comprehensive set of scenarios for each to make the results as conclusive as possible. 
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CHAPTER 4 - RECONFIGURING THE SPATIAL CONNECTIVITY 
OF AN URBAN GRID USING A CABLE-CAR 

 

4.1 Chapter introduction 

The first analytical chapter aims to address the impact of the cable-car at the topographically 

marginalised informal settlements in Medellin, by analysing the extent of the impact on the urban 

grid of this new spatial connection. To do this, a thorough understanding of the spatial 

configuration of Medellin’s urban grid is needed and this then allows the impact of spatial 

connections within this grid to be better understood. However, as this research will demonstrate, 

the introduction of the cable-car has had little impact on the whole city, instead the changes are 

mostly observed in the surrounding areas of each station, so as a result this chapter focusses 

most of its comparative studies on these such areas. To understand the configuration of the urban 

grid and measure changes in the grid that can be directly associated to the introduction of the 

cable-car line this chapter uses space syntax as the main method of spatial analysis. The results 

of which provide a baseline study that lay the foundations for the preceding chapters to examine 

the exact impact onsite. 

 

4.2 The spatiality of Medellin and its upgrading program  

Since the introduction of the first cable-car in 2004 a large amount of positive rhetoric has been 

formulated regarding Medellin’s transformation, accumulating in the city-wide program being 

referred to in recent times as the ‘Medellin Model’. For many this is because of the city’s rags to 

riches story, transforming from a city of violent no-go areas to a modern and progressive city, 

transformed by bold architecture and radical urbanism (Figure 4-1). As Ortiz explains ‘media, 

international urban experts, and multilateral agencies praise the story of overcoming violence and 

inequality through a type of urbanism labelled as social’ (Ortiz, 2015). Further, McGuirk points out 

that in ‘recent years the international media has been awash with stories about Medellin’s 

dramatic transformation – ‘the city that rehabilitated itself with iconic architecture and public 

spaces. It is, after all, a photogenic story’ (McGuirk, 2015). 

While the visual changes and reduction of violence is easy to observe and is rightly admired, the 

attributes that contributed to this transformation are not always as clear as many commentators 

suggest, as Brand and Davila explain urban upgrading ‘on its own does not lead to miracles’ 

(Brand and Dávila, 2013). Many of these attributes are often hidden within the rhetoric that relies 

on referencing the eye-catching pieces of architecture. This is highlighted in the long list of leading 

architectural publications that have recently featured Medellin, promoting the positivity of its 

architecture and urbanism – Architectural Review (February 2011), Icon (August 2011), 

Wallpaper (November 2010), RIBA Journal (March 2013), Architectural Record (January 2011) 
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and Architectural Design (June 2011). These often describe how the ‘urban projects and punctual 

interventions sought to improve public space and housing, and to generate a new image of the 

city through providing new symbolic reference’ and even go as far as to say that this ‘change in 

residents’ image of the city, and their new found sense of belonging have transformed Medellin 

from being uninhabitable to today being hip and trend belles of the ball’ (Castro and Echeverri, 

2011). 

	

Figure 4-1 Medellin Transformed. Much of Medellin’s transformation has relied on iconic 

pieces of architecture, which has attempted to give pride back to previously violent 

communities, proving a very visual narrative. Image source www.archdaily.com/2565/espana-

library-giancarlo-mazzanti 

 

As Hillier and Hanson points out, the flaw in architectural commentary is that it is ‘difficult to talk 

about buildings in terms of what they really are socially’ therefore it is ‘eventually easier to talk 

about appearance and styles and to try to manufacture a socially relevant discourse out of surface 

properties’ (Hillier and Hanson, 1984).  This can be related to many discussions about Medellin 

as it is the architecture and urbanism that is judged to be the transformer. However, as McGuirk 

states ‘while this has made the city a touchstone for the power of architecture, we mustn’t allow 

ourselves to be misled’, as the lessons to be learnt from Medellin are more complex than the 

representation of iconic architecture (McGuirk, 2015). 

Much of this can be understood from neighbourhoods like Comuna 8 in the east of the city that 

until recently remained largely untouched by Medellin’s upgrading programme and ‘evolved 

instead through entrenched trajectories of self-management and auto-construction’ (Ortiz, 2015). 

Here, instead of the transformation being symbolised by iconic visual gestures it is the process of 
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self-management by the local community that has brought about continued change. This type of 

natural development by the local community away from the municipal powers is something that 

often typifies informal settlements. As Turner once stated it is in informal settlements ‘where local 

groups and associations of ordinary citizens have formed to act for themselves, they are either 

unaware of the good intentions and potential contributions of planners and architects, or 

distrustful, or scared off by the fuss which their professional associations oblige the architects to 

charge’ (Turner, 1977). 

Changes to the urban fabric are consistently occurring because ‘processes of urban growth and 

change seem to exhibit both ‘emergence’, by which unforeseen macro changes result from a 

series of micro-changes, and the contrary effect, by which macro changes produce unforeseen 

effects at the micro scale’ (Hiller, 1996). Therefore, it is important to unbiasedly understand the 

impact of the urban upgrading programme beyond the visual representation of its architecture. 

This is important because while the discourse surrounding Medellin’s transformation is very 

colourful and visually bold with its imagery, the actual changes to the traditional socioeconomic 

indicators are not as well-defined. Nevertheless, it is difficult to ignore the bold changes that have 

occurred in some of the poorest neighbourhoods and the potential impact these may have had 

on the existing urban fabric. So, it would be wrong to presume that because traditional 

socioeconomic indicators show few changes or since commentators often oversell the ‘Medellin 

Model’ that these interventions have not had any impact. 

This chapter examines if the impact of the interventions can be interpreted with a spatial analysis 

method that relies on evidence-based techniques. This computationally measures the 

configuration of an urban grid to investigate how the introduction of a new spatial connection – 

the urban cable-car line – affects local space in relation to the rest of the city. This will generate 

a set of results for ‘with’ and ‘without’ the cable-car, allowing each to be compared and the impact 

to be measurable. These results can then later be associated with local socioeconomic activities 

that are closely related to the configuration of the urban grid or cable-car.  

 

4.3 Chapter methods of analysis  

The method of analysis used in this chapter is broken down into four main methods. The first uses 

the space syntax measurements Integration and Choice within a spatial model of the city to record 

changes from the introduction of the cable-car, by comparing a model of city ‘with’ the cable-car 

to a model ‘without’ it. The second method uses these results within defined socioeconomic and 

land value zones set out from the municipal’s datasets as the basis for benchmarking changes in 

the spatial analysis results, again using the ‘with’ and ‘without’ model. The third method examines 

the extent of changes in the spatial models by creating a difference map of the city by subtracting 

the ‘with’ and ‘without’ results. The final methods examine the results within different catchment 

areas to those defined by the case-studies and these are created from a method of wayfinding 

that focuses on the numbers of turns needed to move away from one root line, which is called 

Angular Step Depth (Figure 4-2). 
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To implement these methods, the results are examined in three different impact areas, as defined 

in Chapter 03. These catchment areas are broken down into the city impact area (where the whole 

city is examined), the cable-car line impact area (the area surrounding each line) and the cable-

car station impact area (the area immediately opposite each station). By recording the results 

within these three areas, the research will accurately demonstrate the extent of the impact and 

these same areas are used throughout the research, so that each of the main analytical parts of 

the research can be overlaid. 

	

Figure 4-2 Spatial analysis workflow diagram. 

 

4.3.1 Method of analysis 01: Integration and Choice 

The first method of analysis uses traditional space syntax measurements to first understand the 

configuration of the city and then record changes in it. To do this the city is first spatially modelled 

using a ‘segment’ map, but to do this, the city was first modelled as an axial map. The concept of 

an axial map was originally developed by Hillier and Hanson and is a representation of the 

continuous structure of open space (Hillier and Hanson, 1984). An axial map of a city is generally 

constructed by using an accurate map of the city and drawing a set of intersecting lines through 

all the spaces of the urban grid so that the grid, or area of interest, is completed and all open 

spaces are connected (Figure 4-3). An initial axial map was used instead of a road centreline 

map, which ‘maps every street segment between junctions drawn as the medial axis of the street’ 

and are widely available from web mapping services (Kolovou et al., 2017), because the available 

road centreline map of Medellin had many flaws (Figure 4-4). It did not cover the informal 

settlements very accurately, as the lines were heavily broken in parts and it did not expand 

accurately into the metropolitan area. So while a good road centreline map can often save a lot 

of time when constructing a segment map, since the street layout of the city is already constructed 
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and has the benefit that large metropolitan areas can be quickly analysed (ibid), because the 

available road centreline map for Medellin required a lot of work to make it into a workable 

segment map, this was not used. There are also other benefits of using axial lines (Figure 4-3), 

here ‘space is continuous when is constantly visible and accessible, whereas for road centrelines 

space is continuous between decision points i.e. intersections of roads’ (ibid). The segment map 

is used in this research because it utilises angularity, which is ‘defined as angular change that is 

likely to have an impact on the way people walk and navigate through a system’ and so the 

analysis defines space as being different when there are significant changes in direction that 

could be ‘seen as deliberate acts in navigation’ (Turner, 2001). This is beneficial for the multiple 

small segments produced in an axial map of an informal settlement, as traditional axial analysis 

would treat each overlapping line as a new space (Hillier and Iida, 2005).  

	

Figure 4-3 The different types of spatial networks available for analysis. (Marcus et al., 
2017). 

 

This axial map of Medellin was drawn in QGIS39 using a mixture of GIS shapefiles40 and satellite 

imagery, so that the informal settlements and neighbouring metropolitan area (Figure 1-4) could 

be accurately mapped, both are often missed out in the shapefiles of Medellin. This was manually 

drawn following the rule of ‘the fewest and longest axial lines that cover all convex spaces in the 

system’ (Al-Sayed et al., 2014) and this allows the longest straight line to represent the maximum 

extension of a point of space (Hillier and Hanson, 1984). So that the extent of the cable-car’s 

connectivity could be included in the analysis the cable-car lines and over-ground metro train lines 

(Figure 3-3) are measured equally in this model. To make these lines realistic these transport 

connections are unlinked from the overlapping lines in the spatial model, apart from the points 

where they connect to the stations. This is a method called ‘Axial Unlink’ (Gil et al., 2015). This 

allows two lines that are intersecting on the map, but not directly connecting, such as the cable-

                                                        

39 QGIS stands for Quantum Geographic Information System and is a free and open-source cross-platform 
desktop geographic information system application that supports viewing, editing, and analysis of 
geospatial data. Available from www.qgis.org. 
40 A shapefile is a popular geospatial vector data format for geographic information system (GIS) software. 
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car line passing over existing streets, to be spatial unlinked. Two simple variations of the city are 

modelled, the first with the cable-car line (‘with’) and the second without it (‘without’). This is so 

that impact can be examined by comparing each, as the model ‘without’ represents the city before 

the cable-car was introduced and the model ‘with’ the city after. This method of comparisons 

between ‘with’ and ‘without’ is used throughout the analysis to make up for the lack of reliable 

historic data, including the onsite observations. Once the axial maps are completed they are 

converted into a segment map using DepthMap 41  and this breaks the axial lines at their 

intersections (Varoudis, 2012).  

	

Figure 4-4 The process of creating a segment map for Medellin. 

 

To examine the spatial connectivity of Medellin and understand the impact of the cable-car on 

this, two well established space syntax measurements are used. Firstly, Integration42, which 

analyses the main ‘to’ movement within an urban grid, these are typically areas people are 

naturally drawn towards (Hillier and Hanson, 1984). Then secondly, Choice, this analyses the 

main ‘through’ movement within an urban grid and these are typically spaces people move 

through to get to a destination (Hillier et al., 1987).  

Integration measures ‘how many turns one has to make from a starting location to all other 

locations in the urban network’ and it is defined as a good predictor of highly desired destinations 

(Narvaez Zertuche, 2015.  

Integration  (NC * NV) / TD 
 
Integration for Angular Segment Analysis NC   =    NC    =   NC * NC 

    MD  TD/ND         TD   
  

                                                        

41 Depthmap is a multi-platform software platform to perform a set of spatial network analyses designed 
principally to do Space Syntax analysis. Available here - http://varoudis.github.io/depthmapX/ 
42 A Space Syntax glossary of terminologies can be found here - http://otp.spacesyntax.net/glossary/ 



159 

NC stands for node count, which is the number of segments encountered on the route from the 

current segment to all others (ibid). TD is total depth referring to the ‘total shortest angular path 

to all segments’ (Hillier and Iida, 2005). 

Choice measures how often a street segment is negotiated by the shortest connecting route of 

all segments in the network and is the journey with ‘the lowest angular cost for each possible 

origin and destination of all segments in a network’ (Turner, 2001). 

Choice  Bq(x) = Sn i=l Sn j=I s(I,x,j)  such that i¹x¹j 

(N-1)(N-2) 

The value of ‘I’ is assigned to every segment passed through on the shortest path from any origin 

to any destination. N, refers to the number of nodes in system and s(I,x,j) = I ‘if the shortest path 

from I to j passes through x and 0 otherwise’ (Narvaez Zertuche, 2015). 

These measures are also commonly used in other fields and are often referred to by other terms, 

and this is because ‘network science is an interdisciplinary academic field studying the complex 

relationships between related components using graph theory’ (Varoudis et al., 2013). Within 

graph theory, Integration is referred to as ‘closeness centrality’ in graph theory and is a measure 

of centrality in a network, calculated as the reciprocal of the sum of the length of the shortest 

paths between all nodes in the graph (Crucitti et al., 2006). Then Choice is referred to as 

‘betweenness centrality’ in graph theory and this shows that for every pair of vertices in a 

connected graph, there exists at least one shortest path between the vertices (ibid). 

To make the values of both Choice and Integration comparable between different sites in the city 

these values are normalised43 (Hillier et al., 2012), allowing different areas of the same city to be 

compared. This is done because isolated areas in a city add more choice to the system. The 

normalising process adjusts values according to the depth of each segment in the system, for 

choice the values are adjusted by being divided by a higher total depth number and for integration 

this adjusts the angular total depth by comparing the system to the urban average (ibid). 

Throughout the research only normalised values are used in the analysis in order to make the 

results comparable between cases and scales, so when the analysis refers to Choice or 

Integration it is referring to the normalised values. 

The results of these measurements are always generated for the whole city, so when the case 

study comparisons examine the segments within a predefined catchment area of 500m radius, 

the values are calculated for each segment in the whole city. This is because the cable-car design 

is about connecting marginalised communities with the rest of the city and not just neighbouring 

communities.  

                                                        

43 Normalised Choice (commonly referred to as NACH) is logCH+1/logTD+3 and normalised Integration 
(commonly referred to as NAIN) is NC^1.2/TD (Al-Sayed et al., 2014) 



160 

These measurements are used in a multi-scale analysis, as both Integration and Choice can be 

calculated at different radii to capture spatial configuration at different scales. This ‘refers to the 

metric distance from each segment along all the available streets and roads from that segment 

up to the radius distance’ (Al-Sayed et al., 2014; Turner, 2004). This means that the system will 

only ‘identify the local relationships between segment elements’ within the defined metric and this 

can then be used to discuss various issues within different urban scales (Al-Sayed et al., 2014). 

For example ‘local movement is normally best represented by a local radius measure’, something 

between 500 and 1000 metres is equivalent to 10 minute walk and ‘higher radius measures are 

then needed to represent vehicular movement flows’ (ibid). To start with the analysis calculates 

the results for an extensive range of 16 metric radii44 to understand the metric ranges that are 

most impacted by the cable-car, this then provides a basis to narrow the analysis down to specific 

urban scales.  

This is done by allowing the analysis to focus on only three specific radii, which can be used for 

discussing different urban scales (Figure 4-5). This is taken from the principle that ‘spatial 

centrality varies under just three basic modes, which we have identified as those of the region, of 

the city and of the neighbourhood’ (Serra and Pinho, 2013). Serra and Pinho explain that a 

‘particular division of the radii range in three segments indicates is the existence of three basic 

centrality regimes in the metropolitan spatial network - pertaining to the scale of the region (i.e.	

between 8,200 and 30,000 meters), to the scale of the city (i.e. between 1,200 and 8,200 meters) 

and to the scale of the neighbourhood (i.e. between 400 and 1,200 meters) - while telling us at 

the same time where one begins and the other ends’ (ibid). For this research these divisions are 

renamed, Micro, Meso and Macro each representing a different range of spatial centrality in 

relation to the cable-car (Figure 4-5). Macro represents the centrality between each line and city 

centre, Meso represents the centrality surrounding each line and Micro represent the local 

centrality directly opposite each station.  

Figure 4-5 Urban scale relating to different metric radius analysis. 

 

All measurements are calculated for both spatial models ‘with’ and ‘without’ the cable-car, so that 

the differences can be highlighted for each station. This allows the unavoidable issue of edge 

effect to be considered. This issue arises when the edge of axial models appears 

disproportionately segregated due to the fact that streets on the edge of the map are not 

                                                        

44 These 16 metric radii are r250, r500, r750, r1000, r1250, r1500, r1750, r2000, r2500, r3000, r3500, 
r5000, r7500, r10000, r15000, ‘n’. Radius ‘n’ means that each segment is related to every other segment in 
a city without any radius restriction.   
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connected onwards and this cannot be avoided for the end stations of each line, as large metric 

radii calculations are needed. However, by comparing two similar scenarios ‘with’ and ‘without’ 

the cable-car, the results focus more on the changes and not the overall system, thus any flaws 

in the calculations are less important. 

By using these two measurements and different metric radii certain urban phenomena can be 

determined, such areas of centrality (Hillier, 1999), the background and foreground structures of 

the city (Hillier and Vaughan, 2007), road and walking networks and movement flows (Turner, 

2001). With Integration it is possible to highlight the central go to zones within different urban 

scales. When the whole city or large radii are examined, the main area of centrality is typically 

the city centre, but when small radii are analysed, the main areas of centrality are local 

neighbourhoods. With Choice it is possible to determine the main through routes, such as 

vehicular routes at a large radii or pedestrian pathways at small radii. This shows the power and 

potential of Space Syntax measurements, as urban features can be clearly established and can 

be objectively examined ‘with’ and ‘without’ the cable-car to determine the impact of simple 

features that affects how the city functions.  

The representation of these measure uses a classic space syntax colour range where the most 

connected segments are represented in red and the least connected segments are represented 

in blue (Figure 4-6). This is used throughout for the results of both Choice and Integration. 

	

Figure 4-6 The colour range used to visualise the spatial analysis. This is the classic range 

used in space syntax analysis. 

 

4.3.2 Method of analysis 02: spatial condition benchmarking 

After the results of Choice and Integration are examined they are then laid on top of the 

municipal’s GIS data for the socioeconomic bandings and average land-value ranges, briefly 

analysed in Chapter 02, to form the second method of analysis for this chapter, spatial condition 

benchmarking. This aims to examine the relevance and role of the urban grid as ‘configurational 

analysis of the spatial network can be linked to other layers of data in the city to build more 

complex models’ (Karimi, 2012).  

To do this, the socioeconomic bandings and average land-values are laid over the spatial models 

of the city in QGIS and the attributes associated with each layer is joined onto the segment below, 

so that each segment has a socioeconomic and average land-value attribute. This then allows 

the segments to be grouped by these attributes, allowing the mean Choice and Integration value 
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per socioeconomic stratum and land-value range to be calculated. The results of which provides 

a spatial condition benchmark for each and this allows the mean values of both Choice and 

Integration for each case study to be tested against this benchmark, before and after the 

introduction of the cable-car (Figure 4-7). This has the benefit of measuring improvements against 

a fixed benchmark, as large proportional increases in the spatial analysis results can often be the 

result of very poor existing spatial conditions, making changes seem positive when the improved 

spatial conditions in relation to the rest of the city is not much better. However, it should be noted 

that there are limitations to this method, especially when using the socioeconomic stratums, since 

it is difficult to accurately understand how these have been formed nor is there much evidence 

across Colombia to suggest that people move between these categories, which often stigmatise 

communities. Yet, there is very little historical or quantifiable evidence available for Medellin, 

therefore, while this dataset may have its weaknesses, it does provide a basis in which to make 

comparative studies between different parts of the city.  

 

Figure 4-7 Spatial condition benchmarking. Spatial conditions for (top) socioeconomic 
stratum and (bottom) land-value ranges. 

 

4.3.3 Method of analysis 03: integration difference 

Throughout the research, the spatial analysis values are calculated for the whole city and because 

of this the impact of the cable-car is often hard to notice, because the connections to the whole 

city softens any changes in the spatial model. Therefore, the next method of analysis in this 

chapter uses a method that better highlights change in the model of city by simply subtracting the 

Integration results of ‘with’ by the results of ‘without’, so that only changes are visible within the 

city. The different values are converted into a percentage of change for each segment to make 

them more understandable. This is only completed for the result of Integration and not Choice, 

because, as the results will show, Choice does not change significantly when the cable-car is 

introducted. This creates an Integration Difference Map for Medellin (Figure 4-8). This aims to 

simply visualise the extent of the impact of the cable-car at various metric radii, to demonstrating 

the urban scales and locations that change the most. This method focuses on the exact size of 
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change of each segment and does not consider local conditions or the relevance of the starting 

values and is mainly used as a visual representation of change. 

             	

 

Figure 4-8 Integration Difference Map. This is calculated by simply subtracting the ‘without’ 

value for Integration from the ‘with’ values for the same metric radius and then calculating the 

percentage of change for each segment, allowing changes to become more visible. 

 

4.3.4 Method of analysis 04: angular step-depth 

The final method of analysis used in this chapter analyses the spatial analysis results within a 

different catchment area. As all the results for the different case studies were previously analysed 

within a catchment area defined by a metric point from the centre of the station, even though the 

values associated with the analysed segments are generated by the model of the whole city. This 

area was defined after experimenting with different area size and more importantly was also 

chosen for the practical reason that it was a realistic and safe size of area to study onsite. 

However, to define a different type of catchment area to investigate the same spatial analysis 

results for each station and examine more specifically natural wayfinding from a centre point, 

Angular Step Depth is used.  

This method is ‘appropriate for describing a sensible angular change for humans’ (Shen and 

Karimi, 2016) and is a measurement that ‘follows the shortest angular path45 from the selected 

segment to all other segments within the system’ and thus can be used to conceptually 

understand the wayfinding ability from each station when the least angular paths are taken (Al-

Sayed et al., 2014). This assumes that ‘people move through a system based on number of turns 

encountered in that system’ (Turner, 2001). It does not take into account local factors; hence this 

                                                        

45 The weighting used in the angular scale considers 1 turn as a 90± angle. 

- = 

‘with’ ‘without’ Difference 
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method is a conceptual examination of local navigation away from one specific point, the cable-

car station. The catchment areas are calculated by selecting a central segment in the spatial 

model using depthMap, which is known as the ‘root line’, and then the step depth calculation in 

depthMap measures how far each segment in the model is away from this ‘root line’ in terms of 

the number of changes of direction taken (Figure 4-9). This uses the angular scale that ‘1 step [or 

turn] is 90◦, and that angles are cumulative, so, if you turn left 45◦ and walk for a segment length 

then turn right 45◦ you have made two turns of 45◦ totalling 90◦, exactly the same as if you had 

made on 90◦ left or right turn’, which are both one step (Turner, 2004). For this research the 

catchment areas are defined by six steps because after exploring each available catchment area 

this was the number of turns that provided the best size of space to examine. This is because 

‘without’ the cable-car fewer than 6 steps made some catchments areas too small to compare 

and ‘with’ the cable-car more than 6 steps meant certain catchment areas covered large parts of 

the city.  

	

Figure 4-9 Step-depth calculation diagrams. The metric step-depth of a segment (Left) is 

measured by the total continuous distance from a root line, whereas angular step-depth (right) 
is measured by the degree of turns (1 = 90 degrees) needed to travel from the root segment. 

 

Angular step was chosen instead of the simpler metric step-depth (Figure 4-9, 4-10), which 

measures the metric distance from one location to another, because wayfinding is important to 

the research. As the position of the cable-car on the existing urban grid is very important for 

defining its impact and an angular step depth analysis can relate to the cognitive behaviour of a 

person moving in space who is likely to choose the least angular path when getting from A to B.  
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Figure 4-10 Step depth results for Santo Domingo. (Left) Metric step-depth and (right) 
angular step-depth. 

 

The catchment area defined for each station can be compared against each other in terms of 

size, to represent how well nearby spaces are connected to the station ‘with’ and ‘without’ the 

cable-car and then the spatial analysis results within each of these catchment areas can be re-

examined. This will highlight how different analysed catchment areas associated to one fixed 

point in a network can represent different types of change.  

The spatial analysis chapter aims to establish the role of the urban grid in transforming the 

informal settlements, so that it can provide a baseline study of the city and the areas directly 

surrounding each station. This can then act as the foundation to link locally sourced data in the 

following chapters to examine the direct impact and role of the cable-car.  
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4.4 Impact on city from cable-cars 

As discussed in the methodology, this chapter analyses the impact of the cable-car at three 

different impact scales. This section looks at the results for the city impact scale and this uses the 

model of the whole city model. This model bridges beyond the boundaries of Medellin’s 

municipality, into the neighbouring municipalities, of which there are no visible breaks in the built 

form that make up the metropolitan region (Figure 4-11). 

This section uses the following methods of analysis: Integration and Choice results are analysed 

to understand the spatial configuration of Medellin and to develop an initial understanding of the 

impact; Integration difference is analysed to further develop an understanding of the extent of 

changes; and socioeconomic benchmarking is used to understand the configuration of the urban 

grid in different parts of the city. 

	

Figure 4-11 The segment map in the metropolitan area. The segment map follows the built 

fabric of the city and crosses over into neighbouring municipalities that form the metropolitan 

area of Valle Aburra. This model is made up of 97748 segments, a total length of 3,496,860m 

and covers an area of 340,470,213m2. 

 

4.4.1 City Impact: Integration and Choice Analysis 

Using the two main Space Syntax measurements of Choice and Integration, allows the 

configuration of this city to be better understood and this can establish the background and 

foreground structures of the city (Figure 4-12, 4-13).  
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Figure 4-12 Integration at metric radius 3500m ‘with’ the cable-car.  
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Figure 4-13 Choice at metric radius 3500m ‘with’ the cable-car.  
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By examining the Integration results at a low metric radius the background structure of the city 

becomes a patchwork map and this ‘marks out distinguished areas in cities’ (Al-Sayed et al., 

2014). In Medellin this highlights the main informal settlements mostly in the northeast, where 

Linea K is located, but also along the east and west fringes of the city. This is clearest at metric 

radius 1000, which represents the micro urban scale (Figure 4-5). This patchwork map is very 

similar to the location of the lowest socioeconomic stratums and average land values, discussed 

later in the chapter. This indicates that many of the informal settlements in Medellin are typically 

located in the least affluent parts of the city. When a higher metric radius (10,000) is examined 

for Integration the main ‘to’ movement in the city is in the heart of the city (Figure 4-15). This is 

the commercial centre of Medellin and where the Spaniards first settled (Figure 4-14). These two 
sets of results create a situation where local centrality is dominated by areas of informality 
and the citywide centrality is in the historic city centre, which is mostly formal in its 
configuration. However, there does not appear to be much overlapping in these two types 
of centrality (Figure 4-15). This is important, because it suggests the informal neighbourhoods 

in Medellin are spatially isolated from the mainly formal parts of the city and disconnected from 

the economic amenities found in the city centre. This relates to previously mentioned divides 

between the rich and poor in Chapter 01 and 02, which makes ‘Medellin is one of the most 

unequal cities in Colombia’ and a divide that has not changed much since the famous urban 

upgrading program started in 2004 (Duque et al., 2013).  

Using the results from Choice, the foreground structure of the city can be analysed (Figure 4-16), 

as this ‘marks the set of near-continuous linear connections which afford shorter paths throughout 

the grid structure and connects patch of shorter elements in the background’ (Al-Sayed et al., 

2014). In Medellin, it is clear from that the road network is reasonably well connected to all major 

parts of the city and this is mainly because of the large highway passing straight through the 

centre of the city, parallel to the river (Figure 4-14), this provides access to many secondary roads 

that branch out to different parts of the city. While the road network appears to provide a functional 

foreground structure for the city, it is often not beneficial to the local informal settlements 

positioned on the fringes of the city, as these mostly function within in a local structure. So, even 
though the foreground network connects with most parts of the city, the lack of 
connections between this and many of the informal settlements on the fringes of the city 
leaves these marginalised from the rest of the city (Figure 4-16). This is made worse by the 

lack of a comprehensive and functional transport system working separately to the road network, 

as the main form of public transport in Medellin are microbuses, as discussed in the literature 

review, making the roads even more congested and these often overfill the very narrow informal 

streets.  
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Figure 4-14 Keys areas in Medellin. 

Historic  
centre 
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Figure 4-15 Integration at City Impact Scale. (A) Integration at Metric Radius 1000; (B) 
Integration at Metric Radius 10000; (C) The areas of high Integration at Metric Radius 1000, 

which represents the background structure and is the location of mainly informal settlements; 

(D) The areas of high Integration at Metric Radius 10000 representing the area of high centrality 

for the whole city. 

 

A) B)

C) D)



172 

    

C) D)
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Figure 4-16 (left) Choice at Citywide Impact Scale. (A) Choice at Metric Radius 1000, (B) 

Choice at Metric Radius 10000, (C) The background structure of the city connecting to main 

road network of the city defined by the top 10% of Choice, (D) Global centrality connecting to 

the main road network of the city, (E) Background structure and (F) Global centrality. 

 

This highlights the spatial divide between local informal settlements functioning within the 

background structure of the city and the global formal areas functioning in the foreground 

structure (Figure 4-16). Whilst both appear to function reasonably well within their own scale there 

are few spatial connections between them and it is this missing link that appears to be creating a 

divide in the city. This makes the cable-car intervention appear very important, since it helps to 

bridge the missing connection between the informal background and formal foreground structures 

of the city, making the ‘city whole again by reconnecting its segregated pieces’ (McGuirk, 2015) . 

By examining the results for both Integration and Choice a greater understanding of the city’s 

configuration can be established. It is possible to compare the same set of results for the spatial 

models ‘with’ and ‘without’ the cable-car to establish if there have been any changes after the 

introduction of the cable-car and start to understand if it really did reconnect segregated pieces 

of the city (Figure 4-17).  

	

Figure 4-17 Integration Citywide Impact. (A) City Impact Integration at Metric Radius 3500 

‘with’ cable-car; (B) City Impact Integration at Metric Radius 3500 ‘without’ cable-car. 

 

A) B)
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This shows that there are observable local differences surrounding each line with Integration 

(Figure 4-27), but with Choice there are no noticeable differences (Figure 4-16). This may start 
to suggest that the local areas where people gather, defined by Integration as areas of 
local centrality have changed, yet, because Choice has not changed significantly the main 
movement network where people pass through are mostly the same.  

Therefore, the most noticeable changes within the whole city are local to each station, as the 

impact is confined to very narrow areas. When these differences in Integration are observed 

through a large range of metric radii the two different cable-car lines show contrasting results. At 

Linea K changes are best observed for metric radii above 2000, when the full length of the line is 

included in the analysis (2072m). From this metric radius onwards, the area of increased positive 

Integration surrounding the stations at Linea K appears far greater than those at Linea J. At Linea 

J there is no visible improvement to Integration until metric radius 5000, which is significantly 

larger than the full length of its line (2782m) and these improvements are very subtle in 

comparison to Linea K. This implies that Linea K is having a larger role in connecting its 

marginalised informal settlements with the rest of the city, than Linea J.  

These results could suggest that the cable-car is starting to tackle the previously highlighted 

configurational problems of the city, which results in ‘poor communities being relatively 

disconnected from the modern formal economy’, as the informal background structure is 

disconnected from the formal foreground structure (Brand, 2013a). Nonetheless, the informal 
background and formal foreground structures of the whole city remains largely unaffected 
by the introduction of the cable-car. This is because the background structure, dominated by 

informal settlements, function beneath the impact range of the cable-car (metric radius 1000) and 

the intervention is not large enough to alter the global foreground structure define by global 

Choice.  

4.4.2 City impact: integration difference 

Whilst this proposes that Linea K is more effective at integrating its neighbourhoods the level of 

difference between the ‘without’ and ‘with’ networks are hard to see for the whole city. To make it 

clearer this next section looks at the Integration difference results. To do this the percentage of 

change in Integration between the ‘with’ and ‘without’ spatial models are calculated for each 

segment, using each analysed metric radius.  

From this it is apparent that the extent of changes is similar for both lines, highlighting that these 

have been slightly greater at Linea J above metric radius 5000. However, the larger differences 
at Linea J is mainly because of very low Integration ‘without’ the cable-car and as a 
consequence an increase here become more predominant due to a very low starting point 
(Figure 4-18). This is discussed in more detail later in the chapter using benchmarks. 

 



175 

	

Figure 4-18 Integration Difference at Citywide Impact Scale. (A) Metric Radius 3500; (B) 
Metric Radius 10000.  

 

While the visual results can explain a lot about the structure of a city and demonstrate where the 

most significant areas of impact occur, it is hard to fully appreciate the size of the impact without 

investigating the numerical results, as ‘unintentional cartographic self-deception is inevitable’ 

when data-maps are produced (Monmonier, 1996). This would be easily done with the Integration 

difference maps, as these show large increases at Linea J without considering the before and 

after values for each segment.  

With the values for the Integration, the difference between ‘with’ and ‘without’ results increases 

steadily from metric radius 2500 upwards and the largest change is observed is at metric radius 

15000 at 2.59%. While these increases appear to be very low, when the whole network of 97748 

segments is taken in to consideration, the change is reasonably high considering the cable-car is 

just one additional line at each location. These numerical results also reconfirm that the impact 

between metric radii 250 and 1500 is non-existent as the differences here are below 0.1%, 

showing that there is little impact on the background structure of Medellin, where the 
informal settlements predominantly function (Figure 4-19). 

A) B)
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Figure 4-19 Integration Analysis. Comparison between Integration mean values for each 

analysed metric radius ‘with’ and ‘without’ the cable-car.  

 

When the same comparison between ‘with’ and ‘without’ values are completed for the Choice, 

the differences are very hard to observe (Figure 4-20). So, while differences emerge from metric 

radius 2000 upwards, the percentages of change are significantly smaller than Integration, as 
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with the largest change with Choice is at metric radius 7500 with an improvement of 0.08%, 

compared to 2.49% for Integration (Figure 4-19). This show that Medellin’s main spaces of 
choice within the citywide model are unaltered by the introduction of the cable-car.  

	

Figure 4-20 Choice Analysis. Comparison between Choice mean values for each analysed 

metric radius ‘with’ and ‘without’ the cable-car. 

 

4.4.3 City impact: socioeconomic spatial benchmarking 

Although the results of Choice and Integration help explain the spatial structure of the city and 

demonstrate where the main impact of the cable-cars occurs within the spatial model of the whole 

city, it is not directly related to real socioeconomic factors. Therefore, this next section in the 

chapter connects the citywide results for Integration and Choice to the municipal data that maps 

areas of different socioeconomic groupings, land-value zones and general land-use. This will 

demonstrate how the spatial analysis results directly relate to real conditions in the city and will 

setup spatial condition benchmarks to be used later in this chapter.  
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Figure 4-21 Analysis of Integration mean values within different socioeconomic stratums 

areas (A & B). 

A) B)

Stratums 
06 
05 
04 
03 
02 
01 
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When the different socioeconomic bandings are examined, this provides a general understanding 

of different areas of prosperity (Figure 4-22), which can then be connected to the spatial 

configuration of the urban grid. Within the whole city the lowest stratum represents 12% of the 

city’s area and is typically located nearby or within areas of informality at the fringes of the city. 

The highest stratum also represents 12% of the city’s area and is located mainly in the south of 

the city. Intriguingly, while this shows that the same area of land is taken up by both the poorest 

and richest citizens, when the total network length (all the segments combined) is calculated for 

each of these areas, the length of Stratum 01 (493,321m) is significantly bigger than Strata 06 

(146,754m), three times the size. The largest network is Stratum 02 (991,844m). So, while the 

land area coverage of the stratums can be similar, the streets within cover a different area of land. 

This is the result of the richer parts of Medellin occupying fewer streets, having larger residential 

plots, more open space and public facilities, all of which indicate a smaller population density. 

Whereas in the areas of higher poverty, there is a much larger number of streets crammed into 

the same area of space, because there is higher population density, smaller residential plots and 

fewer open space and public facilities. This is because within Stratum 01 the buildings are mostly 

informal, and the streets compact, whereas within Stratum 06 the buildings are very formal and 

the streets long and wide. This is a further indication of the divide between rich and poor in 

Medellin (Figure 4-22).		

Using each Stratum area, it is possible to calculate the mean values for Integration. Choice is not 

used here, because the value range between top and bottom is less distinguishable. Using the 

three main metric radii (1000, 3500 & 10000) to represent different urban scales – Micro, Meso & 

Macro (Figure 4-5) – it is clear the highest mean values are associated with Stratum 04 and 05 

and the lowest results are related to the lowest Stratums 01 and 02, and intriguingly Stratum 06 

(Figure 4-22). This importantly demonstrates that the least prosperous areas of the city are also 

the poorest spatially connected parts and some of the most prosperous areas (not Stratum 6, 

which is discussed in the following paragraph) are the most spatially connected parts. This 
further highlights Medellin’s social and spatial divide, as the parts of city that have the 
lowest stratums (01 & 02) are mostly positioned in the informal background structure of 
the city, disconnected for the central parts of the city.  

It is worth noting that the parts of the city that are in Stratum 06, where the most prosperous 

residents reside, has very poor spatial connectivity similar to Stratum 01 and 02. The part of the 

city with the largest proportion of Stratum 06 is in Poblado (Figure 4-22). This neighbourhood  

originally became the preferred area for wealthy families of Medellin to buy rural spacious villas 

in the 19th century and as the city rapidly expanded in the second half of the 20th century it became 

a very exclusive neighbourhood (Maclean, 2014). This resulted in a formal urban grid being 

purposely arranged around a series of large residential tower blocks and gated communities, 

offering increased security to the richest, who in the past had been targeted for kidnapping, 

robbery and violent crime, by people who had the ‘money and motives to hire sicarios to do their 

dirty work’ (Salazar, 1992). Yet, Stratum 05 and 04, the next most prosperous parts of the city 
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remain well connected with the rest of the city and have the highest mean integration values, 

which is the likely outcome of these areas naturally developing with the rest city, unlike Poblado.  

	

Figure 4-22 The location of Poblado. This is the area of the city with the largest population of 

people living in Stratum 06 

 

Therefore, because Stratum 06 provides a hugely different outcome and does not follow the same 

patterns of the other stratums that generally provide higher results for each increment, there is a 

potential weakness in the use of this classification to understand the role of spatial connectivity. 

It also highlights the necessity to thoroughly understand the city first before using this type of 

analysis, as a desktop study of Medellin alone would not have picked up the reason for this 

anomaly. Yet, because of the lack of good and reliable data that could accurately record the 

formal and informal systems of accessibility in the city there are few other options but to use the 

data that is available to form these types of comparative studies, even if it has the potential to 

affect the accuracy of the results.  

 

 

 

 



181 

 

 

 

	

Figure 4-23 Analysis of Integration mean values within different land-values (A & B). The 

percentages indicate the proportion of the city dedicated to each land-value range. 

 

When a similar study is completed for average land-values the results are slightly different, as the 

mean integration values increment for each of the higher ranges, unlike the previous 

A) B)

Land Value Groups 
06 
05 
04 
03 
02 
01 
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socioeconomic study (Figure 4-23). Within the whole city, the average value of the land is 336,700 

Colombian Pesos46 (COP) per m2. For this study and to make it comparable with the previous 

stratums, the land values areas are broken into six equal value ranges (land value ranges). The 

lowest range is between 0 and 100,000 COP per m2 and the highest is 600,000 COP per m2 and 

above. Within the whole city the lowest value range represents 34% of the city’s area and the 

highest value is 3%. This difference to the stratums is mainly to do with the very high value of 

land in the city centre, which is mostly commercial land-use and is significantly higher than 

anywhere else (Figure 4-23). When the total network length is calculated for all the segments 

within each land value range the same pattern is observed, with the total length of land value 

range 01 (1,043,922m) being vastly bigger than land value range 06 (9880m).  

When the average spatial values for Integration are measured within each land value range, like 

the previous socioeconomic stratum results, the lowest land value range has the lowest 

Integration results and this time the highest Integration results are associated with all the highest 

Land Value Ranges, including the top range (Figure 4-23). This reemphasises the past 

assumption that the least prosperous areas of the city are the least integrated spatially, 

further highlighting divides in Medellin 

The final part of this section completes a similar study for the two main land-uses of the city – 

residential and commercial (Figure 4-24). Within Medellin mainly residential land-uses represents	

63% of the city and mainly commercial represent 47  14%. When the total network length is 

calculated for each segment residential is still the highest, but the proportional difference 

increases significantly as the total length of residential is 74% (1,354,875m) bigger than 

commercial at 9% (121,093m). Similarly, to socioeconomic Stratum 06, this shows that mainly 

commercial land-use takes up more space proportional than residential, which is the likely 

consequence of large plots, especially in the city centre.  

                                                        

46 3,830.71 Colombian Peso per 1 British Pound, as of 28th May 2018. 
47 This is land-use that is either majority residential or majority commercial. 
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When the mean values for Integration are calculated for both residential and commercial, these 

are very different for both commercial and residential land, as the Integration means values are 

significantly higher for commercial land-use (Figure 4-24). While this is not unsurprising, since 

commerce requires strong areas of connectivity to succeed, it is the size of the differences that is 

most revealing, as the differences for each urban scale are between 40 and 100%. This shows 

that the largest concentration of commercial land-use is in the central parts of the city, which again 

is unsurprising, however, the city centre is spatially disconnected from the informal 

A) B)

Figure 4-24 Analysis of Integration mean values within residential and commercial 
areas of land. 
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background structure of the city and this means these informal parts of the city have less 
access to the commercial heart of the city.  

Socioeconomic and Land Value Benchmarks from Municipal Data 
Mean Values from Spatial Analysis 

 
Integration @ 

Metric Radius 1000 
Integration @ Metric 

Radius 3500 
Integration @ Metric 

Radius 10000 

Stratum 01 0.71 0.57 0.57 
Stratum 02 0.86 0.67 0.65 
Stratum 03 1.13 0.90 0.81 
Stratum 04 1.27 1.08 0.88 
Stratum 05 1.19 1.04 0.84 
Stratum 06 0.87 0.76 0.81 
Land-value 01 0.79 0.60 0.60 
Land-value 02 1.07 0.86 0.79 
Land-value 03 1.21 1.02 0.87 
Land-value 04 1.33 1.23 0.96 
Land-value 05 1.71 1.52 1.02 
Land-value 06 1.69 1.58 1.01 

Table 4-1 Spatial condition benchmarks. Integration mean value for each socioeconomic 

stratum and land-value category.  

 

While the municipal data helps to highlight a spatial and socioeconomic division in Medellin and 

justifies why a cable-car intervention could be seen to help bridge this divide, it also helps to setup 

a series of spatial benchmarks for measuring the scale of improvements later in this chapter. This 

is because each socioeconomic stratum and land value range have an average spatial value for 

Integration and this can form a benchmark for improvements to be measured against. This is 

helpful where the differences are large because of very low Integration results ‘without’ the cable-

car. Even though this creates a series of spatial condition benchmarks to test improvements 

against (Table 4-1), these are only for highlighting the level of impact of the cable-cars within the 

different spatial models and do not represent local prosperity in Medellin. This is because 

indicators such as the stratum bandings and land-values often include many complex factors that 

do not fairly represent local citizens, ‘often fuels discriminatory behaviour and promotes 

segregation in metropolitan areas, essentially creating numbered neighbourhoods’ (Bogliacino et 

al., 2017). Importantly, because this has the potential to represent inaccurate results, qualitative 

commentary is needed to explain certain anomalies, such as the Stratum 06 relationship. 
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4.4.4 City impact summary 

Main Findings: 

• In Medellin local centrality is dominated by areas of informality and the citywide 
centrality is in the traditional city centre, which is mostly formal in its configuration. 
However, there does not appear to be much overlapping in these two types of 
centrality, leaving areas of informality marginalised from the rest of the city. 

• The main movement networks are unaffected by the introduction of the cable-car, 
whereas local ‘centrality nearby each station increases after the introduction of the 
cable-car. 

• The informal background structure and formal foreground structures of the whole 
city remains largely unaffected by the introduction of the cable-car. 

• The parts of city that are in the lowest socioeconomic stratums are mostly 
positioned in the informal background structure of the city, disconnected for the 
central parts of the city. 

• The least prosperous areas of the city are the least integrated spatially, further 
highlighting the spatial and socioeconomic divides in Medellin. 

By using the space syntax measurements of Integration and Choice it has been possible to 

understanding the spatial structure of Medellin, which then provided an opportunity to measure 

the impact of the cable-car on the whole city and understand how certain configurational elements 

relate to real socioeconomic values. 

What is clear from this analysis of the whole city is that the urban grid is divided between a local 

informal background and global formal foreground structure, and these two structures rarely 

converge. This is because whilst it is possible to observe both structures functioning reasonably 

well without the other, as the informal back structure functioning well at a local scale and the 

formal foreground structure functions well at the global scale, good spatial connections between 

these structures are hard to observe. This divide is further highlighted when the municipals 

socioeconomic data is cross referenced and overlaid with the spatial analysis results. This 

showed that the least prosperous areas of the city (alongside socioeconomic stratum 06) are also 

the least connected parts of the city, highlighting that the divide is not only spatial but social and 

economic.  

This emphasises why cable-car interventions are so popular, as on paper they can aid the spatial 

divide between the informal and formal areas of cities like Medellin and at the same time provide 

easier access to more economically thriving parts of the city for better employment or education 

opportunities. Though as this research will discuss in later chapters, the reality is often very 

different. 
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When the impact of the cable-car is measured within the spatial models of the city it is very difficult 

to accurately observe many changes within the whole, as the largest change in Integration 

throughout the different metric radii was only 2.49%, even though it is possible to see significant 

changes happening in the areas surrounding each station. So, whilst this suggests the impact is 

confined to the local neighbourhoods of each cable-car station, if each of these areas are zoomed 

in and only the results within a local catchment area of each station is examined, the impact of 

the cable-car will be clearer. 

 

4.5 Impact on surrounding area of each line from cable-car 

To make the impact this part of the chapter studies the cable-car line impact by only considering 

the spatial analysis results within a defined catchment area surrounding each line (Figure 4.26). 

As previously mentioned in Chapter 03, these areas have been defined at a 500m radius from 

the entrance of each station because in general this is a large enough area to study the very 

narrow impact of the cable-car and provides a safe area to study onsite. This allows the impact 

to be examined just for the area directly surrounding each line and the results can then be 

compared, which is important because past literature (Brand and Dávila, 2011b; Dávila, 2013; 

Dávila and Daste, 2012) has clearly stated the impact of each line has had hugely different levels 

of success.  

To analyse the impact within the different catchment areas for each cable-car line the following 

method of analysis are used: Integration and Choice results are analysed to understand the 

spatial structure of each cable-line and the configuration of each line ‘with’ and ‘without’ the cable-

car; Integration difference is used to understand the extent of changes for each line; and 

socioeconomic benchmarking is used to understand the significance of the spatial changes in the 

context of the municipal’s socioeconomic data.  

	
Figure 4-25 Location of cable-car lines to be analysed 

Linea K 
Linea J 
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4.5.1 Cable-car line impact: integration and choice analysis 

While the catchment area of each cable-car line zone is measured the same, the total length of 

the spatial network is very different, as the analysed network of Linea K (83,870m) is almost twice 

the length of Linea J (46,381m). From the case study examination of each line in Chapter 3 it was 

clear to see why each case is different, as at Linea K the grid is very compact with lots of small 

segments and few open spaces, whereas Linea J is more broken up with large open gaps 

between each station, as a result of unconsolidated land, which again has been mentioned in the 

past (Coupe, 2013). 

From this it is reasonable to assume Linea K reaches more residents, since clearly more buildings 

are located here. To confirm this, the population of each area can be estimated by using a 

municipality survey48 to gain the total population size of each district within the comuna and the 

area size of each is used to calculate the population density, which is then applied to each impact 

area to calculate an estimated population. From this the area surrounding Linea K has an 

estimated population of 72,120 compared to 37,852 at Linea J, which is almost half the size - 

47.5% smaller (Figure 4-26). While it is very difficult to accurately record the population size of 

each area because of the lack of site-specific population data, this is a useful estimation to outline 

how each cable-car line is influencing a different population size. 

	

Figure 4-26 Network analysis. Length and estimated population comparisons. 

 

                                                        

48 Perfil Sociodemografico in Spanish, available from www.medellin.gov.co. (Municipio de Medellín and 
DANE, 2015) 



188 

As per the previous section, the results of Choice and Integration allows the spatial structure of 

each case (Linea K and Linea J) to be better understood and this then provides the opportunity 

to accurately explore the impact, by comparing the results ‘with’ and ‘without’ the cable-car (Figure 

4-27, 4-28, 4-29). 

 

	

Figure 4-27 Integration at metric radius 3500 for Linea K. Top ‘without’ and bottom ‘with’. 

Linea K ‘without’ Cable-car 
Integration Metric Radius 3500 

Linea K ‘with’ Cable-car 
Integration Metric Radius 3500 
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Figure 4-28 Integration at metric radius 3500 for Linea J. Top ‘without’ and bottom ‘with’. 

Linea J ‘without’ Cable-car 
Integration Metric Radius 3500 

Linea J ‘with’ Cable-car 
Integration Metric Radius 3500 
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Figure 4-29 Integration mean value analysis for both cable-car lines. While the differences 

in values are greater along Linea J, the overall values along Linea K remain significantly higher 

even ‘without’ the Cable-car. 

 

With the Integration results (which are calculated for the whole city, not the catchment areas) it is 

possible to understand the role of integration for each cable-car line (Figure 4-27). As the area 

surrounding Linea K has higher Integration than Linea J, both ‘with’ and ‘without’ the cable-car 

and for all the different metric radii analysed (Figure 4-29). This show that Linea K is better 

connected to the whole city than Linea J, ‘with’ and ‘without’ the cable-car. Within the previous 

City Impact section, it was highlighted that many of the informal settlements function within the 

main background structure of the city, but when both lines are more closely examined it appears 
only Linea K functions within the informal back structure, both ‘with’ and ‘without’ the cable-

car. This is likely a consequence of the informal settlements surrounding Linea K being more 

consolidated, whereas at Linea J the grid is considerably more fragmented, especially between 

stations and this is because of a lack of development in these areas (Figure 4-28). This starts to 

highlight that Linea K and Linea J have very different local urban grids and the results are 
very different levels of spatial connectivity, as Linea K has high integration, whereas Linea 
J has very low integration. 

While the Integration results within these catchment areas show significant improvements from 

the introduction of the cable-car, the result for Choice (which are also calculated for the whole 

city), shows no noticeable differences (Figure 4-30, 4-31). As previously discussed, this is a result 

of the cable-car doing very little to alter the main network of choice. However, the result of Choice 

provides a better opportunity to interpret the spatial configuration of each case, specifically the 

main areas of choice. This will be discussed in more detail during the cable-car station impact 

section. Nonetheless, it is worth highlighting that Linea K has more significant areas of choice 

throughout the catchment area than Linea J and importantly these appear to pass perpendicular 

to each station (Figure 4-30). This highlights how the configuration of the urban grid at Linea 
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K produces stronger local choice than Linea J, which the new cable-car line is then able 
to attach itself to and provide a natural continuation of movement from the cable-car. This 

is less likely at Linea J, due to its limited connectivity with the rest of the city (Figure 4-30).  

 

 

Figure 4-30 Choice at Metric Radius 1000. These results do not change much when the 

cable-car line is removed from the spatial model. 

Linea K ‘with’ Cable-car 
Choice Metric Radius 3500 

 

Linea J ‘with’ Cable-car 
Choice Metric Radius 3500 
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Figure 4-31 Choice mean value analysis for both cable-car lines.  

 

4.5.2 Cable-car impact: integration difference 

While this highlights the role of the configuration of the urban grid it does not accurately 

demonstrate the impact of the cable-car, this is best represented in the Integration Difference 

map (Figure 4-32). Therefore, this next section examines the Integration Difference results for the 

both cable-car lines.  

As suggested in the previous section, the largest differences occur at Linea J, even though it has 

significantly lower Integration. By focussing on just two locations, each cable-car line and using 

the three main urban scales - micro, meso and macro - it is possible to examine where the 

differences occur, which was not possible with the whole city map since it was too large. Starting 

with the micro urban scale (metric radius 1000), this has the least impact as the percentage of 

change per metre for each line is less than 0.5%. This is not surprising as the full length of the 

cable-car line is not analysed at this scale, but it does demonstrate that the informal settlements 

at Linea K function better within the background structure of the city ‘with’ and ‘without’ the cable-

car as the result for Integration are high. At the meso urban scale (metric radius 3500) the 

integration differences are relatively large, as at Linea J the percentage of change of all segment 

is 18% compared to the 7% at Linea K. This is almost identical at the macro urban scale (metric 

radius 10000), where the integration difference is 19% for Linea J and 8% for Linea K (Figure 4-

33). 



193 

 

 

Figure 4-32 Integration difference at metric radius 3500. The differences are greater at 

Linea J (bottom), even though the mean values remain significantly lower than Linea K (top).  

 

 

Linea K 
At r3500 the difference is + 7%  

Linea J 
At r3500 the difference is + 17%  
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Figure 4-33 Integration mean value analysis for both cable-car lines. While the 

improvements are smaller at Linea K, these increases make integration mean values here more 

similar to spatial conditions in other parts of the city with higher socioeconomic stratums.  

 

What this demonstrates is that when the cable-car provides improved connections beyond 
the marginalised informal background structure of the city into more central parts of 
formal foreground structure, Linea J has the largest improvements. However, this 

measurement does not consider the starting value of each case, instead it simply measures the 

percentage of change for the Integration value before and after the cable-car was added to the 

citywide spatial model. Consequently, Linea J has had much higher changes, because the 

Integration values ‘without’ the cable-car are very low (Figure 4-33).  

This bring into question the relevance of measuring the percentage of change for each case, 

when the starting value is often very small, for example if Linea K were to have the same 

percentage change, such as 17% for the meso urban scale, its spatial connectivity values would 

be some of the highest in the city. Nonetheless, there is clearly still a large increase at Linea J, 

suggesting that spatially the cable-car has had a larger impact, and this is understandable, 

because without the cable-car there are very few direct connections into the city. 

4.5.3 Cable-car line impact: socioeconomic spatial benchmarking. 

The integration difference result reveals that the size of the change for each line might not be a 

true representation of the impact, as while the improvements at Linea J are large the local urban 

grid here has not improved enough to be as spatially integrated as Linea K. Hence it is important 

to measure the spatial improvement of each cable-car line against a set of benchmarks that 

indicate an accurate level of enhancement against local spatial conditions in areas of higher 

0% +07% +09% 0% +17% +16% 
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socioeconomic prosperity. This benchmarking was determined during the previous analysis of 

socioeconomic stratums and average land-value ranges. 

When the Integration results for each line are measured against the benchmarks the impact of 

the cable-car moves each case closer to the next socioeconomic stratum. This is effective at 

Linea K for the meso (3500 metric radius) and macro (10000 metric radius) scales, as it pushes 

the values closer to Stratum 03 after starting at Stratum 02. But, at Linea J, where the increases 
in Integration are significantly higher, these improvements are not significant enough to 
raise the area above the spatial condition benchmark for Stratum 01, the lowest banding, 
for either the meso or macro scales. When the same study is completed with the land-value 

range benchmarks, the introduction of the Cable-car does not move either cable-car line out of 

the lowest range, however Linea K does move closer to the next land-value range than Linea J 

(Figure 4-33). 

By using real municipal data and connecting it to configurational values this provides a set of 

benchmarks that can then be used to demonstrate how the impact of the cable-car affects the 

surrounding area of each line differently (Figure 4-33). As while the new cable-car connection 

significantly increases Integration at Linea J, it is at Linea K where the improvements are having 

more impact, because here the improvements start to bridge the gap between the average 

Integration value for socioeconomic stratum 02 and the higher stratum 03. This means that the 
introduction of the cable-car at Linea K makes the spatial conditions in the surrounding 
areas more like parts of Medellin that are in stratum 03, than the previous stratum 02. 

Whereas, at Linea J the average Integration values remain like those in the stratum 01 elsewhere 

in the Medellin after the introduction of the cable-car. 

4.5.4 Cable-car line impact: summary 

Main Findings: 

• Only Linea K appears to function within the informal background structure of the 
city. 

• The configuration of the urban grids at Linea K and Linea J are very different, 
resulting in dissimilar levels of spatial connectivity, as Linea K has high integration 
and Linea J instead has low integration. 

• The urban grid at Linea K provides better local choice than Linea J, which the new 
cable-car line is then able to attach itself to and provide a natural continuation of 
movement from the stations. 

• At Linea J, where the percentage increase in Integration is significantly higher, 
these improvements are not enough to raise the area above the lowest spatial 
condition benchmark of socioeconomic stratum 01, because these simple 
percentage changes do not account for the starting value. 
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• The introduction of the cable-car at Linea K makes the spatial conditions of the 
surrounding area like other parts of Medellin that are in socioeconomic stratum 03, 
above its previous spatial conditions ‘without’ the cable-car. 

• Yet, the spatial connectivity improvements are larger at Linea J, which is 
understandable, as ‘without’ the cable-car there are very few other routes into the 
city centre. 

This section analysed the impact of the cable-car in the areas immediately surrounding each line. 

To do so, this again utilises the space syntax measurements of Choice and Integration to first 

understand the configuration of each case and then compare the results of these measurements 

‘with’ and ‘without’ the cable-car in the spatial model of the city to understand the impact. To 

understand these changes in relation to the standard spatial conditions in other parts of the city, 

these results are measured against a set of spatial condition benchmarks to highlight where the 

changes are significant. 

This process shows the impact at Linea K being more successful, since it was able to enhance 

the surrounding areas above the existing socioeconomic spatial conditions associated with its 

grouping. This is a consequence of the existing area surrounding Linea K being better connected 

with the rest of the city. So even though the introduction of the cable-car significantly improved 

Linea J, this was not enough to advance its spatial connectivity condition beyond what was 

originally associated with its socioeconomic grouping. Much of this is because Linea J ‘sought to 

leap-frog the neighbourhoods closer to the Metro station in a bid to connect as efficiently as 

possible the newly developed area’ at the end of the line (Brand and Dávila, 2013). This is 

discussed in the next section of the chapter, highlighting the configurational feature of the each 

of the cable-car stations. 

While the impact is best observed using Integration to understand the urban structure of each 

case it is Choice that is most useful in demonstrating the configuration. From this it is possible to 

observe the most dominant spaces of choice at each urban scale, which suggests how people 

move through each location. It is these spaces that provide the most logical location to connect 

the cable-cars to, as this can then connect to likely existing spaces of local pedestrian movement 

and other public transport links in the form of local micro-buses. So, this measure provides clarity 

on the configuration of the urban grid and suggests the structure that is most suitable for the 

cable-car. 

However, unlike Integration there are fewer differences with the results for Choice between the 

‘with’ and ‘without’ spatial models of the city. This shows that the foreground structure, which 

Choice represents remains mainly largely unaltered after the cable-car is introduced. What this 
starts to suggest is that the cable-car is potentially only impacted by the urban grid 
through its stations, as although there are changes in the configuration, it is only affecting 
areas of local centralities, defined by Integration, rather than altering the movement 
networks, defined by Choice. 
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4.6 Impact on the surrounding area of stations from cable-car 

The two previous sections implied that Linea K had a more positive impact due to the configuration 

of the existing urban grid, allowing the local centralities around the stations to be enhanced. 

However, these same results imply the existing local urban grid at Linea J has weak connections 

with the rest of the city and as a result had limited impact, so local centralities here are not 

enhanced. This highlights the results of two differently configured local urban grids. At Linea K 

the grid is very compact and dense, whereas at Linea J each station is spatially separated by 

large areas of open space and important streets nearby the stations are disconnected from the 

new line. 

To further understand the role of the urban grid in transforming these marginalised informal 

settlements in Medellin, this next section conducts a similar investigation but only for the areas 

surrounding each station (Figure 4-34). To do this the following method of analyse are used: as 

per the other sections Integration and Choice results are analysed first to understand the spatial 

structure of each cable-car station ‘with’ and ‘without’ the cable-car so that changes can be 

recorded; the socioeconomic benchmarking is again used to understand the significance of the 

spatial changes in the context of standard spatial conditions for each socioeconomic situation; 

and then the final method used is Angular Step Depth analysis, to both create different type of 

catchment area for each stations and also understand the impact of wayfinding on each station. 

	
Figure 4-34 Cable-car station locations. (K3) Santo Domingo, (K2) Popular, (K1) Andalucía, 

(J3) La Aurora, (J2) Vallejuelos and (J1) Juan XXIII. 
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4.6.1 Cable-car Station Impact: Integration and Choice 

The analysis of each cable-car station again uses the values of Choice and Integration calculated 

from the spatial model of the whole city, but only examines the segment within matching 

catchment areas for each station. While these catchments areas for each station are the same, 

again the length of the analysed spatial network and estimated population are very different for 

each, as was the case for the cable-car line analysis. At Linea J the stations have considerably 

smaller networks and estimated populations than the stations along Linea K and then at Linea J 

itself, the length of each network is different for each station, whereas at Linea K the stations K 

are more similar (Figure 4-35) 

 

Figure 4-35 Cable-car station catchment area analysis. Comparison between estimated 

population and network length. 

 

When the results of Integration are examined for each of these networks, the results appear to 

be the same as before for the cable-car line impact. This is because Integration is higher for the 

stations along Linea K, but the changes between ‘with’ and ‘without’ are higher for the stations 

along Linea J (Figure 4-36).  

However, when the numerical values for these results are examined these show that at the micro 

urban scale (metric radius 1000) there are very few differences, because the full length of the 

cable-car is not considered, as a result that is repeated throughout, but when the meso and macro 

urban scales (metric radius 3500 and 10000) are examined the differences are more noticeable. 

At the meso urban scale, the station with the largest change is La Aurora with 33% improvement 

and the other two stations on Linea J, Vallejuelos and Juan XXIII, also have reasonably high 

increase a at 22% and 13% respectively. Whereas, along Linea K, the station with the biggest 

improvement is Santo Domingo at 8%, which is not much bigger than the other two stations, 

Popular and Andalucia, with 6% and 7% respectively. At the macro urban scale results, again La 
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Aurora has the largest increase at 33%, but at this scale the divide between the other station is 

less apparent (Figure 4-36) 

  

  

  

Figure 4-36 Integration mean value analysis for the catchment area of each cable-car 
station.   
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Figure 4-37 Analysis of Choice at Metric Radius 3500 ‘with’ the cable-car at Linea K.  

Santo Domingo 
Top 10% of Choice  

Santo Domingo 
Choice r3500  

Popular 
Top 10% of Choice  

Popular 
Choice r3500  

Andalucia 
Top 10% of Choice  

Andalucia 
Choice r3500  
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Figure 4-38 Analysis of Choice at Metric Radius 3500 ‘with’ the cable-car at Linea J. 

La Aurora 
Top 10% of Choice  

La Aurora 
Choice r3500  

Vallejuelos 
Top 10% of Choice  

Vallejuelos 
Choice r3500  

Juan XXIII 
Top 10% of Choice  

Juan XXIII 
Choice r3500  
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This potentially reveals that the cable-car also improves the results of Integration because of the 

location of each station. As at both Santo Domingo and La Aurora, the two end stations of their 

respected lines, the cable-car provides a new and more rapid direct connection to central parts 

of the city, via the foreground structure of the city, encouraging changes at the two furthest away 

stations to be high. Then, at Andalucia, changes are smaller because it is already located 
directly next to the main road into the city, which is also a part of the foreground structure 
of the city that passes straight through the heart of the city, thus the cable-car is not 
improving its connectivity here. This was a past criticism by Brillembourg of Linea K (Sokol, 

2010).  

These results also reveal the urban scales that are most significant in the changes to local 

centralities for each station. For the two end stations (Santo Domingo and La Aurora) it is the 

macro urban scale that has the most positive improvements, but for the beginning stations 

(Andalucia and Juan XXIII) it is the meso urban scale that has the largest improvement. This is 
because for the end stations the cable-car is providing better connectivity with the rest of 
the city, important for these previously far to reach areas and for the beginning stations, 
which are better connected, the cable-car provides improved connections to nearby 
neighbourhoods further up the valley. 

With the results for Choice, there are few differences between these results and the previous 

cable-car line impact results, but at this scale the network of spaces that represent choice is easily 

observed for each station. At all three stations along Linea K and La Aurora, the entrance to the 

cable-car is directly perpendicular to the main local space of choice and this is important 
because it provides a direct connection onto the streets with the most movement. This will 
enhance the connectivity of the cable-car by connecting it to the most significant existing 
networks of movement. This is not the case at either Juan XXIII or Vallejuelos along Linea J, 

as the main space of choice here are not easily accessible from the station (Figure 4-37, 4-38).  

For Choice there are fewer clear changes from the introduction of the cable-car and this reiterates 

that the main movement networks at the foreground of the city are not altered by the cable-car. 

What is most important from the results of Choice, is it highlights the main spaces of 
‘through’ movement in the areas surrounding each station, which are the spaces people 
are most likely to use when travelling beyond each neighbourhood. Then from these results, 

where the cable-car appears to connect directly to a space with a high choice value, local 

centrality performs at a high level, thus highlighting the impact of connecting to the existing spatial 

network (Figure 4-37, 4-38). 

The result of Choice and Integration for each of the cable-car stations provide many of the same 

findings as the cable-car line impact results, as here again local centrality is enhanced by the 

introduction of the cable-car, but this does little to alter the main networks of movement. However, 

the cable-car station analysis shows that the macro urban scale (metric radius 10000) is most 

significantly improved at the end stations, whereas it is the meso urban scale (metric radius 3500) 

that improves the most for beginning stations, as the cable-car line provides new connections to 
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different parts of the city for each station. The result of this section also suggests that where the 

station is positioned perpendicular to a space of high choice the impact on local centrality is 

higher, further implying the position of the cable-car stations within each local urban grid is very 

important. 

4.6.2 Cable-car station impact: socioeconomic spatial benchmarking 

Throughout the spatial analysis, the largest changes are observed at the stations along Linea J, 

however, in the previous cable-car line impact section it was highlighted that the scale of 

improvement does not always reflect a significant impact. This is because the spatial connectivity 

of a very poorly configured local urban grid improves significantly when a new single connection 

is introduced that connects directly to the foreground structure of the city, providing significantly 

better access to the rest of the city. Then importantly, when the spatial conditions within these 

greatly improved areas were compared to the spatial conditions of other areas in the city that 

have higher associated socioeconomics values they struggled to improve beyond their original 

associated socioeconomic groupings.  

Therefore, the next section examines the Integration results for each station in relation to the 

spatial condition benchmarks previously outlined so that improvements to local centrality can be 

put into context. 

When this is completed for each individual station using the socioeconomic benchmarks, many 

of the same patterns from the cable-car line analysis can be observed, as all the stations along 

Linea K are generally above the benchmark for Stratum 02 and all the stations for Linea J are 

below the benchmark for stratum 02 for each urban scale. At both Andalucía and Popular they 

are above stratum 02 for each urban scale ‘with’ and ‘without’ the cable-car, but at Santo Domingo 

for the macro urban scale the introduction of the cable-car has helped to increase average 

Integration values from the spatial condition benchmark of socioeconomic stratum 01 ‘without’ the 

cable-car to above stratum 02 ‘with’ the cable-car. For the stations at Linea J both La Aurora and 

Vallejuelos remain below the spatial condition benchmark for socioeconomic stratum 01 for each 

urban scale ‘with’ and ‘without’ the cable-car. Then at Juan XXIII the other station at Linea J, the 

improvements at the meso and macro urban scale see the average Integration values rise from 

below the spatial condition benchmark for socioeconomic stratum 01 to just above stratum 02 

(Figure 4-39). 
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Figure 4-39 Analysis of spatial condition benchmarking for socioeconomic stratums.  

 

+0.9% +8.4% +14.4% +1.8% +25.7% +35.7% 

+1.3% +6.0% +5.7% +6.1% +21.9% +22.0% 

+0.5% +7.3% +1.0% +1.5% +13.0% +8.0% 
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Figure 4-40 Analysis of spatial condition benchmarking for land-values. 

+0.9% +8.4% +14.4% +1.8% +25.7% +35.7% 

+1.3% +6.0% +5.7% +6.1% +21.9% +22.0% 

+0.5% +7.3% +1.0% +1.5% +13.0% +8.0% 
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The socioeconomic spatial condition benchmarking results shows that the large improvements to 

Integration at Santo Domingo at the macro urban scale are having a significant impact, because 

the spatial conditions here become more like the spatial conditions associated with 

socioeconomic stratum 02 elsewhere in the city. However, at La Aurora, where improvements at 

the macro urban scale are even greater than Santo Domingo, the increases in Integration appear 

to be less significant because the spatial conditions here remain below the lowest benchmark 

associated with spatial condition in socioeconomic stratum 01 (Figure 4-39). This shows that 
even though the cable-car is having a larger percentage impact on Integration values, 
especially for the end stations of both lines, the spatial conditions within these areas after 
the introduction of the cable-car remain weak. This is because the configuration of the 
local urban-grid before the cable-car does not provide reasonable connections with the 
rest of the city, as highlighted at La Aurora. This repeats the previous point from the cable-car 

line analysis that the simple calculated differences do not consider the before and after scenarios 

of each case, therefore, it is important to measure these changes against local conditions 

elsewhere in the city. 

When the same study is completed with the spatial condition benchmarks for the different land-

value range (Figure 4-40), the introduction of the cable-car allows each of the stations along Linea 

K to be positioned above the benchmark for land-value range 01 at both the meso and macro 

urban scales, but at Linea J each station remained below land-value range 01 for all the urban 

scales. This repeats the same findings for the socioeconomic spatial condition benchmarking, as 

significantly larger improvement to the stations along Linea J do not help them move up 
to the next spatial condition benchmark. 

Using real municipal data and connecting it to the spatial analysis results can help explain the 

significance of the increase in the mean values of Integration for each cable-car station. This is 

because while Integration increases dramatically for the stations along Linea J, especially at La 

Aurora, it is the stations at Linea K where the smaller improvements help the local condition 
become more similar to other parts of the city that are associated with being more affluent 
in relation to the municipal data. As at Santo Domingo the improvement to the spatial conditions 

at the macro urban scale allows it to become more similar to areas of the city with a higher 

associated socioeconomic banding, yet at La Aurora where improvements are greater its spatial 

conditions are still more associated with areas in the lowest socioeconomic banding.  

However, these spatial benchmarking categories have significant levels of inaccuracy, specifically 

in regard to Stratum 6, and as a result they need to be used alongside qualitative observations to 

make them useful. However, what is clear is that the mean value for Integration increases 

significantly more at the stations along Linea J, especially for La Aurora and Vallejuelos (Table 4-

2). This is understandable, because ‘without’ the cable-car there are very few other direct spatial 

connections with the rest of the city, thus spatially the cable-car makes these areas significantly 

more integrated. Yet, what the benchmarking section has attempted to show is that even with 

these large improvements the spatial connectivity of the other stations along Linea K are still 

significantly larger, which is even the case when the ‘without’ results for the stations along Linea 
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K are compared to the stations along Linea J ‘with’ the cable-car. Therefore, the overall impact of 

the cable-car at Linea K can be expected to be greater for these areas when it is intertwined with 

other conditions, such socioeconomic stratums and local land values. This is because there were 

already existing opportunities to connect with the rest of city before the cable-car. So even though 

the spatial values greatly improve after the introduction of the cable-car line at Linea J, there is 

very little already in place for the cable-car line to attach to, so instead of enhancing an existing 

system Linea J defines a much larger proportion of the overall local urban grid. This aligns with 

many of the previous arguments, which state that the cable-car alone cannot upgrade a 

neighbourhood, instead it has to be a part of comprehensive approach of multiple actions and 

this research argues that the existing urban grid should be a part of this holistic approach. 

 Mean Value 
'with' 

Mean Value 
'without' 

Value 
Difference 

Percentage 
Difference 

Santo Domingo (K3) 0.65 0.60 0.05 8.4% 
Popular (K2) 0.71 0.68 0.03 6.0% 
Andalucia (K1) 0.76 0.72 0.04 7.3% 

  
La Aurora (J3) 0.46 0.35 0.11 25.7% 
Vallejuelos (J2) 0.42 0.36 0.07 21.9% 
Juan XXIII (J1) 0.56 0.50 0.06 13.0% 

Table 4-2 Mean Integration values for each of cable-car stations. 

 

4.6.3 Cable-car station impact: angular step depth analysis 

The results up until now have all been taken from a fixed catchment area, but, as previously 

mentioned, these areas have very different network lengths and estimated populations. So while 

the cable-car station areas are metrically the same, there are many features within that are not. 

Therefore, it is worthwhile to look at a different type of catchment area, one that is defined by 

navigation and wayfinding. 

Therefore, this next section analyses the results with a catchment area defined by Angular Step 

Depth (Figure 4-41). This method defines an area by the number of distinct turns needed from a 

root lines (the segment closest to the station entrance) to all other segments within the network 

and for this study the network is defined by a maximum 6 turns. This affectively represents the 

surrounding spaces that are easiest to travel to and from the cable-car station and relates to the 

cognitive behaviour of a person moving in space who is likely to choose the least angular path 

when travelling to a specific destination (Turner, 2004) . 
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Figure 4-41 Angular step depth analysis for each cable-car station. Blue area is ‘without’ 

the cable-car and red area is ‘with’. (A) Santo Domingo increases by 87%, (B) Popular 

increases by 62%, (C) Andalucia decreases by 2%, (D) La Aurora increase by 81%, (E) 
Vallejuelos increase by 86% and (F) Juan XXIII increase by 49%.  

A)

B)

D)

E)

C) F)
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By measuring the length of the networks within the defined angular catchments this shows the 

size of the whole network visually associated with each station, hence the navigation to and from 

each station is stronger the bigger the catchment area. Starting with the catchment areas for the 

spatial model ‘without’ the cable-car (Figure 4-41) this shows that Andalucia has the largest 

network (237,097m), whereas the smallest is at Vallejuelos (8738m). This shows that before the 

introduction of the cable-car Andalucia was well positioned within the city, so navigation to other 

parts is easier, whereas La Aurora is poorly positioned so wayfinding here is not good. When the 

cable-car is introduced the size of these networks inside the angular catchments expands greatly 

(Figure 4-41). From this Santo Domingo has the largest network (308,477m), almost 80 times 

larger than ‘without’ the cable-car and while Vallejuelos remains the smallest its network is still 

six times bigger. So clearly the introduction of the cable-car has made navigation from these 

locations stronger. This shows that wayfinding from the stations along Linea K is significantly 

stronger than at Linea J, as each of these catchment areas are larger (Figure 4-42). However, at 
Andalucia the catchment area has not increased, because here the link in the urban grid 
to the foreground structure of the city already existed ‘without’ the cable-car. This is easily 

observed in the previous analysis of the Choice and case study examination in Chapter 03. 

	

Figure 4-42 Angular Step Depth Catchment Area for each cable-car station. 

 

The increase in the angular step-depth catchment areas show how a simple spatial 
connection between marginalised informal settlements on the fringes of the city and the 
foreground structure of the city, can greatly improve wayfinding to other parts of the city 
for each of these areas. 

When the mean Integration values are examined within these angular step-depth catchment 

areas there is a general increase in the results, especially the areas calculated ‘with’ the cable-

car line (Figure 4-43). This suggests the higher the value, the better embedded within the 
whole network are the areas visually associated with the stations. 
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Figure 4-43 Integration mean value analysis within angular step-depth catchment areas. 
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To better understand the context of these improvements, the Integration results can be measured 

against the previous socioeconomic spatial condition benchmarks (Figure 4-44). For the ‘with’ 

scenario at each urban scale Andalucia, Popular and Santo Domingo, the station of Linea K, the 

mean Integration value is in line with the spatial condition benchmark associated with 

socioeconomic stratum 03. Whereas, La Auroa, Vallejuelos and Juan XXIII are all in line with 

spatial condition benchmark for socioeconomic stratum 02 for each urban scale. By analysing a 
network that is determined by navigation and wayfinding, instead of a predefined 
geometric area, this increases the number of segments with higher Integration values that 
are visually associated with each station. This is specifically the case for stations along Linea 

K that are well positioned next to spaces providing good choice, which is potentially a result of 

these spaces being positioned perpendicular to each station, providing good navigation away 

from each station (Figure 4-44). 

This method of defining an area based upon the number of turns from a central segment (each 

station) generates more positives in the spatial analysis, but, this is mainly because it covers a 

larger area (Figure 4-41). Before the cable-car was introduced the angular step-depth catchment 

area of each station was restricted by the existing street network, apart from Andalucía, which 

already had a natural connection the foreground structure of the city. When the cable-car was 
introduced the ability to navigate away from each station greatly improved and these 
visual catchment areas associated with each station stretched over to many new parts of 
the city. Nonetheless, this method of defining a catchment area is conceptual, as it focuses on 

ease of navigating from one segment to another, not considering real fixed values, such as 

distance, speed or cost. Therefore, while angular step-depth is useful for understanding how one 

simple spatial connection can make wayfinding easier to other parts of the city, because these 

catchment areas do not consider local conditions it remains a mainly conceptual method of 

analysis. 

If the same measurements are tested against the land-value range spatial condition benchmarks, 

many of the same patterns are observed (Figure 4-45). As when the cable-car is introduced the 

values increase at all the urban scales, for the stations along Linea K, moving them above the 

benchmark for land-value range 02, then while the stations along Linea J remain below this, they 

too increase. This shows that these different types of catchment areas, based on navigation 
and wayfinding, in the ‘with’ scenario allows the mean Integration values visually 
associated to a station be more closely related to the spatial conditions of areas that have 
higher land-values. 
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Figure 4-44 Spatial condition benchmarking analysis for socioeconomic stratums within 

angular step-depth defined catchment areas. 

-0.6% -0.4% ±0% +10% +19% +12% 

+44% +49% +44% +63% +119% +85% 

+1.3% +6.0% +5.7% +88% +95% +76% 
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Figure 4-45 Spatial condition benchmarking analysis for land-value ranges within angular 
step-depth defined catchment areas. 

-0.6% -0.4% ±0% +10% +19% +12% 

+44% +49% +44% +63% +119% +85% 

+1.3% +6.0% +88% +95% +76% +5.7% 
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4.6.4 Cable-car station impact: Summary 

Main Findings: 

• At Andalucia the impact of the cable-car is smaller because it is already located 
directly next the foreground structure of the city, thus the cable-car is not greatly 
improving connectivity. 

• The introduction of the cable-car provides better connectivity with the rest of the 
city for the end stations (Santo Domingo and La Aurora) and for the beginning 
stations (Andalucía and Juan XXIII) it provides better connections to nearby 
neighbourhoods further up the valley. 

• Choice highlights the main spaces of existing ‘through’ movement and where the 
cable-car connections to this local centrality appear to be enhanced. 

• Significantly larger improvements to the stations along Linea J do no help their 
spatial condition become more like parts of the city with higher socioeconomic 
stratum values and greater land-value, where at Linea K the smaller improvements 
do make these areas more like other parts of the city. 

• At the marginalised informal settlements on the fringes of the city, the cable-car 
hugely improves local navigation, especially at Santo Domingo. 

Although it is possible to observe many of the same findings here as per the two previous 

sections, for the city impact and cable-car line impact, this section has still managed to highlight 

how the cable-car impacts each station differently. This is important, because in the following 

chapter the results focus on local onsite findings gathered from fieldwork and these will be mostly 

associated to the local urban grid surrounding each station. 

These differences are first highlighted in the configuration of each network within the defined 

catchment areas, as while each station along Linea K are very similar, each station along Linea 

J is different in size and configuration. Much of this is revealed when examining the results for 

Choice at each station, because this reveals the primary structure of each station, even though it 

does not change when the cable-car is introduced. From this it is possible to observe strong 

perpendicular spaces of choice passing each station along Linea K and La Aurora at Linea J, 

providing immediate connections beyond the cable-car onto the main networks of movement. 

This connection to existing pedestrian movement is analysed in detail in Chapter 5. The benefit 

of the cable-car connecting to existing choice is very apparent, as the size of the cable-cars impact 

on local centrality is most likely restricted when it does not connect directly to existing choice. 

Whereas, visually is it difficult to interpret much more than previous sections, when the numerical 

values for the spatial analysis results are assessed for each station changes become more 

apparent and as per the previous section these changes are bigger along Linea J, demonstrating 

that the spatial connectivity impact in relation to the rest of the city was far greater along the 
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second line and this makes sense since there are significantly fewer alternative routes here into 

the city centre. By assessing each station, it becomes obvious that certain stations experience 

much larger changes than others. This is especially the case at La Aurora, which experienced 

very large improvements in Integration whereas at Andalucia these are much smaller. When the 

changes are analysed within each urban scale, this reveals that the end stations have the largest 

improvements at the macro urban scale and the beginning stations see the biggest changes at 

the meso urban scale. This essentially shows that the farthest away stations are improved by 

connecting to wider area of the city, whereas the beginning stations improve more by connecting 

to nearby neighbourhoods, potentially further up the valley.  

While some stations show large changes in Integration much of this can be attributed to the very 

poor levels of connectivity before the introduction of the cable-car, so when it was introduced this 

made a huge difference. This was specifically the case at Linea J where previously there were 

very few connections with the rest of the city, whereas at Linea K the connectivity levels of the 

surrounding areas were reasonable before the introduction of the cable-car. When a spatial 

condition benchmark was used to test how significant each of these changes were in relation to 

spatial conditions associated with local socioeconomic stratum and land-values elsewhere in the 

city (Table 4-3) this showed that the stations along Linea K were consistently better off than the 

stations along Linea J, even though the spatial impact was greater here. This creates the 

argument that the cable-car at Linea K has had a more significant impact because it is able to 

connect more seamlessly to the existing urban grid, whereas at Linea J the cable-car line itself 

becomes a major part of the local network. Thus, the introduction of the cable-car makes the 

neighbourhoods along Linea K spatially more like parts of the city with a higher socioeconomic 

standing and average land-value, whereas at Linea J the stations stayed below the lowest 

benchmark. The station that benefited the most from this benchmarking was Santo Domingo, as 

the improvement to its spatial conditions at the macro urban scale made it spatially more like 

other parts of the city with a higher socioeconomic stratum, whereas at La Aurora, where the 

improvements at the same urban scale were bigger, there is no such improvement. However, the 

use of these benchmarking datasets can be problematic, as local conditions often interfere with 

the relationship to the spatial configurations, as highlighted with Stratum 6 being as spatially poor 

as Stratum 1 and 2. While these conditions can be explained locally, it does present a problem 

with the reliability of these datasets, especially since it not possible to see the individual indicators 

that form them. However, because there are no practical alternatives to measure changes, 

making comparisons with existing datasets necessary, even if their reliability is questionable, and 

as a result these findings need to be supported with local qualitative studies or past literature. 
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Cable-car Station Analysis 
Impact in Relation to Benchmarks 

Socioeconomic Stratum KEY 1 2 3 4 5 6 
 
  Metric Radius 

  1000 3500 10000 1000 3500 10000 

Cable-car Station Name with/without  Socioeconomic 
Stratums 

Land-Value 
Range 

        

Santo Domingo  With           
Santo Domingo Without           
        

Popular With           
Popular Without           
        

Andalucia With           
Andalucia Without           
        

La Aurora With           
La Aurora Without           
        

Vallejuelos With           
Vallejuelos Without           
        

Juan XXIII With           
Juan XXIII Without           

Table 4-3 Socioeconomic spatial condition benchmarking results for each cable-car 
station.  

 

When elements of wayfinding and navigation are considered for each station and used to form a 

new set of catchment areas with angular step-depth, it becomes apparent how much larger a part 

of the city the cable-car makes each station. This is because of the ability to navigate away from 

each location is greatly enhanced by the cable-car’s simple connection to the foreground structure 

of the city for the these previously marginalised informal settlements. This then allows the 

segments visually associated with each station to be more embedded in the whole network, as 

mean Integration values for these areas show large improvements. These results are again 

stronger for each of the stations along Linea K, especially for Santo Domingo, as the cable-car 

allows the navigation away from these locations to be better than Linea J. 

In general, these results show that the areas of local centrality around each station is being 

enhanced by improved level of spatial connectivity from the cable-car. Then while the movement 

networks do not show changes from the cable-car, it is their configuration and connection to the 
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cable-car that influences the size and extent of the improvements to the areas of local centrality. 

It is these relationships that define the level of impact the cable-car has on each of the cable-car 

stations. 

 

4.7 Conclusion: does spatial analysis show change? 

In past architectural commentary the success of new urban interventions has often focussed on 

the visual transformation of its subject and used this to highlight social changes. This is 

understandable, since socioeconomic changes rarely take place overnight, so it is easier to 

associate what is no longer there (extreme violence) with what is now there (iconic architecture). 

As highlighted at the beginning of this chapter, this is something that can be easily associated 

with Medellin, with Ortiz and McGuirk highlighting that the media is currently awash with stories 

praising Medellin’s ‘story of overcoming violence and inequality through a type of urbanism 

labelled as social’ (McGuirk, 2015; Ortiz, 2015). Hillier and Hanson (1984) mention how this 

method of commentary often results in the social outcome being attached to the architecture, 

instead of it being an actual outcome from the architecture. This results in the impact of urban 

upgrading interventions, like that at Medellin, being associated with success and not necessarily 

being accurately measured as one of the reasons for the success.  

Consequently, this chapter answers the research question: does the introduction of a single urban 

cable-car connection help to reconnect previously segregated informal settlements, as per the 

popular discourse, and to what extent does the impact on the spatial configuration play a positive 

role? It is very questionable if the cable-car has socially and economically reconnected these 

previously isolated neighbourhoods in the positive manner outlined by many, not only because 

this has been so outlandishly portrayed in the past, but because the cable-car can only provide 

spatial access to the rest of the city and cannot instantly redefine a whole neighbourhood on its 

own. Where this line connects to the existing grid seamlessly, the local grid can become a larger 

part of city. This is because for the stations along Linea J there has been very little attempt to 

connect to existing configurational features of the local grid, such as choice, and this has resulted 

in few significant changes. Whereas at Linea K there is a more seamless connection between the 

cable-car line and existing choice as these almost become one and this has allowed these 

neighbourhoods to be more spatially connected with the rest of the city as local roads connect to 

the cable-car, which then connects to the metro and main highway, opening the rest of the city. 

Thus, the cable-car line starts to become a part of the foreground structure of the city, which 

previously did not penetrate many informal settlements. It is this ability to connect to existing 

configurational features that has allowed Linea K to positively enhance local centrality in the areas 

surrounding each station. Whereas at Linea J the cable-car has either been used to define a local 

area or has simply leap-frogged over existing neighbourhood to get to the end station, therefore 

not connecting to the existing urban grid in the same way.  

However, the possibility of cross referencing the spatial analysis results with factual local data to 

demonstrate the accuracy of the findings was not possible, as highlighted with the socioeconomic 
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stratums. Yet, with the data that was available it was still possible to show certain relationships 

and this method could easily be built upon in the future if more accurate data becomes available 

or other sophisticated methods for modelling informal systems become possible. It is also worth 

highlighting that the use of a space syntax methodology to measure the connectivity of informal 

settlements in the past has been very limited, especially when compared to cities in the Global 

North. Nonetheless, this method of spatial analysis was still able to provide clear answers into 

the structure of the city and its informal settlements. Providing original evidence to understand a 

very complex urban system, which would not have otherwise been possible using standard 

observations techniques and qualitative onsite surveys. 

This chapter has started to show a way that the spatial changes can be measured and importantly 

connected to the introduction of the cable-car. This establishes ‘a baseline analysis’ where the 

configuration of the urban grid is analysed and the spatial components that are impacted the most 

by the cable-car are highlighted. This then allows local activities to be associated to these 

changes to demonstrate where real changes have occurred because of the introduction of the 

cable-car.  
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CHAPTER 5 - HOW MOVEMENT IS RECONFIGURED WITH 
MODIFIED CONNECTIVITY 

 

5.1 Chapter introduction  

Using spatial analysis, the previous chapter highlighted where the impact of the cable-car 

occurred and the role of the configuration of the local urban grid in this impact. This next chapter 

follows on from this, by examining the direct impact the cable-car has on the immediate 

surroundings of each station. This is done by exploring how the cable-car affects local pedestrian 

movement. This uses a series of movement observation surveys to record pedestrian movement 

at each case study, during different times of the day, ‘with’ and ‘without’ the cable. The results of 

which are first analysed on their own and then correlated to the previous results for Choice, which 

represents the main element of the urban grid’s configuration. Allowing the relationship between 

movement and the urban grid to be established, so that the influence of the cable-car on this 

relationship can be explored. This aims to document the role the cable-car has played in defining 

movement across the neighbourhood of each station, so that its immediate impact can be better 

understood. 

 

5.2 The local effects of reconfiguration.  

The new spatial connections provided by the cable-car not only helps to integrate topographically 

marginalised informal settlement with a greater part of the city, but it also has the potential to 

classify the surrounding area of each cable-car station. Therefore, if the previous spatial analysis 

results, described in Chapter 4, are correct then local urban activities would have altered as a 

direct result of the introduction of the Cable-car, much of which would result in changing 

movement patterns. This follows the former research findings that ‘the fundamental correlation of 

the spatial configuration is movement’ (Hiller, 1996).  

This is important because the configuration of the grid ‘influences land use patterns by attracting 

movement-seeking uses such as retail and restaurants to locations with high natural movement’ 

(Hiller, 1996). Then as Griffiths et al explains where space ‘disproportionately attracts movement, 

whether pedestrian, vehicular or both, owing to a high degree of spatial accessibility within the 

urban grid’ important high streets or urban centres are formed (Griffiths et al., 2008). Hence the 

configuration of the urban grid first encourages movement, then secondly attracts pedestrian 

driven land-uses. Nonetheless, the configuration of the urban grid is not the only source of 

movement, as where there is ‘the presence of a major attractor this will also exert a strong 

multiplier effect on the quantity of movement that occurs’ (ibid). The attraction of an object 

separate from the grid can also generate movement, even multiplying original movement and 

encouraging more local activities. This is important because the Cable-car intervention 
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reconfigures the urban grid by making existing streets more connected with the rest of city, instead 

of spatially rearranging these original streets.  

This importantly acknowledges that movement works in two different ways, the first is via natural 

movement that instinctively uses the configuration of space to get to a required destination, this 

includes both ‘to’ and ‘through’ movement; and secondly is by the attraction of a certain 

destination drawing movement towards it.  

As Hillier points out movement generates the ‘urban buzz’ and it is this that ‘gives life to cities’ 

and this is because it has the ability to generate social interactions (Hiller, 1996). Jane Jacobs 

once pointed out that the urban street ‘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’ 

(Jacobs, 1961). This famous description of a ‘street ballet’ is only possible with movement and its 

dynamic variations, dictated by the configurations of local streets and the attraction of local 

activities.  

In Medellin the Cable-car intervention is often praised for not greatly rearranging or demolishing 

existing local streets, in comparison to other forms of transport as its use ‘meant that very few 

people had to be rehoused’ (McGuirk, 2015). While this novel transport system helps to preserve 

much of the existing urban fabric, it also offers an opportunity to enhance the existing urban grid 

by providing better connections to the rest of the city and with this new access is a ‘much higher 

demand for commercial activities because of the very high movement of passengers through the 

stations’ (Gakenheimer, 2013). This encourages the Cable-car to become the main focal point of 

each local neighbourhood, creating the potential to increase movement and encourage more 

urban activities. This could then act as a ‘mechanism for generating contact’ (Hiller, 1996). 

Hillier points out ‘some locations have more potential than others because they have more by-

product and this will depend on the structure of the grid and how they relate to it’ (ibid). It is only 

the locations with the most potential that have the largest number of different activities involving 

people going about their business in different ways.  

Therefore, it is important to understand local movement patterns in the surrounding areas of the 

Cable-car stations and how this may have changed since its introduction. This is because of the 

strong association movement has with the configuration of the urban grid and the by-product of 

movement is often social interactions, local activities and the distribution of pedestrian driven 

land-uses. Movement can then be enhanced by the strategic placement of attractors, such as the 

Cable-car station, by encouraging and enhancing movement along existing pathways. Therefore, 

by better understanding local movement this could provide a greater understanding of the role 

the Cable-car played in the transformation process of Medellin’s informal settlements.  
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The aim of this chapter is to understand how the reconfiguration of the local urban grid from the 

introduction of the cable-car altered local pedestrian movement. By doing so, this provides an 

opportunity to observe the direct local outcome of the cable-car and provides further evidence to 

demonstrate its impact. 

 

5.3 Method of analysis: movement 

To understand how the cable-car directly affects pedestrian movement in the areas directly 

surrounding each station, this chapter is broken down in to two main parts. The first part focuses 

on examining the movement in the surrounding areas of each case study and this is done through 

a series of onsite movement observation surveys, again ‘with’ and ‘without’ the cable-car, which 

is then investigated in detail on its own. The second part examines how the results of the 

movement observations directly relate to the configuration of the urban grid, by correlating the 

movement results to the previous results for Choice, allowing direct relationships to be 

established and the role of the cable-car to be further discussed. The method used in this chapter 

aims to expose how the cable-car impacts on local movement, so that its direct influence on the 

local surrounding areas can be better appreciated (Figure 5-1).  

	

Figure 5-1 - Movement analysis workflow 

 

5.3.1 Method of analysis 01: movement and demographic observations 

In order to develop the movement observations, the methods used were initially based upon 

typical space syntax observation techniques (Vaughan, 2001) and then tested during a pilot 

study49. This provided an opportunity to test various onsite methods of analysis in a challenging 

                                                        

49 The pilot study took part between 30th March 2014 and 24th April 2014. 
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environment that has many restrictions and then reconfigure them to take into account the local 

context.  

To complete each onsite method of analysis a series of observation zones were needed and 

typically there ‘should be a minimum of 25 gates (zones)’, though the more gates observed the 

‘more accurate the picture of the pattern of movement’ (ibid). The results are further enhanced by 

‘covering a range of well-used, moderately-used and poorly-used spaces in and around the area 

of study’ (ibid). However, in these locations and during a limited timeframe it was not possible to 

observe 25 different gates, nor was it possible to observe a wide reach of them, as many of the 

nearby streets presented a large security risk. As a result, it was decided that 16 junctions could 

be accurately observed within a single observation period of one hour. Where possible these 

would encompass the main junctions within an equal walking distances from the entry and exit 

points of each station and at the same time the number of people entering and exiting each 

station50 would be recorded to calculate the ratio of people moving towards the station. By 

observing the same types of junctions for each location, this provided a comparable study 

between stations. Due to the security issues surrounding the stations, only the most important 

junctions would be observed, and these were mostly located on the main highways, which would 

increase security as the researcher was more visible. The exact location of these zones was 

confirmed during a series of initial onsite observations before the movement surveys started and 

this provided the opportunity to understand the limitation of each area and importantly mark areas 

that could not be observed safely. These same zones later become the basis for defining areas 

to observe commercial activities. 

OBSERVATION TIMES 

WEEKDAY ‘WITH’ CABLE-CAR OPEN WEEKDAY ‘WITHOUT’ CABLE-CAR OPEN 

EARLY MORNING 
6am to 8am 

EARLY MORNING 
6am to 8am 

MID MORNING 
9am to 11am 

MID MORNING 
9am to 11am 

LUNCHTIME 
12pm to 2pm 

LUNCHTIME 
12pm to 2pm 

LATE AFTERNOON 
5pm to 7pm 

LATE AFTERNOON 
5pm to 7pm 

Table 5-1 Observation times for demographic, movement and commercial surveys.  

 

                                                        

50 There are no amenities within the cable-car stations, so it can be assumed that once someone entered 
or exited the station they used the transport system. 
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Figure 5-2 - Cable-car closure. The cable-car closes annually for maintenance work and is 

usually shut for between 5-10 days depending on the level of maintenance required 

 

Each onsite method of analysis was completed for four separate times of the day51, which covered 

the main activities periods of a day, including the two important rush hour periods and during two 

separate occasions (Table 5-1). The first, a normal weekday52 when the cable-car is open and 

functioning as normal and the second time was also during a weekday, but while the cable-car 

was closed for maintenance (Figure 5-2), which was discussed in Chapter 01. These observation 

times are repeated throughout this research for all movement observations and later during the 

commercial land-use surveys. This provides a ‘without’ scenario, as per the spatial analysis, to 

compare against a ‘with’ scenario to understand change and to provide a basis in which to explore 

the impact of the cable-car. Also, the local weather conditions had to be taken into account when 

conducting these observations, since in this part of Colombia it is very common to have heavy 

downpours, which alter the way people move and importantly this research could not be 

conducted in the rain, since the observations were reliant on using pen and paper (Figure 5-2). 

On the occasions it rained the onsite observations were abandoned for that day, which over the 

                                                        

51 Typically, this would include an additional time-period for mid-afternoon, however, because early 
morning rush hour started at 6am and late afternoon rush-hour finished at 7pm, this meant onsite 
observations would require over 14 hours of continuous fieldwork (including travel time, which was 
significantly longer when the cable-car was closed), therefore because of time restraints and the need to 
rest, this period was not observed since the pilot study showed it to be insignificant. 
52 This did not include Fridays as being the start of the weekend these tend to have a different pattern of 
movement (Vaughan, 2001) and nor did they include weekdays that were public holidays. 
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course of 2 months was not a problem as there was enough time to complete a full day of 

observations for each case study and method of analysis. 

 
Figure 5-3 Example of fieldwork notes for movement survey 

 

As previously discussed in the introduction chapter, this closure does not represent an accurate 

picture of this location before the cable-car, but because of the limitations in gaining accurate data 

for each location before the cable-car was introduced, these scenarios represent a proxy of how 

people may act differently if there was no cable-car. For example, when the cable-car closed it 

was presumed that people would commute to work differently by using other forms of public 

transport, such as the bus, which would negate the need to move towards the stations at certain 

times of the day and this would be like movement before the cable-car. However, other actions 

are less likely to change, such as people using the public spaces made available by each station 

or people accessing the commercial outlets that are heavily located around each station. So, 

while the closure offered an opportunity to observe each station without the cable-car in action 

and to form a ‘without’ proxy, there are clear limitations with such a method. 
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The first method of analysis focusses on a brief examination of local demographics. This is ‘useful 

for understanding and unpacking social phenomena and complex relationships of cause and 

rationales’ (Al-Sayed et al., 2014) and can form an initial picture of the people that occupy the 

local catchment areas of each case study. This helps to explain when different user groups 

occupy the open space throughout the day and when certain groups are more influenced by the 

cable-car. This was completed onsite during the fieldwork53. This method records everyone within 

the 16 zones nearby, by simply recording them onto a blank map. Each person recorded is divided 

into one of six different demographic categories – children, female youth, male youth, female 

adult, male adult and elderly or disabled (Table 5-2). In addition, the number of tourists were also 

noted, however, because of such small numbers for these (apart from Santo Domingo) this is not 

included in the main analysis.). The results of the demographics observation for each case study 

are then added to a pie chart for analysis.  

Demographic Category Age Range 

Children Less than 12 

Male Youth 12-21 

Female Youth 12-21 

Male Adult 21-60 

Female Adult 21-60 

Elderly or Disabled Plus 60 

Table 5-2 Observation categories for onsite demographic surveys 

 

The same observation zones and times (Table 5-1) are then used for the onsite movement 

observation surveys. These use the principles of split directions (Vaughan, 2001), which counts 

the number of people that pass through an imaginary zone within the street, which in this case 

are road junctions, and records the direction they head to after passing through the zone (Figure 

5-8). Onsite this is completed by marking on a blank a map each possible direction someone can 

go when they enter each zone, this was either ‘a’, ‘b’, ‘c’, ‘d’, ‘e’ or ‘f’ depending on the number of 

exits from each junction and where possible the directional codes reflected the same orientation 

for each junction, as ‘a’ would generally represent north. Then on a data sheet (Figure 5-3), where 

each junction is referenced 1 to 16, the number of people exiting each junction along the 

designated path code (‘a’, ‘b’, ‘c’, ‘d’, ‘e’ or ‘f’) is marked down for each 5-minute interval. These 

datasheets also include space to write notes or mark directional code of each junction where it is 

complicated or hard to remember. A 5-minute interval, recorded using a stopwatch, is used 

because many of the zones have a low rate of movement and this period is longer enough to 

insure all zones are observed within the designated time period (Table 5-2). This is done for each 

                                                        

53 The fieldwork for this research was completed in June and July 2015. 
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case study, both ‘with’ and ‘without’ the cable-car. This aims to demonstrate the streets that are 

most heavily used by pedestrians and the direction in which people are moving, to highlight when 

and where people are moving to and from the cable-car stations.  

  
Figure 5-4 Movement observations. For the 16 junctions surrounding each station, the 

number of people that pass through each zone towards a specific direction - A,B,C,D or E - is 

recorded manually by marking the value of each onto a premade datasheet, which is completed 

during 5 minute intervals. Where possible A,B,C,D will reflect North, East, South and West 

(left), however the complexity of certain junctions do not always allow this (right). The results 

are later visualised into a polygon, where the length of the inner lines represent the total number 

of people recorded during each observation and a polygon is then drawn around the end of line 

to represent a dispersal shape for each observation zone. These allow the movement density 

and directionality of each zone to be visualised for each case study at the different times of the 

day. 

 

This method of movement observation was chosen instead of traditional ‘gate counting’ (which is 

commonly used in space syntax analysis) because it indicates the direction people are travelling 

(Figure 5-4), allowing the significance of a major attractor to be easily understood at different 

times of the day. This also had practical onsite benefits that observations can cover a larger area 

than gate counting, which is often restricted to one street at a time, which was important because 

there was only one researcher during the fieldwork. Further, it allowed the research to focus on 

local areas of the grid that generate the most movement, which were the major junctions along 

the main ‘through’ routes and provided extra security during the research. However, this created 

some flaws in the methodology that could not be overcome. These were a result of security 

concerns that meant a wide range of different zones could not be observed, which is widely 

recommended for these type of movement observations (Al-Sayed et al., 2014; Vaughan, 2001) 

and nor were the zones observed more than once, which would have made the results more 

reliable for each time period. This is also widely recommended to consider daily anomalies. If 

there was a larger number of researchers or more time to do the observations over a larger area 

D 

B 

E C 

A 
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that was also safe, then these flaws could have been avoided. However, this would require 

substantial financial investment and local assistance to significantly reduce security concerns. 

This would also present a new set of challenges as a scaled-up project would naturally draw a lot 

of attention, which could interfere with the results. So, because of these limitations a qualitative 

margin of error calculation54 is used for each observation zone. This considers the number people 

observed in each zone and weighs it against the total number observed for that time period and 

case study, providing a margin of error that can account for observation areas with very small 

numbers.  

To visualise the movement observation results, a point is drawn at the centre of each zone in 

QGIS and then a line is drawn from this point in the direction of each pathway possible and the 

length of this line is determined by the number of people recorded moving in that direction. The 

end of each line (not the end that starts from the centre of each zone) can then be joined to form 

a polygon that represents the dispersal shape of people moving through each zone (Figure 5-4 -

right). 

 

5.3.2 Method of analysis 02: movement and space 

The results of the movement observations are converted into a traditional gate count format, by 

combining the results of two directional lines on the same street (Al-Sayed et al., 2014). Single 

direction results are not used. This then allows the results to be connected to the spatial model 

of the city, by simply inputting the values manually into the relevant segment of the corresponding 

spatial model in QGIS. The ‘with’ and ‘without movement observations are inputted in the 

corresponding ‘with’ and ‘without’ spatial model. The movement observation results can then be 

correlated to the spatial analysis results and for this research movement is correlated to the 

results of Choice. This is because, ‘spaces which the grid configuration prioritised for through-

movement might for that reason already have been selected as good locations for 'passing trade' 

land uses’ and this is also useful for forecasting movement (Hillier et al., 1993).  

This allows correlation coefficient value (r2) to be created for each case study by plotting each 

observed segment in a scattergram55 using the movement and choice variable as the x and y 

values and then by using linear regression the correlation coefficient values are formed. This 

correlation can represent the relationship of these two measurements for each observed case 

study. This is ‘a measure of the strength and direction of the linear relationship between two 

variables that is defined in terms of the sample covariance and the variables divided by their 

                                                        

54 Margin of error = z * (σ / sqrt(n)), where n = sample size, σ = population standard deviation and z = z-
score, which is 1.96 for a confidence level of 95% (Gonick and Smith, 1993). A full list of the margins or 
error for each case can found in the Appendix. 
55 Often referred to as a scatter diagram, or scatter plot, this is a graph in which the values of two variables 
are plotted along two axes, the pattern of the resulting points can reveal any correlation presence between 
the two variables. 
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standard deviation’ (Rowntree, 2000). This provides an opportunity to examine when and where 

pedestrian movement is most affected by the spatial configuration of the urban grid, so that the 

role the cable-car plays in disrupting this relation can better explain its local impact. 

It’s also worth mentioning that in the past different measurements have been used to demonstrate 

the relationship between movement and space. This is because shops and other attractors work 

‘as logarithmic multipliers on a basic pattern of movement defined by configuration’, and as Hillier 

mentions ‘the distribution of grid properties and movement rates at the area level is itself 

logarithmic’ (Hillier et al., 1993). This led to Hillier advocating the use of the correlation between 

integration and the logarithm of movement rates, as this provides higher correlation coefficient 

values. However, to do this, there is the necessity for the movement observations to accurately 

cover a large area, ideally a minimum 25 gates and to cover a wide reach of different areas (Al-

Sayed et al., 2014; Vaughan, 2001). As previously mentioned, this was not possible for this 

research. Therefore, to consider that the majority of spaces observed were junctions along the 

main through routes of each neighbourhood, this research explores the connection between 

movement and Choice, a measurement that typically predicts the main movement arteries of an 

urban grid and is widely understood as a measurement that represents movement networks. This 

was discussed in detail during the Literature Review chapter. This goes against the norm that 

traditionally relates movement to integration, because to do so would require a thorough 

observation of all movement in the area at a larger scale. This provides the research with an 

opportunity to develop an understanding of how the spaces that are predicted to generate the 

main patterns of movement from the previous spatial analysis, relate to the real pedestrian 

movement and the role the cable-car plays in this. 

It should also be noted that the objective of this research is not to demonstrate the relationship 

between movement and space for each case study, but instead highlight and understand the 

influence of the cable-car through the scenarios ‘with’ and ‘without’ the cable-car. Therefore, the 

difference between these two scenarios is enough to demonstrate and discuss the impact of the 

cable-car.  

This chapter aims to explore how the cable-car influences local movement and to understand the 

different types of movement that occur within each site, specifically examining how attraction 

movement generated by the cable-car affects natural movement generated by the urban grid at 

certain times and locations. 

 

5.4 The people in the streets 

Movement underlies many aspects of urban form ‘the distribution of land uses, such as retail and 

residence, the spatial patterning of crime, the evolution of different densities and even the part-

whole structure of cities’ and this is reflected in the number of people on the streets (Hiller, 1996). 

How people occupy the streets is often very different and dependent on demographics. As, in the 

informal settlements of Medellin, ‘men do more peak travelling than women while women do more 
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off-peak travelling than men’ and this then reflects the way in which both gender organise their 

daily activities (Levy, 2013a). Then there is also the issue of safety in the way certain demographic 

groups occupy the informal settlement streets in Medellin, ‘as women tend to experience more 

violence through thefts and verbal and physical/sexual abuse while waiting for and using public 

transport’ (Levy, 2013b). This affects the number of women, and also young children, occupying 

these streets at certain times of the day. However, as a local resident to the cable-car 

commentated, ‘before [the cable-car] we didn’t feel the presence of the police; now there is greater 

safety, there is more surveillance; we can walk about safely, if you go around the Metro line and 

nearby areas you’ll find more security’ and this make it safer for more vulnerable groups to occupy 

nearby spaces of the cable-car (Agudelo et al., 2013).  

This first part of the chapter starts by analysing the local demographic groupings of each case 

study, by first studying the demographic data available from the municipality and then analysing 

the result of the onsite demographic survey for each of the different time periods and case studies. 

 

Figure 5-5 Percentage of population younger than 26 years between 2005 and 2015 for 
each comuna with a cable-car and Medellin. Though this percentage has dropped 

significantly for the whole of Medellin, it is still very high for the comunas that have a cable-car 

line. 

 

In Medellin, nearly ‘half of all youths come from lower socioeconomic classes’ and this is the result 

of a disproportionately high number living in informal settlements, as nearly half of all residents 

are under 26 years old (Duque et al., 2013). While, there is a small decrease in the percentage 

of people under 26 in the comunas affected by the cable-car since 2004, when the cable-car was 
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first opened, these proportions are generally much higher than the rest of Medellin. It is also 

noticeable that the poorest comunas, 01 and 02, have the highest percentages of people under 

26 (Figure 5-5). However, what is most noticeable about the municipality’s demographic data are 

the lack of differences between each comuna that has a cable-car, repeating previous findings in 

Chapter 1 that the municipal data shows few direct changes at the comuna scale resulting from 

the cable-cars.  

The municipal results are from surveys of residents living in each comuna and are a static 

representation of all those that live in each area. This clearly does not highlight the different age 

and gender groups occupying the surrounding spaces of each station at different times of the 

day. Therefore, the next part examines the demographic surveys completed onsite for this 

research. This records the different people who occupy the surrounding spaces for each station 

and is completed at the different times of the day ‘with’ and ‘without’ the cable-car to highlight 

changes. Importantly, the results do not vary much between each station, so for the analysis the 

results for each station are combined and analysed together for each different time and where 

there are individual differences these are mentioned. 

Starting with the results for early morning (Figure 5-6), most people recorded are adults, with 

slightly more males. As previously mentioned, this is because adult males are more likely to be 

commuting to work during peak hours, explaining why most residents were adult males opposite 

the cable-car. The differences between male and females is not huge as there is still many adult 

females in the surrounding spaces. At this time of the day there are also many children, as they 

head to school, but this varies between stations since schools are not always located nearby a 

station, such as Juan XXIII and Popular. 

During lunchtime and mid-morning, adults remain the largest groups, while youth male and female 

groups increase throughout the day and more children are observed during lunchtime. While the 

adult group remain the most popular it is the emergence of youths that become most significant, 

since during early morning this group was minimal even though the municipal data indicates a 

very large youth population, and this is most likely because not many of them are commuting to 

work. 

Finally, during late afternoon (Figure 5-6) all the main demographic groups are more or less equal, 

apart from the elderly whose percentage drops even though their aggregated total is roughly the 

same. Importantly in a few locations’ youth males are the largest group, such as Andalucía and 

Popular, as adults returning from work do not dominate the surrounding spaces in the same way 

as during early morning. This equalling out of the different demographic groups can be related to 

the large increase in the total numbers of people using the street, between early morning and late 

afternoon, both ‘with’ and ‘without’ the cable-car. This is discussed in more detail later in this 

chapter when the movement observations numbers are examined.  
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Figure 5-6 Gender and age demographics for all stations. During early morning (top) adults 

of both sexes dominant the local areas, especially the cable-car is open, but by late-afternoon 

(bottom) this is more balanced between each group, apart from the elderly. 

 

These initial observations start to show that by late afternoon the surrounding streets of the 
stations become hubs for social activities providing a place for eating, drinking and 
playing. It is also worth noting, that the large number of kids, elderly and females occupying 
the surrounding spaces during late afternoon could suggest that these potentially 
vulnerable groups feel safer because of the cable-car. This was previously mentioned in the 

literature review. This is supported by a drop in the number of youth females at the same time 

when the cable-car is closed. 

Within each location there are certain spaces that specific demographic groups occupy. This can 

be seen in the large open spaces created underneath most of the cable-car stations (see images 

in Chapter 03), these are predominantly occupied by children or youths, often playing football. 

Whereas in the commercial high streets (Figure 5-8) these are mostly occupied by adults, 
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predominately adult females during the day. Then where benches or makeshift seating have been 

formed around the cable-car pylons (Figure 5-7), the elderly often occupies these spaces, many 

of whom appear to be therapeutically watching the cable-car cabins pass overhead.  

 

Figure 5-7 Andalucía during late afternoon. Elderly males relaxing on cable-car pylon 

structure. Photo taken in 2015 by author. 

 

While these results help build an image of the surrounding spaces of each station, there are 

certain outcomes that can be directly associated with the cable-car. Such as the large number of 

adults recorded during the early morning and when the cable-car closed the total number of 

people observed drops dramatically. These values are discussed in the next section. An indication 

that most people occupying the street during early morning are commuting to work. However, 

during late afternoon when commuters are returning home the total number of people recorded 

is not much different to when the cable-car closed. This indicates that unlike early morning, a 
large proportion of people on the streets are not there because of the cable-car, instead it 
is the attraction of local activities that have drawn people out and this can be attributed to 
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the diversity of the demographic groups and a greater sense of safety for certain 
vulnerable groups.  

 

Figure 5-8 Santo Domingo during late afternoon. The streets are most active at this time of 

the day. Photo taken in 2015 by author. 

 

While the cable-car may have altered when and where certain demographic groups occupy the 

streets, because there is a lack of variation in the demographic makeup of each neighbourhood, 

this may indicate that the socioeconomic conditions of each case study is largely the same. 

However, there is one demographic group, not highlighted in the survey, which was very different 

for one case study. As at Santo Domingo there was often a significant number of tourists 

recorded, especially during lunchtime, but when the cable-car closed this dropped to almost zero 

and the results of this are discussed in the following section. This shows that without the 

convenience and safety of the cable-car few tourists are willing to venture to Santo Domingo, 

even though it is now ‘one of the most prominent neighbourhoods in Medellin’ (McGuirk, 2015).   

These demographic surveys offer an opportunity to picture the people that occupy the 

surrounding spaces of each cable-car station and show how this change throughout a weekday. 

This is important because open space is ‘intrinsically connected to the people who produce it’ 

(Hernández et al., 2010). These surveys also provide an opportunity to start to understand the 

role the cable-car plays in spatially distributing certain demographics groups at different times of 

the day, altering the way people occupy the surrounding areas and affecting local activities. 
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5.5 The patterns of movement  

The way the cable-car influences local residents can be understood in the way it attracts 

movement because dedicated movement ‘to and from built forms indicate differing degrees of 

attraction’ (Hillier et al., 1993). This type of attraction movement can provide a useful indicator to 

understand the influence of built forms, such as the cable-car station. However, movement to and 

from a specific built form, like the cable-car station, is not always because of its attraction, as at 

the same time natural movement is ‘determined by the structure of the urban grid itself rather than 

by the presence of specific attractors or magnets’ (Hiller, 1996). Hence, movement in the 

surrounding areas of each station is always likely to be a mix of both attraction and natural 

movement.  

Where it is possible to show that the cable-car is directly attracting local pedestrian movement, 

this can then start to highlight the direct impact that the cable-car is having on the surrounding 

areas of each station. Therefore, it is important to accurately examine local movement patterns 

for each station, to interpret when and where the cable-car influences movement. To do this the 

next part examines the movement observation surveys for each case study separately, so that 

the role the cable-car plays in attracting local pedestrian movement can be better interpreted.  
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5.5.1 The patterns of movement - Santo Domingo 

                   

Figure 5-9 Total number of people recorded for each zone at Santo Domingo. Z refers to 

the location of the observation zone. Exact margins of error are in the appendix. 

Location of observation zones 
Spanish  
Library 
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Figure 5-10 Movement observations results at Santo Domingo. The closer the lines are 

together the fewer changes have occurred as results of the cable-car closure. The dashed line 

indicates the ‘without scenario. 

Early Morning ‘with’ 
Towards station = 47.86% 
(Associated with cable-car usage = 37.42%)  
 

Late Afternoon ‘with’ 
Away from station = 77.41% 
(Associated with cable-car usage = 10.75%) 

Early Morning ‘without’ 
Movement towards station = 30.39% 
 

Late Afternoon ‘without’ 
Away from station = 67.93% 
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Starting with Santo Domingo, here there are clear indicators that the cable-car is influencing local 

movement as the total number of people recorded drops significantly when it closed (Figure 5-9, 

5-10, 5-11). The largest total drop is observed during early morning, which is easy to understand 

since this is the time of day there is little else attracting movement other than commuter transport. 

However, each period shows significant drops indicating an influence throughout the day (Figure 

5-11). 

This attraction is most evident directly opposite the station (Figure 5-10), especially during early 

morning, yet interestingly when the cable-car closed the movement recorded here is still high. 

This is most likely the result of important choice passing perpendicular to the station, allowing 

buses and pedestrians to regularly use these routes ‘with’ or ‘without’ the cable-car. This 

potentially demonstrates that the cable-car could be enhancing existing natural movement. During 

late afternoon, while the proportion of all movement opposite the station is less than during early 

morning, the aggregated total is significantly high (Figure 5-10). This shows that when the 
usage of the cable-car during late afternoon is at its highest, movement directly opposite 
the station is less significant within the whole neighbourhood, as more activities occur 
elsewhere, which themselves attract movement and this means all movement is more 
evenly spread.  

 

Figure 5-11 Total number of people recorded at Santo Domingo. 

 

When individual zones (Figure 5-9) further away from the station are observed the drop in 

movement is harder to notice when the cable-car closes. This is best observed at the junction 
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between Carrera 32 and Carrera 31 (Figure 5-9 - Z56-15, Z-16), where buses regularly park and 

street vendors setup their stalls. Here the total number of people recorded during the cable-car 

closure is very similar to when it is open unlike opposite the station (Figure 5-9 - Z-02, Z-03, Z-

04), which drops a lot, especially during early morning. Hence, in some areas not far away from 

the station, such as Carrera 32 and Carrera 31, there are fewer differences in the total number of 

people recorded when the cable-car closed, implying that the impact is significant opposite the 

station.  

While the station is clearly the main attractor for each case study there are often other built 

structures that could be potential attractors, such as other interventions that were a part of the 

upgrading program. At Santo Domingo these are often just as iconic as the cable-car itself, so 

unlike other cable-car stations tourists regularly come here to visit these landmarks. Lunchtime is 

when most visitors come, at which point there is often a small flow of people moving towards the 

Spanish Library-Park (Figure 5-9 - Z-10, Z-11, Z-12), the most iconic of the interventions, but 

when the cable-car is closed this disappears. When the cable-car is open at lunchtime 19 tourists 

were counted during these observations, but ‘without’ the cable-car only 2 are recorded at the 

same time (Figure 5-12). There is also a popular public space near to the library-park, which 

overlooks the building and has vistas over the city (Figure 5-9 - Z-12, Z-13), this also has a steady 

flow throughout the day of local resident moving towards it especially during late afternoon when 

children and families occupy this space. Unlike the movement flow of tourist towards the library-

park, this is mostly unaffected by the closure of the cable-car. While these additional movement 

flows indicate the influence of other attractors, it is still clear that the station is the main attractor 

here. 

 

Figure 5-12 Total number of tourists records at Santo Domingo.  

                                                        

56 Each Z next the figure numbers refer to the zone number of the observation. This method of referencing 
is repeated through the chapter. 
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At Santo Domingo a large proportion of all movement occurs as a direct consequence of the 

cable-car, especially during early morning 37% of all movement can be directly related to the 

cable-car (Figure 5-10). This is clear from the dramatic drop in the total number of people on the 

streets and especially directly opposite the station, verifying the significant role it plays in 

orchestrating movement throughout the neighbourhood. However, by the time it is late 
afternoon there is a large concentration of movement elsewhere and this appears to be 
less affected by the closure of the cable-car and only 11% of all movement is estimated to 
be moving away from the station. So, while pedestrian movement is heavily concentrated 

directly opposite the station, it appears to be largely influenced by the cable-car, other areas also 

have significant concentrations of movement during late afternoon but are less affected by the 

cable-car. This suggests the configuration of the urban grid, discussed in Chapter 04, may be 

generating natural movement alongside the cable-car, which is significant because ‘the presence 

of a major attractor will also exert a strong multiplier effect on the quantity of movement that 

occurs there’ (Griffiths et al., 2008).  
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5.5.2 The patterns of movement - Popular  

                         

 
Figure 5-13 Total number people recorded for each zone at Popular. Z refers to the location 

of the observation zone. Exact margins of error are in the appendix. 

Location of observation zones 
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Figure 5-14 Movement observations results at Popular. The closer the lines are together the 

fewer changes have occurred as results of the cable-car closure. The dashed line indicates the 

‘without’ scenario. 

Early Morning ‘with’ 
Towards station = 59.07% 
(Associated with cable-car usage = 34.44%)  
 

Late Afternoon ‘with’ 
Away from station = 80.11% 
(Associated with cable-car usage = 10.01%)  
 

Early Morning ‘without’ 
Towards station = 27.18% 
 

Late Afternoon ‘without’ 
Away from station = 67.16% 
 



242 

 

At Popular, as with Santo Domingo, the total number of people recorded is less when the cable-

car is closed, but this is only obvious during early-morning and late afternoon. This implies that 

during mid-morning and lunchtime the cable-car is less influential here than at Santo Domingo 

(Figure 5-15). 

Here, as with most stations, the largest concentration of movement is mostly observed directly 

opposite the station (Figure 5-13 - Z-02, Z-03) and is most evident during early morning. When 

the cable-car closes or is used less (mid-morning and lunchtime) movement in these locations 

opposite the station drop considerably, which is different to Santo Domingo where movement still 

occurs opposite the station ‘without’ the cable-car, even though it drops (Figure 5-14). This 
suggest that the connection at Popular between the cable-car and the existing urban grid 
is not as successful as with Santo Domingo, as movement directly opposite the station 
relies heavily on the attraction of the cable-car at Popular.  

 

Figure 5-15 Total number of people recorded at Popular.  

 

As with Santo Domingo, there are zones in the surrounding areas that appear to be less 

influenced by the cable-car, especially at the times of the day when it is most influential - early 

morning and late afternoon. This is observed where Calle 106 meets Carrera 43 (Figure 5-15 - Z-

11, Z-12, Z-13), as here the impact in the cable-car closure is less noticeable because the total 

number of people recorded is more similar, unlike the spaces directly opposite the station. This 
highlights how certain areas not far from the station are less affected by the cable-car 
attraction, where citizens go about their lives as normal, not needing to interact with the 
cable-car. As Agudelo et al stats, ‘although no one can deny that there has been a remarkable 

upgrading in the areas close to the stations, this becomes less evident two blocks away from the 

stations’ (Agudelo et al., 2013). 
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While many of Santo Domingo’s complementary interventions are well documented, at Popular 

these are less visible, with a larger emphasis on public space here and as a result less influential 

over movement (images of these are in Chapter 03). Nonetheless, the sport grounds directly 

underneath and to the side of the station provide a reasonable level of movement attraction 

throughout the day, especially during late afternoon when it is full of children and youth playing 

football.  

Overall the findings here at Popular support the previous findings from Santo Domingo, which 

showed that while the cable-car plays a significant role in attracting movement, especially during 

early morning when 34% of all movement is estimated to be moving toward the station (Figure 5-

14), its influence diminishes the further you go from the station (Figure 5-14). This is also the case 

later in the day, as by late afternoon only 10% of all movement is estimated to be moving away 

from the station (Figure 5-14). The findings here also suggest that the urban grid is not supporting 

natural movement directly opposite the station and this implies a weak connection between the 

cable-car and the urban grid.  

  



244 

5.5.3 The patterns of movement - Andalucia 

  

 
Figure 5-16 Total number people recorded at each zone in Andalucia. Z refers to the 

location of the observation zone. Exact margins of error are in the appendix. 

Location of observation zones 

To Acevedo 
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Figure 5-17 Movement observations results at Andalucia. The closer the lines are together 

the fewer changes have occurred as results of the cable-car closure. The dashed line indicates 

the ‘without scenario. 

Early Morning ‘with’ 
Towards station = 50.44% 
(Associated with cable-car usage = 31.71%) 

Late Afternoon ‘with’ 
Away from station = 61.12% 
(Associated with cable-car usage = 10.79%) 

Early Morning ‘without’ 
Towards station = 16.91% 
 

Late Afternoon ‘without’ 
Away from station = 54.56% 
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At Andalucia, due to its location near the metro station at Acevedo (Figure 5-16), movement here 

is very different to the other stations as the draw of this metro station often over powers the cable-

car, which is obvious when the cable-car closed. This is clearest during early-morning ‘without’ 

the cable-car as twice the number of people is recorded throughout the observation area (Figure 

5-18). This demonstrates the large draw that Acevedo has when the cable-car is closed, as 

residents prefer to walk here instead of seeking alternative transport, which could be because of 

an unreliable and slow bus network. This is also understandable since the walk between 

Andalucía and Acevedo is only between 10 to 15 minutes, thus walking does not significantly 

change the daily commute. Even when the cable-car is open many uses this route instead of 

queuing for the cable-car (Figure 5-19) as pedestrian movement along Calle 107 (Figure 5-16 - 

Z-14, Z-15 Z-16) is still high during early morning and late afternoon ‘with’ the cable-car. 

However, when the cable-car is open and like the other two stations along Linea K, most of all 

pedestrian movement recorded is directly opposite the station (Figure 5-16 - Z-02, Z-03) and is 

easiest to observe during early morning (Figure 5-18). Proportionally, movement in this area 

directly opposite the station drops drastically when the cable-car closes, but this is because of a 

larger proportion of all movement heading towards Acevedo, though the difference in the total 

number of people is less dramatic. This major attraction toward Acevedo has resulted in the 

largest area of movement being observed along Calle 107 (Figure 5-16 - Z-13, Z-14, Z-15, Z-16), 

which runs directly underneath the cable-car between Andalucia and Acevedo (images of this can 

be seen in Chapter 03). While this anomaly skews the results, it is still clear that a large 

percentage of movement is drawn to and from cable-car station when open as 32% of all 

movement is estimated to move towards the station in the morning, while 11% move away from 

it during late afternoon, even with a nearby train station. 

 

Figure 5-18 Total number of people recorded at Andalucia during each observation.  
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When other significant attractors are taken into consideration, such as nearby supporting 

interventions that were a part of the urban upgrading, like Popular most of the nearby interventions 

focussed on improvements to public spaces. So, besides small groups of children and youth 

occupying these spaces during late afternoon these do not appear to influence local pedestrian 

movement. At Andalucia there are also nearby areas along Calle 105a (Figure 5-16 - Z-08, Z-09) 

where movement appears to be unaffected by the closure of the cable-car, as here the total 

number of people recorded ‘with’ and ‘without’ the cable-car is very similar. This again suggests 

that the influence of the cable-car lessens the further you move away from the station and this 

occurs not far from the station.  

 

Figure 5-19 Calle 106 (Z-15) at Andalucia during early morning ‘without’ the cable-car. 
Photo taken in 2015 by author. 

While certain movement patterns at Andalucia are like other stations, it is clear the straight road 
that runs directly up the hill and directly underneath the cable-car line is the dominant 
spatial connection with the rest of the city (Figure 5-19). This explains why this location had 

good very good spatial analysis results ‘without’ the cable-car and why the introduction of the 

cable-car line to the spatial analysis often failed to return better results in Chapter 04. This may 

bring into question the need for cable-car stations here, as it has been discussed elsewhere 

(Sokol, 2010), however when the cable-car is open it still attracts a lot of movement (Figure 5-17) 

even though it is not as marginalised as the other stations.  
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5.5.4 The patterns of movement - La Aurora 

    

 

 
Figure 5-20 Total number of people recorded for each zone at La Aurora. Z refers to the 

location of the observation zone. Exact margins of error are in appendix.  

Location of observation zones 
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Figure 5-21 Movement observations results at La Aurora. The closer the lines are together 

the fewer changes have occurred as results of the cable-car closure. The dashed line indicates 

the ‘without’ scenario. 

Early Morning ‘with’ 
Towards station = 53.33% 
(Associated with cable-car usage = 28.33%) 
 
 

Late Afternoon ‘with’ 
Away from station = 74.38% 
(Associated with cable-car usage = 23.99%) 
 

Early Morning ‘without’ 
Towards station = 44.02% 
 

Late Afternoon ‘without’ 
Away from station = 71.68% 
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At La Aurora the end station of Linea J, the drop-in movement when the cable-car closed was 

very dramatic, with the total number of people observed reducing very sharply because of its 

closure (Figure 5-22). As per the other results this is most visible during early morning, however, 

at La Aurora the drop is also very clear throughout, even during late afternoon. This implies that 

the cable-car is very important in creating movement at this location, including the periods when 

it is not busy, mid-morning and lunchtime, suggesting movement in the surrounding areas is not 

being generated by another source, such as the urban grid (Figure 5-21, 5-22).  

As per the other results most of the movement at La Aurora is recorded opposite the station 

(Figure 5-20 Z-02, Z-03). During early morning when the cable-car is closed movement opposite 

the station drops dramatically, like Santo Domingo, again indicating the importance of the cable-

car at this time (Figure 5-21). While dips occur during mid-morning and lunchtime at the same 

location opposite the station entrance are still significant, it is during late afternoon where the drop 

opposite the station is again large at (Figure 5-20, 5-21). While these movement patterns opposite 

the station are like other locations, what is significantly different here is the large drop during late 

afternoon almost mirroring the early morning results. This is because without the huge draw 
of the cable-car at La Aurora there is little reason to occupy the space opposite the station. 

While Santo Domingo also has a large drop currently and location, pedestrian movement 

elsewhere in the neighbourhood increases making the drop less significant. This is also evident 

in the total number of people estimated to be moving directly toward the station at La Aurora, as 

the total proportion of people observed is almost identical for early morning at 28% and late 

afternoon at 24% (Figure 5-21). Whereas for most other stations this drops to around 10% during 

late afternoon. 

 

Figure 5-22 Total number of people recorded at La Aurora during each observation.  

 

While the complementary urban interventions here are not as eye-catching as at Santo Domingo, 

there are still a few nearby interventions that attract movement. This was outlined within Chapter 
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03. This includes the Hospital that sits next to the station and attracts a steady flow of movement 

throughout the day, but not during early morning when it is not open. There is also constant flow 

of workers going to and from building sites, especially during early morning, where more 

interventions are being built and presumably these will attract movement patterns in the future. 

However, by far the largest attractor is the cable-car station and the total number of people moving 

towards the station will clearly increase further as the population here continues to rise with more 

and more housing being built here. 

Most people here are moving opposite the station when the cable-car is open (Figure 5-21), but 

when it closed movement drastically reduced, as there was no other driver of movement, including 

the urban grid. This is likely the result of the built fabric preventing natural movement occurring 

due to its weak spatial configuration, discussed in Chapter 04, made worse by the lack of 

supplementary interventions encouraging local movement elsewhere. What this demonstrates 
is the importance of the cable-car at La Aurora, as without it spatial connectivity and 
movement disappears.  
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5.5.5 The patterns of movement - Vallejuelos  

                         

 
Figure 5-23 Total number people recorded for each zone at Vallejuelos. Z refers to the 

location of the observation zone. Exact margins of error are in the appendix. 

Location of observation zones 
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Figure 5-24 Movement observations results at Vallejuelos. The closer the lines are together 

the fewer changes have occurred as results of the cable-car closure. The dashed line indicates 

the ‘without’ scenario. 

Early Morning ‘with’ 
Towards station = 50% 
(Associated with cable-car usage = 29.29%) 
 

Late Afternoon ‘with’ 
Away from station = 75.09% 
(Associated with cable-car usage = 6.36%) 
 

Early Morning ‘with’ 
Towards station = 20.1% 
 

Late Afternoon ‘with’ 
Away from station = 72.47% 
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At Vallejuelos, the total number of people recorded is the lowest for any station and shows very 

few overall differences when the cable-car closed (Figure 5-25). This shows that the cable-car is 

having very little impact on the way people move in the surrounding areas and the result here 

even implies that more people occupy the streets when it is closed during early morning and late 

afternoon (Figure 5-24). While, this is like Andalucia there is no rapid train connection nearby to 

attract movement, this smaller change is occurring because residents are moving towards the 

location of the only bus that goes into the city centre. So, the closure of the cable-car here forces 

people to move differently, especially when they must get to or from work, but here the overall 

changes are much smaller since the neighbourhood is smaller and the cable-car connection is 

less used. 

While the very low number of people observed opposite the cable-car station (Figure 5-23 - Z-02, 

Z-03) shows that it does not have the same draw as other locations, some local pedestrian 

movement can still be connected to its presence. As with other locations this is easiest to observe 

during early morning as a large proportion of all movement observed is directly opposite the 

station (Figure 5-23, 5-24). As per the other stations this is understandable because there is little 

else open in the neighbourhood at this time of day, but what is noticeably different at Vallejuelos 

is the lack of movement opposite the station during the other times of day, including late afternoon 

(Figure 5-23, 5-24). This is most likely a consequence of the cable-car at Vallejuelos 
connecting very poorly to the existing urban grid, made worse by the space opposite the 
station being for pedestrian use only and the neighbourhood being split into distinct areas 
with the cable-car positioned in the middle unable to bring them together. Besides early 

morning when the proportion of people moving towards the cable-car is estimated to be roughly 

the same as the other stations, the cable-car at Vallejuelos has less draw than the other locations 

and this is demonstrated by the estimated number of people moving away from the cable-car 

during late afternoon being the lowest of all station at 6% (Figure 5-24).  

 

Figure 5-25 Total number of people recorded at Vallejuelos during each observations.  
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Within Vallejuelos there are other areas that have significant movement, and this is most evident 

at the junction between Calle 66 and Carrera 106b (Figure 5-23 - Z-12, Z-13). Here the total 

number of people increased significantly when the cable-car closes, especially during late 

afternoon, whereas during the same time opposite the station (Figure 5-23 - Z-02, Z-03) the 

number of people recorded is significantly less. This reveals that ‘without’ the cable-car the streets 

where the bus departs for the city centre becomes a lot busier and importantly, it also highlights 

that this area is busier than the space in front of cable-car even when it is open. This highlights 
the failure of the cable-car at Vallejuelos to be positioned in an appropriate location next 
to good existing choice.  

Most of the complementary interventions at Vallejuelos, are again focussed on the improvements 

of the nearby public spaces, this is discussed in Chapter 03. Unlike the public spaces at Popular 

or Santo Domingo, these rarely appear to be used apart from the occasional group of children 

after school, so these do little to attract any pedestrian movement. 

At Vallejuelos, the cable-car does not connect to the most important part of the existing urban 

grid, instead the space opposite it is pedestrianised with a series of footpaths that attempt to 

connect different parts of a very complex neighbourhood. As a result, people rarely pass the 

station and the cable-car itself appears to have very little draw itself to activate the space opposite, 

instead this is left empty (Figure 5-23). Yet, in other parts of the neighbourhood there are areas 

with proportionately more pedestrian movement (Figure 5-23 - Z-11, Z-12, Z-13) and these 

increases when the cable-car closed, as these streets provide access to the only bus into the city 

centre. The cable-car at Vallejuelos does little to improve movement and instead creates an 

empty space in the middle of a spatially divided neighbourhood.  
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5.5.6 The patterns of movement - Juan XXIII 

      

 

 
Figure 5-26 Total number people recorded for each zone at Juan XXIII. Z refers to the 

location of the observation zone. Exact margins of error are in the appendix. 

Location of observation zones 
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Figure 5-27 Movement observations results at Juan XXIII. The closer the lines are together 

the fewer changes have occurred as results of the cable-car closure. The dashed line indicates 

the ‘without’ scenario. 

Early Morning ‘with’ 
Towards station = 66.42% 
(Associated with cable-car usage = 35.53%) 

Late Afternoon ‘with’ 
Away from station = 76.35% 
(Associated with cable-car usage = 9.52%) 
 

Early Morning ‘without’ 
Towards station = 24.41% 
 

Late Afternoon ‘without’ 
Away from station = 68.40% 
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The final station, Juan XXIII, had the second lowest total number of people recorded and when 

the cable-car closed large drops are observed during early morning and late afternoon (Figure 5-

28). As per the other stations, the results show the largest number of people observed are 

opposite the station (Figure 5-26 - Z-02, Z-03) and as expected this is most prevalent during early 

morning, but movement opposite the station drops significantly when the cable-car is closed 

(Figure 5-27). As during early morning and late afternoon the total percentage of movement 

recorded here drops drastically when the cable-car is closed, but there is less of a drop during 

mid-morning and lunchtime when the cable-car has less of a draw. This shows that when the 
cable-car is open it is attracting a very large proportion of all surrounding movement, but 
when closed very little natural movement appears to be generated from the urban grid. 

Like Vallejuelos, there is a clear lack of complementary urban interventions here to attract 

movement. The only noticeable intervention is the adjoining public space, a concrete terraced 

space directly underneath the station and a walkway access to the higher part of the 

neighbourhood. This was discussed in Chapter 03. These appear to be rarely used other than 

people accessing the station (Figure 5-27). 

 

Figure 5-28 Total number of people recorded at Juan XXIII during observations. 

 

Very few observation zones had any significant movement at this location, however, at the 

junction between Calle 48e and Carrera 99c (Figure 5-26 - Z-10) there was a very slight increase 

in pedestrian movement towards San Javier, the location of a Metro train station on Linea B 

(Figure 3-3) when the cable-car is closed. This hints that some residents decided to walk to the 

metro station at San Javier instead of getting the bus, like Andalucia. However, the numbers are 

much smaller, even though the walking distance is very similar and while the smaller estimated 

population of Juan XXIII, defined in Chapter 04, could explain a proportional difference, it does 

not clarify why this flow of people was so much less. This major difference could be because the 
path between San Javier and Juan XXIII is very complex to move through, as it involves 
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numerous turns and a series of very steep steps to navigate, whereas at Andalucia, the 
access to the nearby Metro station is down a single straight road. The ease of wayfinding 

from each station was previously highlighted in the spatial analysis results for angular step-depth 

and the clearly shows that Andalucia was significantly more visible than Juan XXIII. 

The spatial analysis also showed that Juan XXIII does not have any good choice opposite the 

station, as similar to Vallejuelos the space opposite is pedestrianised. The strongest choice here 

runs parallel to the station, providing a route into the city centre. However, this does not branch 

out to other parts of the neighbourhoods, which are more topographically isolated, like the 

perpendicular choice at the stations along Linea K. Also, with the space directly opposite the 

station being pedestrianised and with many nearby streets being restricted because they are 

either extremely steep or are narrow stairways, there is very little vehicular access nearby. This 
restrictive urban grid prevents the cable-car from connecting to a good existing network 
of choice, so while there is existing choice running alongside the cable-car, this is not accessing 

the heavily marginalised parts of Juan XXIII, specifically with vehicular traffic. Hence, the benefit 

of the cable-car is heavily reduced, as existing local pedestrian movement is unlikely to naturally 

pass the cable-car station. Yet, unlike Vallejuelos, pedestrian movement that is estimated to be 

directly connected to this station is very similar to the stations along Linea K, as 36% of all 

movement is estimated to moving toward it during early moving and 10% away from it during late 

afternoon (Figure 5-27).  
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5.6 Comparative movement patterns 

Main Findings: 

• By late afternoon the surrounding streets of the stations become hubs for social 
activities providing a place for eating, drinking and playing. 

• At Santo Domingo when the usage of the cable-car during late afternoon is at its 
highest, movement directly opposite the station is less significant within the whole 
neighbourhood, as more activities occur elsewhere, which themselves attract 
movement, allowing all observed movement to be more evenly spread. 

• The connection between the cable-car and the existing urban grid at Popular is not 
as successful as Santo Domingo, as movement directly opposite the station relies 
heavily on the attraction of the cable-car. 

• There are often zones not far from the stations that are less affected by the cable-
car attraction, where citizens go about their lives as per normal not needing to 
interact with the cable-car. 

• At Andalucia the straight road that runs directly up the hill and underneath the 
cable-car line is the dominant spatial connection, providing a direct connection to 
the Metro train, Linea A and this is especially prevalent ‘without’ the cable-car. 

• ‘Without’ the huge draw of the cable-car at La Aurora there is little reason to occupy 
the space opposite the station and movement here disappears, even during late 
afternoon, whereas elsewhere the impact of the cable-car at this time is less 
noticeable. 

• The cable-car at Vallejuelos connects very poorly to the existing urban grid and 
this is made worse by the space opposite the station being for pedestrian use only, 
so choice here does not connect to other forms of transport. 

• A very restrictive urban grid at Juan XXIII prevents the cable-car from connecting 
to good existing choice that could natural reach out from the cable-car station and 
connect to the more marginalised parts of the neighbourhood. 

By studying the pedestrian movement patterns surrounding each station and at different times of 

the day, it was possible to better understand the role the cable-car played in influencing pedestrian 

movement. This movement then has the potential to produce urban vibrancy and encourage the 

multiplier effect, especially where it enhances what is already there, starting a ‘positive feedback 

loop built on a foundation of the relation between the grid structure and movement this gives rise 

to the urban buzz’ (Hiller, 1996). 
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Figure 5-29 People moving directly to and from the stations. People moving towards the 

stations (blue) and people moving away (orange). This is calculated by using the proportion of 

people entering or exiting each station as the percentage value for estimating the number of 

people moving towards or away the stations who are moving directly to or from the station and 

not just another nearby space. 

 

The results from the movement observation surveys showed movement is busiest in each case 

study during early morning and late afternoon as residents are moving to and from work. This is 

highlighted by the total number of people observed that are estimated to be moving to and from 

each station (Figure 5-29). Even without a survey this is easy to observe due to the long queues 

outside the cable-cars stations at these times (Figure 5-30), as a resident mentions ‘it’s get in 

line, get in line, and it takes ages’ (Agudelo et al., 2013). However, the movement observation 

surveys in this research go further than just measuring the number of people that enter and leave 

the stations, it uses the movement patterns to estimate the number of people that are directly 

moving to and from the station throughout the observed areas, and as a result understand the 

influence of the cable-car on local movement patterns. This shows that during early morning 
the cable-car has a direct influence over a large proportion of all movement, as between 
28% and 37% of this is estimated to be moving directly to the cable-car station, with Santo 
Domingo being the highest. However, by late afternoon the movement that is estimated to 
be directly moving away from the station, as people return from work, is dramatically 
reduced down to between 11% and 6% for all stations apart from La Aurora, which is 
considerably higher at 24%, which is almost the same as early morning at 28% (Figure 5-
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29). This one exception reveals a heavy reliance on the cable-car to generate pedestrian 

movement at La Aurora during late afternoon, which the other stations do not have. 

  

Figure 5-30 People queuing to access the cable-car. (Left) queues for cable-car during early 

morning at Santo Domingo and (right) queues forming at Acevedo station at the point of 

interchange from the metro train during late afternoon. These queues can often last over 30 

minutes during rush-hour.  

 

While the cable-car attracts lots of movement when it is open and especially during early morning, 

what is more revealing is the movement recorded at the same time and place when the cable-car 

closed. As the draw of the transport system is no longer there, so other factors are generating 

movement, such as the configuration of the urban grid. This can be best understood by comparing 

both end stations, Santo Domingo and La Aurora. When the cable-car is not open at Santo 

Domingo, while there is a clear drop in movement opposite the station, there is still a significant 

amount of movement occurring here because of the strong existing choice generated by the urban 

grid, as highlighted in the spatial analysis in Chapter 04. Conversely, at La Aurora, very little 

movement occurs opposite the station when the cable-car is closed, because choice here is very 

weak at the micro scale ‘without’ the cable-car connection, which was again picked up in the 

spatial analysis in Chapter 04. This shows that while both stations benefit significantly from an 

increase in local pedestrian movement because of the cable-car, when closed or less busy, at 

Santo Domingo there are configurational elements that allows pedestrian movement to continue 

to function at a decent level, whereas at La Aurora there is very little else contributing to local 

movement other than the cable-car (Figure 5-31).  

It is also possible to suggest that the cable-car is enhancing movement in Santo Domingo by 

primarily drawing in movement along the main commercial high streets in the neighbourhood, 

which are spaces shown to have good choice in the spatial analysis, especially at a local level. 

This then has the potential to encourage a multiplier effect. This is not the case at La Aurora, as 

instead of the cable-car enhancing existing movement in the surrounding, it is the main and 

potentially only mechanism for generating local pedestrian movement. This could potentially 

change in the future as more local attractions open and the neighbourhood expands, but this will 
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not generate natural movement. To do so the configuration of the urban grid within these large 

housing blocks would need to be addressed to natural movement to work alongside the 

movement created by the draw of the cable-car (Figure 5-31). 

  

Figure 5-31 Movement opposite the cable-car station at La Aurora (left) and Santo 
Domingo (right) during lunchtime. 

 

What appears to be pivotal to this success is the space directly opposite the station having good 

existing choice, as picked up during the spatial analysis. While this is prevalent at all the stations 

along Linea K, neither Vallejuelos or Juan XXIII have this (Figure 5-32). Without this type of space, 

it prevents instant connections to nearby local urban centres, it stops natural movement occurring 

opposite the station especially when the station is closed or not busy and importantly prevents 

follow on connections onto local buses that help to open the neighbourhood even further.  

Another factor that highlights the role of the cable-car is the difference between pedestrian 

movement patterns during early morning and late afternoon. While the spaces opposite all 

stations had a large percentage of all observed movement during the early morning, since there 

was nothing much else open, during late afternoon this percentage dropped for many locations 

as other local factors distribute movement more evenly. At Santo Domingo and Popular the 

percentage of all movement opposite the station during late afternoon dropped significant, yet at 

La Aurora this stays almost the same. This again shows that the cable-car at La Aurora is 

generating most of the movement observed, as during late afternoon when people are more 

inclined to occupy local streets for social activities, which the demographic observations showed, 

this does not appear to affect the movement percentages at La Aurora. 
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Figure 5-32 Pedestrianised public space opposite Vallejuelos (left) and Juan XXIII (right). 
No vehicular access is possible in the areas directly opposite the station at these two locations. 

 

While the cable-car is the main attractor for local case studies, even if this varies a lot, there are 

often other nearby attractions that also have the potential to influence movement. This is clearest 

to see at Santo Domingo, where some of Medellin’s most significant upgrading interventions are 

located. Here pedestrian movement, mostly during lunchtime and late afternoon, can be seen 

going towards the location of these. At the other stations it is hard to associate any local 

pedestrian movement to the attraction of nearby interventions, because there are so few of them 

in comparison to Santo Domingo, other than unattractive or poorly positioned public spaces. The 

way attractors influence movement is important because this can supplement natural movement 

generated by the urban grid and encourage a multiplier effect, which may have already transpired 

at Santo Domingo.  

Finally, it is worthwhile mentioning the influence of other nearby transport connection, specifically 

the metro at Acevedo. The appeal of Acevedo is very noticeable at Andalucia when the cable-car 

closed, as a large flow of people is observed moving to and from this station and is even visible 

when the cable-car is open. This may imply that the cable-car is not be required here, since the 

existing access to the metro is straightforward and this was something that the spatial analysis 

results showed in Chapter 04. This highlights the locational importance of each station, because 

where the existing urban grid already provides good connections with the rest of the city the 

necessity of a cable-car is questionable. This could also further expose a potential flaw in the 

planning of each cable-car line, as to reach topographically marginalised informal settlements, 
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like Popular and Santo Domingo, intermediary stations are needed, and these are often 

positioned poorly within the existing urban grid.  

  

  

  

Figure 5-33 Movement analysis comparison for each station. This indicates the times of the 

day where changes in the total number of people observed are noticeable during the cable-car 

closure. 
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Pedestrian movement in the areas surrounding the cable-car stations is clearly affected by its 

large attraction, what is less obvious is the proportion of movement affected by the urban grid 

(Figure 5-33). It has been possible to discuss these differences by recording pedestrian 

movement ‘with’ and ‘without’ the cable-car at multiple times of the day and at each case study. 

The results reveal where there is strong attractor movement and strong natural movement. This 

is important because the space-movement relationship ‘give cities their characteristic structures, 

and give rise to the sense that everything is working together to create the special kinds of well-

being and excitement that we associate with cities at their best’ (Hiller, 1996) 

 

5.7 Movement and space a special relationship 

Throughout the day movement around each station appears to a show tendency to be either 

generated by the attraction of the cable-car or as a response to the configuration of the urban 

grid. This is important because when the major attractors are positioned in a location to work with 

the urban grid the potential for the multiplier effect is greater. If destinations are poorly positioned 

this can have the opposite effect of ‘separating and restricting different forms of movement, even 

restricting the ability to stop travellers from moving and taking advantage of the by-product effect’ 

(Hiller, 1996).   

The next part of this chapter explores the relationship between the measured movement 

observations and the spatial analysis results for Choice, after both sets of results have been 

combined in the spatial model. This sets up a series of correlations that can then be compared 

between both cable-car line and each station, and as again this is completed ‘with’ and ‘without’ 

the cable-car. This will establish when and where movement and space is strongly connected 

and discuss how the cable-car interferes with this relationship.  

5.7.1 Movement to space for cable-car lines  

This starts by comparing the relationship between pedestrian movement and Choice for both 

cable-car lines, at each of the different times of the day and for each urban scale - micro, meso 

and macro.  
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Figure 5-34 Movement to Choice correlation coefficient analysis for each cable-car line. 
(Top) results for Linea K and (Bottom) Linea K. 

 

At Linea K the strongest relationship between movement and space is at the macro urban scale 

when the cable-car is open during early morning, where there is a low correlation coefficient value 

of 0.25r2. At Linea J this is during late afternoon at the macro urban scale ‘with’ the cable-car and 

has a higher correlation coefficient of 0.45r2. When the results for the different times of the day 

are examined, both cable-car lines demonstrate contrasting results. At Linea J the strongest 

relationship between space and movement occurs during late afternoon when the cable-car is 

open, yet during the same time of day at Linea K this is one of the weakest relationships. This 

same pattern is repeated for the strongest relationship at Linea K, which is during early morning 

‘with’ the cable-car and at Linea J these are some of the weakest (Figure 5-34). This is indicating 
that movement is generated very differently for each cable-car line and starts to repeat the 
findings of the spatial analysis in Chapter 04 that showed each line being very different.  
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Figure 5-35 Correlation coefficient results between choice and movement for Linea J and 
Linea K for Early Morning. 
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Figure 5-36 Correlation coefficient results between choice and movement for Linea J and 
Linea K for Late Afternoon. 

 

At Linea K the relationship between movement and space is strongest when the cable-car is open 

and especially during early morning when there are very few other facilities open and when the 

cable-car is closed these relationships drop slightly. This shows that the attractor movement at 

Linea K creates a stronger relationship between movement and space. However, because the 
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correlation coefficient results here are very weak this may suggest that this visible attraction 

movement is interfering with the relationship between movement and space. At Linea J, the 

relationship between movement and space is also better ‘with’ the cable-car, but unlike Linea K, 

this relationship drops sharply when the cable-car closes. Also, at Linea J, the relationship 

between movement and space is strongest during late afternoon ‘with’ the cable-car, which is the 

opposite time to Linea K (Figure 5-35, 5-36). This implies the relationship between movement 
and space at Linea J is dependent on the attraction movement of the cable-car, since there 
a such a sharp contrast between the ‘with’ and ‘without’ result, whereas at Linea K there 
is a smaller reliance on the cable-car as the results show smaller differences. 

By comparing the two different cable-car lines, it is possible to start to understand the role the 

cable-car plays in the relationship between pedestrian movement and the urban grid. This 

suggests the relationship at Linea J is more reliant on attractor of the cable-car, potentially 

because it draws people along underused streets that connect to the cable-car, but when it closes 

this relationship almost disappears. At Linea K, the disruptive impact of the cable-car appears to 

be much smaller, as the relationship between movement and space is very similar ‘with’ and 

‘without’. While both demonstrate the impact of the cable-car, it is very clear that the direct 

relationship between movement and Choice is very weak and this is the likely cause of the cable-

car interfering in the natural relationship, by disproportionately attracting movement to the cable-

car stations.  

 

5.8 Movement to space for cable-car stations 

While the influence of the cable-car on the relationship between movement and space is visible 

for each line, because of the very low correlation coefficient values it is hard to understand the 

exact reason. Therefore, this next section explores the same relationship for each of the stations 

to establish more clearly the role the cable-car plays in this relationship (Figure 5-37, 5-38). 

When the stations along Linea K are examined each reveal a different set of results ‘with’ and 

‘without’ the cable-car. At Santo Domingo there is a decrease in the relationship between 

movement and space when the cable-car closed, like Linea K, while at Popular the results ‘with’ 

and ‘without’ the cable-car are almost identical and at Andalucia the results are different again, 

as ‘without’ the cable-car the results are considerably better. This shows that at Santo Domingo 
there is a reliance on the cable-car to improve the relationship between movement and 
space, whereas at Popular, because there are very few changes between ‘with’ and 
‘without’, the influence of the cable-car is less relevant to this relationship. At Andalucía the 

results are very different because the large flow of pedestrian movement heading towards 

Acevedo when the cable-car is closed, result in the relationship between movement and space 

being very high and the correlation coefficient values significantly higher than the other stations 

of Linea K (Figure 5-37). Importantly, the results ‘with’ the cable-car at Andalucía still show 
a relationship between movement and space, and this is relatively similar to both Popular 
and Santo Domingo. 
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Figure 5-37 Movement to Choice correlation coefficient analysis for each cable-car 

station along Linea K 
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Figure 5-38 Movement to Choice correlation coefficient analysis for each cable-car 

station along Linea J. 
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When the cable-car is open it is during late afternoon that the relationship between space and 

movement for both Andalucía and Santo Domingo is highest, whereas at Popular it is very poor 

at this time. This could be because local activities are occurring elsewhere in Andalucía 
and Santo Domingo, helping to more evenly distribute movement and improve the 
relationship (Figure 5-37). 

For the stations along Linea J it is La Aurora that has the most interesting results. Here when the 

cable-car is open there are very high correlations coefficient values recorded, especially during 

late afternoon, which at the macro urban scale is the highest of any station, at 0.68r2. These 

results are very similar to Andalucía ‘without’ the cable-car, as similarly at La Aurora a major 

attractor is drawing in pedestrian movement along a street with important choice (Chapter 04). 

However, when the cable-car closed at La Aurora the relationship disappears to nothing as the 

correlation coefficient values for the same time of day are reduced to less than 0.1r2 (Figure 5-

38). As previously mentioned in the movement observation, most movement at La Aurora is 
driven by the presence of the cable-car and without it there is no relationship between 
movement and space, and this shows that the grid on its own does not generate 
movement. 

At both Vallejuelos and Juan XXII the movement patterns are mostly the same ‘with’ and 
‘without’ the cable-car, like Popular, and this shows that the Cable-car is having very little 
impact here. The one time of day that is different for either of these stations is early morning 

‘without’ the cable-car at Juan XXIII. This, as previously mentioned in the movement observations, 

is a time when a small number of people are recorded moving towards the Metro station at San 

Javier, hence there is increased movement away from the station and this could be helping to 

create a better connection with the urban grid (Figure 5-38). 

The relationship between movement and space varies a lot for each case study, however, it is 

the results from La Aurora and Andalucia that are most interesting (Figure 5-37, 5-38). This is 

because they both produce the highest correlation coefficient values of all the stations and 

intriguingly this is the result of attractor movement, not natural movement. Both have large flows 

of pedestrian movement moving along streets with high Choice values and this helps to distribute 

movement more evenly by creating clear high and low movement zones in each case that can 

then be related to similar types of space. This demonstrates the power of attraction movement 
at La Aurora and Andalucia to reconfigure the surrounding spaces, but without these 
attractions the relationship between space and movement dramatically drop. Though it is 
only at La Aurora where this relationship completely disappears, as at Andalucia the 
relationship still exists because of the urban grid. While this highlights the role, a major 

attractor can play in defining a location, it also shows the weakness of the local urban grid not to 

produce any natural movement to compensate for the lack of pedestrian movement going to and 

from a certain location if this attraction closes. 
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Figure 5-39 Correlation coefficient results between choice and movement for Santo 
Domingo and La Aurora - Early Morning. These are the two end stations of each cable-car 

line, where the cable-car provide the biggest direct connection into the city-centre. 
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Figure 5-40 Correlation coefficient results between choice and movement for Santo 
Domingo and La Aurora - Late Afternoon.  

 

These findings can be further explained by examining specific areas within an individual case 

study (Figure 5-41). At Santo Domingo, only the segments directly opposite the station (Figure -

41 - Case 02) and at the junction by Carrera 32 and Carrera 31 (Figure 5-41 - Case 01) are 

examined. These two areas were also previously discussed in the movement observations in 
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relation to the results of each observation zone. When the segments for Case 02 are examined 

to further understand the relationship between movement and space, during late afternoon ‘with’ 

the cable-car this relationship produces a higher correlation than the overall results for Santo 

Domingo, but ‘without’ the cable-car this relationship drops significantly. When the same results 

are examined Case 01 the relationship between movement and space here is similar for both 

‘with’ and ‘without’ the cable-car. As previously suggested in the movement observation surveys, 

this area is less affected by the cable-car, because the cable-car has a limited impact range. It is 

also worth highlighting that at Case 02 and 01 ‘without’ the cable-car the relationship between 

movement and space is a lot higher during late afternoon (Figure 5-41, 5-42). This could indicate 
that in isolated locations where movement is more likely to be generated by the urban grid 
the presence of the cable-car could be disturbing the relationship between space and 
movement.  

 

 

Figure 5-41 Localised Movement and Choice. Movement overlaid the results for Choice at 

Metric Radius 3500, highlighting isolated relationships. 

 

Case 01 Case 02 

Case 01 Case 02 

Early Morning - Santo Domingo 
Movement overlaid Choice at Metric Radius 3500 

Late Afternoon - Santo Domingo 
Movement overlaid Choice at Metric Radius 3500 
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Figure 5-42 Localised relationship between movement and choice at Santo Domingo. 
Here the case directly opposite the cable-car station witnesses large changes when the cable-

car closes, while the case further away appears less affected by the closure. 

  

The relationship between movement and space in the surrounding areas of the cable-car stations 

suggests a mixture of attractor movement drawn towards the station along important local routes 
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and natural movement generated by the urban grid. Intriguingly the connection between choice 

and movement is strongest when the cable-car is open, suggesting that the presence of the cable-

car encourages more pedestrians to move through spaces that are traditionally predicted to be 

areas of high movement, but in these informal settlements they are used less ‘without’ the cable-

car. This highlights the importance of understanding the configuration of the existing urban grid 

as a major new attractor can be used to generate movement and fix local failings in a fragmented 

grid. 

 

5.9 Where movement connects to space  

When choice was correlated to the movement observations there were very few strong 

relationships, yet, when movement is observed individually or is isolated to local areas, the 

connection between the two becomes stronger. This suggests that in isolation choice relates to 

movement but when a larger network is examined this relationship falls apart and this could 

partially be because of local restrictions in the movement observation, discussed at the beginning 

of this chapter. Therefore, the final section in this chapter explores the relationship between 

choice and movement in more detail to explain why this previous correlation was weak. 

 

Figure 5-43 Average choice values for pedestrian movement. Here average choice values 

per movement density groups are calculated. 

 

When the average choice value per movement groups is calculated (Figure 5-43) this shows the 

segments with the largest volume of people moving have higher choice values and this is clearest 



279 

to see for the ‘with’ scenario at the macro urban scale (metric radius 10000). This demonstrates 

that more people move along the spaces with the highest predicted movement flows. It is also 

significant that this is easiest to observe at the macro urban scale, as it was the larger urban 

scales that the spatial analysis suggested were the most important, since they provided a strong 

connection beyond the stations and are most likely to be used by buses. It was also at this scale 

that the impact of the cable-car was greatest. This explains why there was a significant reduction 

in the average’s values when the cable-car closed, since there were less people using these 

routes. Also, significant are the average values being higher at the micro urban scale (metric 

radius 1000) ‘without’ the cable-car and this may suggest that ‘without’ a cable-car people connect 

stronger to the urban grid at a local scale, but not the larger scale. So locally the cable-car is less 

significant, but, at a larger scale it is needed to attract movement along the main ‘through’ routes, 

as without this people are less likely to need to walk along these paths (Figure 5-43). 

 

 

Figure 5-44 Average Number of Pedestrian to Metric Step Depth Vales. Here the average 

number of people per metre is calculated for each metric step depth group at Santo Domingo 

(top) and La Aurora (bottom).  
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The significance of the cable-car to attract movement can be explored in more detail by examining 

where most people are observed in relation to the station and this is done by connecting the 

movement observations to the metric step depth results, from Chapter 04. When the two current 

busiest stations are observed, Santo Domingo and La Aurora (Figure 5-45), the average number 

of people observed is highest is areas within 100m of the station. In general, when the cable-car 

is open the density of people drops further away from the station and this is clearest at Santo 

Domingo. When the cable-car closed these results are different, as the number of people 

observed is more evenly spread within each of the areas observed at Santo Domingo and La 

Aurora and there is no spike directly opposite the station within 100m. It is worth highlighting that 

the spaces closest to the station at La Aurora, with 100m, has the lowest average number of 

people observed. What this demonstrates is that a large proportion of all movement observed can 

be directly related to the cable-car as the differences ‘without’ the cable-car to ‘with’ for the areas 

within 100m are between a 96% and 185%. 

 

 
Figure 5-45 Average Number of Pedestrian to Angular Step Depth Vales. Here the average 

number of people per metre is calculated for each metric step depth group at Santo Domingo 

(top) and La Aurora (bottom). 
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Throughout this research it has been suggested that movement connects to the pathways that 

join each station. So similarly, to before, this can be examined by connecting the movement 

observations to the angular step analysis results from Chapter 04. These results show that when 

the cable-car is open the majority of people observed at La Aurora and Santo Domingo are in the 

spaces visibly connected to the cable-car and when the cable-car closed these drops 

considerably. At Santo Domingo when the cable-car closed and during late afternoon, the spaces 

within one angular turn (90 degrees) of the stations are still marginally the most populated, 

whereas the same spaces in La Aurora are the least populated. This reinforces previous 

arguments in this research that at Santo Domingo the cable-car connected successfully to the 

existing urban grid that naturally generated movement on its own, whereas the La Aurora the 

space directly connected to the station are heavily reliant on the cable-car to generate movement 

and the existing urban grid is not strong enough to do so (Figure 5-45). 

From this further examination into the relationship between movement and choice it becomes 

apparent that local pedestrian movement connects to the spaces with the highest choice values 

and at the same time it also relates to the positioning of each cable-car station. From this it is 

apparent that movement connects strongest to the urban grid at the local scale ‘without’ the cable-

car, but where it does connect to larger urban scales there are more positive changes ‘with’ the 

cable-car. Then the positioning of the cable-car station appears to relate more strongly to existing 

movement flows at Santo Domingo, whereas at La Aurora there are fewer existing relationships. 

This is important, because the previous correlations could only suggest these types of connection, 

yet, by examining more directly these relationships the importance of the urban grid and the 

positioning of the cable-car within it becomes more apparent.  

 

5.10 Findings: movement, space and the cable-car  

Main Findings: 

• Movement is generated very differently for each cable-car line and this starts to 
repeat the findings of the spatial analysis in Chapter 04 that show each line being 
very different. 

• The relationship between movement and space at Linea J is dependent on the 
attraction movement of the cable-car, whereas at Linea K there is a smaller reliance 
on the cable-car. 

• At Santo Domingo the cable-car improves the relationship between movement and 
space, because attractor movement is drawn along the main streets leading to the 
station and movement proportionately occurs elsewhere in the neighbourhood. 
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• Most movement at La Aurora is driven by the presence of the cable-car and without 
it there is no relationship between movement and space, showing that the grid on 
its own does not generate movement. 

• Large attraction movement at Andalucia also reconfigures the surrounding 
spaces, but unlike La Aurora, here the relationship between movement and space 
still exists when the cable-car closes because of the urban grid. 

• At both Vallejuelos and Juan XXII the movement patterns are mostly the same 
‘with’ and ‘without’ the cable-car, like Popular, and this shows that the cable-car is 
having very little impact here, just as the movement observations suggest. 

• The spaces with the highest number of pedestrian movements also have the 
highest average choice values and when the cable-car is open it is the spaces that 
have the most direct connections to the cable-car that generates the largest 
movement flows. 

As Hillier explains ‘the primary elements of urban form, that is, the structure of the urban grid, the 

distribution of land uses and the assignment of development densities are bound together by the 

principle that relates the structure of the urban grid to the by-product of movement’ (Hiller, 1996). 

Through this examination into the relationship between movement and space it became clear that 

this is determined by both the attraction of the station and the configuration of the urban grid. 

Where these both combine positively this allows the cable-car to support the existing network of 

pedestrian movement generated by the urban grid and for natural movement to function when 

the cable-car is less busy or closed. However, when the urban grid is weak or the connection to 

the cable-car poor, this results in movement solely dictated by either the attraction of the cable-

car, creating a ‘negative attractor’ or a weak spatial configuration of the urban grid creating weak 

‘natural movement’, resulting in a negative combination of movement and space.  

The station that best demonstrates this negative combination is La Aurora. When the cable-car 

is open, its spatial connection here with the rest of the city drastically redefines the 

neighbourhood, encouraging most of all movement to flow along Calle 64, which runs 

perpendicular to the cable-car lines and connects directly to the station and has the highest 

Choice value of any segment in the observation area. This created the strongest correlation 

coefficient between movement and space of any station when the cable-car is open. Yet, when 

the cable-car is closed, the neighbourhood reverts to its previous isolated state and movement 

no longer passes along the same routes and the relationship between movement and space 

becomes non-existent, even during late afternoon when residents are most likely to occupy open 

space. So, while the cable-car has greatly improved the spatial connectivity of this topographically 

marginalised neighbourhood, without this connection the local urban grid becomes very weak and 

movement has nothing to respond to, neither a major attractor nor the urban grid. From this it is 

possible to understand the significant role the cable-car plays in dictating movement. A similar 

scenario is evident at Andalucía with the draw of the Metro station ‘without’ the cable-car, however 
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the difference here is when this attraction is removed, natural movement is still evident because 

the configuration of the local urban grid can generate it. 

The different times of the day have the potential to attract different types of movement, which then 

affect the relationship between movement and space. This is because during early morning there 

is very little else open to attract movement other than the cable-car, so most of all pedestrian 

movement recorded is influenced by the cable-car. Then, during late afternoon when more 

movement patterns are recorded all over the neighbourhood, as discussed in the movement 

observation surveys, a smaller proportional of all movement is drawn towards the cable-car, so 

the influence of the cable-car is reduced. This would logically suggest that the role of the urban 

grid increases during late afternoon and with it the relationship between movement and space 

would increase, however there are only subtle signs of this happening at the stations. However, 

when individual areas are studied in Santo Domingo this is easier to see, as it becomes clear that 

during late afternoon there is a stronger relationship between movement and space in areas 

disconnected from the cable-car. 

When the exact location of the spaces with the highest pedestrian movement is observed, this 

indicates a connection to high average choice values, yet, what is most fascinating is that this 

connection is highest ‘without’ the cable-car at the micro scale, but strongest at the macro scale 

‘with’. This reinforces the argument that the local scale is not affected by the cable-car but 
when the cable-car connects beyond the station the spaces that provide this connection 
are enhanced. This examination also revealed the very direct influence of the cable-car, as the 

spaces with the most direct contact to each station had the highest number of pedestrian 

movements, when the cable-car was open. When it was closed, this revealed the strength of 

connecting directly to existing spaces with high choice values, as the spaces directly connected 

to Santo Domingo remain heavily used, whereas at La Aurora these become heavily underused 

and this reveals the weakness of the nearby urban grid without the cable-car. 

What is clear from these results is that the natural relationship between movement and space has 

been altered dramatically by the introduction of cable-car and intriguingly in many cases this has 

improved the relationship, by encouraging more movement along the spaces that should naturally 

generate movement. Suggesting that the observed informal settlements do not generate these 

natural movement patterns on their own. 

 

5.11 Conclusions: space, movement and attraction an informal complexity  

By introducing a new spatial connection to topographically marginalised informal settlements the 

cable-car was able to link these to the main metro line, forming a greatly improved connect with 

the rest of the city. This had the added benefit that urban upgrading interventions ‘could attach 

and expand their area of influence’ through the extensive reach of the cable-car (Samper 

Escobar, 2010). This can be seen to realise Fajardo’s ambitious aim of ‘reconnecting Medellin’s 
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segregated pieces’ (McGuirk, 2015). However, the extent of impact of the cable-car at location is 

much more difficult to interpret, as it varies greatly from station to station.  

The spatial analysis findings in Chapter 04 started to highlight this by demonstrating the 

improvement to the urban grid, but in doing so this highlighted that the impact is often very small. 

Therefore, it was important to understand how this impact could influence local activities. This is 

initially done by measuring movement and then examining its relationship with space. This is 

important because the configuration of an urban grid has the potential to generate natural 

movement and carefully positioned local attractors can be used to enhance this, which then 

increase the opportunities for social interactions. Therefore, the reconfiguration of the surrounding 

space enhances the potential for an ‘urban buzz’ or ‘street life’ to be formed, which in-turn 

encourages further movement as the ‘multiplier effect’ develops (Hiller, 1996). 

To address these issues, this chapter responded to the research question: when a local urban 

grid is reconfigured via an enhanced spatial connection, such as an urban cable-car, does this 

also reconfigure local movement patterns? And if so, to what extent does the location of each 

station within the urban grid influence local movement? While it is obvious that the cable-cars 

influence local movement, it is more difficult to differentiate the role the urban grid plays in local 

movement. This is because while movement visibly appears to be most active along the important 

routes towards each station, which have also been highlighted in the spatial analysis as having 

strong choice, because the draw of the station disproportionately attracts movement this makes 

it difficult to directly relate movement to space. This was potentially made worse by the movement 

observations often being restricted to areas that could be observed safely and within sight of other 

people, so the recommended variety of areas for this type of observation could not be obtained. 

To compensate for these flaws this research explored the relationship between choice and 

movement, this is because the movement observations focussed on spaces with high ‘through’ 

movement and choice predicts these. Though this did not show many of the typical correlations 

that past studies have demonstrated it did reveal isolated relationships. Furthermore, it showed 

that the cable-car increased pedestrian movement along the most important routes in and out of 

each, thus the relationship between movement and choice at the macro urban scale became 

stronger, but at the local neighbourhood it was made worse. Again, revealing the importance of 

existing urban grid, as the cable-car can enhance the major connections in and out of a 

neighbourhood, but does little to alter the local grid. 

However, because comparisons are used between different times of the day, which indicate 

different usage patterns and because a ‘with’ and ‘without’ scenario is compared, it is possible to 

formulate an understanding of the influence of the cable-car, without relying on strong 

correlations. From this it appears that certain stations rely heavily on the presence of the cable-

cars to generate movement and where these stations do not have natural movement to 

compensate the large drop in attractor movement when the cable-car closes, these appear to 

suffer the most from the temporary closure, such as La Aurora. However, where a location can 

utilise both attractor movement and natural movement because of a well-positioned station, these 



285 

appear to thrive by taking advantage of both types of movement, as seen at Andalucía and Santo 

Domingo.  

In Medellin ‘physical infrastructure and architecture became the tools for transforming the city and 

bridging the gap between inequalities’ (Samper Escobar, 2010). However, past commentators 

have highlighted how inequality still exists, as ‘despite this period being characterised by an 

important economic increase within the city, inequality, measured by the Gini coefficient, stayed 

approximately the same’ (Duque et al., 2013). This is because socioeconomically the residents 

of the upgraded neighbourhoods, including those that have a cable-car, have not witnessed large 

changes. Nonetheless, it is possible to observe localised changes in these areas, as in the areas 

where the cable-car was introduced the greatly enhanced spatial connection with the rest of the 

city has resulted in large changes to local pedestrian movement patterns. From this there is the 

potential to form more social interactions or even create an ‘urban buzz’, which can then multiple 

into a larger distribution of commercial land-uses. 
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CHAPTER 6 - COMMERCE AN INDICATOR OF CHANGE 

 

6.1 Chapter introduction 

The previous chapter confirmed that local pedestrian movement responded to the introduction of 

a new cable-car, especially when it connected to existing choice, highlighted in the spatial 

analysis (Chapter 04). This chapter builds upon these previous findings and looks at the material 

impact of this increase in pedestrian movement in the form of the distribution of commercial land-

uses in the surrounding areas of each cable-car station. This is done by first accurately recording 

the location of each commercial outlet that is open throughout the day (using the same 

observation times as the movement observation surveys), in all their shapes and sizes, and 

connecting their location to either the configuration of the urban grid or attraction of the cable-car. 

This allows the distribution of commercial outlets to become a measurable indicator of change 

that results from the introduction of the new connectivity solutions in topographically marginalised 

informal settlements. 

 

6.2 Where is the impact? 

The transformation of Medellin’s informal settlements is often represented by iconic architectural 

statements and bold innovative transport, such as the library-parks (Figure 6-1) and the urban 

cable-cars. Both sitting in front of a backdrop of informality. Brand and Davila point out, the aim 

of this was to ‘activate the power of aesthetics as a motor for social change’ (Brand and Dávila, 

2013). Brand expands upon this point by explaining the municipal administration spoke of building 

architecture, ‘which the people can be proud of, which builds the community’s self-esteem and 

sense of belonging’ (Brand, 2013c). These bold statements therefore had the objective of 

addressing social inequality through the establishment of new public facilities within high quality 

design. 

While these actions visually transformed previously poor and violent neighbourhoods, there are 

still major questions about what exactly the impact of these interventions has been and 

importantly, how can this be measured. This is because, as Coupe and Cardona point out ‘it is 

difficult to disentangle their effect from city-wide trends such as macro-economic processes, the 

effect of urban and social policies and other spatial-physical interventions’ (Coupe and Cardona, 

2013). This is made worse by local socioeconomic surveys still showing Medellin as a heavily 

divided city between the rich and poor and local socioeconomic conditions for people living nearby 

the interventions not changing much over the last 15 years. As Coupe explains, this is because 

‘despite new policies and considerable investment that helped improve living conditions, the city’s 

human development index and levels of inequality (through measures like Gini coefficient), 

suggest that levels of inequality remain high’ (Coupe, 2013). 
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Figure 6-1 An iconic symbol of Medellin. Biblioteca españa and the metrocable. Image from 

www.archdaily.com/2565/espana-library-giancarlo-mazzanti 

 

Yet, there are signs that ‘economic activity improved in the decade following the launch of the K 

line and the subsequent major urban upgrading efforts’ even if this is very much limited to areas 

directly surrounding the cable-car (Coupe and Cardona, 2013). So, while these developments 

appear to have done little to ‘overcome the city’s serious inequality problems between rich and 

poor’, there are indications that people directly opposite these developments are starting to 

benefit (ibid). As there are ‘rises in the number of both informal street sellers and formal 

commercial outlets such as shops and bars’ in the areas affected by the cable-car (Figure 6-2), 

but this ‘becomes less evident two blocks away from the stations’ (Agudelo et al., 2013). So while 

a lot of Medellin’s urban upgrading rhetoric is often hard to prove, it is evident that changes have 

occurred and this is often most evident in the spaces surrounding each cable-car station.  

As the previous parts demonstrated, this is because the introduction of a new spatial connection 

provided improved accessibility for these previously segregated neighbourhoods and in doing so 

it altered the way people connected with other parts of the city and the way residents move 

through their local neighbourhoods. The increase in pedestrian movement has encouraged 

commerce to settle in these areas, since these spaces offer regular high numbers of passing 

pedestrians, all potential customers. As Hillier states ‘every retailer knows that you should put the 

shop where people are going to be anyway’ (Hiller, 1996). 

With this distribution the importance of the configuration of the urban grid becomes clear, as 

‘space organisation in settlements first generates movement patterns, then influences land use 

choices, and these in turn generate multipliers effects on movement with further feed-backs on 
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land use choices’ (ibid). From this it is clear to understand that certain land uses, such as shops 

tend to ‘cluster in street segments where the spatial configuration has already allocated enough 

movement to support a profitable customer base’ (Liebst, 2015). As the previous chapter alluded 

to, this may have been the case for many of the cable-car stations, resulting in a large cluster of 

commercial outlets nearby the entrance. This implies that the configuration of the local urban grid 

in the surrounding areas of the station first generated positive space of choice, providing natural 

movement and then when the cable-car is positively located in relation to these spaces this 

generates further movement along these spaces and this encourages the knock-on effect of 

commercial outlets.  

 

Figure 6-2 Carrera 31a at Santo Domingo. This street connects the Spanish Library to the 

cable-car station and is densely packed with commercial outlets. Photo taken in 2015 by author. 

 

While the transformation of Medellin’s informal settlements is often associated with iconic 

architecture (Figure 6-1) and innovative transport, supporting the slogan “the most beautiful for 

the humblest”, this does little to demonstrate the real impact of the upgrading program. However, 

there are small indications of local change occurring in the space surrounding each stations and 

this is most notable with the increase in local commercial activities (Coupe and Cardona, 2013). 

This type of commerce is heavily rooted within the traditions of the informal economy and it is not 

always easy to understand, being dynamic and responsive to the needs of the local customers. 

This was discussed in detail in Chapter 02. Simone and Febriyani describes this type of 

commerce, as less about ‘following the right way of doing things, of kicking money through the 
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right channels, or of knowing what your designated spot allows you to do. Rather, it is constantly 

learning how to inhabit a world where price is an opening salvo into uncharted waters, where 

selling is a way of operating between the lines, and where everything is yet to be worked out’ 

(Simone and Febriyani, 2015). 

Therefore, the objective of this chapter is to develop a thorough understanding of how the 

reconfiguration of the urban grid through the introduction of a cable-car has impacted on the 

distribution of commerce and how this represents an indicator of change.   

 

6.3 Method of analysis: commerce  

To examine this, the chapter is broken done into 3 main parts. The first part examines the 

distribution of all the commercial outlets recorded onsite, by detailing where and when each type 

of outlet appears in the different case studies. The next part investigates the direct relationship 

between the distribution of commercial outlets and spatial configuration of the urban grid, by 

correlating the frequency of commercial outlets to the values of Choice. Then the last part of the 

chapter examines the relationship between commerce and movement by correlating the 

frequency of commercial outlets to the results of the movement observations (Figure 6-3). 

 

 

Figure 6-3 Commerce analysis workflow 

 

6.3.1 Method of analysis: land-use surveys 

This chapter starts by examining the municipality’s commercial land-use data from the quality of 

life survey and the freely available GIS data. These data sources are discussed in Chapter 01. 

This provides the opportunity to outline why the municipality’s data is showing large disparities to 
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this research and highlights the importance of conducting a local land-use survey to capture the 

very diverse informal economy. 

This is because commerce in informal settlements is not often simple to understand, due to its 

informal distribution and dynamic facilitates and products, as previously discussed. Coupe and 

Cardona point out ‘shops generally sell a combination of food products including fruits and 

vegetables, personal hygiene products and other basic necessities purchased in bulk from 

wholesale markets’ (Coupe and Cardona, 2013). They further explain that customers ‘who belong 

to the same socio-economic strata as the shopkeepers, buy products regularly and in small 

quantities for daily needs since they lack the purchasing power to buy and store in bulk’ and many 

of the ‘informal businesses barely manage to survive, especially in the case of small shops selling 

through house windows’ (ibid).  

	
Figure 6-4 Commercial Survey Fieldwork Notes. 

 

To record these non-standard practises, a series of detailed commercial land-use surveys were 

conducted onsite (Figure 6-4) to record the commercial outlets that were open at different times 

of the day (closed outlets were not recorded). This was done through the simple process of 

marking the type of commerce and its facility type onto the correct location of a map for each case 

study and was completed at different times of the day, using the same observational time as the 

movement surveys and included observations ‘with’ and ‘without’ the cable-car. The surveys used 

20 different types of commercial product (Table 6-2) and three types of facilities (Table 6-1) for 

each outlet recorded. The 20 different types of commerce were established during initial onsite 
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observations and cover every type of product sold within each location, of which many of these 

crossovers and are sold together with other products in the same outlet. It was very common to 

record an outlet under multiple types. Three different types of facilities are recorded to allow the 

dynamism of commerce to be understood. These are either ‘regular’ commerce, which provides 

traditional facilities for a standard shop, such as shelves, cash registry and internal access (Figure 

6-5); ‘irregular’ where facilities have been adapted for commerce, these are non-traditional 

facilities where the transaction is often conducted through a window, where there is no internal 

access and are usually setup to supplement an income (Figure 6-6); and finally ‘street vendor’ 

where commercial transactions are conducted on the street (Figure 6-7). 

COMMERCE FACILITY TYPE 

REGULAR (REG) These are standard facilities that can be easily 
recognised as a commercial outlet, with a 
traditional permanent and static facility. Also 
standard features such as shelving for 
products, cash registry and the ability to 
browse the products internally. 

IRREGULAR (IR) These are non-standard facilities that have 
been altered and adapted for a commercial 
outlet, these are often not permanent, but are 
still static. This have non-standard facilities, 
such as transaction conducted through a 
window, residential apartments alter to be a 
commercial outlet or sells conducted via a flat 
buzzer. 

STREET VENDOR (SV) These are facilities that are temporarily setup 
on a street, with the transactions being 
completed on the street too. While the type of 
street vendors often vary from fixed stalls to 
portable stalls to items sold directly off the 
street pavement this classification cover all. 

Table 6-1 Each commercial outlet facility recorded during the commercial land-use 
surveys. These attempts to represent the nonstandard and nonconforming types of commerce 

that are often missed out in traditional land-use surveys. 
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Figure 6-5 - Regular Commerce. (Left) Santo Domingo and (Right) Popular. Photos taken in 

2015 by author. 

 

		 	

Figure 6-6 - Irregular Commerce. (Left) La Aurora and (Right) Santo Domingo. Photos taken 

in 2015 by author. 

 

		 	

Figure 6-7 - Street Vendors. (Left) Popular and (Right) La Aurora. Photos taken in 2015 by 

author. 
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COMMERCE PRODUCT TYPE 

FRUITS & VEG (FV) Fresh Fruit and Vegetables. While this is 
regularly sold inside shop, it can also be sold 
on the side of streets and as a snack, such as 
a pack of sliced mango. 

JUICE (J) Fresh Fruit Juice. Very popular in Colombia 
due to large supply of fruit and is often sold on 
the side of the street as an easy refreshment.  

FAST FOOD (FF) Fast Food. This is classified as a food that can 
be prepared quickly and easily and is often a 
mix of traditional western cuisines such as 
chips and pizzas, and more traditional 
Colombia foods like local sausages and 
arepas (cornbread).  

CONFECTIONARY (CON) Confectionary. This is defined as a convenient 
snack such as sweets / candy and potatoes or 
plantain crisp, which are very popular 
especially with children.  

ENTERTAINMENT (E) Entertainment. This is defined as items that 
bought for personal enjoyment, such as DVDs 
or computer games. Often illegal copies can 
be sold directly off the street floor. 

BAKERY (B) Bakery. This is somewhere that sells fresh 
baked goods, such as bread or cakes. These 
are often popular places for locals to purchase 
a small coffee, locally referred to as ‘tinto’, 
which is instant coffee with lots of sugar and 
is very cheap. 

DRINK (D) Alcohol. Somewhere that sells alcoholic 
drinks. This is a very popular and cheap item 
to sell, with outlets often setting up seats 
outside to allow customers to drink their beer 
nearby. 

GAMBLING (G) Gambling and Lottery. This mostly covers the 
locations where a lottery ticket can be 
purchased, these are spread throughout the 
city and have a large presence in many of the 
poorer neighbourhoods. 

FUN (F) Fruit Machines. These are simply locations 
that house fruit machines which is extremely 
popular, especially with children and can often 
be found inside and outside small shops.  

GENERAL STORE (GS) General Store. These are shops that sell 
products other than fresh items, such as dry 
and tinned foods, cleaning products or plastic 
goods. These are almost always found inside 
a fixed location. 
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BILLIARDS (BIL) Billiards. This is somewhere locals can play 
billiards, which is a hugely popular pastime in 
Medellin and often located inside a facility 
where alcohol can be purchased. It is also 
mainly a male orientated pastime. 

CLOTHES (C) Clothes shop. These are locations where 
clothes can be purchased and are often 
located alongside general stores. 

MEAT (M) Butcher. This is where fresh meat can be 
purchased, mostly located inside fixed 
premises and are regularly sold alongside 
fresh fruit and vegetables. 

PHARMACY (P Pharmacy. This is somewhere both 
prescribed and non-prescribed medicine can 
be purchased. As per the USA culture, 
medicine is regularly advertised and promoted 
in Colombia. 

CAFÉ (C) Café. This is defined as somewhere a 
customer can enter and sit down and have a 
quick meal or snack. This differs from fast-
food, as the meals are not junk food and 
customers spend more time sitting down 
inside the premises. 

CONSTRUCTION MATERIALS (MA) Builder’s Merchant. This is where construction 
materials can be purchased, which is 
extremely important for many locals who have 
to rely on building or upgrading their homes 
and cannot afford to travel long distance to 
purchase these items. 

INTERNET / IT (I) Internet and IT support. These are locations 
where residents go to use the internet or play 
video games and are also where IT facilities, 
such as printing, or photocopying can be 
found. 

HAIRDRESSER (H) Hairdresser. This is where people go to get 
their haircut and includes both male and 
female hairdressers. These are often very 
popular places to hangout for youths. 

MOBILE MINUTES (MIN) Mobile Minutes. Due to the large expense of 
phoning between different networks in 
Colombia, people on the street offer cheap 
one off calls to the same network. These 
mobile minute sellers are scattered all across 
major cities in Colombia. 

RESTAURANT (R). Restaurant. This is where people go to sit 
down and have a formal meal. These are 
different form cafes by the formality of 
ordering from a menu and being waited for. 

Table 6-2 Each commercial type recorded during commercial land-use surveys. It is very 

common for outlets to provide a mixture of the above types.  
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After the commercial land-use surveys were completed, the results are mapped for each case 

study using QGIS. This allocates each recorded commercial attribute, its type, facility and time of 

day, to the corresponding building in the map and when the outlet was a street vendor these 

values are attributed to a new point added to the map, where the street vendor and its attributes 

were recorded. The process is repeated for each observation time period and case study, so that 

each time and case study have its own map. The different commercial attributes in each of these 

maps can then be highlighted showing the varying distribution patterns of the commercial outlets 

at each case study and time of day. 

 

6.3.2 Method of analysis: commerce and space 

The results of the land-use surveys can then be used to connect to the spatial analysis results to 

examine the relationship between the distribution of commerce and the spatial configuration of 

the urban grid. To do this, each commercial outlet is connected to the adjacent segment of the 

spatial model using a connector line drawn in QGIS between the outlet and segment. This allows 

the commercial attributes (type, facility and time) inputted into each outlet location to be joined to 

these connectors and then joined to the adjacent segment (Figure 6-8). However, because there 

are multiple connectors going into a single segment, the commercial values are aggregated for 

each segment. So, if there are four ‘regular’ commercial outlets adjacent to a segment, this 

segment will have a value of four in the ‘regular’ commerce column, and this same process is 

completed for each commerce type and facility and for all open outlets too. The same process is 

also completed in reverse, where the spatial values are joined, via the connectors, to each outlet 

in the commercial land-use maps. This allows the commercial outlets to be grouped by spatial 

analysis values and the movement values, which are a part of each segment. As per the 

commercial land-use maps, this process is completed for each time of analysis and each case 

study. 

To make the relationship between commerce and space precise and relatable to the previous 

movement results, only the results for choice are correlated to the commercial attributes. 

However, there are complications with attaching this type of informal commerce to a very informal 

urban grid. This is because the simple method of attaching each outlet to the nearest segment 

and aggregating the total number of outlets (including each type and facility) per segment is very 

problematic, because of the many small segments commonly found in an informal settlement. 

This is made worse by the very uneven areas of space occupied by each commercial outlet in an 

informal settlement, as a window ledge or a stall on the street is clearly not comparable to a single 

use permanent shop. This results in some long segments having a disproportionately high 

number of commercial outlet and some smaller segments only having a single outlet value and 

this is exaggerated further by the very small sample sizes collected, especially during early 

morning and when the cable-car was closed, when only a handful of outlets are recorded. 

This is a problem that has occurred before, as Ortiz-Chao and Hillier discuss ‘a random shop 

falling on a short line with few dwellings will be assigned a higher rate than one falling on a long 
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line, though both may be equally chance events. In long lines, each event shop will contribute 

less to the rate giving a false picture of its opportunity to happen’ (Ortiz-Chao and Hillier, 2007). 

Ortiz-Chao and Hillier resolved this issue by using logistic regression, which is a multivariate 

technique where multiple variables are questioned ‘retail or not’. However, this does not take into 

account the uneven distribution of retail in informal settlements, which is ‘very irregular and 

changes substantially from block to block’ and nor does it account for how multiple shops (or 

street vendors) can occupy one single plot (Buendia, 2007). Another flaw in this case is scale, as 

where there is many outlets connected to a large network these types of anomalies can often be 

reduced. However, this research is focussed on a very small catchment area directly surrounding 

each cable-car station and, unlike other traditional land-use surveys, this only records open 

commerce, which results in certain locations and times having very low numbers.  

	

Figure 6-8 Attaching informal commerce to informal space - a nonstandard problem. 
When commercial outlets are attached to the nearest segment, this does not consider the 

varied sizes of outlets occupying each space, as a ‘street vendor’ inhabits a very different size 

of space to a ‘regular’ outlet (segment a & b above). Nor, does this method consider pedestrian 

friendly spaces (b) that encourage more vendors that a standard space (a). Also, very small 

sample sizes (during early morning and at Linea J) and small segments formed by the informal 

grid result in a very small number of outlets, sometimes just one, connected to a segment 

making a simple correlation impossible. 

 

As a result, it is not possible to use individual segments as the unit of analysis, since these cannot 

be evenly measured against each other, especially if all commercial outlets are thought of as 

equal. Nor is it possible to do the reverse and use the outlets as the unit of measurement, since 

it is impossible to accurately account for their large size variations or where there is an outlet 

above another outlet (Figure 6-8). From a practical point of view, it is not possible to accurately 

record the size of each during the fieldwork, nor can the base maps be relied upon to measure 

the outlet area. This is especially problematic for ‘irregular’ outlet, as previously described, these 
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often function through a small opening in the building, such as a window and door and at the 

same time street vendors usually only occupy a single point in space, hence measuring the area 

of each building would be an unfair comparison.  

 

Figure 6-9 Choice values acting as the analysis measurement for commerce. Because of 

the above flaws (Figure 6-8), commercial outlets are grouped together by the value of Choice 

for the nearest segment of each outlet, allowing the total number of commercial outlets 

(including each facility type) associated with each Choice value (rounded down to a common 

value) to indicate how well connected each type of outlets is to the configuration of the urban 

grid. This is normalised by the calculated the average distance between outlet for each Choice 

group. This helps to minimise the effects of low numbers and short segments. 

 

To resolve this the values from the spatial analysis are instead used as the main unit of 

measurement to connect the commercial outlets. This is simply done by grouping together 

segments by their spatial analysis value and analysing the aggregated number of commercial 

outlets within each group, as it is not possible to normalise each outlet via its area of space, since 

the type of commerce are very different. The total number of outlets within each group are then 

standardised by calculating the total length of each group and dividing it by the number of outlets 
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within it, thus the average distance between each outlet is calculated per group. This allows the 

results of each group to be comparable (Figure 6-9). This allows the results within in each group 

to be plotted in a scatter gram and then a regression line is added to determine a correlation 

coefficient for the frequency of commercial outlet per group to the value of Choice. This is made 

possible by the fact that the Choice values are normalised, allowing an equal and balanced 

comparison between different locations (Hillier et al., 2012). So that the groups are large enough 

to consider the small distributions of commerce, the Choice values are lowering to one decimal 

point making the segment groups larger, but in doing so there are fewer groups (Figure 6-8). This 

method is repeated for each type of commerce, urban scale (micro, meso and macro) and time 

of day (including ‘with’ and ‘without’), to provide multiple results that can then be compared to 

determine the influence of cable-car at each analysed case study. While this is not a perfect 

method for connecting commerce to space, due to the type of urban fabric being studied this 

provides the best available solution to compare the impact and influence of the cable-car in 

relation to the configuration of the urban grid. 

 

6.3.3 Method of analysis: commerce to movement 

A similar method of analysis is used to examine the relationship between commerce and 

movement. Instead of grouping together the segments by the spatial analysis values, they are 

grouped together by the movement intensities from the movement observations and the 

distribution of commercial outlets within each of the groups are then examined. However, because 

the commercial outlets connect to a lesser number of segments with a movement value than ones 

with a spatial value, this cross analysis is completed for all outlets combined and comparatively 

between both lines, as the number of outlets recorded for each station would often be too small 

to complete this analysis. This provides another set of results that can be used to further 

understand how movement influenced by the attraction of the cable-car affects the distribution of 

commerce. 

This chapter will show how a detailed study of very complex commerce in an informal settlement 

can be used to understand its relationship to space and movement, so that the role the cable-car 

plays in distributing commerce can be better understood. 

 

6.4 Commerce land-use as a static object 

In Colombia the ‘neighbourhood shop is a deeply rooted institution’ and ‘small shops account for 

‘51% of the food market’ and this is especially prevalent in informal settlements ‘since not only 

are they accessible but they also constitute an important source of income for many resident’ 

(Coupe and Cardona, 2013). Medellin’s commercial outlets can be examined using the 

municipality’s land-use data and quality of life surveys.  
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Figure 6-10 Percentage of homes in the comunas with a cable-car with a commercial 
business. 

 

When the quality of life survey is examined this indicates that commercial outlets in 2014 

contributes to between 3-4% of all land-uses within the comunas that have a cable-car, changing 

very little since 2004 and this shows few differences between the different comunas (Figure 6-

10). However, when the land-use are examined for the areas surrounding each station, the 

stations along Linea K has a significantly higher percentage of commercial outlets, between 5-

7%, more than double that of the stations along Linea J, which is between 0-2% (Figure 6.11). 

This reasserts past findings that the impact of certain indicators, including commerce, is not 

specifically helpful for small sites. This is because the ‘statistical data on local economic and 

commercial activities are not particularly helpful, since they consist of averages for heterogeneous 

communas’ and not the directly affected areas (Coupe and Cardona, 2013).  
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Figure 6-11 Percentage of land used for residential and commercial uses.  

 

The differences between these two lines are also highlighted from the aggregated results of the 

commercial land-use surveys conducted during the onsite fieldwork for this research. Counting 

all the static commercial outlets recorded during each survey (not street vendors) at Linea K 19% 

of built land directly surrounding each station is used for some form of commercial activity. This 

is more than three times higher than Linea J (Figure 6-12). This large increase from the municipal 

surveys is because of the inclusion of informal commerce, which often represents a whole house 

in the map while only selling a small item through a window (Figure 6-6). Through the commercial 

land-use surveys ‘irregular’ commerce accounted for 33% of all permanently located outlets (not 

include ‘street vendors’ (Figure 6-7), which do not have fixed locations). While these are extremely 

vulnerable and unstable businesses they are still very important to local communities, as 

customers to these ‘buy products regularly and in small quantities for daily needs since they lack 

the purchasing power to buy and store in bulk’, providing a vital service to many citizens (Coupe 

and Cardona, 2013).  



302 

      

Figure 6-12 All static commercial outlets observed during onsite observations. Dashed 

lines indicate extent of observation area. 

 

As Mortenbock states, informal commerce ‘relies not on uniform expectations, logics and 

mechanisms but rather on situational needs, initiatives and opportunities’ (Mortenbock, 2015). 

However, a typical land-use survey rarely takes into an account opening hours or the fluid 

movement of a street vendor, as was demonstrated with municipal commercial land-use surveys 

(Figure 6-9, 6-10). In the context of an informal settlement this is important, because commerce 

here is not static and street vendors are a crucial part of local commerce. These sell ‘small 

quantities of trinkets, delicacies, or non-perishable foodstuffs and walk around the streets trying 

to sell them to passers-by’ (Soto, 2002).  

The most popular types of product sold in the areas surrounding each station are generally the 

same for each location and are low-cost items, as the five most popular types of outlets are 

confectionary, alcohol, general stores, mobile minutes and internet / IT (Figure 6-13). Whereas, 

the least popular outlets sell more expensive products, with the five least popular outlets being 

entertainment, restaurants, billiards, cafes and pharmacies (Figure 6-13). This shows that 

commercial outlets in the areas surrounding each station mainly sell low cost items.  
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Figure 6-13 Different types of commerce open during observations at each stations. (FV) 

fruits & veg, (J) juice (FF) fast food (CON) confectionary, (E) entertainment, (B) bakery, (D) 

drink, (G) gambling, (F) fun, (GS) general store, (BIL) billiards, (C) clothes, (M) meat, (P) 

pharmacy, (C) café, (MA) construction materials, (I) internet / it, (H) hairdresser, (MIN) mobile 

minutes and (R) restaurant. These categories were previously discussed in detail in this 

chapter. 

 

This is important because CEDEZO, a business enterprise centre previously discussed in 

Chapter 02, which is located in Santo Domingo ‘hopes to encourage entrepreneurs to develop 

their ideas and so speed up the transition from informal to formal enterprises’ and this also ‘seeks 

to diversify sales and production towards products with greater value added’ (Coupe and 

Cardona, 2013). However, the process of formalising and diversifying outlets does not appear to 

have happened much, even though the cable-car was first introduced in 2004. As Bateman 

explains ‘there is growing acceptance in Medellín (as elsewhere) that the high-profile 

microfinance model [used here] has failed to improve the situation of the poor’, instead these neo-

liberal models have resulted in the streets being ‘increasingly lined with chasitas and other 

unproductive informal microenterprises’ (Bateman, 2012).  

It is important to understand the dynamic nature of all local commercial activities in these informal 

environments, so that the role the cable-car plays in their distribution patterns can be better 

(-61%) 

(-09%) 

(-16%) 

(-05%) 
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interpreted. This is not possible using traditional land-use survey that only plots fixed commercial 

outlet, as they do not reflect the ever-changing patterns of informal commerce. Hence, it is 

necessary to record each type of commerce that is open at different times of day and to include 

‘street vendors’ in the survey, as all forms of commerce provide a vital service to someone. 

 

6.5 Commerce responding to change 

Consequently, this next section examines the land-use survey results for all ‘open’ commercial 

outlets for each of the different times of the day, ‘with’ and ‘without’ the cable-car, for each case 

study. This provides a set of results that can then be compared to get an understanding of how 

the cable-car influences the distribution of each type of commerce. 

 
Figure 6-14 Number of residents per commercial outlet. A comparison between each cable-

car station. 
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Figure 6-15 Commercial land-use survey results at Santo Domingo 

 

Early Morning ‘with’ Early Morning ‘without’ 

Late Afternoon ‘without’ Late Afternoon ‘with’ 
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Figure 6-16 Commercial land-use survey results at Popular 

 

Early Morning ‘with’ Early Morning ‘without’ 

Late Afternoon ‘without’ Late Afternoon ‘with’ 
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Figure 6-17 Commercial land-use survey results at Andalucia 

 

 

Early Morning ‘with’ Early Morning ‘without’ 

Late Afternoon ‘without’ Late Afternoon ‘with’ 
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Figure 6-18 Commercial land-use survey results at La Aurora 

  

Early Morning ‘with’ Early Morning ‘without’ 

Late Afternoon ‘without’ Late Afternoon ‘with’ 
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Figure 6-19 Commercial land-use survey results at Vallejuelos 

  

Early Morning ‘with’ Early Morning ‘without’ 

Late Afternoon ‘without’ Late Afternoon ‘with’ 
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Figure 6-20 Commercial land-use survey results at Juan XXIII  

Early Morning ‘with’ Early Morning ‘without’ 

Late Afternoon ‘without’ Late Afternoon ‘with’ 
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6.5.1 Commerce responding to change - the cable-car stations  

When the results for all ‘open’ commercial outlets are examined during early morning, all the 

stations show a large drop in the total number of outlets open because of the cable-car closing, 

though this differs between each station (Figure 6-15, 6-16, 6-17, 6-18, 6-19, 6-20). The most 

dramatic drop occurs at Popular (74%) and the smallest drop at La Aurora (20%), but when the 

number of residents per shop is examined the smallest distribution of outlets per person is 

Andalucia ‘without’ and the largest distribution is Popular ‘with’ (Figure 6-14). This reflects the 

general findings for the combined results of both lines (Figure 6-21), as commerce surrounding 

the stations along Linea K drops by a larger percentage (62%) than Linea J (45%) and surprisingly 

‘without’ the cable-car Linea K has a slightly smaller distribution of outlets per person (Figure 6-

14). This demonstrates that the popularity of the cable-cars at Linea K has encouraged many 

outlets to open in the early morning, but ‘without’ the cable-car there is no reason to open at this 

time of day, since there are far fewer people about, which the movement observations 

demonstrated in Chapter 04. Whereas at Linea J the impact of the closure is smaller, because 

the popularity of the cable-car is less, so fewer commercial outlets respond to its presence. 

At mid-morning, the overall impact of the cable-car appears to diminish after early morning as 

less people are commuting to work. The same general patterns can be observed at this time of 

day for each case study (Figure 6-15, 6-16, 6-17, 6-18, 6-19, 6-20). 

This pattern repeats itself at lunchtime for most of the stations, other than Santo Domingo (Figure 

6-15). Here, there is a significant drop of 90 commercial outlets, or 26%, and while this is not as 

dramatic as early-morning this is much larger than any other stations (Figure 6-15, 6-16, 6-17, 6-

18, 6-19). These differences are also observed at Linea K during lunchtime (18% drop), because 

Santo Domingo contributes many outlets recorded here. These differences between ‘with’ and 

‘without’ at Santo Domingo are understandable because of it being the most visited station by 

tourists and local visitors heading to Parque Arvi and lunchtime is the busiest period for this. 

Similar findings where observed during the movement analysis in Chapter 5, when the number of 

tourists dropped drastically at lunchtime when the cable-car closed. As Brand explains the 

‘metrocables allow visitors (including tourists, international experts and journalists) a peculiar 

proximity to a distant world’ and Santo Domingo is the prime location for this (Brand, 2013b). So, 
without the lucrative form of income from tourists it appears that many local commercial 
outlets in Santo Domingo do not open at lunchtime. 

At late afternoon, when the total number of commercial outlets open is at its highest for each 

station, only Popular (Figure 6-16) and La Aurora (Figure 6-18) show any significant drops when 

closed (21% and 18% respectively). This is because, as the movement analysis demonstrated, 

both stations have a heavy reliance on the cable-car to generate movement and consequently 

this influences this distribution of commerce. Whereas other stations start to generate more 
local activities away from the cable-car station at this time of day, so the draw of the station 
is less significant for commercial outlets. 
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The distribution patterns of all ‘open’ commercial outlets show very similar findings to the previous 

movement observations, as commerce appears to be most reliant on cable-car during the early 

morning, but by late afternoon there are more local activities going on elsewhere that make the 

role of the cable-car less important. 

However, these general patterns are not always repeated for each type of facility (‘regular’, 

‘irregular’ and ‘street vendor’). During early-morning (Figure 6-15, 6-16, 6-17, 6-18, 6-19, 6-20), 

in general ‘regular’ facilities show the largest drops when the cable-car is closed, apart from 

Andalucía (Figure 6-17) and Juan XXIII (6-20), where there is an increase. This is likely a result 

of people moving in alternative directions for transport, which was highlighted in the movement 

observations, and was especially noticeable at Andalucía. This change in pedestrian movement 

provides a good source of customers, that would usually not be available. With ‘irregular’ and 

‘street vendors’ there are fewer notable changes, apart from the major exception of La Aurora 

(Figure 6-20). Here the complete lack of any ‘regular’ commerce (apart from one market) 
means ‘street vendors’ make up for these limitations in this built environment of mass 
housing blocks (Figure 6-21). It also allows citizens ‘to make a living where no jobs would 

otherwise be available’ (Cross, 1998). Yet, because of the very unstable nature of ‘street vendors’ 

when the cable-car closed their total number dropped by 48% in the early morning, as without the 

consistent flow of pedestrians moving towards the cable-car stations, street vendors here have 

less reason to open. When these results are compared with the overall results for both Lines, a 

drop in ‘regular’ commerce is clear for both lines and a drop, though smaller, is also noticeable 

for ‘street vendors’, however the drop in ‘irregular’ commerce is only noticeable at Linea K (Figure 

6-22). This suggests that ‘irregular’ commerce at Linea J has less connection to the cable-
car and could be more prevalent because the cable-car is less successful, and the urban 
grid here produces less natural movement. 

 

Figure 6-21 Commerce facilities for La Aurora during late afternoon ‘with’ the cable-car. 
Here ‘street vendors’ (green) are heavily distributed along the main road that runs 

perpendicular to the cable-car to compensate for the lack of ‘regular’ commercial facilities. 
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During mid-morning the impact of the cable-car closing varies a lot, suggesting that certain 

stations are responding differently to the closure at this time, though impact is less significant than 

early morning (Figure 6-15, 6-16, 6-17, 6-18, 6-19, 6-20).  

By lunchtime, these differences are even less noticeable when the cable-car closes, apart from 

Santo Domingo (Figure 6-15). Here, there are 49 less ‘street vendors’, a 55% drop, and also 

‘regular’ and ‘irregular’ facilities drop by 17% and 14% respectively (Figure 6-15). This large drop 

in ‘street vendors’ is repeated at Linea K (Figure 6-22), where there is a large drop of 60 less 

street vendors, though this is mainly because of Santo Domingo and while the other facilities also 

drop at lunchtime, these are not as bad. The changes at Linea J, are far less noticeable (Figure 

6-19). This further demonstrates that ‘street vendors’ respond instantaneously to change and 
are the least likely to open when foot traffic lessens. At Santo Domingo this is a direct result 

of the reduction of visitors due to the closure of the cable-car, whereas fixed outlets are not so 

responsive since they have fixed premises, even though there is still a noticeable drop at this time 

of both ‘regular’ and ‘irregular’ (Figure 6-15).   

During late afternoon at Santo Domingo (Figure 6-15) there is effectively no change in 
commercial activities when the cable-car is closed, as there is almost no difference 
between ‘with’ and ‘without’. There are also fewer differences in the movement observations 

at this time too. However, at Popular (Figure 6-16) there is a significant drop in ‘irregular’ facilities 

(24%) and at Andalucia (Figure 6-17) a fall in ‘street vendors’ (27%), highlighting how both 

instances required the movement generated by the cable-car to function. When the same set of 

results are look at for Linea K (Figure 6-22) these local drops in certain facilities are less 

noticeable and changes are minor.  

 
Figure 6-22 Number of residents per commercial outlet for each cable-car line 
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For the stations along Linea J there are some significant changes. At La Aurora (Figure 6-18), 

like early morning, ‘street vendors’ drop off significantly (20%) as there is far less pedestrian 

movement to and from the station and few local activities occurring elsewhere to generate 

movement, as once discussed in the movement observations. At Vallejuelos (Figure 6-19) there 

is curiously a slight increase in the ‘regular’ facilities and at Juan XXIII (Figure 6-20) a drop in 

‘street vendors’. This increase at Vallejuelos coincides with more movement observed in the 

streets located nearby the buses, which is where most regular facilities are located, therefore an 

increase in movement here is presumably encouraging shops to open that would otherwise 

remain closed. However, when the results are examined for Linea J it is only the large drop in 

street vendors, mostly observed at La Aurora, that are significant in the results (Figure 6-21). 

These results show that the distribution of commerce is reliant on movement and where 
this movement solely is generated by the cable-car it is likely to be affected by the closure 
of the cable-car. As observed with ‘regular’ commerce during early morning or ‘street vendors’ 

at La Aurora (Figure 6-20, 6-21). 

 
Figure 6-23 Commercial outlet analysis for cable-car lines 

 

As previously discussed, the proportions of the most popular types of commerce are almost 

identical for each station, however, there are a few noticeable differences worth mentioning. At 

Santo Domingo during lunchtime there was a large drop in ‘fast food’ when the cable-car closed 

and for most stations along Linea K during late afternoon there was a significant increase in fast 

food and alcohol ‘with’ and ‘without’ the cable-car, but this is less so at Linea J. These differences 

could relate to large gatherings of people occupying the streets, at Santo Domingo ‘with’ the 
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cable-car during lunchtime from mostly visitors to neighbourhoods and during late afternoon this 

is from local social activities that spill out onto the streets. Therefore, while the commercial outlet 

types are generally the same for each station, differences can sometimes be observed. 

From these results the cable-car influences commerce, yet the size of its impact differs 

significantly. As the day progresses the cable-car’s influence falls and by the time it is late 
afternoon, the differences between ‘with’ and ‘without’ is very small, like pedestrian 
movement. From these results it is possible to observe that the more stable ‘regular’ 
commercial facilities are less affected by the cable-car closure, apart from during early 
morning, whereas the less stable ‘irregular’ and ‘street vendor’ facilities are more likely to 
be impacted throughout the day and for individual cases. This could be an indication that the 

cable-car is aiding ‘the municipality’s administrations ‘hopes to encourage entrepreneurs to 

develop their ideas and so speed up the transition from informal to formal enterprises’ (Coupe 

and Cardona, 2013). Though, it is very questionable how largescale this transition has been, with 

only Santo Domingo showing signs of a significant commercial centre that is not just reliant on 

the informal economy. 

 

6.6 Findings: commerce summary  

Main Findings: 

• Without the lucrative form of income from tourists many local commercial outlets 
in Santo Domingo do not open at lunchtime. 

• As the day progresses the cable-car’s influence falls and by the time it is late 
afternoon, the differences between ‘with’ and ‘without’ are very small, similar to 
pedestrian movement.  

• During late afternoon at Santo Domingo there is effectively no change in 
commercial activities when the cable-car is closed, potentially a consequence of 
local pedestrian movement remaining the same. 

• The lack of any commerce facilities at La Aurora means ‘street vendors’ and 
‘irregular’ commerce makes up for these limitations in this built environment of the 
newly constructed mass housing blocks.  

• The more stable ‘regular’ commercial facilities are less affected by the cable-car 
closure, apart from during early morning, whereas the less stable ‘irregular’ and 
‘street vendor’ facilities are more likely to be impacted by this closure throughout 
the day and at individual cases. 

Commerce in informal settlements is often very complex to understand. As Simone and Febriyani 

describes, this type of commerce is less about ‘following the right way of doing things, of kicking 
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money through the right channels, or of knowing what your designated spot allows you to do. 

Rather, it is constantly learning how to inhabit a world where price is an opening salvo into 

uncharted waters, where selling is a way of operating between the lines, and where everything is 

yet to be worked out’ (Simone and Febriyani, 2015).  

To capture the complexity this research recorded multiple commercial outlet types and facilities, 

during different times of the day. Allowing the commercial land-use survey to go beyond a typical 

static survey, such as that used by Medellin’s municipality, and instead record changes 

throughout the day for all commercial activities, including all informal activities.  

The impact of the cable-car on commerce is easiest to understand from the large drop in all ‘open’ 

commercial outlets during early morning (61% drop) and this drop coexists with the largest drop 

in pedestrian movement at the same time (35% not including Andalucia). The commercial outlets 

that are reliant on pedestrian movement heading towards the cable-car during early morning had 

the option not to open when the cable-car closed, and this is the likely reason for such a large 

drop. 

While the impact of the cable-car during early-morning is very clear to see, it is much subtler 

during other times of day, as the drops in commercial activities are much smaller and significant 

changes are mostly local. For example, there was a clear drop in commerce and specifically 

‘street vendor’ at Santo Domingo during lunchtime (Figure 6-13), as far fewer visitors are coming 

without the ease of the cable-car and this was also highlighted in the movement observations. 

By the time it is late afternoon the distribution of commerce is almost identical when the cable-car 

is closed for most case studies, especially Santo Domingo (Figure 6-13), again repeating a similar 

pattern from the movement observations. This shows that at late afternoon commerce is less 
affected by the presence of the cable-car, because local activities disconnected from the 
cable-car stations generate enough pedestrian movement to make commerce viable 
elsewhere. This suggests that local commercial activities are responding to social interactions 

on the street at this time, as at this time children are on the streets after schools, youths are 

occupying more spaces and adults are returned from work, so the street becomes abuzz with 

interactions (Figure 6-22). So, the attraction of the cable-car at late afternoon becomes less 

significant even though it is being heavily used and instead the configuration of the urban grid has 

the potential to generate the pedestrian movement necessary for commerce. As ‘retail land uses 

are located to take advantage of the opportunities offered by the passing trade’ (Hillier et al., 

1993) 
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Figure 6-24 Carrera 31a at Santo Domingo during late afternoon. 

 

Where there are changes during late afternoon these are generally associated with more unstable 

types of informal commerce, ‘irregular’ or ‘street vendors’, which are more capable of responding 

to instant changes. It is generally only these types of commerce that change at the stations along 

Linea K after early-morning, whereas ‘regular’ commerce remains stable here after early morning. 

However, at Linea J, there are signs of ‘regular’ commerce changing during late afternoon at 

Vallejuelos, whereas ‘irregular’ commerce stays more similar throughout the day, and even shows 

fewer changes during early morning. This could imply the stations along Linea J are less stable 

because ‘irregular’ commerce is more prevalent, surviving off the poor local movement generated 

by its weak urban grid and ‘street vendors’ and ‘regular’ commerce relies more strongly on the 

movement generated by the cable-car, which itself is often weak. Whereas at Linea K, and 

specifically Santo Domingo (Figure 6-24), the neighbourhoods are more stable because local 

businesses can rely on the pedestrian movement generated by both the cable-car and the urban 
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grid, hence when the cable-car closes the only time of day when there is significant change is 

during early morning.  

 

 

 
Figure 6-25 Localised differences. (Top) Santo Domingo and (Bottom) La Aurora.  

 

There are also certain locations nearby the station that show less effect from the closures. At 

Santo Domingo, (the same areas were discussed in the movement observation) throughout the 

different times of the day the area by Carrera 32 and Carrera 31 shows fewer changes than the 

spaces directly opposite the station, where commerce drops more dramatically, especially with 

the number of ‘street vendors’ (Figure 6-25 - Top). Similar patterns are observed at La Aurora, 

where ‘street vendors’ set up along calle 64 (Figure 6-25 - Bottom, 6-26), creating an informal 

‘high street’ selling cheap products. Then because ‘street vendors’ are very responsive to 

pedestrian movement patterns, when the cable-car closed there were far fewer ‘street vendors’ 

here, an indication of the instability of this type of commercial outlet and weak local choice.  

However, a common feature throughout is the type of commerce sold at each station, as the five 

most common types are confectionary, fast food, minutes, general stores and alcohol. These low 

cost products rely on local, routine consumption as customers buy products ‘in small quantities 

for daily needs since they lack the purchasing power to buy and store in bulk’ (Coupe and 

Cardona, 2013). These items generally cost between US$0.5 – US$1.0, hence they are 

affordable snacks or cheap luxuries and they are not specialist items people would travel far to 

purchase. These items are often essentials, like soap, detergent or dry foods, which would be 

cheaper to buy in bulk elsewhere, but residents rarely have the disposable income to do so. It is 

very common for these low-cost items to be sold via ‘street vendors’ and ‘irregular’ facilities, and 

it is common for these to be sold miscellaneously in other outlets. The more specialist products, 

such as construction materials, entertainment, clothes, restaurants and billiards, are some of the 

least popular and these are generally more expensive purchases that are likely to be consumed 

infrequently. These are mostly located in ‘regular’ facilities and positioned in areas with high 

movement and strong connectivity.  

Early Morning ‘with’ Early Morning ‘without’ 

Carrera 32 / 31 Carrera 32 / 31 

Calle 64 Calle 64 
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Figure 6-26 Calle 64 (perpendicular to station) at La Aurora. Here the street is lined with 

‘street vendors’ during late afternoon, using the cycling lane to set up their outlets, since no 

formal commercial facilities are provided. 

 

In general, the same types of each commerce are found in each location, suggesting that 

purchasing habitats are the same throughout, even after the induction of the cable-car. This also 

suggests that the municipal’s programs to support business development, such as CEDEZO, are 

not working since these had aimed to ‘diversify sales and production towards products with 

greater value added’ (Coupe and Cardona, 2013). 

Nonetheless, there are a few small differences that may suggest a small indicator of change. This 

is because certain types of commerce, such as clothes and entertainment, which demand a 

higher purchase are more noticeably at certain stations. These are commonly found in Santo 

Domingo and Andalucía and this could imply residents of these locations have more deposable 
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income or it could be the end result of both CEDEZO and Banco de las Oportunidades57 providing 

‘an increase in the number and quality of the microenterprises operating in the poorest 

communities around Medellin’ (Bateman et al., 2011). However, it is very difficult to conclusively 

understand the role this and other upgrading programs have had, since the noticeable visible 

changes in the types of commercial item sold are minimal at best. 

Still, what is clear is that the movement generated by both the cable-car’s attraction and the 

configuration of the urban grid helps to distribute local commerce. This can help make a local 

commercial centre more stable, when the movement is reliable, yet where it is not reliable, this 

can result in commerce being unstable and unable to cope with temporary changes. Therefore, it 

is important to understand how the distribution of commerce relates directly to both types of 

movement so that it is possible to differentiate the role of cable-car from the influences of the 

urban grid.  

 

6.7 Commerce reacting to space  

The configuration of an urban grid is often understood as the main contributing factor in the 

distribution of commerce, as it is this that first generates movement. This then encourages the 

positioning of certain pedestrian hungry land-uses, such as commerce, taking advantage of an 

increased customer source. This has the potential to create a multiplier effect by attracting extra 

movement towards these land-uses, encouraging further land-uses to open. As Hillier explains 

‘retail land uses are located to take advantage of the opportunities offered by the passing trade 

and may well act as multipliers on the basic pattern of 'natural movement' generated by the grid 

configuration’ (Hillier et al., 1993). 

The movement generated by the grid was previously discussed in Chapter 05 and in this section 

the likely outcomes of this movement are examined, by investigating the frequencies at which 

commercial outlets locate themselves along the urban grid, specifically in relation to the values of 

Choice. As per most of the rest of the research, this is done by comparing the results for each of 

the case studies (‘with’ and ‘without’ the cable-car) at the different times of day and for each urban 

scale. This then provides the opportunity to establish where and when commerce is related to the 

spatial configuration of urban grid and the potential role the cable-car plays when commerce does 

not connect to the urban grid. 

6.7.1 Spatial configuration positioning commerce. 

To do this, it is important to understand how all recorded commerce relates to space and how this 

varies between different urban scales - micro, meso and macro - and different times of the day 

‘with’ and ‘without’ the cable-car. First, this is done by measuring the relationship between all the 

                                                        

57 Banco de las Oportunidades, provides microloans up to $2,500 at a favourable interest rate (0.91% 
monthly) to establish microenterprises. 
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commercial outlets recorded in the land-uses surveys and Choice. Using the largest sample size 

of commercial outlets possible provides a general overview of how commerce in the surrounding 

areas of the cable-car stations relate to the urban grid. 

 

 
Figure 6-27 All ‘open’ commerce correlated to choice at metric radius 1000. The top graph 

shows the results for early morning, while the bottom is for late afternoon.  
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When this relationship is examined during early morning ‘with’ the cable-car open, the relationship 

between commerce and space is highest at the micro urban scale (metric radius 1000) with a 

strong correlation coefficient of 0.77r2 but is weaker at the meso (metric radius 3500) at 0.39r2 

and the macro at 0.26r2 (metric radius 10000). When the cable-car closes, the relationship at the 

micro scale improves by 0.11 r2 to 0.88r2, but at the meso (-0.01r2) and macro (+0.05r2) changes 

are less noticeable (Figure 6-27, Table 6-3). This shows two important findings for early-morning, 

at a time when pedestrian movement is mostly driven by the cable-car. Firstly, commerce in the 
areas surrounding the cable-car best connects to the micros urban scale when pedestrian 
movement is mostly driven by the cable-car. This is understandable since at this scale Choice 

picks up the network most likely used by pedestrians. Secondly, at the micro urban scale the 

relationship worsens after the introduction of the cable-car, because the ‘informal sectors of the 

city, tend to function around more closed local economies’ and by introducing the cable-car 
local economies become less closed off and instead attach to a larger city network. (Brand 

and Dávila, 2013).  

At mid-morning the differences between ‘with’ and ‘without’ range between -0.15r2 and +0.1r2, yet 

what is most noticeable here is the increase in the correlation coefficient values. This could imply 

that there is less impact from the cable-car at this time, thus commerce connects more positively 

to the urban grid. During lunchtime there are negative differences when the cable-car is open for 

each scale, but this is most significant at the macro urban scale, as this drops by 0.42r2. This 

demonstrates that the cable-car has some influence at this time, which was previously discussed 

at Santo Domingo, and this is mostly observed along the routes that are predicted to have the 

most vehicular movement. 

 Correlation Coefficient Values (r2) 
 Between All Open Commerce and Choice  

 Choice r1000 Choice r3500 Choice r10000 
Early Morning With 0.77 0.39 0.26 
Early Morning Without 0.88 0.38 0.31 

Difference -0.11 +0.01 -0.05 
Mid-Morning With 0.95 0.80 0.60 
Mid-Morning Without 0.85 0.77 0.75 

Difference +0.1 +0.03 -0.15 
Lunchtime With 0.82 0.77 0.43 
Lunchtime Without 0.95 0.78 0.85 

Difference -0.13 -0.01 -0.42 
Late Afternoon With 0.93 0.95 0.29 
Late Afternoon Without 0.94 0.89 0.77 

Difference -0.01 +0.06 -0.48 

Table 6-3 Correlation Coefficient Values Between All Open Commerce and Choice  

 

During the late-afternoon, the busiest time for both pedestrian movement and commercial 

activities, the relationship between space and commerce is very strong for most cases, especially 

for the micro and meso scales. However, as per lunchtime, there is a very large drop in the 

correlation coefficient values for the macro scale when the cable-car is open, dropping from 0.77r2 
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to 0.29r2. This drop is important because it shows the relationship between commerce and space 

along the routes that are used by buses, which provides follow-on travel from the cable-car, is 

better when the cable-car is closed. This suggests that at late afternoon the cable-car is 
negatively altering the distribution of commerce along these main vehicular pathways, 
whereas ‘without’ the cable-car commerce is more evenly distributed along the pathways 
that buses most often take. 

When the frequency of all open commerce is related to the local urban grid, it is during early 

morning that the relationship between commerce and space is at its lowest (Figure 6-27). This is 

understandable because the outlets that open at this time of day are primarily focused on picking 

up pedestrian movement heading towards the cable-car station and this is mainly observed within 

the micro urban scale. Whereas movement along the routes within the large urban scale, meso 

and macro, have weaker connections at this time of the day. However, during late afternoon 

(Figure 6-25), when the cable-car is equally busy, the connection between commerce and space 

is strong throughout the different urban scales. This highlights the reduced influence from the 

cable-car has at this time, as other activities across the neighbourhood generates movement and 

encourages commercial outlet to distribute elsewhere and it is most likely the urban grid that is 

instrumental in the distribution of these activities. So, when the cable-car has less affect over local 

movement, as demonstrated in the previous chapter, commerce is better able to respond to the 

configuration of the urban grid. Also significant is how the macro urban scale (metric radius 10000) 

has the largest negative differences when the cable-car is open and the micro scale the fewest, 

which is most noticeable during lunchtime and late afternoon. This could relate to how people 

more evenly distribute themselves along the main vehicular routes when using the buses (which 

can stop anywhere when hailed), whereas with the cable-car people disproportionately distribute 

themselves nearby the station and commerce responds to this pattern. This will also be discussed 

again later in this chapter.  

The results of all ‘open’ commerce combined to form one large dataset, indicates a direct 

connection between the spatial configuration of the urban grid and the distribution of commence, 

this distribution is affected by the presence of the cable-car. To explore these relationships in 

more detail, the next section examines the distribution of commerce within the different case 

studies in more detail by breaking down the results for each commercial outlet into the different 

facility categories - ‘regular’, ‘irregular’ and ‘street vendors’. The diversity of commerce in these 

informal settlements is very complex and ‘regular’, ‘irregular’ and ‘street vendor’ facilities are used 

to explain this complexity, each of which respond differently to space.  

6.7.2 ‘Regular’ commerce helping to stabilise an informal neighbourhood 

To start this process of explaining the relationship between commerce a space in more detail, 

this section explores the relationship between only ‘regular’ commerce and Choice. This aims to 

start to breakdown the complex composition of informal commerce and highlight the varying 

relationships for each case study, urban scale and time of day.  
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 Correlation Coefficient Values Between 
 ‘Regular’ Commerce and Choice  

 Linea K 
r1000 

Linea J 
r1000 

Linea K 
R3500 

Linea J 
R3500 

Linea K 
r10000 

Linea J 
r10000 

Early Morning  
'with' 0.08 0.59 0.76 0.20 0.67 0.01 

Early Morning 
'without' 0.05 0.00 0.09 0.04 0.01 0.23 

Difference + 0.03 + 0.59 + 0.66 + 0.16 + 0.66 - 0.22 
 

Mid-Morning  
'with' 0.53 0.62 0.94 0.06 0.79 0.52 

Mid-Morning  
'without' 0.42 0.42 0.56 0.28 0.24 0.03 

Difference + 0.11 + 0.20 + 0.38 - 0.21 + 0.55 + 0.49 
 

Lunchtime  
'with' 0.36 0.70 0.95 0.33 0.76 0.77 

Lunchtime  
'without' 0.34 0.65 0.56 0.68 0.71 0.39 

Difference + 0.02 + 0.05 + 0.39 - 0.35 + 0.05 + 0.38 
 

Late Afternoon  
'with' 0.52 0.68 0.82 0.40 0.86 0.82 

Late Afternoon 
'without' 0.51 0.64 0.56 0.69 0.76 0.75 

Difference + 0.01 + 0.04 + 0.26 - 0.29 + 0.10 + 0.07 

Table 6-4 Correlation Coefficient Values Between ‘Regular’ Commerce and Choice.  

 

The relationship between ‘regular’ commerce and Choice provides many of the same results as 

the previous all ‘open’ commerce analysis (Figure 6-28). This is specifically the case for Linea K, 

because here ‘regular’ commerce connects well to each of the three main urban scales, beside 

early morning when the cable-car is shut. This relationship is especially strong at the meso and 

macro urban scale when the cable-car is open, ranging between 0.67r2 and 0.95r2 (Table 6-4) 

and it is these scales that drop significantly when the cable-car closes. At Linea J the connection 

between ‘regular’ commerce and Choice is less consistent and exact pattern are harder to 

observe, however, in general the relationship is consistently stronger at the micro urban scale, 

and the largest improvement can be observed at the macro, whereas at the meso the relationship 

worsens the most ‘without’ the cable-car. These inconsistent patterns could be the consequence 

of few ‘regular’ outlets being observed at Linea J and a more fragmented urban grid, as discussed 

in the Spatial Analysis. It is also significant that the largest improvements at Linea K are observed 

in the meso urban scale when the cable-car is open, whereas at Linea J, this scale sees the 

largest improvements observed when the cable-car is closed. It is at this scale that the urban grid 

changes the most and it could be this that is altering the way that commerce distributes. 

Besides early morning, where the relationship between space and choice is stronger with the 

cable-car open, the patterns for the rest of day are generally the same. As unlike the all ‘open’ 
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results, when the ‘with’ and ‘without’ results are compared most of the results show few 

differences, even though the total number of ‘regular’ outlets significantly drop when the cable-

car closes. This may indicate that ‘regular’ commerce is distributed more in relation to the 
urban grid than it is in relation to the cable-car station and thus distribution patterns are less 

affected by the cable-car closure. The times of day when the relationship between ‘regular’ 

commerce and space is strongest is also relevant, as for both lines this gets significantly stronger 

after early-morning, which was previously shown to have the most disproportionate distribution of 

pedestrian movement. Hence, when the cable-car is less influential over pedestrian 
movement, ‘regular’ commerce has a stronger relationship to the urban grid and this is 
especially strong at Linea K.   

When the same relationships are examined for each station during late afternoon, when many 

outlets are open, both Valluejuelos and Santo Domingo have good or reasonable connections 

between ‘regular’ commerce and Choice for the micro urban scale, which is the scale that is most 

likely to represent pedestrian movement. This is strongest at Vallejuelos with a correlation 

coefficient high of 0.74r2 ‘with’ the cable-car and at Santo Domingo it is 0.39r2. What is also 

significant about both cases is that neither changed much when the cable-car closed, thus by late 

afternoon these commercial outlets have less reliance on the cable-car for both case studies. At 

both Andaluica and Juan XXIII there is a decent connection at this scale when the cable-car 

closes, but when it is open this is very weak. This is very similar to the Linea J results. At Popular 

the relationship is weak throughout and at La Aurora there is only one ‘regular’ outlet, so no 

relationship can be established.  

There are also interesting findings with the outliers of each station observed during late afternoon, 

as for the stations along Linea K and Juan XXIII the outliers are very clear to see, but at 

Vallejuelos, these are harder to spot, allowing for a higher correlation coefficient. This indicates 

that ‘regular’ commerce at Vallejuelos during the late afternoon is less reliant on the cable-car. 

When the location of the outliers is studied, these are mostly located on the streets that lead up 

to the station (Figure 6-28). This shows that during late afternoon at Linea K ‘regular’ 
commerce is less likely to be directly linked to the spaces opposite the cable-car but are 
the spaces people use to walk to the stations. 
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Figure 6-28 Regular commerce to space for the cable-car stations (above and left). A 

comparison between each station for the correlation coefficient values between the frequency of 

‘regular’ commerce during late afternoon and choice at metric radius 1000, which provide the 

highest relationship of all three urban scales. 

 

The frequency at which ‘regular’ commerce distributes itself within the urban grid at Linea K is 

like all open commerce, but at Linea J there are much fewer similarities. This is mainly because 

fewer ‘regular’ commercial outlets are located here, the likely consequence of the surrounding 

areas being commercially less stable, along with only one ‘regular’ outlet at La Aurora.  

6.7.3 ‘Irregular’ commerce focusing on the local 

Where ‘regular’ commerce is not prominent there is a larger possibility of ‘irregular’ commerce 

occurring and this is very noticeable at the stations along Linea J, yet, this type of commerce 

offers very little security. 

When the distribution of ‘irregular’ commerce is related to Choice for both cable-car lines there 

are many noticeable findings. It is during early morning where the relationship is strongest for 

both lines and is especially high for Linea K at both micro (0.74r2) and macro (0.71r2) scale when 

the cable-car is open (Table 6-5). This shows a strong reliance on the movement generated 
by the early morning rush hour when there is little else occurring within each 
neighbourhood. However, at this time of the day there are few significant changes when the 

cable-car is closed, whereas at during late afternoon there are more significant positive changes 

when the cable-car is closed, especially for the micro and macro scales between 0.15r2 and 0.35r2 

(Table 6-5). This may indicate that ‘irregular’ commerce has a very strong dependence on 
the cable-car during early morning, but when there are more people occupying the streets 
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in the late afternoon, these types of commerce are less likely to compete with more 
established ‘regular’ forms of commerce. What is also significant is that ‘irregular’ commerce 

connects better to the macro scale, which predicts the main vehicular space of movement, 

‘without’ the cable-car, which is the opposite of ‘regular’ commerce. This could reinforce the notion 

that when the cable-car is open people are more likely to move along these pathways toward the 

cable-car, thus ‘regular’ commerce picks these up, but without the cable-car ‘irregular’ commerce 

has less competition and can also pick up customers along these paths. 

 Correlation Coefficient Values Between 
 ‘Irregular’ Commerce and Choice  

 Linea K 
r1000 

Linea J 
r1000 

Linea K 
R3500 

Linea J 
R3500 

Linea K 
r10000 

Linea J 
r10000 

Early Morning  
'with' 0.74 0.14 0.35 0.16 0.71 0.03 

Early Morning 
'without' 0.53 0.12 0.55 0.21 0.73 0.06 

Difference + 0.21 + 0.02 - 0.20 - 0.05 - 0.02 - 0.03 

 
Mid-Morning  
'with' 0.12 0.18 0.42 0.29 0.25 0.04 

Mid-Morning  
'without' 0.11 0.05 0.05 0.00 0.62 0.02 

Difference + 0.01 + 0.13 + 0.37 + 0.28 - 0.37 + 0.02 

 
Lunchtime  
'with' 0.30 0.01 0.38 0.19 0.17 0.10 

Lunchtime  
'without' 0.37 0.01 0.27 0.03 0.35 0.14 

Difference - 0.07 = + 0.11 + 0.16 - 0.18 - 0.04 

 
Late Afternoon  
'with' 0.16 0.00 0.37 0.31 0.08 0.20 

Late Afternoon 
'without' 0.37 0.15 0.30 0.21 0.36 0.46 

Difference - 0.21 - 0.15 + 0.07 + 0.10 - 0.28 - 0.26 

Table 6-5 Correlation Coefficient Values Between ‘Irregular’ Commerce and Choice at 
Metric Radius 1000 (r2) 

 

When the same results are studied for each station, during late afternoon at the micro scale there 

are very different results for each station. At Popular the relationship between ‘irregular’ 

commerce and space is very positive, which is the exact opposite for ‘regular’, and importantly 

here there a few differences when the cable-car closes, which shows this area relies strongly on 

‘irregular’ commerce. Whereas at La Aurora the relationship is very strong ‘with’ the cable-car 

(0.78r2), but not ‘without’ and at Vallejuelos it is very strong ‘without (0.83r2) but not ‘with’. These 

two stations show very little contrasting results. At La Aurora the cable-car generates most of the 

local movement and this form of commerce responds to this, but Vallejuelos when the cable-car 

is open ‘irregular’ commerce is unevenly distributed, which was not the case for ‘regular’ 
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commerce. This is because here ‘irregular’ commerce is mainly located in the disconnected parts 

of the neighbourhood away from the spaces with the strongest choice and when the cable-car is 

open it unevenly distributes itself opposite the station in a poorly connected space. Then at Santo 

Domingo, ‘irregular’ commerce shows weak connections to Choice, mainly because of large 

outliers and at Andalucia and Juan XXIII there are no relationships of note (Figure 6-29).  

Unlike ‘regular’ commerce, ‘irregular’ generally appears to primarily target early morning 
commerce, when there is less competition from ‘regular’ commerce and this is improved 
when the cable-car closes. Hence, they do not connect as successfully to the most important 

routes when the cable-car is open, as instead they are more proportionately found in non-central 

locations often side streets leading onto the main areas, where costs are most likely lower and 

fewer people pass. However, it is still the space that leads to the stations that typically form the 

outliers (Figure 6-29) suggesting that these are the most important locations to position a 

commercial outlet. These types of commerce are very unstable and insecure, as many of these 

‘informal businesses barely manage to survive, especially in the case of small shops selling 

through house windows’ thus a reliance on this type of commerce may indicate an insecurity for 

certain neighbourhoods (Coupe and Cardona, 2013). 
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Figure 6-29 Irregular commerce to space for the cable-car stations. A comparison between 

each station for the correlation coefficient values between the frequency of ‘irregular’ commerce 

during late afternoon and choice at metric radius 1000, which provide the highest relationship of 

all three urban scales. 

 

6.7.4  ‘Street vendors’ always changing  

Both ‘regular’ and ‘irregular’ commercial outlets are in fixed outlets, so when movement is altered 

because of a temporary change they can do little other than close, since relocating to another 
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space is not realistic for a short period. However, relocating is a possibility for ‘street vendors’, 

who have the freedom to move instantly if there are changes to local pedestrian movement 

patterns. Therefore, this next section will explore the relationship between the distribution of 

‘street vendors’ and choice. 

When these results are analysed they are much more volatile than the previous results for 

‘regular’ and ‘irregular’, resulting in few observable patterns between the different case studies.  

 Correlation Coefficient Values Between 
 ‘Street Vendors’ Commerce and Choice (r2)  

 Linea K 
r1000 

Linea J 
r1000 

Linea K 
R3500 

Linea J 
R3500 

Linea K 
r10000 

Linea J 
r10000 

Early Morning  
'with' 0.15 0.19 0.18 0.53 0.42 0.57 

Early Morning 
'without' 0.62 0.21 0.90 0.15 0.01 0.06 

Difference - 0.47 - 0.02 - 0.72 + 0.38 + 0.41 + 0.51 

 
Mid-Morning  
'with' 0.46 0.01 0.41 0.14 0.46 0.01 

Mid-Morning  
'without' 0.05 0.43 0.16 0.34 0.49 0.08 

Difference + 0.41 - 0.42 + 0.25 - 0.21 - 0.03 - 0.07 

 
Lunchtime  
'with' 0.05 0.60 0.83 0.61 0.34 0.25 

Lunchtime  
'without' 0.05 0.39 0.08 0.02 0.05 0.03 

Difference = + 0.21 + 0.75 + 0.59 + 0.29 + 0.22 

 
Late Afternoon  
'with' 0.04 0.77 0.53 0.27 0.90 0.27 

Late Afternoon 
'without' 0.06 0.33 0.22 0.30 0.47 0.52 

Difference - 0.02 + 0.44 + 0.31 - 0.03 + 0.43 - 0.25 

Table 6-6 Correlation Coefficient Values Between ‘Street Vendors’ and Choice 

 

When the two cable-car lines are compared, the relationship between the distribution of ‘street 

vendor’ and choice is considerably stronger during the morning ‘without’ the cable-car (Table 6-

6), this is mainly the case for the micro and meso urban scale. Whereas during lunchtime when 

there are more stalls out selling food, the relationship is considerably better when the cable-car 

is open, specifically for the meso and macro scale. At Linea K the relationship is stronger at the 

meso and macro scales, especially after early morning. So, like ‘regular’ commerce, ‘street 
vendors’ connect best to the meso and macro urban scale, where the majority of 
pedestrian movement and vehicular traffic regularly pass through the neighbourhood 
heading to the station. At Linea J the relationship is often strongest at the micro scale when the 

cable-car is open, especially during late afternoon (0.77r2). The connection between ‘street 
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vendors’ and Choice is understandably volatile since it is attracted to various activities, not just 

movement along the streets. This is demonstrated by the differences ‘with’ and ‘without’ being 

significantly higher than ‘regular’ and ‘irregular’ commerce (Table 6-6). This suggests the ‘street 

vendors’ have more things to respond to and move towards areas where people naturally gather, 

and this can often be because of the urban grid. 

When the results for each station during late afternoon are examined these also vary a lot. This 

is seen with the stations along Linea K at the meso urban scale, as at Santo Domingo there are 

no significant relationships because the outliers caused by the uneven distribution of street 

vendors opposite the station skew the results. This shows that ‘street vendors’ at Santo 
Domingo take advantage of movement directly heading in and out of the cable-car station, 
because there is a much larger volume here than elsewhere and unlike ‘regular’ and 
‘irregular’, they occupy a much smaller area of space, hence their concentration is much 
larger. Whereas at Popular there are very strong relationships, which similarly to ‘regular’ and 

‘irregular’ commerce does not change when the cable-car closes, unlike at Andalucia where there 

is only a significant relationship ‘without’ the cable-car. It should also be noted that both have a 

very small number of street vendors recorded, hence these relationships might be coincidental. 

Similarly, the very low number of street vendors recorded at Vallejuelos and Juan XXIII may make 

the recorded relationship unreliable, yet, it is still worth highlighting that at Vallejuelos there are 

no significant differences ‘with’ and ‘without’ the cable-car, which is like ‘regular’ commerce, but 

the opposite of ‘irregular’ commerce (Figure 6-30).  

Finally, it is worth discussing the results of La Aurora, where ‘street vendors’, along with ‘irregular’ 

commerce, make up for the lack of any official commercial facilities provision in the newly 

constructed housing blocks. ‘Street vendors’, unlike ‘irregular’ outlets, have a visible presence on 

the street, as these line up in large numbers along Calle 64 (opposite the station), specifically 

during early morning and late afternoon when the cable-car is open, because it is this street that 

people use to access the cable-car and connecting buses. This has resulted in a very high 

correlation coefficient value between Choice and ‘street vendors’, as ‘with’ the cable-car it is 0.80r2 

and 0.73r2 ‘without’. This starts to demonstrate how informal commercial outlets naturally respond 

to the spatial configuration, by positioning themselves in the areas that are most likely to generate 

pedestrian movement (Figure 6-30). 
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Figure 6-30 Street vendors to space for the cable-car stations (above and previous page). 
A comparison between each station for the correlation coefficient values between the frequency 

of ‘street vendor’ during late afternoon and choice at metric radius 1000, which provide the 

highest relationship of all three urban scales. 

 

‘Street vendors’ are very responsive to local environments and provide an insight into how 

commerce can instantly respond to local changes, such as the temporary closure of the cable-

car. This is because unlike ‘regular’ and ‘irregular’ commerce that is confined to a fixed location, 

‘street vendors’ can respond by repositioning themselves, allowing their businesses to still pick 

up the foot traffic required to survive. This is done by the street vendor ‘estimating the number of 

customers who may frequent the pitch daily, which will determine whether the location can be 

operated economically’ (Soto, 2002). However, because of this ability to easily adapt the results 

are very different for each case, as local attractors, other than the cable-car, play a major role in 

the distribution of ‘street vendor’ and these are very hard to record, since they vary from case to 

case. Then major attractors like the cable-car disproportionately distribute ‘street vendors’ in 

areas of high movement and because they occupy very small areas of space, the result can be 

heavily skewed.  

 

6.8 Findings: the commerce to space relationship 

Main Findings: 

• All commerce recorded in the areas surrounding the cable-car connect best to the 
meso and macro urban scale.  
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• The introduction of the cable-car makes local economies become less closed off 
from the wider city. 

• When the cable-car is less influential over pedestrian movement, ‘regular’ 
commerce has a stronger relationship to the urban grid, as it is more evenly 
distributed across the urban grid.   

• ‘Irregular’ commerce in general connects strongest to the urban grid during the 
early morning because there is less competition and they can take advantage of 
people moving toward the cable-car station. 

• Like ‘regular’ commerce, ‘street vendors’ connect best to the meso and macro 
urban scale, where the majority of pedestrian movement regularly passes through, 
often accessing the cable-car, however this relationship is more volatile when the 
cable-car closes. 

• The draw of the cable-car encourages ‘street vendors’ to disproportionately 
position themselves in spaces nearby the cable-car stations and at La Aurora this 
helps informal commerce to create an informal high street. 

 

Hillier stats that ‘evolving space organisation in settlements first generates movement patterns, 

which then influence land use choices, and these in turn generate multipliers effects on movement 

with further feed-back on land use choices and the local grid as it adapts itself to more intensive 

development’ (Hiller, 1996). When the frequency of different types of commercial outlets are 

related to ‘through’ space certain findings develop, which starts to explain how commerce react 

to the introduction of the cable-car and in doing so commerce becomes an indicator of change. 

These results show that ‘regular’ commerce has a strong relationship with the meso and macro 

urban scales, a scale that predicts the most likely location of foot and vehicular traffic and is 

enhanced the most by the presence of the cable-car, as the spatial analysis results previously 

demonstrated in Chapter 04. These results are clearest at Linea K, where the largest 

concentration of ‘regular’ commerce is found. These reliable types of space are ideal for 

permanent small businesses that require ‘larger and more secure demand patterns to become 

established’ (Bateman et al., 2011). Whereas, the results for ‘irregular’ commerce shows a 

stronger connection with the micro urban scale, where it ‘just about survives by tapping into the 

neighbourhood demands’ (Bateman et al., 2011) and during the early morning when most 

‘regular’ outlets are still shut. These are often located away from major ‘through’ routes, though 

there is a stronger relationship to these spaces when the cable-car closed, thus movement here 

is less reliable and often reliant on the lure of the cable-car or other local attractions, which makes 

the results very different for each case study. This type of commerce is also very unstable 

because they sell cheap ‘simple food and non-food items’, which is easily available throughout 

each neighbourhood creating lots of competition that prevents a good income (Bateman, 2012). 
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Then ‘street vendors’ react to daily events and activities within each neighbourhood, by 

positioning themselves in the best locations to pick up pedestrian foot traffic, as they ‘take 

advantage of the morphological possibilities of spatial concentrations capable of adding density 

to transactions’ (Simone and Febriyani, 2015). This highlights that each type of commerce 

spatially distributes itself wherever best to pick up their customer base, but it is only ‘regular’ 

commerce that appears to consistently take advantage of the configuration of the urban grid and 

it is this that makes it the most stable type of commerce. 

This demonstrates a local knowledge by the retailer to know how residents move differently 

throughout the day, which is best understood by comparing the ‘with’ and ‘without’ results for each 

time of the day. During early morning, when there is very little else open, ‘regular’ responds most 

noticeably to movement generated by the cable-car. However, after early morning there are very 

few differences in the way ‘regular’ commerce relates to the urban grid ‘with’ and without’ the 

cable-car, when movement is more evenly spread across the neighbourhoods, encouraging 

commerce to also spread more equally. However, this is very different for ‘street vendors’ since 

they can easily relocate whenever there are changes at any scale. So, during late afternoon, 

unlike the other two types of commerce, ‘street vendors’ generally improve their relationships to 

Choice when the cable-car is closed as they are no longer disproportionately positioned to pick 

up attractor movement. However, at La Aurora the relationship between ‘street vendors’ and 

Choice is very strong ‘with’ and ‘without’ the cable-car, as many vendors line the main street to 

pick up the movement coming and going from the station and along the only main street in the 

neighbourhood. 

These findings highlight that commerce responds directly to the urban grid and the cable-car and 

in doing so reacts to the transformation process of each informal settlement, where the cable-car 

station is often the central element of this (Figure 6-31). This is clearest to see with ‘street vendors’ 

who instantaneously react to change, even if it just a temporary closure. This is also evident with 

both ‘regular’ and ‘irregular’ types of commerce during early morning, as many of these outlets 

do not open when the cable-car is closed, particularly during early morning, because presumably 

there is no point, resulting in them connecting better with ‘through’ spaces. This shows that 

commerce almost instantaneously reacts to changes to the urban grid when a new spatial 

connectivity solution is introduced to a marginalised informal settlement, thus providing a useful 

indicator of change.  

 



337 

 

 

 

Figure 6-31 The distribution of commerce in relation to the main spaces (top 10%) of 
choice at metric radius 3500.  

 

Santo Domingo 
Top 10% Choice with Commerce 

La Aurora 
Top 10% Choice with Commerce 

Popular 
Top 10% Choice with Commerce 

Vallejuelos 
Top 10% Choice with Commerce 

Andalucia 
Top 10% Choice with Commerce 

Juan XXIII 
Top 10% Choice with Commerce 
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6.9 Commerce that does not connect to Space 

These findings demonstrate that the distribution of commerce can be associated to Choice. This 

is because the configuration of the urban grid defines the way in which people move and this then 

influences the distribution of certain land-uses, such as commerce. As Hillier et al explains, 

‘spaces which the grid configuration prioritised for through-movement might for that reason be 

selected as good locations for 'passing trade' land uses’ (Hillier et al., 1993). Nonetheless, the 

density of commercial outlets nearby the stations suggests that the cable-car has altered this 

relationship, by creating a strong attractor that goes against ‘configurational logic’. Therefore, it 

can be expected that commerce will also position itself close to the stations to pick up trade from 

passengers that move to and from this connection. To differentiate the influence of configuration 

and attraction, the next section examines the relationship between movement and commerce and 

the locality of commerce in relation to the station 

To start with all ‘open’ commercial activities for each case study are combined to create the largest 

sample possible, allowing the general results for all the cable-car stations to be explored as one. 

The distribution of commerce is then related to the previous movement observations to 

understand if the distribution of commerce can be connected to movement. 

The result from this shows that all ‘open’ commerce distributes more evenly in relation to 

movement when the cable-car is open, as the average distance between outlets is smaller when 

‘with’ the cable-car but less so ‘without’ (Figure 6-32). This shows that when the cable-car is 
open commercial outlets are located to take direct advantage of movement generated by 
the cable-car, thus where it is busiest there is the largest concentration of outlets. Whereas 

‘without’ there is more chance of the fewer opened outlets being distributed elsewhere within in 

the local urban grid. This shows that when the cable-car closed the distribution of commercial 

outlets was more evenly spread throughout each neighbourhood since movement was not so 

singularly located towards the cable-car station. This is more exaggerated during early morning 

when there is a larger disparity between movement flow ‘with’ and ‘without’ the cable-car. These 

results are also the likely outcome of the observations being from a temporary closure, as over 

the course of time commercial outlets would become more heavily concentrated in other parts of 

the neighbourhood if the cable-car closures became permanent. 
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Figure 6-32 The relationship between movement and all ‘open’ commerce. The shows the 

average distance between the outlet and each movement range and the shorter the distance 

between outlets the more densely packed the outlets are within each area. 

 

Along with commerce locating itself nearby areas of heavy movement, it has been previously 

suggested that commerce connected strongly to the locality of the cable-car, as was previously 
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demonstrated with movement. It is possible to better understand this by connecting the 

distribution of commerce to the step depth analysis results (Figure 6-33), as was previously done 

with the movement observations. 

 

Figure 6-33 Commerce during Late Afternoon Overlaid on Metric Step Depth Results. 

 

From this it is possible to observe that most of all commercial outlets are located between 100 

and 200 metres of the station entrance. This is higher at Linea K, where over 60% of commercial 

outlets are located within 200 metres of the stations, whereas for Linea J this is between 40% 

and 50%. Though these proportions change for the different types of commerce, for example 

‘street vendors’ are distributed closer to each station, most of all commerce is found within 200m 

of each station for both lines. It should be noted that commercial activities are not permitted on 

cable-car station land, hence why there are few outlets within 100m of the entrance. Further, at 

Linea J, the outlets are more evenly spread between each metric step depth range, whereas at 

Linea K there is a clearer concentration of outlets in the areas closest to each station. This starts 

to reaffirm previous assumptions that commerce at Linea K is more strongly connected to the 

cable-car, potentially because the line is more heavily used and thus provides the opportunity to 

attract more customers. Again, these are similar findings to the movement observations. Also, 

there are very few differences in the overall distribution of the commerce, between ‘with’ and 

‘without’, apart from the range above 400m during early morning. This shows the influence of the 

cable-car goes beyond its immediate surroundings (Figure 6-34). 
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Figure 6-34 The relationship between metric step depth and all ‘open’ commerce type for 
Linea K and J. The shorter the distance between outlets the more densely packed the outlets 

are within each area.  

 

Along with the locality of the station it has also been presumed that the ease of connectivity and 

visibility along the main routes that pass by each station affects where the distribution of 
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commercial outlets are. Again, like the movement observations, it is possible to test this by using 

angular step depth analysis results (Figure 6-35). 

 

Figure 6-35 Commerce during Late Afternoon Overlaid on Angular Step Depth Results. 

 

This shows very similar results to the previous metric step analysis, as here commerce is also 

mostly distributed within the first two groups, which are the spaces that have less than 2 (180 

degree) turns to access the cable-car station. Also, commerce is not in the closest group that is 

less than 1.0 turn but is instead in the next group that is just beyond and less than 2 turns, which 

are mainly the spaces that lead up to the station. It is these spaces that often provide the most 

direct routes to and from the stations. This analysis shows that commerce at Linea K is more 

heavily concentrated in the spaces that directly access the station, whereas at Linea J, commerce 

is more evenly distributed throughout each angular step depth range. As a result, at Linea J the 

range with the second largest distribution is above 4.0 turns, which has the smallest distribution 

at Linea K, highlighting that there are spaces disconnected from the station that have significant 

concentrations of commercial outlets. Again, this repeats a similar pattern to the movement 

observations. This reaffirms that commercial outlets surrounding Linea K are responding more 

heavily to the cable-car, whereas at Linea J this connection is weaker with a significant amount 

of commerce, over 30%, recorded in areas of the neighbourhoods that are more disconnected to 

the station (Figure 6-36).  

Also, neither of the lines show many changes when the cable-car closed, other than above 4.0 

during early morning for Linea K, which again shows that at Linea K the cable-car’s influence is 

reaching further than Linea J (Figure 6-36).  
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Figure 6-36 The relationship between angular step depth and all ‘open’ commerce type 
for Linea K and J. The shorter the distance between outlets the more densely packed the 

outlets are within each area. 

 

This cross analysis of the distribution of commercial outlet in relation to other factors closely 

connected to the locality of the station demonstrates how the cable-car is influencing the 

distribution of commerce. This shows that commercial outlets are connecting strongly to 
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movement heading to and from the cable-car, either within a metric distance of the entrance or 

along the main pathways towards the stations. As with most of the results in this research, the 

influence of the cable-car in Linea K has a stronger impact in this relationship. This further shows 

that local commercial outlets are attracted to both the spatial configuration of the urban grid and 

the locality of each station (Figure 6-36). 

 
Figure 6-37 The relationship between space, movement and commerce. Movement and 

commerce at Santo Domingo (top) and La Aurora (bottom) during late afternoon ‘with’ in 

relation to the main spaces of choice at metric radius 3500. 

 

These findings further highlight the importance of understanding the existing urban grid before 

joining a new spatial connection to it, as the location of the cable-car at Linea K appears to 

significantly influence the distribution of commercial outlets, but does not appear to have the same 

influence at Linea J. These findings using step depth almost mirror the relationship between 

space and movements, which starts to make clear the full extent of the impact that the cable-car 

Santo Domingo Late Afternoon 
Movement Patterns overlaid Commerce and Choice Top 10% 

La Aurora Late Afternoon 
Movement Patterns overlaid Commerce and Choice Top 10% 
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can have when it connects positively to aspects of the existing urban grid that generates high 

predicted ‘through’ movement, measured using choice (Figure 6-37). 

 

6.10 Is the relationship between commerce to movement stronger than commerce to 
space? 

Main Findings: 

• When the cable-car is open a large proportion of all ‘open’ commercial outlets 
recorded are located to take advantage of movement generated by the cable-car.  

• At Linea K commerce is more responsive to the locality of each cable-car station, 
whereas at Linea J commerce is more evenly distributed throughout each network 
and areas more disconnected to the station. 

• The routes towards the stations are very important for the distribution of 
commercial outlets, as these provide the most direct connections to each station 
and this further highlights the importance of connecting to the existing network. 

• In general, the influence of the cable-car on the relationship between commerce 
and movement is most prevalent during peak hours of use. 

 

As Hillier explains ‘most types of land use seem to have some spatial logic which can be 

expressed as a statistical relation between spatial and functional measures’ (Hiller, 1996). Here 

commerce appears to have a strong connect to the parts of the local urban grid that generates 

the most movement and where this connects directly to the cable-car line the distribution of 

commercial outlets is heaviest, as is the case for much of Linea K. This allows the distribution of 

commercial outlets to relate to both the configuration of the urban grid, which was in place before 

the introduction of the cable-car, and the spatial positioning of each station. Thus, the distribution 

of commercial outlets in the areas surrounding each station appears to connect strongly to both 

the urban grid and the cable-car.  

These relationships are generally stronger during late afternoon when the proportional importance 

of the cable-car reduces because more local activities occur elsewhere. This is because the 

cable-car has the largest influence over local movement in these neighbourhoods during the early 

morning, but by late afternoon the urban grid becomes more prevalent as more local activities 

occur that are not directly connected to the cable-car. It is therefore the urban grid that allows 

commerce to continue to thrive when the cable-car stops attracting movement or is less prevalent, 

and this highlights the importance of the existing urban grid before the cable-car is introduction. 

However, when a major attractor, such as the cable-car, positively connect to the urban grid, 
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attraction and natural movement can combine to greatly enhance local commerce, as was the 

result for the stations along Linea K. 

 

6.11 Conclusion: commerce an indicator of change 

When the first cable-car line was introduced to the north-east of Medellin in 2004, it was initially 

hoped that this simple, but strange form of transport would ‘improve access of the residents of 

those sectors to the main Metro system, while simultaneously taking advantage of the under-used 

capacity of the city’s overground Metro’ (Brand and Dávila, 2013). This unique connectivity 

solution quickly became a part of Medellin’s urban revolution, which was heavily discussed in 

Chapter 02. The image of an alpine gondola system transporting residents over large areas of 

informality, fitted perfectly into this discourse and became ‘a reference point for broader and more 

comprehensive urban interventions’ (Brand and Dávila, 2013). While  the improved transportation 

benefits are clear to see for these topographically marginalised informal settlements, the impact 

is not always obvious, as poverty and deprivation indicators in Medellin, ‘still remain 

overwhelmingly high in comparison with the national level and with other countries’ (Duque et al., 

2013). 

Previous chapters have demonstrated some of the localised spatial changes that have occurred 

because of the introduction of the cable-car, affecting connectivity and movement. This is 

important, because as Hillier et al explains, ‘the configuration of the urban grid itself is the main 

generator of patterns of movement’ and ‘retail land uses are then located to take advantage of 

the opportunities offered by the passing trade and may well act as multipliers on the basic pattern 

of 'natural movement' generated by the grid configuration’ (Hillier et al., 1993)’. Thus, it is 

reasonable to presume that any type of reconfiguration to the local urban grid would also alter the 

distribution of commercial outlets and thus provide a very local indicator of change. 

So, this chapter answered the research question: if the reconfiguration of space, via the 

introduction of improved spatial connections, brings about changes in local pedestrian movement, 

to what extent can local commerce be used as an indicator to measure the immediate impact? In 

doing do it has demonstrated that it is possible to measure the immediate impact with local 

commerce, as this very clearly reacts to changes in the urban grid and the inclusion of a new 

major attractor, by influencing pedestrian movement, which then consequentially encourages 

commerce to redistribute. However, the type of commerce that reacts to this has varied impact 

on the local areas. As ‘regular’ commerce brings with it stability and security for shopkeepers and 

customers, yet the unpredictability of ‘irregular’ commerce and ‘street vendors’ indicate the 

opposite for local neighbourhoods. So, while commerce reacts to the cable-car station with the 

promise of more customers, without the confidence of a well configured urban grid generating 

movement when the cable-car stops attracting large numbers of people, businesses reliant on a 

high concentration of movement are unable to sustain themselves. 
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An understanding of the configuration of the urban grid and its affects and outcomes is often 

neglected within the colourful story of Medellin, as many prefer to promote the city through its 

glamorous rhetoric. But by understanding the urban grid, before and after a change, provides a 

greater opportunity to understanding the fluctuating spatial relationships that can occur within an 

informal settlement, especially those that relate to both movement and commerce. This can then 

indicate where changes are likely to occur when the urban grid is disrupted by a new connection 

or a major attractor. The local changes that occur from such interventions can then lay the 

foundations for larger long-term transformation that will take full advantage of Medellin’s famous 

urban upgrading programme.  
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CHAPTER 7 - HOW CAN THE IMPACT OF CABLE-CARS BE 
PREDICTED? 

 

7.1 Chapter introduction 

This chapter summarises the main findings of the analysis using a comparative case study that 

does not have a cable-car intervention – Picacho. A location where a new cable-car line is due to 

open in early 2019. This comparison repeats the methods of analysis used in the previous 

analytical chapters - 04, 05 and 06 - and in doing so will aim to further highlight the impact the 

cable-car has had. This is important because while the temporary closure of the cable-car 

provided a ‘without’ scenario to offer a comparison, this closure was only temporary and did not 

allow enough time for largescale changes to occur. So, consequently the catchment areas 

analysed do not provide a true reflection of the surroundings before the cable-car was installed. 

A similar topographical location that has not been affected by a major transport connection could 

provide a clearer before scenario and help to further highlight where the cable-car has influenced 

the previous results, specifically with the finding for movement and commerce. Picacho then 

provides a location to use the previous results to make a prediction on what the impact is likely to 

be once the future cable-car opens.  

 

7.2 What the analysis has said so far 

The introduction of the cable-car altered the accessibility of previously segregated informal 

settlements, a major goal of Fajardo who wanted to reconnect these heavily isolated 

neighbourhoods with the rest of the city, as the ‘only way to make a city whole again is by 

reconnecting its segregated pieces’ (McGuirk, 2015). This not only altered the way people 

connected with other parts of the city, but also the way they moved through their own 

neighbourhoods, with increased pedestrian movement to and from each station to gain the benefit 

of this improved connection. Calderon points out that these ‘are located in strategic areas of the 

neighbourhoods and are considered as “magnets” and “detonators” of development in all the 

other fields’ (Calderon, 2009).  

The overall impact of the cable-car for each comuna affected has been limited. Brand points out 

that ‘the effects produced by a cable-car system on the material quality of life of urban residents 

are modest’ (Brand, 2013b). He expands upon this by highlighting that the ‘improvement in certain 

social indicators seem to be more attributable to the general economic conditions within the city’ 

(ibid). Nor has this been able to prevent inequality within the whole city, as ‘despite this period 

being characterised by an important economic increase, inequality, measured by the Gini 
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coefficient58’ remains very high and it is one of the most unequal cities in Colombia (Duque et al., 

2013).  

The objective of this research was to understand the impact of Medellin’s cable-car and to 

demonstrate the extent of change resulting from this. To do so, the previous three chapters 

focused on measuring changes that have resulted from its introduction by examining scenarios 

‘with’ and ‘without’ the cable-car.  

To start with Chapter 04 explored the impact of the cable-car on the spatial configuration on the 

urban grid and how this changed the local connectivity for each affected neighbourhood. This 

highlighted both the levels of changes that have occurred because of the cable-car and the spatial 

conditions necessary for such changes to occur. It is necessary to connect to the existing city 

structure to achieve the greatest level of success and this was best highlighted when the cable-

car line successfully connected to spaces with a high choice value. By connecting to this existing 

network, which is predicted to have the highest level of choice within each informal settlement, 

the cable-car has the greatest potential to reach out and expand beyond the station, taking 

advantage of existing movement networks, such as the pathways used by pedestrians and buses. 

This helps to prevent the cable-car from becoming simply a singular connection into the city 

without any connection to the existing local neighbourhood. Furthermore, this chapter showed 

that the largest impact from the cable-car occurred at the meso urban scale, which sits between 

the local informal networks and the large citywide areas of centrality. As a result, this transport 

system helps to build a spatial bridge between the largely divided informal and formal networks, 

without significantly altering either of these networks.  

Once the spatial configuration of the local urban grid was redefined by the cable-car this 

influenced local actions, such as pedestrian movement and this was examined in Chapter 05. 

This showed that cable-cars had the largest influence over movement within the area directly 

surrounding each station during early mornings when there was little else open. However, by late 

afternoon when the same number of people were using the cable-car to return home from work, 

the influence of the cable-car greatly reduced as more local activities occurred throughout each 

neighbourhood. When the cable-car closed it was during late afternoon that the movement pattern 

changes the least. When the movement patterns were related to the configuration of the urban 

grid it was noticeable that where the cable-car was positioned in areas of high connectivity, the 

relationship between movement and space was often enhanced by the presence of the cable-

car. This is potentially because the cable-car encourages people to move along these routes 

more regularly, as without this these areas have less of a focus, therefore the cable-car is helping 

these neighbourhoods become spatially more resilient and movement patterns are more 

predictable.  

                                                        

58 This is a commonly used measurement of inequality. 
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Changes in local movement patterns resulting from the reconfiguration of the urban grid has the 

potential to alter the way commerce is distributed and as a result this could provide a very useful 

indicator of change, which was explored in Chapter 06. This showed that the fluctuation in the 

number of commercial outlets opened throughout the day was very similar to the pedestrian 

movement patterns, changing heavily during early morning when the cable-car closed, but very 

little at late afternoon ‘without’. When the distribution of commerce was related to the configuration 

of the urban grid, this showed that certain types connect most strongly to the urban grid at different 

times of the day. Such as ‘irregular’ commerce has a stronger connection during early morning 

when there is less competition from others, whereas ‘regular’ has a stronger connection later in 

the day when there are more people about. Also, unsurprisingly commerce in these informal 

settlements connected most positively to the micro urban scale, which is where the majority of 

pedestrian movement is predicted to occur. Yet, interestingly it was the marco scale that had the 

largest changes when the cable-car closes, which were the routes that people use the most to 

access the cable-car stations and this highlights how commerce has distributed itself to take 

advantage of the most common routes used to access the stations. Overall the distribution of 

commercial outlets has a strong connection to both the locality of the station and the routes used 

to connect to the stations, which was most positively observed at Linea K and this highlights the 

importance of both the urban grid and cable-car’s attraction. 

Nonetheless, because a temporary closure of the cable-car was used as the proxy for ‘without’ it 

is not possible to objectively determine the direct impact of the cable-car on the measurements 

of movement and commerce, because the presence of the station is still there. As a result, a 

comparative case study where there is no cable-car presence could potentially provide a clearer 

example of a scenario ‘without’ a cable-car. Allowing the cross analysis to be tested ‘without’ a 

major attractor and this then provides a scenario that can predict how change might occur in the 

surrounding areas if a cable-car were introduced. 

 

7.3 The method of analysis 

The method of analysis used in this chapter is divided into two main parts. The first part analyses 

the comparative case study that does include a cable-car. Providing an unaffected example that 

can help explain the ‘without’ scenarios better, specifically in relationship to the attractor role the 

cable-car plays in the distribution of movement and commerce. The other part of the chapter 

focuses on making a prediction of the impact of the future cable-car in this location. This aims to 

use the results of the analysis and an exemplar case to form a prediction (Figure 7-1).  
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Figure 7-1 Prediction workflow diagram.  

 

7.3.1 Method of analysis 01: comparative study 

The comparison case used is Picacho, a location on the opposite side of the valley to the first 

cable-car line, Linea K and also has a very similar topographical landscape to Linea K (Figure 7-

3). The analysis of this case starts by looking at its socioeconomic make up, using the same 

municipal data used to summarise each study in Chapter 03. The results are then compared to 

other cable-car station case studies, a process that is repeated throughout this chapter. After this 

the analysis focusses on repeating the previous spatial analysis method used in Chapter 04 for 

Picacho. To do this, the previous ‘without’ spatial model of Medellin is used, with a similar 

catchment area to the existing case studies and both the proposed station and new line are used. 

The ‘without’ model is used in these comparisons, because it allows the role of the cable-car 

during these temporary closures to be better tested. This chapter repeats the following methods 

of analysis: choice and integration analysis, angular step-depth and spatial condition 

benchmarking. It does not repeat integration difference analysis at this stage because the new 

cable-car line has not yet been modelled.  

The spatial analysis of Picacho is then followed by movement and commerce analysis and again 

repeats the same methods of analysis used in these main analytical chapters. This uses the 

previous movement observation survey methods to record onsite the distribution of movement at 

16 important junctions nearby the location of the proposed new station at the same four different 

times of day as before. These results are then added to the spatial model and correlated to the 

spatial analysis results for the same location, again using the same method as before. Whilst 

completing the onsite movement observation surveys, the same commercial land-use surveys as 
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before is repeated. Here each commercial outlet type and facility from chapter 07 is again 

surveyed at the same four different times of the day as the movement observation surveys. The 

results are again connected to the spatial analysis results and movement patterns to make direct 

comparison with the previous results. 

Importantly, at Picacho there is no major attractor affecting the results, so movement and 

commerce here should be more responsive to the urban grid. Hence, these results can be 

compared to the results for the other case studies to examine how the presence of the cable-car 

has altered the immediate built environment surrounding each cable-car station. 

7.3.2 Method of analysis 02: predictive study 

The location of Picacho and its future cable-car connection, also provides an opportunity to 

examine if the impact of a new cable-car line can be predicted. 

To make a spatial analysis prediction, the previous ‘with’ spatial model of Medellin is adapted to 

include an additional line from Acevedo up to Picacho, the proposed new line – Linea P. The line 

is added to the model using the same method as before, where each connection point, besides 

the locations of the station, is unlinked from the spatial model. Once the model is updated the 

same methods of spatial analysis are again completed: choice and integration analysis, angular 

step-depth, spatial condition benchmarking and integration difference, which can be used in the 

predictive study because there is a ‘with’ and ‘without’ scenario to map the differences. These 

predicted results can then be compared to the other case studies ‘with’ the cable-car to allow 

comparisons to be made. 

These spatial analysis results at Picacho (Choice, Integration, Integration Difference, Angular 

Step Depth), alongside other local factors (Speed, Metric Step Depth, Existing Movement and 

Existing Commerce), can be used to predict movement and commerce (Table 7-1). This is done 

using the results of a multiple regression model of an exemplar case to set up a predictive 

equation. Multiple regression is used instead of linear regression, because it allows a variety of 

different variables to be combined to create a prediction and does not just use the relationship 

between two variables to form a prediction. As Psathiti and Sailer explain ‘multiple regression 

considers all variables at once, it allows an explicit control of many factors that might affect a 

dependent variable and therefore the strength of each independent variable can be evaluated’ 

(Sailer and Psathiti, 2017). While linear regression was useful for recording changes in the main 

analysis, as it could examine the direct connection between the main elements of this research - 

space, movement or commerce - it does not consider that movement and commerce might be 

influenced by other local factors. Thus, multiple regression provides a better basis for more 

accurate prediction. 

Multiple linear regression ‘analyses relationships between a dependent variable and several 

independent variables’ and can be defined using the following equation: Y = a + b1*X1 + b2*X2 + 
... + bp*Xp (Gonick and Smith, 1993). To create the multiple regression models this research uses 
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the statistical software JMP 59 . This allows various datasets to be analysed to establish 

correlational associations, so that the performance of movement and commerce can be measured 

in relation to the relevant datasets. 

To make the multiple regression models, which can later be used to form a prediction, an 

exemplar case study is first needed to populate the multiple regression model. Santo Domingo is 

chosen because it has a very similar topographical location on the other side of the valley and 

the local urban grid is also similar, as the spatial analysis results will later demonstrate. Santo 

Domingo is also widely regarded as one of the most successful urban upgrading cases in Medellin 

with its many supporting interventions. Hence, it is a good example to aim towards for a new 

station. 

Multiple Regression Variables 

Dependent Independent 

Pedestrian Movement 

Integration 

Choice 

Metric Step Depth 

Angular Step Depth 

Commercial Outlet Distribution 

Integration Difference 

Segment Length 

Speed 

Movement (only with Commerce) 

Table 7-1 Dependent and independent variables used in the multiple regression models. 

 

Using the results from Santo Domingo ‘with’ the cable-car, multiple regression models are 

constructed using movement and commerce as the dependent variables, since these are the 

values that need predicting, and these are then related to various independent variables - 

Integration, Choice, Metric and Angular Step Depth, Integration Difference, Segment 
Length, Movement and Frequency of Commerce (Table 7-1). Only early morning and late 

afternoon results are used in these models, since these provided the most interesting findings 

throughout the research. The list of independent variables for each model are then reduced using 

                                                        

59 JMP is a suite of computer programs for statistical analysis developed by the JMP business unit of SAS 
Institute. JMP Pro was used for the multiple regression models used in this chapter. www.jmp.com 



355 

a backward stepwise multiple regression. This method subtracts a variable from the model one 

at a time when it’s p-value is higher than 0.05. This method is repeated until the p-value for each 

remaining variable is less 0.05 (Figure 7-2d), at which point the multiple regression model is 

complete (Draper and Smith, 2014). This essentially does multiple regression several times, each 

time removing the weakest correlated variable. From this it is possible to determine the variables 

of each situation that most influence movement and commerce, this allows the research to ask 

the question "what is the best predictor of movement and commerce for a specific time, location 

and urban scale?” At this point a correlation coefficient value is produced (r2) to indicate the 

likeliness that this set of independent variables can be used as a predictive model (Figure 7-2).  

The results of each model can then be used to form a prediction for movement and commerce at 

Picacho. This is possible using JMP’s prediction profiler60, which allows the different values to be 

added to the remaining independent variable (Figure 7-2c) in each multiple regression to make a 

prediction on the dependant variable being examined. However, this prediction would only be for 

an individual segment in the model and while it would be possible to do this for each segment it 

would be very time consuming, especially if the prediction was for a whole city. Therefore, the 

equation used in JMP’s prediction profiler (Figure 7-2e) is inputted in QGIS to generate a 

prediction for each of the relevant segments. This uses the model coefficients (Figure 7-2a) to 

create a prediction equation, which is defined as: Y=a+b*X, where Y (Movement or Commerce) 

can be predicted where a constant (a) and a slope (b) times the X variable. The constant is 

referred to as the intercept61 (Figure 7-2b) and the slope as the regression coefficient of the 

remaining independent variables (Figure 7-2c) within the multiple regression models (Jmp and 

Proust, 2012). So that the prediction can be compared with existing conditions, only the segments 

that have existing movement values are predicted. 

                                                        

60 www.jmp.com/support/help/14/use-regression-with-multiple-predictors.shtml 
61 The intercept is the expected mean value of Y when X=0 or more simply put is the value at which the 
fitted line crosses the y-axis. 
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Figure 7-2  Example of multiple regression model using JMP. (a) these are the model 

coefficients, (b) is the constant in the model, (c) is the regression coefficient of the remaining 

independent variables within the multiple regression models, (d) this is the p-value, where it is 

less than 0.5 the variable remains in the model and (e) is JMP’s built in prediction profiler for the 

multiple regression model, here the values of the remaining independent variables can be 

adjusted to make a prediction for the dependent variable.  

 

Analysing a comparison case that is like the existing case studies provides the opportunity to 

better appreciate a local neighbourhood before a cable-car is introduced, so that changes from a 

new cable-car can be better predicted. This provides a better understanding of how a new spatial 

connection influences the distribution patterns of both movement and commerce. 

 



357 

7.4 Picacho: yet another cable-car or a new connectivity solution? 

The comparison case is Picacho, a neighbourhood in the north-west of Medellin, located on the 

other side of the valley to Linea K and directly opposite Santo Domingo (Figure 7-3). Recently, it 

has been designated the location for a terminal station to a new cable-car line (Linea P), which 

starts at Acevedo stopping at two new station in between before finishing at Picacho, mirroring 

Linea K on the opposite side of the valley. Construction of this new line started early 2018 and is 

estimated to open mid-2019 and once completed this will be the sixth Cable-car line in Medellin62. 

 

Figure 7-3 – Location of Picacho. Dashed red line highlights the location of Picacho and the 

new line – Linea P, directly opposite Santo Domingo and Linea K (solid red line) on the other 

side of the valley. 

 

As with the other case studies there is available socioeconomic data about this location from the 

municipality (Figure 7-4). When this is examined for the location of the comuna that includes the 

new cable-car, there are certain similarities with the existing cable-car stations, such as the 

socioeconomic stratums showing no significant changes since 2004. However, the percentage of 

the city’s population living in band 3 is higher than the locations of Linea K, as it is between 7-8%. 

This suggests that the surrounding neighbourhood is more affluent. There are also differences 

                                                        

62 Construction work on Linea P officially started in March 2018, during the fieldwork for this research the 
Line was only a feasible project and when the new mayor was elected at the start of 2017 this project 
quickly gained momentum and should be completed before his term finished at the end of 2019.  
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with the percentage of homes that run a business, as while this has changed little since 2004 it is 

slightly higher than either Linea K or J. This demonstrates that like the other locations, few 

socioeconomics changes have occurred here in the municipal record since 2004, but in general 

the available socioeconomic data shows that location of the future Linea P is a more 
prosperous than Linea K and more commercially active that both Linea K or J.  

 

Figure 7-4 - Quality of life survey results - Socioeconomic Stratums. The percentage of 

people living in different socioeconomic stratums has changed little in Doce de Octubre. 
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Figure 7-5 – Quality of life survey results - Homes that include a Business. There few large 

differences in the percentage of homes that include a business. 

 

However, as previously discussed, this data is for a whole comuna and does not focus on an 

exact area. So, the municipality’s GIS data is again used to form a more direct comparison with 

other locations.  

When the socioeconomic groupings are examined (Figure 7-7) the percentage of area dedicated 

to stratum 01 and 02 here is very similar to Santo Domingo, with 67% for stratum 01 and 33% for 

stratum 02. Intriguingly there is no stratum 03 here, even though the Quality of Life Survey 

indicated this was prevalent in this comuna. When the different land-uses are examined (Figure 

7-6) there is a smaller proportion of residential at Picacho than any other case, at 54% and a 

higher proportion of commercial land-use than anywhere else, at 12%. This indicates that the 

land-uses here are slightly different, with less residential and more commerce and this is also 

something the previous quality of life survey results suggested (Figure 7-4, 7-5). Then, even 
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though the previous municipality surveys suggested this area is more affluent, the average land 

value is value low.  

 

     

Figure 7-6 General land-uses at proposed Linea P and aerial image above Picacho. 
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Figure 7-7 Percentage of land within each case study allocated to each socioeconomic 
stratum and land-values range. A comparison between Picacho and the other case studies. 

 

When the different public facilities are examined (Figure 7-8), sports and recreation is the largest 

facility followed by schools and public services, but the overall percentage of land dedicated to 

these is much lower than Linea K and more like Linea J. This is because the area surrounding 
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Picacho has not had the same amount of upgrading as other parts of the city such as Linea K. 

This confirms that Linea J never had any significant investment in supporting 
interventions, since a site ‘without’ a cable-car has the same amount of area dedicated to 
public facilities. Something that has been stated by previous commentators of the cable-car 

(Bocarejo et al., 2014; Brand, 2013a; Dávila and Daste, 2012). Then lastly, when the estimated 

population (Figure 7-9) is examined this is highest at Picacho, compared to the other stations, 

with an estimated 27270 residents living here, this total is like the populations at the stations along 

Linea K, but a lot higher than Linea J. 

 

Figure 7-8 Distribution of Public Facilities in Picacho 
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Figure 7-9 Estimated population of Picacho in comparison to the other case studies. 

 

Even though Picacho has not been subjected to the same intensive upgrading programme as the 

existing cable-car stations, there are still significant similarities. Such as in the geographic 

location, which is almost a mirror image of Linea K (Figure 7-3), the immediate socioeconomic 

bandings are similar with the surrounding areas being mostly within band 01 or 02 (Figure 7-7), 

the estimated population is comparable to the stations along Linea K (Figure 7-9). However, there 

are also aspects that are not so similar, such as the socioeconomic bandings of the nearby 

comunas, which are consistently more affluent (Figure 7-4, 7-5), then the commercial land-uses 

here are noticeably larger (Figure 7-6) and public facilities are quite low here in comparison to 

Linea K (Figure 7-8), though intriguingly they are very similar to Linea J. Nonetheless, Picacho 

still provides a comparable case study, offering an insight into a neighbourhood before a cable-

car connection transforms the surrounding areas and can help explain previous findings where 

the ‘without’ scenario is still being affected by the cable-car.  
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Figure 7-10 Congested traffic at Picacho during late afternoon. 

 

7.5 A comparative spatial configuration – Picacho. 

When the location of the proposed new cable-car line (Linea P) is examined using the same 

spatial analysis methods as before and compared to Linea K and Linea J there are many results 

that can help explain the previous findings.  

The total length of the surrounding network to be analysed is 69766m long, which is slightly 

smaller than Linea K but significantly larger than Linea J. Thus, the length of the network sits in 

between the two existing lines. This is like some of the spatial analysis results, as Choice at the 

micro and meso urban scales for Linea P also sits between Linea K and Linea J, though it is 

closer to Linea K (Figure 7-11, 7-12). However, at the macro urban scale it is worse than both. 

With Integration, the micro and meso urban scales at Linea P are higher than both Linea K and 

Linea J, then the Macro sits in between both lines, but closer to Linea K (Figure 7-11, 7-12). 

This shows that the area surrounding the proposed Linea P has reasonable integration and choice 

at the micro and meso urban scales but becomes weaker at the macro as connections to other 

parts of the city are weak. This is not the case at Linea K, which has decent connectivity with the 

rest of the city ‘without’ the cable-car due to useful existing ‘through’ space that passes the site 

of each station. This highlights a weakness of this location to connect to the rest of city and 
starts to justify why a Cable-car could be beneficial, as it may address this with a new 
spatial connection to the city’s foreground structure of the main road and metro line. 
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Figure 7-11 - Spatial Analysis of Linea P 

Choice at metric radius 3500 

Integration at metric radius 3500 
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Figure 7-12 – Spatial analysis results for area surrounding future Linea P. 

 

It is clear that the area surrounding proposed Linea P has similarities with Linea K, especially at 

the local scale, and this continues with the area directly surrounding the proposed station at 

Picacho, but again these similarities decrease at the macro urban scale (Figure 7-12).  

 
Figure 7-13 Network length analysis. Picacho is smaller than all the stations along Linea K, 

but bigger than the stations at Linea J.  
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The analysed spatial network directly surrounding the proposed station is 29948m long and while 

this is smaller than the stations along Linea K, it is significantly larger than the stations at Linea 

J. This is because the surrounding urban grid is not as compact as the stations along Linea K, 

but is significantly less fragmented than those at Linea J (Figure 7-13)  

When Integration is examined (Figure 7-14, 7-15) the results for the micro and meso urban scales 

at Picacho are higher than all other stations, but at the macro urban scale Andalucia and Popular 

are higher. This is like the previous results for Linea P, which showed Integration higher in 

comparison to the other locations and becomes weaker at the scale that attempts to connect to 

further away parts of the city. However, the results for Choice are very different (Figure 7-14, 7-

15), as local choice is weak. At the micro urban scale Picacho has lower Choice values than all 

the stations along Linea K and is only marginally higher than the stations at Linea J at this scale, 

then at the meso urban sale it is only higher than Juan XXIII and La Aurora of Linea J, and at the 

macro it is lower than all stations. This is because existing choice at Picacho does not 
connect successfully with nearby neighbourhoods or further away areas of the city, so the 
existing road network leaves this neighbourhood isolated. 

While Integration is strong, Choice indicates weak ‘through’ movement at Picacho, especially at 

larger urban scales and this prevents good spatial connections with other parts of the city, 

explaining why Integration is weak at the macro urban scale. This is important because previous 

findings in Chapter 04 suggest that it is the way a cable-car connects to good existing spaces of 

choice that was pivotal to the success of Linea K, since these provide continued travel beyond 

each station, via good existing walking and bus networks. Further, in Chapter 04 the results 

demonstrated that while the introduction of the cable-car significantly improved Integration where 

this connection was positive, it did little to improve Choice, since the foreground structure of the 

city is well established. While the existing configuration of Picacho has reasonable local 
walking and bus networks opposite the future stations, because existing choice is not as 
far reaching as Linea K the impact of a future cable-car here might be limited. 
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Figure 7-14 - Spatial Analysis Picacho 
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Figure 7-15 – Spatial Analysis results for Picacho.  

 

Some of these flaws are further exposed when angular step-depth examined (Figure 7-16) for the 

surrounding area to create a different type of catchment area. This shows very weak existing 
wayfinding connections to nearby spaces, only La Aurora and Vallejuelos having a smaller 

catchment area ‘without’ the cable-car (Figure 7-16). This is a consequence of choice in this area 

requiring multiple turns to connect to nearby spaces. 
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Figure 7-16 – Angular Step Depth results for Picacho. (top) angular step-depth catchment at 

Picacho and the length of this network is compared to the other case studies (bottom). 

 

When the local benchmarks are measured against Integration (Table 7-2) there are further strong 

connections between Picacho and the stations of Linea K. When these are evaluated, the results 

are almost identical to Santo Domingo ‘without’ the cable-car and while lower than Andalucia and 

Popular, they are higher than all the stations at Linea J. This shows that the local spatial 

configuration of Picacho relate to socioeconomic spatial condition benchmarks in a similar way to 

the stations along Linea K, though these similarities diminish at a larger scale (Table 7-2). This 

Angular step-depth catchment area  
at Picacho 
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again shows a weakness of the configuration of Picacho’s urban grid at large urban scales, where 

it may wish to connect to far reaching parts of the city.  

 Metric Radius 

 Socioeconomic Land-Value Range 

 Micro Meso Macro Micro Meso Macro 
Santo Domingo (K3) 0.74 0.62 0.56 0.74 0.62 0.56 
Popular (K2) 0.85 0.70 0.69 0.85 0.70 0.69 
Andalucia (K1) 0.94 0.74 0.77 0.94 0.74 0.77 
La Aurora (J3) 0.59 0.35 0.37 0.59 0.35 0.37 
Vallejuelos (J2) 0.48 0.36 0.40 0.48 0.36 0.40 
Juan XXIII (J1) 0.71 0.51 0.54 0.71 0.51 0.54 
       
Picacho 0.94 0.73 0.58 0.94 0.73 0.58 

Table 7-2 – Spatial condition benchmarking results for Picacho. Here Picacho is 

comparable to Linea K station and is significantly better positioned than Linea J. 

 

Throughout the spatial analysis in Chapter 04 there has been a strong emphasis on the 

importance of the new cable-car line connecting to existing choice and this solution is most 

beneficial when the natural movement passes perpendicular to the station. This allows the new 

connection to provide the best opportunity possible for continued travel beyond each station and 

allows easy access for surrounding residents. Many of these features are visible at Picacho, as 

integration is very strong because the urban grid is compact and has a strong area of local 

centrality, like the stations along Linea K. However, choice is often very weak, especially at 

large urban scales where direct connection to other parts of the city are poor.  

This demonstrates that the spatial configuration of Picacho’s urban grid is reasonably strong at a 

local urban scale but declines as it attempts to connect to a large proportion of the city. This 

weakness could be solved by the introduction of new spatial connections that link to major routes 

in and out the city centre, which as previously discussed forms the main part of the foreground 

structure of the city. This is clearly the aim of a new cable-car line in this location, as it attempts 

to replicate the successes of Linea K, however Picacho is not an exact replica and local weakness 

in the urban grid might prevent a successful replication.  

 

7.6 Comparative movement – Picacho 

While the spatial analysis provides a thorough insight into Picacho, it is beneficial to examine how 

the configuration of the urban grid translates onsite in the distribution of local movement.  
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When the results of the movement analysis at Picacho is compared with the existing cable-car 

stations there are a lot of similarities. This is because between early morning and late afternoon 

there is a steady increase in the total number of people recorded, peaking during late afternoon 

(Figure 7-17, 7-18). This is an indication that the general movement patterns at Picacho are 
very similar to the other cases. 

  
 

 

Figure 7-17 - Movement Observation at Picacho. 

Movement during early morning 

Movement during late afternoon  

Carrera 84a and Calle 
104d Junction 

Carrera 84 and Carrera 83 
Junction 

Carrera 84a and Calle 
104d Junction 

Carrera 84 and Carrera 83 
Junction 
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When the results are examined in more detail there are two main zones of movement at Picacho 

(Figure 7-17). Firstly, at the junction between Carrera 84 and Carrera 83, and secondly, the 

junction between Carrera 84a and Calle 104d. These two zones are connected by the streets that 

generates the highest choice (Figure 7-14), which runs perpendicular to the proposed station. 

Throughout the day these two zones have most of all observed movement, as over 50% of it 

happens here. While Picacho does not have a central focal point, such as a cable-car 
station, these two junctions act as the main destination points for the neighbourhood as 
most of all local activities occur here, specifically during late afternoon. This may have 

resulted in a multiplier effect occurring in these locations, though this would be minor in 

comparison to the stations. Here, it appears that movement is mainly driven by the spatial 

configuration of the urban grid and not the lure of a major transport connection or any other large 

attractor. This is like some smalls zone nearby the existing cable-car stations that were less 

affected by the draw of the cable-car, where the role of the urban grid becomes more significant. 

 

Figure 7-18 – Movement observation results at Picacho. As per the other cases movement 

is most dominant here during Late Afternoon, when the streets are alive with local activities.  

 

The relationship between movement and space is best understood by correlating the spatial 

analysis results to pedestrian movement. However, when this was done previously for the existing 

cable-car stations the correlation coefficient results were very weak, because the cable-car is 

disproportionately drawing movement along certain routes to the station, going against the grain 

of natural movement. However, at Picacho this is not a problem and as a result the relationship 
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between movement and space is stronger here than any other case study (Figure 7-19, 7-

20). This is the case for most instances, apart from Andalucia, which is stronger during early 

morning at the meso and macro urban scales because of the appeal of Acevedo discussed in 

Chapter 05. The relationship between movement and space at Picacho is clearly stronger 

because there is no major attractor influencing pedestrian movement and this confirms previous 

assumptions in Chapter 04 that the cable-car alters natural movement by drawing people along 

spaces that are not configurationally optimal. This attraction continues during the temporary 

closure of the cable-car line as land-uses positioned to pick up movement going towards the 

stations remain open and the station itself continue to offer useful public space for local activities 

even while the station is closed, both attracting pedestrian movement.  

  
Figure 7-19 - Movement to Choice correlations at Picacho 



375 

 

 
Figure 7-20 Correlation coefficient results between choice and movement at Picacho.  

 

When the spatial analysis results of Picacho was compared to the other cases, these mostly sat 

in between the two lines, but the relationship between movement and space is stronger than the 

other case studies. This is because here the configuration of the urban grid is good at generating 

natural movement at the local scales, especially along the main areas of choice highlighted in the 

spatial analysis, which passes perpendicular the proposed cable-car station. This strong 

relationship can be attributed to the fact that there is no major attractor influencing local movement 

patterns, as is the case with the other case studies. A new cable-car line could enhance this local 

movement and help to connect the two main zones of movement by encouraging movement in 

between where it is very quiet, though this was not possible at Popular or Vallejuelos. However, 

choice at Picacho connections poorly with rest of the city, as the spatial analysis demonstrated 

(Figure 7-15) and this has the potential to hinder continued travel that is not walkable. 

Nonetheless, choice here is reasonable at the micro urban scale where pedestrian movement is 
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most important, and a new station should increase local movement at this scale and encourage 

land-uses to take advantage of this increase. 

 

7.7 Comparative commerce – Picacho 

As per the distribution of movement, at Picacho there is no major attractor influencing the 

distribution of commerce, this allows commerce to have a stronger connection to the spatial 

configuration of the urban grid, in a similar way to movement. Nonetheless, without a major 
attractor like the cable-car station, the total number of commercial outlets per resident at 
Picacho is significantly higher than anywhere else, indicating fewer commercial activities 
per resident. This is because when the total number of outlets per resident is compared (to make 

the comparisons equal since observations zones are slightly different), only La Aurora, where 

‘street vendors’ are the main source of commerce, has a larger total number during the busiest 

time of the day at late afternoon. This pattern is similar throughout the day and is very high during 

early morning. This demonstrates that at a location without a major attractor, like the cable-car 

station, there are far fewer commercial activities occurring, even though it appears to be busy 

with commercial activities at certain times of the day and in the same areas that are busy with 

movement (Figure 7-17).  

 

Figure 7-21 Total number of residents per commercial outlet. A comparison between each 

case study and Picacho. 
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While the proportion of different commercial types and facilities are the same here as for each 

cable-car station, there are a few noticeable differences (Figure 7-23). Such as a slightly large 

proportion of ‘irregular’ commerce is located here (no including La Aurora) and these are generally 

associated with being more unstable (Figure 7-22, 7-23). Then during early morning, the most 

popular types of commerce found at Picacho is fresh products, such as vegetables and meat 

sellers, but at the cable-car stations it was confectionary and fast food. This could be a result of 

less people on the streets at Picacho commuting to work, when an early morning snack might be 

popular, instead outlets at Picacho focus on providing for local needs and this is naturally a good 

time to get fresh products. While, these points are speculative, they do highlight that certain types 

of commercial outlets respond to different user group, especially at busier cable-car case studies. 

 
Figure 7-22 - Location of commercial outlets - Picacho 

 

Commerce during  
early morning 

Commerce during  
late afternoon 
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Figure 7-23 Commercial land-use survey results at Picacho 
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Some of these differences between Picacho and cable-car stations continue when commerce 

and space is correlated, as at Picacho commercial outlets distributes themselves more 
evenly in relation to Choice (Figure 7-24, 7-25). The strength of this relationship is best 

observed at the meso and macro urban scales. ‘Regular’ commerce, which accounts for 60% of 

all commercial outlets (lower than Santo Domingo) has a consistently high relationship with space 

throughout the day, especially at the micro urban scale. With ‘irregular’ commerce, there is a 

steady improvement in this relationship throughout the day, as during early morning this is weak 

but by late afternoon it is significantly stronger, especially at the Meso urban scale. Then, with 

‘street vendors’ there is no clear observable pattern, though it is strongest during late afternoon 

when the streets are busiest. While the relationship between commerce and space is generally 

better than the cable-car stations (Juan XXIII has the highest values, but very few outlets are 

open at this point), there are strong similarities to Popular, Andalucia and Vallejuelos during late 

afternoon, which are stations that are less impacted by the cable-car, unlike Santo Domingo and 

La Aurora (Figure 7-25). This demonstrates the impacts that the cable-car has had on the 
general distribution of commerce, as at Picacho where there is no major attractor, the 
urban grid plays a major role in distributing commercial outlet. 

This shows that commerce and space have a strong relationship at Picacho and this is because 

there is no major attractor influencing local movement patterns, which would then 

disproportionately arrange commercial outlets nearby the major attractor (Figure 7-24, 7-25). As 

is the case with many of the cable-car station. 

 

 
Correlation Between Commerce Distribution and 

Choice r10000 (r2) 

 Early Morning Late Afternoon 

Santo Domingo (K3) 0.00 0.11 
Popular (K2) 0.30 0.59 
Andalucia (K1) 0.19 0.54 

La Aurora (J3) 0.00 0.01 

Vallejuelos (J2) 0.12 0.47 

Juan XXIII (J1) 0.87 0.09 

Picacho 0.62 0.65 

Figure 7-24 – A comparison between commerce to space relationship. The relationships of 

each is generally higher at Picacho than any of the other case studies, which is most likely the 

consequence of no major attractor influencing movement or the distribution of commerce.  
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Figure 7-25 The relationship between commerce and movement (left) and commerce and 

choice (right), both during late afternoon. 

 

It is reasonable to assume the introduction of a cable-car into a part of the city that is poorly 

connected would increase movement to and from the station as people take advantage of this 

new transport link. This then has the knock-on effect of encouraging new commerce to be 

distributed along these pathways and in available spaces nearby, resulting in commerce 

clustering disproportionately nearby the entrance of each station. This often resulted in the 

relationship between commerce and space being very weak, especially in locations where the 

cable-car is very dominant, and the urban grid is weak. As the findings of Chapter 06 

demonstrated this was common is most stations other than Santo Domingo and Popular. At 
Picacho local commerce relates strongly to Choice, an indication the distribution of 
commerce is influenced by natural movement, not an attractor (Figure 7-24).  
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Figure 7-26 Examples of commerce at Picacho. Photos taken in 2015 by author. 

 

Commerce at Picacho relies upon locally generated natural movement, guided by the 
configuration of the urban grid and not the large disproportionate distribution of 
commerce at the cable-car station that aims to capture customers from afar. Nonetheless, 

even when Picacho is at its busiest commercial activities here are significantly smaller than the 

cable-car locations, as there are more residents per outlet here than anywhere else other than La 

Aurora (Figure 7-21). This shows that the distribution of commerce nearby the cable-car stations 

has reacted to its introduction, which first generates a large volume of pedestrian movement and 

this then provides an increased customer base for local commercial outlets. This provides further 

evidence that the distribution of local commerce provides a reasonable indicator of change and 

one that is instantly recordable when informal commerce is measured. 

 

7.8 The comparison case: summary 

Main Findings 

• choice at Picacho does not connect successfully with nearby neighbourhoods or 
further away areas of the city, so the existing road network leaves this 
neighbourhood isolated. 

• The existing configuration of Picacho has reasonable local walking and bus 
networks opposite the site of the future station. 

• integration is very strong because of the urban grid being very compact and there 
being good local centrality, similar to the stations along Linea K.  

• While Picacho does not have a central focal point, such as a cable-car station, two 
busy roads junctions act as the main destination points for the neighbourhood and 
is where the majority of all local activities occur here, especially during late 
afternoon. 
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• The relationship between movement and space is stronger at Picacho than any 
other case study because there is no major attractor 

• Without a major attractor like the cable-car station, the number of residents per 
outlet is significantly higher at Picacho than anywhere else, indicating fewer 
commercial activities. 

• At Picacho local commerce relates strongly to Choice, an indication the 
distribution of commerce is influenced by natural movement, not an attractor. 

 

In 2019 (if completed on time) Picacho is due to be latest topographically marginalised 

neighbourhood in Medellin to have a cable-car and with it enhanced spatial connections with the 

rest of the city. While this solution is widely regarded to have been successful in the areas 

surrounding Linea K, specifically Santo Domingo, it is thought to have been less successful at 

Linea J. To explore further the reasons why the cable-car has had a such a wide range of impacts 

and to gain a greater understanding of what a similar location was like before the cable-car, 

Picacho was examined in this chapter. 

From the available socioeconomic data, Picacho has many similarities to the stations along Linea 

K, such as estimated population and socioeconomic bandings. However, there are indications 

that Picacho is situated in a more affluent comuna than Linea K and there are far fewer public 

facilities, which is like Linea J, but this is most likely a result Linea K being heavily upgraded.  

Similarities are also noticeable between Picacho and Linea K when the spatial analysis is 

completed. This is easiest to observe with the results of Integration, which not only shows similar 

results to the stations along Linea K, but in many instances are better. The results for Choice are 

very different, as while this shows the location of strong local choice, it also demonstrates very 

weak choice connecting with the rest of the city. As a result, this highlights the spatial configuration 

of Picacho has good integration and choice at a micro scale, but this is considerably weaker at 

larger urban scales, especially where it tries to connect to the foreground structure. 

This weakness is not noticeable with the movement analysis, because it only analyses pedestrian 

movement, which functions at the micro scale. This analysis shows that movement is 

concentrated in two main areas, but unlike the previous cable-car station case studies these 

zones are not the consequence of a built attractor, instead they are centred on two important 

junctions. This demonstrates that movement in Picacho is mostly generated by the urban grid 

and this is further highlighted with the correlations between movement and space being stronger 

than anywhere else. So, where movement is not altered by a major attractor it is more likely to 

connect to the urban grid, as is the case with Picacho. 

Many of these same findings are repeated when the distribution of commerce at Picacho is 

analysed. As unlike many of the cable-car stations, the distribution of commerce is closely related 
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to Choice, creating a strong correlation and there is also a stronger relationship between 

movement and commerce at Picacho. This shows that the large attraction of the cable-car station 

interferes with the natural distributions of movement and commerce within the urban grid, which 

are more proportionately distributed at Picacho. Yet, commercial activities here are smaller than 

any of the cable-car stations, even when the cable-car line is closed. An indication that the draw 

of a major attractor, like the cable-car station, can be more attractive to commercial outlets than 

the spatial configuration of the urban grid. This has resulted in a disproportionately high number 

of commercial outlets near the entrance of each station. 

While it is obvious that the introduction of a new cable-car line greatly improves connectivity with 

the rest of the city, what is harder to predict is size of the local impact and its significance. This 

research argues that by introducing spatial analysis to the assessment process it is easier to 

understand the immediate impact of a cable-car, as local changes in movement and commerce 

can be easily associated to the spatial configuration of the urban grid. This chapter attempts to 

take this further by predicting the future impact of the cable-car at Picacho.  

 

7.9 Anticipating the future of Picacho 

The new cable-car line from Acevedo to Picacho, has the ambition to replicate the same impact 

of the first line – Linea K. As this research and past studies argue, improved accessibility in the 

form of an urban cable-car on its own is not enough to transform socioeconomic conditions, 

especially in the short-term, as the ‘lack of accessibility is simply one of a number of urban 

deficiencies experienced by the inhabitant’ (Brand and Dávila, 2013). What this research has 

demonstrated in the previous chapters is that instant changes are possible to observe in the form 

of movement and commerce, but only in very localised areas directly surrounding the station. This 

is where movement increases due to the draw of the Cable-car and in-turn commercial land-uses 

exploit this to access a larger customer base. This next part of the research uses these finding to 

predict the future impact of a new cable-car line at Picacho and attempt to anticipate the extent 

of its impact.  

This is done by first repeating the spatial analysis for a new model of the city that includes the 

new line at Picacho - Linea P. This will predict the impact of a new spatial connection to Picacho 

using all of the same spatial analysis measurement as used in Chapter 04. These predicted 

spatial values are then used alongside other factors in a formula generated from the multiple 

regression model of Santo Domingo, to predict the distribution of Movement and Commerce. 

Santo Domingo is chosen for this comparative study because from the available data it has the 

closest similarities to Picacho, such as its estimated population, urban form, socioeconomic 

bandings and topographical location at the end of the line. Further similarities are also noticeable 

in the spatial analysis, especially with the results of Integration at the micro and meso scales, 

alongside the configuration of space defined by Choice, as there is similarly a space with high 

Choice passing perpendicular through Picacho. These further highlights that Santo Domingo is 

the most similar case to Picacho and the best example case to be used in the multiple regression 
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model. Nonetheless, it should be acknowledged that Santo Domingo is not statistically the same, 

so while the spatial analysis results for Picacho will reproduce new unique values, the predicted 

values generated for movement and commerce are generated from a case that is different, even 

though there are similarities. For example, Picacho does not have the exact same population as 

Santo Domingo, so the total number of people that have access to the cable-car is different. 

Nonetheless, from the previous six case studies Santo Domingo provided the best case to predict 

movement and commerce. The results from the multiple regression model of Santo Domingo 

provides a further opportunity to discuss previous general findings in the analysis. 

These predictions aim to outline where the immediate changes from a new cable-car are most 

likely to occur and the extent of them, so that its role within a larger urban upgrading program can 

be better understood before it is implemented. 

 

7.10 Spatial predictions: Picacho 

Using the same spatial analysis method as per Chapter 04 the proposed cable-car line (Linea P) 

is added to previous spatial model, which also includes Linea K and J. When these results are 

examined for the whole city there are very few differences in Choice and Integration, since one 

addition line does little to alter the connectivity of the whole city, as it was previously summarised 

in the spatial analysis. 

When the results are examined for the area surrounding Linea P significant improvements in 

Integration occur (Figure 7-27, 7-28), but there are no clear changes to Choice, which are the 

same results as Linea K. When the mean values for Integration at Linea P are compared to 
Linea K & J, these are significantly higher than both. However much of this is because Linea 

P not only connects to the city centre but also connects directly with Linea K and the areas 

surrounding it (Figure 7-27, 7-28). If the results were studied without Linea K this would not 

increase as much and it is also questionable how many people (other than tourists) would use 

this direct connect between the two Cable-car lines, as passages rarely use the line to connect 

between cable-car stations. 
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Figure 7-27 Predicted spatial analysis results. 

Choice at metric radius 3500 

Integration at metric radius 3500 
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Figure 7-28 Future Linea P Spatial Analysis Results. Linea P will connect well to the existing 

choice, as demonstrated with the Choice results and like Linea K this will also improve 

integration at the larger urban scales. 

 

The similarities between Linea P and K are also highlighted in the integration differences, as while 

the changes are not as dramatic as Linea J, there are smaller improvements like Linea K because 

of a good existing urban grid. The largest changes occur at the macro urban scale due to the 
existing poor connections with the rest of the city, which is like Linea J (Figure 7-27, 7-28).  

While there are no meaningful changes to Choice, this analysis clearly indicates the location of 

the space with the highest choice (Figure 7-29, 7-30) and similar to the stations along Linea K 

and La Aurora this runs perpendicular to the Cable-car station. These provides a good 
connection to the existing road network and offers a strong route beyond the station with 
a direct link to existing bus routes and nearby walkable spaces. 
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Figure 7-29 Predicted spatial analysis results 
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Figure 7-30 Spatial Analysis results for Picacho. There benefits from being well positioned 

next to a good choice, as this then enhances the potential to travel to other parts of the city and 

improves integration. 

 

The increased level of connectivity provided by a new cable-car at Picacho is further 

demonstrated using angular step-depth (Figure 7-31). ‘Without’ the cable-car the catchment area 

was very small in comparison to the other stations, but when the cable-car is introduction the 

catchment area increases by 1653% and is bigger than any other station (Figure 7-31). This 

highlights that the introduction of the cable-car at Picacho greatly improves its wayfinding 
ability with the rest of the city. However, again this is partly because it can connect directly to 

surrounding network of Linea K without taking many turns. While, this measurement only takes 

into account the angular connections in the analysed network and does not take into account 

other aspects of travel, such as movement or cost, it still demonstrates the ease at which people 

move through the city without having to take multiple turns, as it ‘follows the shortest path from 

the selected root line to all other lines within the system’ (Turner, 2001). This shows the benefit 

of a cable-car system, as it can provide a simplified connection with the rest of the city, by 

providing a straight route over a very complex informal urban grid that connects to the main routes 

that pass through the heart of the city. This is especially useful for a city that is very unintelligible 

because of large areas of Informality. 
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Figure 7-31 Picacho angular step-depth results. (top) angular step-depth catchment at 

Picacho and the length of this network is compared to the other case studies when the cable-

car line is introduced (bottom).  

 

When the different spatial analysis results for Picacho are associated with the socioeconomic and 

land-value spatial condition benchmarks significant changes are observable (Table 7-3). While 

Angular step-depth catchment area  
at Picacho with new cable-car 
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these benchmarks are arbitrary, they provide a basic spatial value that can be associated to the 

spatial conditions of local socioeconomic stratum and land-value range within Medellin. At 

Picacho this shows improvements occurring mostly at a macro urban scale due to the 
weakness of the local urban grid at this scale, while the other urban scales change less. These 

improvements make the spatial conditions in Picacho more like Andalucia. 

 Spatial Condition Benchmarking 

 Socioeconomic Grouping Land-Value Range 

 Micro Meso Macro Micro Meso Macro 
Santo Domingo 0.74 0.68 0.65 0.74 0.68 0.65 
Popular 0.86 0.75 0.73 0.86 0.75 0.73 
Andalucia 0.95 0.80 0.78 0.95 0.80 0.78 
La Aurora 0.60 0.47 0.55 0.60 0.47 0.55 
Vallejuelos 0.51 0.46 0.51 0.51 0.46 0.51 
Juan XXIII 0.72 0.59 0.59 0.72 0.59 0.59 
       
Picacho 0.94 0.76 0.74 0.94 0.76 0.74 

 

Table 7-3 Spatial condition benchmarking results for future cable-car line.  

 

These spatial analysis results can provide a reasonably accurate understanding of the spatial 

impact of a new cable-car at Picacho. From this is it clear to see that the cable-car would better 

integrate this location with the rest of the city by providing a direct connection to the city’s 

foreground, which is like Linea K. However, while it is proposed that the cable-car will improve 

the spatial connectivity of this area, the likeliness of a large-scale socioeconomic improvements 

making this area more affluent is minimal. However, this research argues that the immediate 

impact occurring as a direct consequence of the cable-car is most likely to be first observed in 

the form of movement and then the distribution of commerce. This is dependant of the 

configuration of the urban grid and the way the cable-car line connects to it. 

 

7.11 Creating movement and commerce predictions 

Throughout this research the analysis has often relied on the direct comparison between two 

different datasets to analysis the impact, such as space and movement, space and commerce, 

and commerce and movement. When there are two types of scenario to examine, ‘with’ and 

‘without’, this method provided clear comparative results that could record changes. However, 

this section is concerned with forecasting changes and not measuring the differences between 

two different scenarios, so to improve the chances of forming an accurate prediction the use of 

multiple factors in the prediction process is beneficial.  
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This is possible using a multiple regression model, which allows multiple datasets to be inputted 

into a single model to predict the outcome of a single variable. To use multiple regression to 

predict the distribution of movement and commerce, first a set of base values are needed to make 

the prediction from, these have been generated in the spatial model with Linea P, and secondly, 

an exemplar case is needed to base the results on and to create the prediction formula. This 

exemplar case is Santo Domingo, which is chosen because it is the most similar case study in 

terms of its topographical and geographic location, its spatial configuration and socioeconomic 

makeup are also similar, and it is the most successful case. 

The multiple regression model is completed for Santo Domingo to generate a set of results that 

can then be used to create a prediction formula for Picacho63. Multiple regression movement 

analysis: Santo Domingo 

Starting with the results for movement during early morning, this shows that the independent 

variables of Choice, Angular Step-Depth and Integration Differences are the most relevant at 

this time (Table 7-4, 7-5). The inclusion on Angular Step-Depth shows that wayfinding towards 

the station is very important during early morning, which is the likely effect of movement at this 

time of day being focussed toward the cable-car station as people commute to work. This was 

also previously discussed in the movement analysis. During late afternoon, the remaining 

independent variables are more closely related to the configuration of the urban grid, with Choice, 
Integration and Integration Difference left remaining. This also picks up on points previously 

made in the movement analysis that discusses the urban grid having a larger proportional 

importance during this time of the day, as more local activities occur away from the cable-car 

stations. Both of these results are produced using the spatial analysis results from the meso urban 

scale (metric radius 3500), which has consistently shown to be the urban scale with the largest 

changes. 

It should be mentioned that neither of these models produced very high correlation coefficient 

values (Table 7-4, 7-5). As during early morning this was 0.39r2 and late afternoon was only 

slightly different at 0.38r2, however both values are significantly higher than the previous linear 

regression results of 0.21r2 and 0.26r2, respectively. The reason why these correlations in the 

multiple regression models are so low is because commerce is not included in the list of 

independent variables. While commerce influences existing movement a lot, it is not used to 

predict movement as only existing commercial outlets can be added to the model, not the new 

commercial outlets that are most likely to influence movement. 

What this multiple regression model of movement at Santo Domingo shows is that during early 

morning direct wayfinding towards the stations is very important as people commute to work, but 

                                                        

63 A correlation scatterplot matrix showing the relationships between each variable is the Appendix 



392 

during late afternoon configuration elements are more important for generating local activities, 

making the role of cable-car less significant.  

Santo Domingo early morning ‘with’ the cable-car 

Effect Summary 
Source LogWorth  PValue 
Choice@3500 2.332  0.00466 
Integration_Diff@3500 1.371  0.04255 
Angular_Step_Depth 1.327  0.04711 
 
Summary of Fit 
RSquare 0.391741 
RSquare Adj 0.321557 
Root Mean Square Error 4.421017 
Mean of Response 9.533333 
Observations (or Sum Wgts) 30 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 3 327.28645 109.095 5.5816 
Error 26 508.18022 19.545 Prob > F 
C. Total 29 835.46667  0.0043* 
 
Parameter Estimates 

Term Estimate Std Error t Ratio Prob>|t| VIF64 
Intercept  -28.4736 10.22756  -2.78 0.0099*  
Choice@3500 17.219369 5.561645 3.10 0.0047* 1.0455887 
Angular_Step_Depth 4.2878801 2.057313 2.08 0.0471* 3.4303134 
Integration_Diff@3500 71.132733 33.35131 2.13 0.0425* 3.405369 

Table 7-4 Santo Domingo multiple regression results for movement - Early Morning. 
Values outlined in red are the remaining independent variables and their coefficient values. 

 
 
Santo Domingo late afternoon ‘with’ the cable-car 
 
Effect Summary 
Source LogWorth  PValue 
Choice@3500 3.301  0.00050 
Integration@3500 2.030  0.00933 
Integration_Diff@3500 1.371  0.04252 
 
Summary of Fit 
RSquare 0.38165 
RSquare Adj 0.319815 
Root Mean Square Error 74.98852 
Mean of Response 21.52761 
Observations (or Sum Wgts) 1825.505 
 
 
 
 

                                                        

64 Variance Inflation Factor (VIF) is the ratio of variance in a model with multiple terms, divided by the 
variance of a model with one term alone and quantifies the severity of multicollinearity in a multiple 
regression analysis. A general rule of thumb is that if the VIF is greater than 10 then multicollinearity is 
high, however, a cut off of 5 is commonly used (Sheather, 2009). 
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Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 3 104121.62 34707.2 6.1721 
Error 30 168698.35 5623.3 Prob > F 
C. Total 33 272819.98  0.0021* 
 
 
Parameter Estimates 

Term Estimate Std Error t Ratio Prob>|t| VIF 
Intercept 92.615636 40.83169 2.27 0.0307*  
Chocie@3500 56.048737 14.36668 3.90 0.0005* 1.2352006 
Integration@3500  -211.591 76.15489  -2.78 0.0093* 1.2704936 
Integration_Diff@3500 86.307657 40.73907 2.12 0.0425* 1.0373251 

Table 7-5 Santo Domingo multiple regression results for movement - Late Afternoon. 
Values outlined in red are the remaining independent variables and their coefficient values. 

 

7.11.1 Multiple regression commerce analysis: Santo Domingo 

Following this, the next set of multiple regression results to be examined from Santo Domingo are 

the distribution patterns of commerce (Table 7-6, 7-7, 7-8, 7-9), which are often the direct 

consequence of movement.  Starting with all ‘Open’ commerce during early morning, the 

remaining independent variables in the prediction model are Integration, Segment Length, 
Movement and Angular Step Depth. Like the movement prediction model for the same time, 

with the inclusion of Angular Step Depth this shows the importance of direct routes toward the 

station. During late afternoon, the remaining independent variables are very similar to early 

morning with Integration, Segment Length and Movement, but slightly differs with the 
inclusion of Metric Step Depth. This subtle difference it is quite important, because while 

Angular Step Depth can be associated with the way people move along the most direct route to 

a certain destination, Metric Step Depth is more about the metric closeness of a destination. So, 
during late afternoon, commerce at Santo Domingo is not just connected to the simplest 
routes to and from the station to pick up commuters, as it is during early morning, but is 
also located throughout the local catchment area. This highlights the importance of local 

centrality in the distribution patterns of commerce at this time of day in Santo Domingo (Table 7-

6, 7-7, 7-8, 7-9, 7-10). 

Similar to the previous commercial analysis results in Chapter 06 here at Santo Domingo the 

correlation coefficient values in these multiple regression models are also very high. For early 
morning value the correlation coefficient is 0.88r2 and late afternoon it is 0.64r2, both using 

the spatial analysis results from the micro urban scale (metric radius 1000), which produces the 

strongest correlations. These correlations are higher than in Chapter 06, highlighting the benefits 

of using multiple factors in predicting impact. 

During early morning the sample size of the different commercial facilities is not large enough to 

do individually analysis for each facility type (regular’ irregular and street vendors), but during late 

afternoon it is large enough (Table 7-7, 7-8, 7-9, 7-10). 
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For only ‘regular’ commercial outlets (Table 7-4, 7-5) the independent variables remaining in the 

multiple regression model are Choice, Integration Difference, Segment Length and Metric 
Step Depth. Unsurprisingly, these are the exact same variables as the previous all ‘Open’ model, 

since ‘regular’ commercial outlets are the majority in Santo Domingo. With ‘irregular’ commerce 

the only remaining independent variables are Integration Difference and Metric Step Depth. 

This demonstrates the instability of this type of commerce as the only requirement for its 

distribution is the location of the station. Then for ‘street vendors’ the remaining independent 

variables are Integration, Integration Difference, Segment Length, Movement and Metric 
Step Depth. This wide variation is a result of the varied nature of street vendors who rely on many 

factors when distributing themselves, both configurational and attractor. 

Intriguingly both ‘regular’ and ‘irregular’ commerce (Table 7-7, 7-8) has a slightly lower correlation 

coefficient with the multiple regression models than the results in Chapter 06 at 0.53r2 and 0.45r2 

respectively, and both are strongest at the micro urban scale this time, not just ‘irregular’ 

commerce. This might indicate that both, especially ‘regular’ commerce, relate better to just a 

single configurational element, such as choice. However, when just ‘regular commerce is 

examined during early morning (which has a large enough sample), it produces a very high 

correlation coefficient of 0.9r2, with the independent variable of Movement, Speed and Metric 

Step Depth. This may suggest that ‘regular’ commerce at Santo Domingo almost exclusively 
relates to the cable-car during early morning, but at late afternoon it is more evenly 
distributed within the urban grid, an understandable reaction considering movement is 
almost exclusively controlled by the cable-car during early morning. ‘Street vendors’ are 

very different to the fixed outlets and the correlation coefficient during late afternoon is very high 

at 0.8r2, significantly higher than the previous analysis in Chapter 06. This shows that ‘street 
vendors’, are a very dynamic type of informal commerce that needs to be analysed 
alongside a wide variety of different local factors to be better understood. 

While the use of multiple regression in Santo Domingo was not meant for further analysis on the 

impact of the cable-car it does support some of the previous assumptions. Such as the cable-car 

influencing a larger proportion of all movement during early morning than during late afternoon, 

the general distribution of commerce being more evenly distributed along pathways toward the 

station during early morning and street vendors relying of a variety of local factors to arrange 

themselves. However, the real benefit of these models is to predict the future distribution patterns 

of movement and commerce at Picacho. 
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7.11.2 All ‘open’ commerce multiple regression result 

Santo Domingo early morning ‘with’ the cable-car 

Effect Summary 
Source LogWorth  PValue 
Segment_Length 4.813  0.00002 
Movement  3.082  0.00083 
Integration@3500 2.265  0.00544 
Angular_Step_Depth 1.429  0.03720 
 
Summary of Fit 
RSquare 0.884326 
RSquare Adj 0.842263 
Root Mean Square Error 0.469228 
Mean of Response 1.9375 
Observations (or Sum Wgts) 16 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 4 18.515577 4.62889 21.0237 
Error 11 2.421923 0.22017 Prob > F 
C. Total 15 20.937500  <.0001* 
 
Parameter Estimates 

Term Estimate Std Error t Ratio Prob>|t| VIF 
Intercept  -13.59838 3.701979  -3.67 0.0037*  
Angular_Step_Depth 0.5534342 0.233591 2.37 0.0372* 1.0604037 
Segment_Length 0.0314498 0.004307 7.30 <.0001* 1.2208438 
Movement 0.1450413 0.031866 4.55 0.0008* 1.1653694 
Integration@3500 13.037027 3.779691 3.45 0.0054* 1.0912633 

Table 7-6 Santo Domingo multiple regression results for dependent variable of 
Commerce - All ‘Open’ Early Morning. Values outlined in red are the remaining independent 

variables and their coefficient values used in the prediction formulas. 

 

7.11.3 All ‘open’ commerce multiple regression result 

 Santo Domingo late afternoon ‘with’ the cable-car 

Effect Summary 
Source LogWorth  PValue 
Segment_Length 3.466  0.00034 
Metric_Step_Depth 2.891  0.00128 
Movement 2.678  0.00210 
Integration@3500 1.391  0.04069 
 
Summary of Fit 
RSquare 0.643173 
RSquare Adj 0.590309 
Root Mean Square Error 21.69682 
Mean of Response 5.603149 
Observations (or Sum Wgts) 1691.639 
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Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 4 22910.014 5727.50 12.1667 
Error 27 12710.308 470.75 Prob > F 
C. Total 31 35620.322  <.0001* 
 
Parameter Estimates 

Term Estimate Std Error t Ratio Prob>|t| VIF 
Intercept 25.173565 10.1874 2.47 0.0201*  
Metric_Step_Depth  -0.041598 0.011576  -3.59 0.0013* 1.4835232 
Segment_Length 0.0786102 0.019186 4.10 0.0003* 1.0418736 
Movement 0.1556118 0.045736 3.40 0.0021* 1.1168074 
Integration@3500  -22.89889 10.65142  -2.15 0.0407* 1.5885683 

Table 7-7 Santo Domingo multiple regression results for dependent variable of 
Commerce - All ‘Open’ Late Afternoon. Values outlined in red are the remaining independent 

variables and their coefficient values used in the prediction formulas. 

 

7.11.4 All ‘regular’ commerce multiple regression result 

 Santo Domingo late afternoon ‘with’ the cable-car 

Effect Summary 
Source LogWorth  PValue 
Choice@3500 3.814  0.00015 
Segment_Length 3.445  0.00036 
Metric_Step_Depth 2.615  0.00242 
IntegrationDiff@3500 2.196  0.00637 
 
Summary of Fit 
RSquare 0.527285 
RSquare Adj 0.490922 
Root Mean Square Error 2.121255 
Mean of Response 3.017544 
Observations (or Sum Wgts) 57 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 4 260.99685 65.2492 14.5007 
Error 52 233.98561 4.4997 Prob > F 
C. Total 56 494.98246  <.0001* 
 
Parameter Estimates 

Term Estimate Std Error t Ratio Prob>|t| VIF 
Intercept  -6.77534 2.514944  -2.69 0.0095*  
Segment_Length 0.0396591 0.010386 3.82 0.0004* 1.0433953 
Metric_Step_Depth  -0.00942 0.002955  -3.19 0.0024* 2.6650684 
Choice@1000 8.4919624 2.079325 4.08 0.0002* 1.0238401 
IntegrationDiff@3500 208.34709 73.27873 2.84 0.0064* 2.7034519 

Table 7-8 Santo Domingo multiple regression results for dependent variable of 
Commerce - All ‘Regular’ Late Afternoon. Values outlined in red are the remaining 

independent variables and their coefficient values used in the prediction formulas. 
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7.11.5 All ‘irregular’ commerce multiple regression result 

 Santo Domingo late afternoon ‘with’ the cable-car 

Effect Summary 
Source LogWorth  PValue 
Metric_Step_Depth 2.062  0.00868 
IntegrationDiff@3500 1.533  0.02933 
 
Summary of Fit 
RSquare 0.454012 
RSquare Adj 0.370014 
Root Mean Square Error 7.407062 
Mean of Response 2.098988 
Observations (or Sum Wgts) 879.8365 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 2 593.0886 296.544 5.4050 
Error 13 713.2394 54.865 Prob > F 
C. Total 15 1306.3280  0.0196* 
 
Parameter Estimates 

Term Estimate Std Error t Ratio Prob>|t| VIF 
Intercept 5.1064322 0.97211 5.25 0.0002*  
Metric_Step_Depth  -0.01481 0.004799  -3.09 0.0087* 2.4218688 
IntegrationDiff@3500  -182.856 74.70148  -2.45 0.0293* 2.4218688 

Table 7-9 Santo Domingo multiple regression results for dependent variable of 
Commerce - All ‘Irregular’ Late Afternoon. Values outlined in red are the remaining 

independent variables and their coefficient values used in the prediction formulas. 

 

7.11.6 All ‘street vendor’ commerce multiple regression result 

 Santo Domingo late afternoon ‘with’ the cable-car 

Effect Summary 
Source LogWorth  PValue 
Metric_Step_Depth 2.949  0.00112 
Integration@3500 2.893  0.00128 
IntegrationDiff@3500 1.767  0.01709 
Movement 1.540  0.02882 
Segment_Length 1.351  0.04459 
 
 
Summary of Fit 
RSquare 0.801883 
RSquare Adj 0.719335 
Root Mean Square Error 7.732171 
Mean of Response 2.283218 
Observations (or Sum Wgts) 1015.223 
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Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 5 2903.8506 580.770 9.7141 
Error 12 717.4376 59.786 Prob > F 
C. Total 17 3621.2882  0.0007* 
 
Parameter Estimates 

Term Estimate Std Error t Ratio Prob>|t| VIF 
Intercept 35.030135 7.840585 4.47 0.0008*  
Metric_Step_Depth  -0.03183 0.007487  -4.25 0.0011* 4.776218 
Segment_Length  -0.02081 0.009281  -2.24 0.0446* 1.1248383 
Movement 0.0470221 0.018941 2.48 0.0288* 1.0845725 
Integration@3500  -37.5805 8.994618  -4.18 0.0013* 1.5559548 
IntegrationDiff@3500 21.529206 7.783757 2.77 0.0171* 4.2660434 

Table 7-10 Santo Domingo multiple regression results for dependent variable of 
Commerce - All ‘Street Vendors’ Late Afternoon. Values outlined in red are the remaining 

independent variables and their coefficient values used in the prediction formulas. 

 

7.12 Movement prediction: Picacho 

To start the results from the Santo Domingo movement multiple regression models are used to 

predict future movement patterns at Picacho, where the inception values (the constant) and 

coefficient values are used to create a formula that can then use the spatial values previously 

developed. 

Early Morning Movement = -28.47 + (17.22 * Choice) + (4.29 * Angular Step Depth) + (71.13 * 

Integration Difference) 

Late Afternoon Movement = 92.62 + (56.05 * Choice) + (-211.60 * Integration) + (86.31 * 

Integration Difference) 

The existing movement at Picacho was concentrated at two junctions where the most important 

‘through’ space movement meets, an indication that movement here relates to the configuration 

of the urban grid, which the correlation between the movement and space confirmed. Using the 

predictive model developed from the results of the multiple regression models of Santo Domingo 

(Table 7-4, 7-5, 7-6, 7-7, 7-8, 7-9, 7-10), when a cable-car is introduced to the road that runs in 

between these two junctions, total movement is predicted to increase by 30% in the early 
morning and 22% during late afternoon (Figure 7-32).  

This increase in movement would make Picacho like the Popular and Andalucia at early morning, 

but the total would still be less than Santo Domingo and La Aurora. At this time of day movement 

is mostly generated by the cable-car, but during late afternoon movement generated by the urban 

grids contributes more significant, as discussed in Chapter 05. While a new cable-car would 
significantly increase movement during late afternoon, because there is already a large 
volume of pedestrian movement at Picacho this would not proportionality increase as 
much as during early morning. This predicted increase would mean that only Santo Domingo 
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had a larger total number of pedestrian movements for the observed zones. The movement 
would be distributed disproportionately with a large concentration directly opposite the 
site of the future station. This is specifically highlighted during early morning when movement 

is heavily concentrated towards the station, but by late afternoon this is again more evenly 

distributed because local activities that are not connected to the station help to more evenly 

distribute local movement, though not as much as at present. 

 

 

Figure 7-32 Movement Predictions for Picacho 
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This model predicts that the future introduction of a cable-car line at Picacho would greatly 

increase pedestrian movement, it would also draw movement away from existing popular 

locations and this would be clearest to see during early morning. However, the amount of 

movement that is drawn towards the cable-car would also depend on its success of new land-

uses positioned nearby, specifically commercial land-uses.  

 

7.13 Commerce predictions: Picacho 

When the prediction model is used to anticipate the likely outcome of the cable-car, there are 

similar findings to the movement predictions, as commerce responds to the redistribution of 

pedestrian movement.   

Early Morning All ‘Open’ Commerce = -13.59 + (0.55 * Angular Step Depth) + (0.03 * Segment 

Length) + (0.15 * Movement) + (13.04 * Integration) 

Late Afternoon All ‘Open’ Commerce = 25.17 + (-0.04 * Metric Step Depth) + (0.08 * Segment 

Length) + (0.15 * Movement) + (-22.89 * Integration) 

Late Afternoon ‘Regular’ Commerce = -6.77 + (0.04 * Segment Length) + (-0.01 * Metric Step 

Depth) + (8.49 * Choice) + (208.34* Integration) 

Late Afternoon ‘Irregular’ Commerce = 5.11 + (-0.01 * Metric Step Depth) + (-182.86 * 

Integration) 

Late Afternoon ‘Street vendors’ Commerce = 35.03 + (-0.03 * Metric Step Depth) + (0.02 * 

Segment Length) + (0.05 * Movement) + (-37.58 * Integration) + (21.53 * Integration Difference) 

 

When the predicted results for all ‘open’ commerce are examined for early morning, the total 
number of commercial outlets is predicted to increase by 468% during the early morning, 

rising from 14 outlets to a predicted 79 (Figure 7-33, 7-34, 7-35, 7-36). At this time of day this 

would be like Santo Domingo. Then, during late afternoon, when movement is more influenced 

by local activities generated by the urban grid and there are more existing outlets open, the 
predicted percentage increase is less than early morning at 94%, rising from 137 outlets to 

266 (Figure 7-33, 7-34, 7-35, 7-36). This would be more like Popular and Andalucía, than Santo 

Domingo. It is therefore predicted that the future cable-car at Picaho would have an immediate 

impact by significant increasing the general distribution of commercial outlets and encourage new 

outlets to locate nearby the station. 
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Figure 7-33 Commercial outlet distribution predictions.  
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Figure 7-34 Predict ‘Regular’ Commerce 

 

Figure 7-35 Predicted ‘Irregular Commerce 
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Figure 7-36 Predicted ‘Street Vendors’  

 

With a larger number of commercial outlets open during late afternoon, this provided the 

opportunity to predict the distribution of the three main commercial facilities for this time of day 

(Figure 7-33, 7-34, 7-35, 7-36). This predicts that ‘irregular’ commerce will increase the most by 

111%, whereas both ‘regular’ and ‘street vendor’ have slightly smaller predicted increases at 76% 

and 97% respectively. This reaffirms past assumptions in Chapter 06, that fewer stable forms 
of commerce attempt to capitalise the most when a cable-car is introduced into an informal 
settlement, as they are most in need of help, and this results in a larger predicted increase in 

‘irregular’ commerce. 

When the predicted location of these different facilities is examined each type of facility distributes 

themselves differently (Figure 7-33, 7-34, 7-35, 7-36). As both ‘regular’ and ‘street vendors’ 
respond to the new station by locating themselves heavily nearby the entrance and along 
the routes that lead to the station, but ‘irregular’ commerce is forced to locate in the side 
streets nearest the station. It is these fewer desirable areas that see the largest predicted 

increase, as less stable forms of commerce eagerly attempt to make more money selling cheap 

items (Figure 7-33, 7-34, 7-35, 7-36). 

While this prediction shows a heavy concentration of commerce nearby the stations, the built 

fabric here is currently very sparse. This could prevent the immediate repositioning of new 
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‘regular’ commerce nearby the station, as it did at Linea J, where instead ‘irregular’ and ‘street 

vendor’ commerce filled the void, since these types of commerce are more flexible. Also, at 

Picacho the new station will be positioned in between two perpendicular streets, like Santo 

Domingo. However, only one of these streets has good choice and this research argues that it is 

more beneficial to connect to these, because streets that provide good choice can provide better 

connections beyond the station. An additional connection to the less prominent street could 

increase commercial activities here too, but commerce here is likely to be mostly ‘irregular’ 

because of the weak choice. These local features are not picked up in the prediction model or the 

spatial, so having an intuitive understanding of local conditions is very important, as this can aid 

the design process and work well alongside quantitative analysis. 

Overall it is reasonable to predict that the immediate impact of the future cable-car at Picacho will 

increase the frequency of commercial outlets nearby the station. Much of which will be generated 

by an increase in reliable movement to and from the station, working alongside the existing natural 

movement generated by the choice that runs perpendicular to the station. This is naturally created 

from the existing configuration of the urban grid. However, the predicted distribution of each type 

of commercial facility is uneven, as a very clear hierarchy between ‘regular’ and ‘irregular’ 

commerce is developed when the best locations are available, whereas ‘street vendors’ will move 

when and where they need for more customers. While the distribution of commerce might be 

unevenly spread, the predicted improvements indicate that a new cable-car will have an 

immediate positive impact. 

 

7.14 Prediction summary for Picacho 

Main Findings: 

• The new cable-car lines connect well to the existing road network, offering a strong 
route beyond the station with a direct link to existing bus routes, though these 
connections are mostly local. 

• The introduction of the cable-car at Picacho greatly improves local wayfinding with 
the rest of the city. 

• Improvements occurring mostly at a macro urban scale due to the weakness of the 
local urban grid at this scale. 

• Predicted movement will be distributed disproportionately, with a large 
concentration directly opposite the future station, as it is currently at the existing 
stations. 

• For both movement and commerce during late afternoon the predicted percentage 
increase is less than early morning, as existing activities have a larger impact.  
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• ‘Irregular’ commerce is predicted to increase the most, as this less stable form of 
commerce attempts to capitalise on a new source of customers, as it is the most 
in need.  

• Both ‘regular’ and ‘street vendors’ respond to the new station by locating 
themselves heavily nearby the entrance and along the routes that lead to the 
station, but ‘irregular’ commerce is forced to locate in the side streets. 

 

This research argues that the use of spatial analysis aids the understanding of the impact of a 

cable-car line in informal settlements that are topographically marginalised. To further 

demonstrate this, the same methods that were used in the spatial analysis in Chapter 04 to 

measure the impact have been used in this chapter to predict the future impact of a new cable-

car line at Picacho. The result of this are then used in a predictive multiple regression model to 

anticipate where the distribution of movement and commerce will grow. 

When the future cable-car line, Linea P, is added to the spatial model of Medellin, it becomes 

clear that the impact will be significant. Much of this can be attributed to fact that this new line 

connects to good existing choice, providing the previously marginalised neighbourhood with a 

more direct connection to foreground structure of the city and better access to the rest of the city. 

This is clearest to see with the results of Integration, with large improvements in integration for 

the areas surrounding the future station, a result of good existing local centrality. While this 

predicts that the future cable-car line will provide a connectivity solution that encourages more 

integration at a local level, because choice connections with the rest of the city remain low after 

the intervention, the largest changes will be most noticeable at the local level. 

It is at the local level that pedestrian movement and commerce is best observed. To make an 

accurate prediction for these elements multiple regression was used to develop a predictive 

model that could consider various local factors, based on the exemplar case of Santo Domingo. 

This predicts a significant increase in movement during early morning when there is little existing 

movement occurring in Picacho, whereas during late afternoon the increase is proportionately 

less, since lots of movement is already occurring. The most significant increase in movement is 

predicted to increase opposite the station and along the most important routes connecting to the 

cable-car. This predicts that movement here will grow the largest in the area in between the two 

junctions that currently produce the most movement, allowing a future cable-car to redistribute 

the largest proportion of all movement away from these to two junctions and towards the station. 

The impact of this is most likely to be felt on existing land-uses at these two junctions, as while 

an increase in movement here might increase business, a redistribution of movement away from 

here could hinder existing businesses. 

Very similar results occur when predicting the future distribution of commercial outlets at Picacho. 

The largest predicted increase on all ‘open’ commerce occurs during early morning, as it does 

with movement, since at present very few shops open at this time of day. Then again, as per 
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movement, the impact is less significant during late afternoon, because this is a time of the day 

there are already lots of existing commercial outlets open, so the proportion of outlets directly 

relating to the station drop, even though the total increase is still large. This commercial 

distribution prediction also highlights where different types of commerce are most likely to occur 

during late afternoon. This predicts that both ‘regular’ commerce and ‘street vendors’ will locate 

as near as possible to the entrance of the station or alone the main direct routes to the station, 

though this prediction does not consider the fragmented building fabric nearby. ‘Irregular’ 

commerce is predicted to have the largest increase of the three facility types, but this is predicted 

to occur mostly in the side streets. This is also a result that demonstrates a clear hierarchy in the 

different facility types, where the most profitable locations are prioritised towards ‘regular’ 

commerce and ‘street vendors’, making ‘irregular’ commerce potentially less stable. Because of 

increased movement going towards a new cable-car, this will understandably increase commerce 

in the surrounding area and because there is already a strong connection between space, 

movement and commerce here, this is likely to make new commercial outlets more stable. Though 

this might not be the case for the poorly positioned ‘irregular’ commerce. 

The future cable-car at Picacho offers a good opportunity to spatially connect another 

topographically marginalised informal settlement in Medellin and provide the foundations in which 

to build a more resilient neighbourhood. This solid basis offers an opportunity to connect to the 

larger citywide urban upgrading program and attach supporting interventions to the cable-car 

intervention, as was done at Santo Domingo. Introducing a long-term plan for regenerating the 

area, which does not just revolve around a single intervention and can build upon the immediate 

changes that are observable for new spatial connection. 

 

7.15 Predicting the impact for the future 

The use of urban cable-cars as a form of public transport are often passionately envisaged as an 

urban upgrading tool for socioeconomically transforming an informal settlement, which inspired 

its replication in other cities like Rio de Janerio that used the model for ‘investments and integrated 

actions in diverse fields’ (da Silva, 2013). As a consequence, the simple natural urban 

phenomena that occurs from the reconfiguration of an urban grid and its consequential 

reconfiguration with a new spatial connection is often less talked about or even forgotten, 

especially in Medellin where its brand of urban upgrading is focused on eye-catching design, as 

McGuirk points out ‘it is, after all, a photogenic story’ because of these (McGuirk, 2015).  

By understanding how the simple configuration of an urban grid works and the way a new spatial 

connection links to this and alters certain local conditions, can provide help answer the research 

questions: can the impact of spatial connectivity in the case of an urban cable-car transport 

system be quantified to predict the future impact of a similar project? 

At Picacho where a new urban cable-car is due to be introduced in 2019 this new spatial 

connection will not only reconfigure the urban grid but will also bring with it an immediate impact 
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with increased local pedestrian movement, resulting in a redistribution of commercial land-uses. 

However, as per the other stations this immediate impact will most likely be confined to the areas 

directly surrounding each station. It is possible to predict this by first understanding how the 

configuration of an urban grid influences movement and commerce and how other multiple local 

factors can combine to affect changes, so that when alterations to the configuration of the urban 

grid are modelled changes to local conditions can be predicted. 

By understanding where the extent of the immediate impact is likely to be most significant, 

provides the foundation in which to build a wider reaching program of interventions, like Santo 

Domingo, even if this was not the initial intention. This then provides the opportunity for these 

supporting interventions to connect to wider audiences and for them not to remain isolated in 

marginalised parts of the city. 
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CHAPTER 8 - CONCLUSION 

 

8.1 Cable-cars transforming informal settlements 

As informal settlements become a recognised part of Latin American cities there is a drive by 

many built environment professionals to improve the living standards of those that reside within. 

In the past this has had disastrous effects, with many single function projects and individual 

policies, but today one of the most popular methods involves a comprehensive approach that 

acknowledges the complexity of informality and uses a multitude of different approaches to make 

informal settlements more socially and spatially inclusive and less isolated. A brief outline of these 

approaches was covered in the first two chapters. One of the keys to this is the improvement of 

spatial connections, which can provide residents with enhanced access to city amenities and 

potentially better education and employment, which can then over the course of time ease their 

poverty. 

Key to this has been the improvement of public transport, resulting in many new innovative 

projects that attempt to get around the issue of densely packed informal settlements that have 

little open space and no formal connects to the main existing network of roads, along with the 

issue of heavily congested roads and highly pollutant vehicles. One of the most famous 

approaches in recent times has been the urban cable-car (Figure 8-1). This negotiates these 

complex issues by gently floating over homes on an electric powered cable, connecting previously 

topographically marginalised informal settlements with the rest of the city. These issues were 

discussed in the literature review. 

Arguably, the most famous example of this is found in Medellin, now regarded as the birthplace 

of this type of transport. Here the cable-car quickly became incorporated into a citywide program 

of socially orientated urban upgrading that aimed to transform the city from a violent gang-

controlled culture to something more inclusive. To do this iconic architecture and urbanism was 

used and the cable-car system fitted into this programme perfectly, so much so a considerable 

amount of the initial upgrading was built within eyesight of it. This created an eye-catching and 

photogenic image of the comprehensive upgrading programme and had the bonus of a very 

colourful background story to go alongside it. Making a very exciting narrative to the sell the city, 

which has resulted in a lot of media coverage in recent years, as the international press celebrated 

a remarkable transformation story.  
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Figure 8-1 Medellin’s urban cable-cars. 

 

Consequently, this research aimed to avoid the subjective commentary associated with Medellin, 

which often overshadows actual changes and instead focuses on unbiased evidence. This was 

done by creating a methodology that first analyses the spatial configuration of Medellin’s urban 

grid, specifically the surrounding areas of the cable-car station and this provided the opportunity 

to assess the consequences of reconfiguring this urban grid with a new cable-car line. This 

allowed local conditions, such as pedestrian movement and the distribution of commercial land-

uses, to be recorded and connected to the urban grid.  

The strength of which was to create a spatial model that could reliably predict the connectivity of 

the whole city at a variety of different urban scales (micro, meso and macro), both ‘with’ and 

‘without’ the cable-car connection. This was especially useful for understanding the connectivity 

of informal settlements, a part of the city that is often very difficult to access. Though this had the 

benefit of generating original data relating to the spatial configuration of a city, because Medellin 

is very informal there were few accurate datasets available that could be used to test the spatial 

analysis findings and develop accurate correlations. This was made worse by the spatial analysis, 

showing the impact to be in smalls areas immediately surrounding each cable-car station, 

whereas the limited municipal data is recorded at significantly larger areas. 

Therefore, because of this lack of existing accurate data, local onsite observations were used 

instead. This was completed in the form of movement and commercial survey, which had the 
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strength of being dynamically measurable indicators that could respond to complex local 

conditions at different times of the day and because they were visible recordings these were less 

subjective. This also had the benefit that the distribution of local movement and commercial 

outlets could be directly related to the urban grid or the cable-car station. Much of this relied upon 

the creation of a ‘without’ cable-car scenario, which used the same observational data when the 

cable-car closed for its annual maintenance checks. Even though these observations presented 

an opportunity to make up for a major gap in available data, there were still weaknesses. As the 

onsite observation could not cover a large area because of safety concerns and as a result these 

observations were mainly conducted within eyesight of the station or along main roads. 

Furthermore, because of time and financial restraints these observations could not be repeated 

multiple times to reduce the margins of error. Then the ‘without’ scenario relied upon a temporary 

closure, so any changes observed are just temporal and the largescale changes that may have 

resulted from the cable-car are less likely to be observed. Yet, without good historic data and 

within a restricted research project these adapted methods provided the best solutions available. 

Finally, the multiple methods used to record the impact of the cable-car presented an opportunity 

to combine datasets to predict the impact of a new cable-car. However, the method used relies 

on a comparative case to be the basis for the prediction and this cannot present an exact 

replication of a before scenario. Nonetheless this predictive model presented an opportunity to 

outline the most likely immediate outcome from a new cable-car, aiding the development 

processes of an informal settlement upgrade. 

This research set out to develop a methodology that would accurately and unbiasedly record local 

changes resulting from the introduction of the cable-cars, however, due to the complexities 

surrounding the studied informal settlements many of these methods had to be adjusted because 

of local restraints. This may explain why so few past research studies into informal settlements 

have used an empirical methodology, as at present the level of accuracy needed for these studies 

are difficult to resource. Yet, even though exact data could not be generated in this research, if 

this research were to be extended and security concerns overcome, the methodology used here 

would provide a very rigorous study into informal settlements to complement traditional qualitative 

findings.  

Therefore, it was important to use a methodology that was suitable for this environment and one 

that could be adapted. While this research did not set out to be methodologically in its ambitions, 

established methods had to be altered and adapted to address the research objective and local 

restraints. This is because the informal environment is always evolving, and methods traditionally 

designed for static cities need to be adapted to capture this.  

 

8.2 What has been learned 

Throughout this research there has been an attempt to measure the changes that have occurred 

because of the introduction of the cable-car, so that the role of spatial connectivity in the 
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transformation process of an informal settlement could be better understood. As a consequence, 

this research objective was: to study the impact of urban cable-cars in the transformation 
process of informal settlements in Medellin and in doing so, to determine the role spatial 
connectivity plays in the comprehensive approach to urban upgrading in informal 
settlements. This provided an opportunity to critically assess the role spatial connectivity plays 

in the comprehensive approach to urban upgrading in informal settlements and specifically 

discuss the part it played in the transformation process of Medellin.  

To do so, the research was broken down into four main parts - Space, Movement, Commerce 

and Prediction - each answering a separate research question. The first part, which addresses 

space, looked to answer the question: does the introduction of a single urban cable-car 

connection help to reconnect previously segregated informal settlements, as per the 

popular discourse, and to what extent does the impact on the spatial configuration play a 

positive role? 

This highlighted a spatially divided city, where most of the informal settlements within Medellin 

function independently within the background structure of the city, isolated away from the main 

parts of the city that contain a large proportion of the city’s employment opportunities. Highlighted 

by global centrality. The division is further exaggerated by the foreground structure of the city, 

defined by the major networks of movement, not providing good spatial connections to the main 

areas of informality. It is the space in between the background and foreground structures of 
the city that the cable-car offers the most promise by providing an improved connection 
between them. 

While the spatial analysis was very useful for understanding the structure of city, its principal 

purpose was to the measure the impact of the cable-cars. Consequently, this is used to highlight 

where the main changes have occurred after the introduction of the cable-car and the urban 

scales that are most affected. When the whole city is analysed the impact is minor, as differences 

only appear within the immediate surroundings of each line. Furthermore, the impact only 

happens at the meso and macro urban scales (metric radius 3500 and 10000), thus the 

background structure of the city, which is found in the micro urban scale (metric radius 1000) and 

is where most informal settlements function, is left largely intact and the foreground structure of 

the city dominated by the road network is also unaltered. This highlights the benefit of cable-
cars to function in-between these two structures, offering a simple spatial mechanism to 
bring together the isolated neighbourhood in the informal settlements with the parts of the 
city that offer the best connections to the rest of the city and without disturbing the 
existing neighbourhood.  

This analysis showed Linea K and the stations along this line were more spatially connected with 

the rest of the city than Linea J and its stations, both before and after the cable-car was 

introduced. However, Linea J had the largest improvements. This was because of the poorly 
configured local grid before the introduction of the cable-car, so these large improvements 
are understandable as without the cable-car there are very few other routes into the city at 
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Linea J. To understand the importance of these changes these were measure in relation to local 

spatial condition benchmarks set out from the city’s socioeconomic stratums and land-values. 

This revealed that Linea K becomes more like higher ranked areas elsewhere in the city, whereas 

Linea J remained among the lowest ranked parts of the city, even after the introduction of the 

cable-car. This highlights the importance of understanding the existing urban grid, because the 

way a new spatial connection joins to what is already there has the potential to influence the 

overall connectivity of a neighbourhood. 

While the results for Integration highlighted changes, it was Choice that demonstrated the main 

spatial structure of each individual case study. This was important because there were similar 

patterns observed in each that provided a set of spatial invariants. The most important of which 
was the existing space running perpendicular to each station, as where this had a high 
choice value it could provide better connections beyond the station using the existing road 
network. This has the benefit of providing nearby areas with easier access to more central parts 

of the city via a simple interchange. However, there were two stations (Vallejuelos and Juan XXIII) 

that did not have this capability because the space directly opposite the station had poor 

connections with the surrounding neighbourhood. This is noticeable because the spaces opposite 

these two stations do not provide any direct access to vehicular movement, such as buses, and 

pedestrian pathways to other parts of the neighbourhood are often complex and difficult to 

navigate. As a result, both stations had a problem with connecting beyond the area that 

immediately surrounded each station. So, even though the local urban grid of informal settlements 

is often very complex with a labyrinth of small and narrow streets, where there are existing spaces 

that naturally generate movement and the cable-car connects to these, this allows the connectivity 

to spread further.  

This first analytical part of the thesis highlights the importance of understanding the 
existing spatial configuration of the urban grid. As this understanding can provide an 
insight into aspects of the urban grid that can allow the cable-car to provide better 
connectivity with the rest of the city for each neighbourhood, specifically in areas that are 
currently neglected. 

While, the spatial analysis highlighted the importance of the urban grid and its local configuration, 

this was done using a computational model and consequently the results are predictive. 

Therefore, it was important to test these results against local conditions (movement and 

commerce) that connect to the urban grid and to understand how these react to the cable-car. To 

do this, the next part answered the research question: when a local urban grid is reconfigured 

via an enhanced spatial connection, such as an urban cable-car, does this also reconfigure 

local movement patterns? And if so, to what extent does the location of each station within 

the urban grid influence local movement?  

This was first done through a series of movement observations, which showed that there were 

certain times of the day when a large proportion of all movement observed could be directly 

connected to the cable-car, specifically during early morning. However, by late afternoon other 
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parts of the observed neighbourhood produced a larger proportion of movement, making 
movement more evenly distributed and less focussed towards the cable-car stations. This 

is apart from La Aurora, where movement is equally influenced by the cable-car during both rush 

hours, an indication that the cable-car is more influential here than elsewhere. While during early 

morning local movement is heavily influenced by the draw of the cable-car, as there is not much 

else open at this time of day, it is not so clear what is exactly stimulating movement during other 

times of the day to encourage more social interaction, especially during late afternoon. 

To understand if the urban grid is aiding these local attractions the results of the movement 

surveys are related to the spatial analysis results. From this each case produced very different 

results and the overall relationship between movement and space was very low. Furthermore, 

this research has shown that when the cable-car is closed, or during late afternoon when the 

cable-car has less overall presence, the important ‘through’ routes of each neighbourhood, 

highlighted using choice, are not creating a large amount of natural movement. This is because 

when the cable-car is open these spaces often have a stronger connection to movement, as the 

cable-car provides these neighbourhoods with a central focus and movement is drawn along 

these main ‘through’ routes strategically positioned opposite the station. This shows the urban 
grid has less potential to stimulate natural movement in these heavily fragmented informal 
grids, thus a carefully positioned station next to a space with high choice, helps to 
generate pedestrian movement, further highlighting the importance of the existing urban 
grid. 

What is also significant is that the relationship between movement and space is highest ‘with’ the 

cable-car is at La Aurora, where the largest improvements in spatial connectivity was recorded, 

but ‘without’ the cable-car this relationship is very weak. This also relates to the spatial analysis 

results that showed similar strengths ‘with’ the cable-car but not ‘without’. It is also noticeable 

here that movement during late afternoon is still heavily influenced by the cable-car, which is not 

the case elsewhere, where movement is more proportionately distributed at this time of day. This 
highlights the weakness of the urban grid at La Aurora, as without a major attractor there 
is nothing to stimulate movement, including the grid itself. Thus, the whole neighbourhood 

relies very heavily on the cable-car to generate movement. This reinforces the importance of 

understanding the existing urban grid, as the spatial configuration of this can help neighbourhoods 

become more resilient to major changes and enhance existing movement flows.  

While it is easy to understand when and where the cable-car attracts movement, what is more 

difficult is to accurately understand the role of the urban grid in generating this movement, made 

worse by the major attraction of the cable-car, which continue to influence even during a 

temporary closure. This was not an issue at Picacho and as a result the relationship between 
the urban grid and movement is higher than any of the observed stations. This helps to 

demonstrate that there is natural relationship between choice and pedestrian movement and 

shows that the presence of the cable-car has most likely affected this relationship. However, 

because many of these relationships are better ‘with’ the cable-car this could suggest that there 

has been a long-term impact from the cable-car, such as a multiplier effect.  
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Yet, what is clear from this part is that the way the station connect to the existing urban 
grid is vital to the way local movement is influenced by the cable-car, as this has the 
potential to either enhance existing movement flows or completely redefine them. 

Though the spatial analysis highlighted the importance of the configuration of the urban grid, it is 

the local pedestrian movement that reacts most immediately to change, and it is this that 

determines the distribution of local commercial land-uses. Hence, the next part answered the 

research question: if the reconfiguration of space, via the introduction of an improvement 

spatial connections, brings about changes in local pedestrian movement, to what extent 

could local commerce be used as an indicator to measure the immediate impact? 

When the commercial activities were visually observed, many of these appear to position 

themselves nearby stations to pick up business and at the same time many appear to be located 

along important through routes, where there is a heavy concentration of pedestrian and bus 

movement. As with the movement observations, understanding whether commerce is mainly 

responding to cable-car or the urban grid is difficult. When the number of commercial outlets is 

compared between both lines, this showed Linea K had more outlets per resident than Linea J, 

suggesting that the success of Linea K has helped to generate more local commerce. When the 

different types of commerce are examined the proportions are roughly the same for each station, 

apart from La Aurora, where there is a clear increase in the number of ‘street vendors’, which are 

making up for the lack of any formal provisions for commercial outlets. This shows that informal 
commerce responds to the needs of a local neighbourhood both in terms of an income 
and a resource, by providing a service that has otherwise been forgotten. 

When the distribution of commercial outlets is related to the urban grid it was possible to observe 

the influence of both the cable-car station and urban grid, in a similar way to movement. This 
was because these outlets connected most positively to the micro urban scale, where 
pedestrian movement occurs the most and was the scale that witnessed the fewest 
changes when the cable-car closed. This connects to the spatial analysis findings that showed 

at this scale the fewest changes are observed. But, it was the macro urban scale, where 
vehicular movement is most likely to occur, which observed the largest changes. Again, 

this was very similar to spatial analysis results, that showed the largest changes occurring at the 

meso and macro scales. The relationship between certain types of commerce also highlighted 

significant findings, because ‘irregular’ commerce connected strongest to the urban grid during 

the early morning when there was less competition from ‘regular’ outlets, whereas by late 

afternoon when the streets were busiest ‘regular’ commerce had a stronger connection. This 
shows that ‘irregular’ commerce is more likely to respond to the presence of the cable-car 
station, making it more vulnerable to temporary changes, whereas as ‘regular’ commerce 
is more reliant on the configuration of the urban grid and this is less vulnerable to 
temporary changes because it can generate natural movement ‘without’ the cable-car. 
While both types of commerce are restricted by their fixed locations, this was not a problem for 

‘street vendors’ and as a result their relationship to the urban grid and the cable-car fluctuated a 

lot between each examined scenario, yet, there was a distinct attraction to the spaces that 
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generated high levels of pedestrian movement. Thus, it is possible to start to understand that 
the complexity of informal commerce means that not only do different types relate to 
different parts of the urban grids, but that this occurs at different times of the day, 
highlighting the dynamism of informal commerce.  

The locality of the cable-car station also influences the distribution of commerce throughout the 

areas observed and this was easiest to see at Linea K. As here commerce was heavily distributed 

within the surrounding areas of each station and along the main pathways that directly connected 

to the station and while this was also the case at Linea J, there were more examples of commerce 

being distributed in areas disconnected from the station. Hence, where the cable-car connected 
successfully to the existing urban grid to provide strong connections with the rest of the 
city the frequencies of nearby commercial outlets is high, but where this connection was 
less positive there are fewer commercial activities occurring in spaces directly related to 
the station. 

This research shows that commerce relates strongly to the urban grid, but, this relationship can 

be altered by the cable-car. However, as per the movement observation, this is hard to fully 

determine since the ‘without’ scenarios relied upon temporary closures, which would not alter the 

fixed position of outlets, but merely affect whether they open. This was not the case at Picacho, 
where similar to the movement analysis, commerce showed a strong direct connection to 
the urban grid, yet, here the total number of outlets per resident was significantly less than 
all other cases, as there were no major local attractors. Thus, this suggests that the presence 

of the cable-car stations had a major effect on the total number of outlets, providing a more regular 

source of movement that the urban grid itself. 

This research has shown that the introduction of the cable-car has altered the overall spatial 

connectivity of each case study and therefore changed the way pedestrians move in the 

surrounding areas, but this has yet to show any significant socioeconomic improvements. To 

understand the immediate local economic benefits of the cable-car this research measured the 

distribution of all commercial outlets in the area surrounding each station, so that this could be 

attached to the presence of the cable-car. What this starts to show is that where the cable-
car connects directly to existing spaces with high choice, the frequency of commercial 
outlets directly opposite the cable-car is greatest. Further, highlighting the importance of 
understanding the spatial configuration of the urban grid and the way new connections 
join. 

The final part of this research used the results from previous chapters to answer the research 

question: can the impact of spatial connectivity in the case of an urban cable-car transport 
system be quantified to predict the future impact of a similar project? 

The prediction model shows that because the station is positioned perpendicular to an existing 

space with strong micro and meso connectivity this will aid continued travel to and from the cable-

car, allowing the spatial impact to be noteworthy. Then pedestrian movement is predicted to 

increase significantly, specifically during early morning, and the clear majority of this is located 
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directly opposite the station. This ties in with the movement patterns previously studied at the 

existing stations. It is then anticipated that the distribution of commercial outlets will increase the 

most during early morning, when at present nothing much else is open, again following similar 

patterns to the previous analysis. It is also predicted that ‘irregular’ commerce will increase the 

most, however this will typically occur in side streets and not the spaces directly opposite the 

station. So, while ‘irregular’ commerce attempts to take advantage of a new cable-car, these will 

remain vulnerable because there are not located in prime locations to pick up the increase in 

movement. Whereas, ‘regular’ commerce and ‘street vendors’ are predicted to be mostly located 

in front of the cable-car station, which is where the largest increase in movement is likely to occur. 

While a future cable-car will clearly improve Picacho, any long-term socioeconomic 
improvements will be heavily reliant on a comprehensive program of complementary 
interventions, yet, what this does show is the probability of immediate changes occurring 
in the areas directly surrounding the cable-car. 

In the past much has been said about the impact of the cable-car, which has often relied on 

rhetoric from journalist or qualitative studies from researchers. This research has attempted to 

use quantifiable evidence to accurately understand the impact and though this has not always 

been possible, it has still demonstrated where and why the impact has been greatest, to provide 

the foundations to anticipate future changes. This shows that the key element to the 
immediate success of a new cable-car is the way it connects to the existing urban grid, as 
where this is done positively it can generate more movement, which then increases the 
frequency at which commercial outlets are distributed. Though this cannot determine the 

largescale and long-term socioeconomic impact of the cable-car, it can be used to measure the 

immediate local commercial impact resulting from the cable-car. 

 

8.3 Improve spatial connectivity to minimise spatial segregation, an extension of 
existing literature 

The success of the cable-car, specifically Linea K, has generally been put down to its part within 

the urban upgrading program and the opposite is generally thought to be the reason why Linea J 

failed, as it was not a part of a similar comprehensive upgrading program. However, very rarely 

does the role of the existing urban grid in the transformation process get discussed. As this 

research has shown, it is this that allowed a new cable-car line to thrive and enhance what was 

already there and the program of comprehensive interventions would be less meaningful without 

a purposeful connection to the rest of the city. 

This research has demonstrated that where the cable-car connects successfully to a functional 

urban grid, the impact is more meaningful, providing a continued connection beyond the cable-

car station and to other parts of the city. This is important, because the cable-car line is not 

attempting to redefine the local urban grid, but instead attach to its most functional parts, usually 

the space with the highest choice value, to provide the best possible connections with the rest of 

the city and to extend its connectivity. This is vital because these forms of transport are very slow, 
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as walking down the hill is not much slower. Hence, where this connection to a functional space 

is weak, even if there are spaces of high connectivity just around the corner, this is often too far 

to be beneficial. Therefore, the role of spatial connectivity in the comprehensive approach to 

urban upgrading, is not just about providing spatial connections to the city centre but is about 

subtly understanding the connections that are already there and connecting to these.  

It has been argued in the past that the role of supporting interventions was hugely significant in 

the transformation process of the areas surrounding each cable-car stations (Brand and Dávila, 

2011b). This research adds to this by arguing for a better understanding of the existing urban grid 

and it spatial configuration, as this too is very important in the transformation process, especially 

its immediate transformation. While it has been previously argued that the successful 

transformation of informal settlements such as Santo Domingo, could not have happened without 

strong supporting interventions, this research equally argues that this would not have been 

possible without strong spatial connections to important parts of the existing urban grid. 

The most comprehensive study of the cable-cars in Medellin, at the time of writing this thesis, was 

by Davila (2013), however, within this study the role the urban grid played in the impact is rarely 

mentioned, even though the reconnection of isolated and neglected neighbourhoods was a major 

part of the city’s upgrading discourse. This study instead focuses on the socio-political impact of 

the cable-car and the potential role it will play the long-term socioeconomic transformation of the 

informal settlement. Arguing that the intervention of a cable-car system, or any other major 

transport system, needs to be integrated into a wide range of different complementary 

interventions to have any meaningful long-term socioeconomic impact. This connects strongly to 

the comprehensive approach to urban upgrading, discussed in the literature review. 

Even though this thesis used the same case study of Medellin’s cable-car as Davila (2013), it 

attempted to extend this previous qualitative approach and record exact local changes that can 

be directly connected to the cable-car. This was to explicitly record changes that may have 

occurred because of the cable-car and its spatial connectivity. Elements that are not mentioned 

in detail in this or other previous studies of the Medellin’s cable-car. This does not aim disprove 

any of these previous findings or argue that the results of this thesis are more noteworthy, but 

instead build upon past studies to highlight how the impact can be immediately understood, 

through space, movement and commerce, so that the long-term socioeconomic changes 

anticipated in these studies can be better understood together. It also demonstrates how a 

thorough understanding of the existing urban grid can play a part in the transformation process 

of an informal settlement and argues for this understanding to be a part of any future 

comprehensive upgrading approach. 

The use of Space Syntax as a method and theory to spatially analyse informal settlements is still 

in its infancy, as to date very few thorough studies have been completed (Hillier et al., 2000; 

Karimi et al., 2007; Karimi and Parham, 2012; Mohamed et al., 2015; Psarra and Capillé, 2016), 

at least in comparison to the Global North. This research contributes to this existing literature by 

highlighting how Space Syntax could be used to understand the connectivity of informal 
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settlements in relation to the rest of the city and how its existing configuration affects the level of 

connectivity available to each neighbourhood and adjoining interventions. Furthermore, this 

research demonstrates how traditional methods of testing the urban grid, such as movement 

observations and commercial land-use survey, can be practically implemented in a very difficult 

urban environment. In doing so it highlights a set of restraints that this type of environment 

presents, something that past studies have failed to do because they have not attempted to gather 

the same type of observational data throughout a whole day or the informal settlements studied 

are in safer cities or the edge of a formal neighbourhood. When the local data was gathered in 

this research, connections between space, movement and commerce become visible and this 

research should contribute to existing literature by showing what is possible when local 

observations are rigorously observed in an informal settlement and then connected to a space 

syntax methodology, even if these methods must be adapted. 

In the past there has been many studies that have highlighted the connections between local 

movement and the configuration of the urban grid (Hillier, 1996; Hillier et al., 1993; Vaughan, 

2015) and how certain land-uses, such as commerce, distribute themselves in accordance to the 

movement generated by the grid. Yet, these studies have always focussed on traditional global 

north cities. What this research has started to reveal is that in a heavily fragmented informal urban 

grid a well-positioned attractor, such as the cable-car station, can start to positively reconfigure 

movement to flow along the most important ‘through’ routes. Helping to form a focal point for each 

neighbourhood, which the previous urban grids did not often have. This extends the existing 

literature surrounding natural and attractor movement and questions how this type of movement 

is formed in extremely complex and hard to predict urban grids, and challenges new research to 

push the understanding further. 

As mentioned throughout this thesis, the configuration of the existing urban grid and the way the 

cable-car connects to this is paramount to its immediate success. This highlights the importance 

of understanding the major configurational features of the grid before implementing a new cable-

car line, or any other type of transportation intervention specifically focussed in regenerating an 

informal settlement. Even though the comprehensive approach to urban upgrading in informal 

settlement argues for the combination of a wide range of different strategies, seldom does it 

explicitly discuss the role the existing urban grid plays as a mechanism for the transformation 

process. So, this research contributes to this current literature by arguing for its inclusion within 

this approach, as this addition could significantly aid the transformation process and work 

positively alongside other interventions, allowing these to connect beyond each neighbourhood.  

One of the biggest challenges going forward with research focussed on informal settlements is 

data gathering, specifically reliable historic data that can be used to measure the success of an 

intervention. This is made worse by the fact that traditional comparative studies in the same city 

are themselves often very challenging to implement due the insecure nature of many informal 

settlements. This research has presented a method that can be used to record and anticipate the 

immediate impact of a cable-car, yet, to make its findings more comparable to a typical western 

city, much more comprehensive and rigorous data sources would be required and local data 
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gathering would need to be extended beyond the immediate observation area. This becomes 

paramount for the long-term aims of a large comprehensive upgrading programme to radically 

alter the socioeconomic makeup of an informal settlement. As while localised observation can be 

used to measure the immediate impact of a local area, reliable and accurate data at scale is 

needed to measure genuine and significant socioeconomic changes of a large programme of 

interventions, such as Medellin’s famous citywide upgrading programme. 

      

Figure 8-2 Caracas (left) and Rio de Janeiro (right) cable-car systems. This research has 

the potential to highlight major weaknesses in the positioning of underperforming existing cable-

car systems. Both Caracas and Rio exhibit many of the failings outlined in this research, none 

more so than a failure to connect to a major existing ‘through’ route in the urban grid. Images 

from Google Maps - 2019. 

 

A reliable spatial model of the city can help overcome some of these problems and offer an insight 

into the potential impact of a future cable-car system, by describing where and what the most 

likely immediate changes will be in relation to movement and commerce. It could start to anticipate 

appropriate sites for new cable-car system to the have the biggest immediate impact possible 

and minimise the chances of an unsuccessful installation. This could explain why other 

implementations of the cable-car elsewhere have not been successful, such as Caracas and Rio 

de Janeiro. At Rio and Caracas this appears to be because the stations are positioned on top of 

hills and the immediate local streets are very narrow, both suggesting the main ‘through’ routes, 

that could potentially be modelled using Choice, would be elsewhere (Figure 8-2). By being able 

to anticipate the parts of an urban grid that a new cable-car could enhance via its spatial 

connectivity with other parts of the city, has the major advantage of a larger immediate impact 

because these streets are most likely already being used by residents. Therefore, minimising the 

possibilities of failure or the need to stimulate usage through other means, such as the 

construction of mass housing similar to La Aurora. 

As a result, this research and its findings can provide a framework in which to study the impact of 

new spatial connection in informal settlements, specifically focussing on its immediate impact. 

Cable-car Station Cable-car Station 
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This is very important for upgrading programs in locations where data is not easily available or 

where is could be heavily biased. Instead the urban grid can be spatially modelled, and existing 

factors related to this to measure impact and anticipate change. This is very important for when 

instant changes need to be measured and predicted to make projects more viable and desirable 

to investors, especially when long-term socioeconomic changes take time to develop. While it is 

hard to develop any exact predictions in areas of informality, since they are always evolving, this 

framework could provide a better understanding, or at least develop a better discussion, on the 

role of spatial connectivity in urban upgrading programs. 

This study of the informal settlements that surround each of the cable-car stations has highlighted 

the importance of the spatial connectivity in the transformation process of these neighbourhoods 

and the role the existing urban grid plays in this process. This provides a platform for anyone who 

wants to debate the worthiness of new spatial connectivity solutions in marginalised informal 

settlements by presenting the argument for more spatial analysis within literature discussing the 

impact of new spatial interventions within informal settlements. 

 

8.4 The final word: towards sustainable planning for informal settlements.  

The benefits of an urban cable-car are its abilities to connect topographically marginalised 

isolated informal settlements with other parts of a city, in a more convenient and direct way than 

was previously possible, all without the mass destruction of existing homes and neighbourhoods. 

The success of these connections relies upon the way it links up with the existing urban grid, 

especially the way it joins to the existing network of choice. This is because the more successful 

the link, the more extensive and wide ranging these new connections become, allowing the cable-

car line to seamlessly connect beyond each station and along existing routes to other parts of the 

city. So, the cable-car either enhances the existing natural movement that uses these spaces of 

choice or it singularly attracts movement by its lure of a better transport connection. The 

consequences of increased movement are the redistribution of commercial outlets along the main 

pathways of movement and surrounding the main destination point. However, the stability of the 

commercial outlet is dependent on the stability of the movement, as movement that is solely 

generated by the cable-car is less likely to encourage ‘regular’ commerce, whereas natural 

movement generated by the urban and enhanced by the cable-car is more likely to provide this.  

It is these types of urban phenomena that can be used productively to understand and anticipate 

the immediate impact of a cable-car, unlike the fashionable rhetoric that is often quoted about 

Medellin. As while these improvements are often just small incremental changes that will have 

little impact on a whole neighbourhood, this still provides more commercial opportunities for 

residents. 

As cities become more urban and informality becomes a common part of this process, there is a 

growing desire to add formal logic to these apparently illogical spaces. However, without 

understanding how these informal spaces work new spatial interventions will only ever be 
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superimposing their perceptions of a logical space. Therefore, it is important to first understand 

how an informal settlement works and not just spatially, but locally too, to understand how, when 

and where people move and what is really dictating this and the consequences of this and how 

this informs the way different land-uses distribute. However, this is a huge challenge since these 

spaces are not static and are always evolving, but this type of appreciation of informality is very 

important to insure spatial interventions are in keeping with the environment they are trying to 

impact, allowing neighbourhoods to grow without superimposed architectural structures 

attempting to define them. 
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APPENDIX A - SPATIAL ANALYSIS 

The basis of the spatial analysis used in this research relied on two traditional space syntax 

measurements - Integration and Choice (Chapter 04). The results of both were calculated for 

the whole city ‘with’ and ‘without’ the cable-car lines included in the city to understand the impact 

each of line had on the urban grid of the whole city. So even though the results were often 

analysed within a specific catchment area surrounding each station, the values for each 

measurement were generated from the citywide network. 

The use of Integration allowed spatial changes in the urban grid to be modelled and to 

acknowledge the urban scale (macro, meso or micro) that were most affected by the introduction 

of the cable-car. This was only possible by first running the analysis for a large set of metric radii 

in depthMap to determine the correct radius for each urban scale and then contrasting the spatial 

analysis results ‘with’ and ‘without’ the cable-car lines. Then because there were significant 

changes in Integration for the surrounding areas of the cable-car station and with the values being 

normalised, this allowed changes to compared to other spatial conditions in the city, using a set 

of spatial condition benchmarks that are associated to different local socioeconomic and land-

value conditions. This used the integration values generated with the citywide model and 

calculated the mean value of integration within each area for the relevant metric radius, which 

acted as a proxy for the different urban scales. 

While the results of integration showed significant changes, Choice did not yield the same level 

of changes when compared between ‘with’ and ‘without’. Nonetheless, the results of this 

measurement allowed the spatial configuration of Medellin’s urban grid to be better understood, 

especially the location of the main space of choice. This allowed the relevance of the cable-car 

line in this structure to become more apparent, as the way the cable-car lines connects to this 

became very important to the level of success of each station. It is this understanding of the 

structure of the city that allowed the role of the local urban grid at each cable-car station in the 

distribution of the pedestrian movement and commerce to be more apparent. 

Hence, both measurements provided an understanding of change and an appreciation of the 

importance of the existing urban grid. 

 

 

 

 

 

 



438 

Metric Radius 250 

‘With’ 

 
 
‘Without’

 
Figure 0- Integration at metric radius 250 
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Figure 0-1 Integration at metric radius 500 
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Figure 0-2 Integration at metric radius 750 
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Figure 0-3 Integration at metric radius 1000 
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Figure 0-4 Integration at metric radius 1250 
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Figure 0-5 Integration at metric radius 1500 
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Figure 0-6 Integration at metric radius 1750 
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Figure 0-7 Integration at metric radius 2000 
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Figure 0-8 Integration at metric radius 2500 
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Figure 0-9 Integration at metric radius 3000 

  



448 

Metric Radius 3500 

‘With’ 

 
 
‘Without’ 

 
Figure 0-10 Integration at metric radius 3500 
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Figure 0-11 Integration at metric radius 5000 
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Figure 0-12 Integration at metric radius 7500 
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Figure 0-13 Integration at metric radius 10000 
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Figure 0-14 Integration at metric radius 15000 
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Figure 0-15 Integration at metric radius ‘n’ 
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Table 0-1 Integration mean values for each case studies. 
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Metric Radius ‘1000’ 

‘With’ 

 
 
‘Without’ 

 
Figure 0-16 Choice at metric radius 1000 
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Metric Radius ‘3500’ 

‘With’ 

 
 
‘Without’ 

 
Figure 0-17 Choice at metric radius 3500 
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Metric Radius ‘10000’ 

‘With’ 

 
 
‘With’ 

 
Figure 0-18 Choice at metric radius 10000 
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APPENDIX B - MOVEMENT ANALYSIS 

Following on from the spatial analysis, the movement observations provided the first opportunity 

to test onsite the research hypothesis that the cable-car and its positioning in the urban grid 

directly impacts on the local urban environment surrounding each station. These observations, 

alongside other onsite fieldwork, took place during the summer of 2015 during June and July. 

The local impact of the cable-car was first possible to observe by surveying the age and gender 

demographic of the people that surrounded each station at different times of the day. While this 

was just a rapid snapshot of the area, it provided an initial insight into the way the cable-car 

dictates the surrounding areas during different times of the time. This is because during early 

morning as it was most commuting adults occupying the streets, whereas by late afternoon there 

was a wider range of ages groups inhabiting the local streets as the cable-car influence lessened. 

These initial findings were reaffirmed during the movement observation surveys as it again 

becomes very apparent that most local movement during the early morning rush-hour is moving 

towards the station. Then, during late afternoon, when it can be assumed that the same number 

of people are returning from work, the proportion of the all movement influenced by the cable-car 

reduces significant as other local spaces become more active. Studying the same movement 

patterns ‘without’ the cable-car also helped to reaffirm this, as movement during early morning 

drastically drops, but at late afternoon the drop-off is much smaller, demonstrating the large 

influence of the cable-car during early morning. 

When movement is connected to the results of Choice, which forms the main structure of the 

urban grid, the relationship between the two is often very weak, but by comparing the results ‘with’ 

and ‘without’ the cable-car and at different times of the day it is possible to observe that this 

relationship is stronger ‘without’ the presence of the cable-car. This confirms the attractiveness 

of the cable-car’s presence and vastly superior transport connection has a very large influence 

over local pedestrian movement, which than has the potential to affect the distribution patterns of 

certain land-uses and even start a multiple effect, between movement and local attractions. 

The movement observations provide an onsite understanding of the way the cable-car redefines 

a local urban centre, by directing pedestrian movement towards it and the more successful the 

cable-car is, including the way it connects to existing urban grid, the more movement is generated.  
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Demographics survey 

 

 

Figure 0-19 Example of fieldwork notes for demographic surveys. 
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Demographic observation results for late afternoon ‘with’ cable-car 

 

 

 

 
Table 0-2 Demographic survey results for late afternoon ‘with’ 
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Demographic observation results for late afternoon ‘without’ cable-car 

 

 

 

 
Table 0-3 Demographic survey results for late afternoon ‘without’ 
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Movement Observation Survey 

 

 

Figure 0-20 Example of movement observation survey notes during fieldwork for one 
time period at a single cable-car station. 
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SANTO DOMINGO WITH CABLE-CAR     

 

 

Figure 0-21 Movement observation results at Santo Domingo ‘with’ 

 

Total Number of People Observed 

Early Morning  761 

Mid-Morning  628 

Lunchtime  757 

Late Afternoon  1340  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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SANTO DOMINGO WITHOUT CABLE-CAR     

 

 

Figure 0-22 Movement observation results at Santo Domingo ‘without’ 

 

Total Number of People Observed 

Early Morning  385 

Mid-Morning  380 

Lunchtime  455 

Late Afternoon  845 

 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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POPULAR WITH CABLE-CAR     

 

 

Figure 0-23 Movement observation results at Popular ‘with’ 

 

Total Number of People Observed 

Early Morning  501 

Mid-Morning  411 

Lunchtime  518 

Late Afternoon  816 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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POPULAR WITHOUT CABLE-CAR     

 

 

Figure 0-24 Movement observation results at Popular ‘without’ 

 

Total Number of People Observed 

Early Morning  309 

Mid-Morning  358 

Lunchtime  447 

Late Afternoon  472 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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ANDALUCIA WITH CABLE-CAR     

 

 

Figure 0-25 Movement observation results at Andalucia ‘with’ 

 

Total Number of People Observed 

Early Morning  545 

Mid-Morning  418 

Lunchtime  714 

Late Afternoon  920 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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ANDALUCIA WITHOUT CABLE-CAR     

 

 

Figure 0-26 Movement observation results at Andalucia ‘without’ 

 

Total Number of People Observed 

Early Morning  1076 

Mid-Morning  396 

Lunchtime  434 

Late Afternoon  986 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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LA AURORA WITH CABLE-CAR     

 

 

Figure 0-27 Movement observation results at La Aurora ‘with’ 

 

Total Number of People Observed 

Early Morning  804 

Mid-Morning  315 

Lunchtime  400 

Late Afternoon  832 

 

 

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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LA AURORA WITHOUT CABLE-CAR     

 

 

Figure 0-28 Movement observation results at La Aurora ‘without’ 

 

Total Number of People Observed 

Early Morning  368 

Mid-Morning  190 

Lunchtime  214 

Late Afternoon  452 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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VALLEJUELOS WITH CABLE-CAR     

 

 

Figure 0-29 Movement observation results at Vallejuelos ‘with’ 

 

Total Number of People Observed 

Early Morning  240 

Mid-Morning  178 

Lunchtime  218 

Late Afternoon  308 

 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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VALLEJUELOS WITHOUT CABLE-CAR     

 

 

Figure 0-30 Movement observation results at Vallejuelos ‘without’ 

 

Total Number of People Observed 

Early Morning  354 

Mid-Morning  125 

Lunchtime  203 

Late Afternoon  356 

 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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JUAN XXII WITH CABLE-CAR     

 

 

Figure 0-31 Movement observation results at Juan XXIII ‘with’ 

 

Total Number of People Observed 

Early Morning  515 

Mid-Morning  182 

Lunchtime  210 

Late Afternoon  428 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 



475 

JUAN XXII WITHOUT CABLE-CAR     

 

 

Figure 0-32 Movement observation results at Juan XXIII ‘without’ 

 

Total Number of People Observed 

Early Morning  213 

Mid-Morning  105 

Lunchtime  223 

Late Afternoon  212 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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SANTO DOMINGO MOVEMENT ZONES AND MARGIN OF ERROR  

 

EARLY MORNING 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 81 68 77 49 46 24 23 20 22 24 14 35 57 44 47 

Without 17 38 58 23 23 16 21 11 20 19 11 19 32 47 30 

Difference -
79% 

-
44% 

-
25% 

-
53% 

-
50% 

-
33% -9% -

45% -9% -
21% 

-
21% 

-
46% 

-
44% 7% -

36% 
Error of margin 'with' 

(%) 4.12 3.82 4.03 3.30 3.20 2.36 2.31 2.16 2.26 2.36 1.81 2.82 3.53 3.14 3.23 

Error of margin 
'without' (%) 1.98 2.87 3.44 2.28 2.28 1.92 2.19 1.60 2.14 2.09 1.60 2.09 2.66 3.15 2.58 

LATE AFTERNOON 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 161 145 109 50 48 26 36 67 68 55 43 74 115 97 101 

Without 69 58 90 38 45 33 44 37 53 45 34 76 78 60 85 

Difference -
57% 

-
60% 

-
17% 

-
24% -6% 27% 22% -

45% 
-

22% 
-

18% 
-

21% 3% -
32% 

-
38% 

-
16% 

Error of margin 'with' 
(%) 5.79 5.53 4.88 3.39 3.33 2.47 2.90 3.90 3.93 3.55 3.16 4.08 5.00 4.63 4.71 

Error of margin 
'without' (%) 3.90 3.60 4.40 2.95 3.20 2.76 3.17 2.92 3.46 3.20 2.80 4.08 4.13 3.66 4.29 

Table 0-4 Santo Domingo movement zone results with margin of errors 
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SANTO DOMINGO MOVEMENT ZONES AND MARGIN OF ERROR  

 
 
 

EARLY MORNING 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 51 73 58 34 11 15 18 5 25 23 34 21 8 22 10 

Without 27 9 23 16 7 10 17 20 23 22 52 56 6 12 9 

Difference -
47% 

-
88% 

-
60% 

-
53% 

-
36% 

-
33% -6% 300

% -8% -4% 53% 167
% 

-
25% 

-
45% 

-
10% 

Error of margin 'with' 
(%) 3.28 3.80 3.46 2.74 1.61 1.86 2.04 1.09 2.38 2.29 2.74 2.19 1.37 2.24 1.53 

Error of margin 
'without' (%) 2.44 1.45 2.26 1.91 1.28 1.53 1.97 2.12 2.26 2.22 3.23 3.32 1.19 1.67 1.45 

LATE AFTERNOON 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 6 85 98 52 25 65 46 15 66 50 59 59 18 40 17 

Without 25 42 37 31 16 25 26 17 48 46 36 64 16 28 15 

Difference -
43% 

-
51% 

-
62% 

-
40% 

-
36% 

-
62% 

-
43% 13% -

27% -8% -
39% 8% -

11% 
-

30% 
-

12% 
Error of margin 'with' 

(%) 3.15 4.25 4.52 3.41 2.41 3.78 3.22 1.88 3.80 3.35 3.61 3.61 2.05 3.02 2.00 

Error of margin 
'without' (%) 2.39 3.03 2.86 2.64 1.93 2.39 2.43 1.99 3.22 3.16 2.83 3.65 1.93 2.52 1.87 

Table 0-5 Popular movement zone results with margin of errors 
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ANDALUCIA MOVEMENT ZONES AND MARGIN OF ERROR  

 
 

EARLY MORNING 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 51 73 58 34 11 15 18 5 25 23 34 21 8 22 10 

Without 27 9 23 16 7 10 17 20 23 22 52 56 6 12 9 

Difference -
11% 

-
40% -7% 25% 20% 38% -

28% -8% 200
% 

223
% 

519
% 

681
% 

575
% 

595
% 

368
% 

Error of margin 'with' 
(%) 3.84 3.21 3.06 0.98 2.99 2.67 2.67 2.86 2.14 1.74 2.19 2.19 2.14 2.14 2.38 

Error of margin 
'without' (%) 3.83 2.60 3.04 1.09 3.35 3.18 2.33 2.81 3.69 3.11 5.24 5.78 5.33 5.39 5.01 

LATE AFTERNOON 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 6 85 98 52 25 65 46 15 66 50 59 59 18 40 17 

Without 25 42 37 31 16 25 26 17 48 46 36 64 16 28 15 

Difference -
22% 

-
60% 

-
12% 

-
22% 

200
% 

-
26% 

-
28% 

-
19% 

104
% 39% 39% 56% 55% 41% 32% 

Error of margin 'with' 
(%) 3.80 3.85 3.06 2.51 1.82 3.80 3.49 3.77 3.42 2.88 3.77 4.00 3.72 4.24 4.03 

Error of margin 
'without' (%) 3.41 2.51 2.89 2.22 3.11 3.31 3.00 3.44 4.77 3.38 4.41 4.92 4.56 4.98 4.61 

Table 0-6 Andalucia movement zone results with margin of errors 
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LA AURORA MOVEMENT ZONES AND MARGIN OF ERROR  

 
 

EARLY MORNING 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 51 73 58 34 11 15 18 5 25 23 34 21 8 22 10 

Without 27 9 23 16 7 10 17 20 23 22 52 56 6 12 9 

Difference -
26% 

-
71% 

-
62% 

-
10% 

-
53% 

-
78% 

-
80% 

-
63% 

-
63% 

-
54% 

-
40% 

-
51% 0% 280

% 95% 

Error of margin 'with' 
(%) 3.93 4.25 4.03 2.21 2.63 3.60 2.41 2.71 3.83 3.81 3.24 3.37 1.54 1.54 2.21 

Error of margin 
'without' (%) 3.30 2.37 2.54 2.08 1.80 1.74 1.09 1.67 2.37 2.61 2.50 2.37 1.53 2.86 2.96 

LATE AFTERNOON 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 6 85 98 52 25 65 46 15 66 50 59 59 18 40 17 

Without 25 42 37 31 16 25 26 17 48 46 36 64 16 28 15 

Difference -
61% 

-
84% 

-
63% 

-
20% 

-
43% 

-
38% 8% 15% 84% 188

% 
130
% 

-
66% 

-
38% 

-
30% 

-
56% 

Error of margin 'with' 
(%) 3.87 4.15 3.67 2.16 3.14 1.94 2.40 2.16 3.11 2.45 1.54 3.64 1.75 3.53 4.41 

Error of margin 
'without' (%) 2.47 1.74 2.29 1.93 2.38 1.53 2.47 2.29 3.96 3.88 2.29 2.20 1.38 2.96 3.03 

Table 0-7 La Aurora movement zone results with margin of errors  
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VALLEJUELOS MOVEMENT ZONES AND MARGIN OF ERROR  

 
 

EARLY MORNING 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 51 73 58 34 11 15 18 5 25 23 34 21 8 22 10 

Without 27 9 23 16 7 10 17 20 23 22 52 56 6 12 9 

Difference -
68% -7% 0% 20% -

20% 
-

40% 0% -
63% 

-
19% 

271
% 

157
5% 

308
% 94% 140

% 
180
% 

Error of margin 'with' 
(%) 2.04 2.80 0.00 1.08 1.08 1.51 1.44 1.88 2.33 1.77 0.97 1.71 1.88 1.51 1.51 

Error of margin 
'without' (%) 1.19 2.86 0.85 1.19 0.98 1.19 1.45 1.19 2.18 3.27 3.62 3.29 2.61 2.32 2.49 

LATE AFTERNOON 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 6 85 98 52 25 65 46 15 66 50 59 59 18 40 17 

Without 25 42 37 31 16 25 26 17 48 46 36 64 16 28 15 

Difference 0% -
71% 0% 400

% 
-

58% 33% 78% 70% -
58% 

-
18% 

390
% 68% 4% -

24% 9% 

Error of margin 'with' 
(%) 1.66 2.30 0.00 0.69 1.66 1.85 1.45 1.53 3.21 2.69 2.12 2.58 2.30 2.17 2.26 

Error of margin 
'without' (%) 1.67 1.29 0.85 1.53 1.09 2.13 1.92 1.97 2.23 2.49 4.14 3.27 2.37 1.92 2.37 

Table 0-8 Vallejuelos movement zone results with margin of errors  
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JUAN XXIII MOVEMENT ZONES AND MARGIN OF ERROR  

 

EARLY MORNING 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 51 73 58 34 11 15 18 5 25 23 34 21 8 22 10 

Without 27 9 23 16 7 10 17 20 23 22 52 56 6 12 9 

Difference -
72% 

-
86% 

-
70% 

-
52% 

-
40% 

-
45% 

-
57% 67% 177

% 40% -
34% 

-
47% 

-
44% 

-
71% 

-
60% 

Error of margin 'with' 
(%) 3.33 3.65 3.61 2.46 2.59 2.24 2.19 1.67 1.74 1.53 2.55 2.09 2.04 1.98 1.53 

Error of margin 
'without' (%) 1.83 1.44 2.04 1.72 1.99 1.65 1.44 2.09 2.69 1.78 2.04 1.52 1.52 1.09 0.97 

LATE AFTERNOON 

 Z-02 Z-03 Z-04 Z-05 Z-06 Z-07 Z-08 Z-09 Z-10 Z-11 Z-12 Z-13 Z-14 Z-15 Z-16 

With 6 85 98 52 25 65 46 15 66 50 59 59 18 40 17 

Without 25 42 37 31 16 25 26 17 48 46 36 64 16 28 15 

Difference -
63% 

-
73% 

-
49% 

-
66% 

-
26% 

-
70% 

-
60% 

-
22% -9% -

22% 
-

59% 
-

36% 
-

22% 0% -
43% 

Error of margin 'with' 
(%) 2.94 2.70 2.84 2.97 2.46 2.46 2.14 2.28 2.24 2.28 2.46 2.50 2.03 1.92 1.29 

Error of margin 
'without' (%) 1.83 1.44 2.04 1.78 2.09 1.36 1.36 1.99 2.09 1.99 1.59 1.99 1.78 1.89 0.97 

Table 0-9 Juan XXIII movement zone results with margin of errors  
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Linea K Choice r3500 to Movement Correlations 

 

Early Morning With    Early Morning Without 

  

 

Late Afternoon With    Late Afternoon Without 

  

Figure 0-33 Correlation between Choice and Movement at Linea K. 
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Linea J Choice r3500 to Movement Correlations 

 

Early Morning With    Early Morning Without 

  

 

Late Afternoon With    Late Afternoon Without 

  

Figure 0-34 Correlation between Choice and Movement at Linea J. 
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Santo Domingo Choice r3500 to Movement Correlations 

 

Early Morning With    Early Morning Without 

  

 

Late Afternoon With    Late Afternoon Without 

  

Figure 0-35 Correlation between Choice and Movement at Santo Domingo. 
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La Aurora Choice r3500 to Movement Correlations 

 

Early Morning With    Early Morning Without 

  

 

Late Afternoon With    Late Afternoon Without 

  

Figure 0-36 Correlation between Choice and Movement at La Aurora. 
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APPENDIX C - COMMERCE ANALYSIS 

Following on from the movement analysis, the commercial land-use surveys provided a further 

opportunity to map the potential land uses changes occurring because of the introduction of the 

cable-car, which in turn could affect local socioeconomic conditions. Similarly, to the movement 

observations, this was only possible by recording the results at different times of the day both 

‘with’ and ‘without’ so that changes could be directly associated with the cable-car, as only open 

outlets were recorded.  

This method showed that just like the movement observation, the distribution of commerce is 

heavily influenced by the presence of the cable-car during early morning, as there is a large drop-

off in the number of outlets open when the cable-car closed, but by late afternoon this drop-off is 

very hard to observe. 

These surveys also provided an opportunity to record and map different types of commerce and 

the varying facilities used to sell these products in the areas surrounding each cable-car station. 

The proportional distribution of these are all very similar for each case study, demonstrating the 

likelihood that each location is socioeconomically similar and not much has changed since the 

introduction of the cable-car, even though certain stations and location as thought to be more 

successful than others. 

However, when the frequency of these outlets is related to the values of Choice of the nearest 

segments in the spatial model, it is possible to see a stronger connection between space and 

commerce for ‘regular’ types of commerce and also all commerce at Santo Domingo, where 

movement was strong and space of choice provide reasonable levels of spatial connectivity with 

the rest of the city. The opposite is true for ‘irregular’ types of commerce, as this is mostly reliant 

on the provision of goods to a very local network. 

By recording commerce in the areas directly surrounding each station, it possible to start to show 

the immediate impact of the cable-car, as the distribution patterns of commercial outlets are easily 

associated with the presence of the cable-car station. While, this shows a very direct and 

measurable outcome of the cable-car that can be easily associated to the increase of movement, 

it is the configuration of the urban grid that provides permanent security for many of the local 

commercial outlets, as without this many of the outlets struggled when the cable-car closed, since 

there was nothing else generating pedestrian movement. 

These commercial land-uses survey provided an opportunity to demonstrate where and when the 

impact of the cable-car is at its greatest, all without relying on secondary data from unreliable 

sources. 
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Commerce survey 

 

 

Figure 0-37 Example of commercial survey fieldwork notes. 
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SANTO DOMINGO 

 
Early Morning With    Early Morning Without 

 
 
Late Afternoon With    Late Afternoon Without 

 
 

 FV J FF CON E B D G FUN GS BIL C M P CA MA I H MIN R 

Early Morning 
'with' 4 1 14 25 0 4 10 4 1 8 1 1 1 1 1 1 0 0 10 0 

Early Morning 
'without' 2 2 13 17 0 4 5 3 1 3 0 0 1 1 1 0 0 0 4 0 

Mid Morning 
'with' 20 2 26 61 1 5 23 6 2 26 1 21 4 3 2 4 10 0 28 2 

Mid Morning 
'without' 20 2 25 63 1 5 22 6 2 25 1 20 4 4 2 6 9 0 25 2 

Lunchtime 
'with' 39 3 66 110 9 6 54 7 4 38 5 42 7 11 2 13 34 9 50 2 

Lunchtime 
'without' 27 3 30 104 5 6 44 6 4 34 4 33 6 9 2 11 23 6 43 2 

Late Afternoon 
'with' 34 4 65 108 9 6 54 7 4 37 6 40 6 10 2 13 34 9 51 2 

Late Afternoon 
'without' 32 3 67 110 9 6 55 7 4 39 5 40 6 10 2 14 31 8 47 2 

Table 0-10 Commercial land-use survey results at Santo Domingo 
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POPULAR 

Early Morning With    Early Morning Without 

 
 
Late Afternoon With    Late Afternoon Without 

 
 

 FV J FF CON E B D G FUN GS BIL C M P CA MA I H MIN R 

Early Morning 
'with' 11 5 13 38 0 8 14 7 4 33 0 12 4 3 2 13 5 2 27 4 

Early Morning 
'without' 2 0 5 13 0 5 3 1 1 11 0 2 0 0 2 1 0 0 9 2 

Mid Morning 
'with' 9 4 10 35 1 7 14 7 5 32 0 8 4 3 2 13 3 1 20 4 

Mid Morning 
'without' 12 1 11 31 0 6 11 7 4 27 0 7 5 3 2 11 1 0 23 3 

Lunchtime 
'with' 10 3 10 41 0 7 14 7 5 33 0 8 4 3 2 15 5 0 24 4 

Lunchtime 
'without' 11 4 10 37 1 7 14 8 3 31 1 9 5 3 2 12 5 2 27 4 

Late Afternoon 
'with' 11 4 26 47 2 9 19 9 7 34 2 13 4 3 2 12 15 4 31 4 

Late Afternoon 
'without' 10 4 20 47 1 8 18 9 6 34 2 10 4 3 2 11 6 2 31 4 

Table 0-11 Commercial land-use survey results at Popular 
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ANDALUCIA 

Early Morning With    Early Morning Without 

 
 
Late Afternoon With    Late Afternoon Without 

 
 

 FV J FF CON E B D G FUN GS BIL C M P CA MA I H MIN R 

Early Morning 
'with' 0 0 5 9 0 4 4 3 0 2 0 0 0 0 2 0 0 0 1 0 

Early Morning 
'without' 0 0 1 4 0 4 2 1 0 0 0 0 0 0 1 0 0 0 0 0 

Mid Morning 
'with' 7 2 8 26 1 7 9 4 2 9 0 7 5 0 4 11 5 3 10 0 

Mid Morning 
'without' 5 2 7 22 0 6 8 4 0 8 0 4 5 1 3 6 2 1 5 0 

Lunchtime 
'with' 8 3 25 38 1 9 20 4 3 11 1 15 6 2 8 14 14 11 17 1 

Lunchtime 
'without' 6 3 21 32 3 9 11 4 1 10 2 14 6 2 8 13 8 10 11 1 

Late Afternoon 
'with' 8 4 39 55 2 9 32 5 3 11 2 16 6 3 8 14 15 13 15 1 

Late Afternoon 
'without' 8 4 41 43 2 9 31 5 3 12 3 16 6 3 8 13 12 12 13 1 

Table 0-12 Commercial land-use survey results at Andalucia 
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LA AURORA 

Early Morning With    Early Morning Without 

 
 
Late Afternoon With    Late Afternoon Without 

 
 

 FV J FF CON E B D G FUN GS BIL C M P CA MA I H MIN R 

Early Morning 
'with' 5 2 16 18 1 0 8 1 0 12 0 1 1 2 0 0 6 1 13 0 

Early Morning 
'without' 3 2 9 10 1 0 8 1 0 12 0 1 1 2 0 0 6 1 11 0 

Mid Morning 
'with' 4 5 10 21 1 0 8 1 0 12 0 1 1 2 0 0 6 1 14 0 

Mid Morning 
'without' 5 2 12 19 1 0 8 1 0 12 0 1 1 2 0 0 6 1 13 0 

Lunchtime 
'with' 5 5 6 25 1 0 8 1 0 12 0 1 1 2 0 0 6 1 16 0 

Lunchtime 
'without' 6 3 10 29 2 0 8 1 0 12 0 2 1 2 0 0 6 1 17 0 

Late Afternoon 
'with' 7 5 23 29 2 0 9 1 0 12 0 1 1 2 0 0 6 1 21 2 

Late Afternoon 
'without' 6 3 14 25 3 0 9 2 0 12 0 1 1 2 0 0 6 1 19 2 

Table 0-13 Commercial land-use survey results at La Aurora 
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VALLEJUELOS 

Early Morning With    Early Morning Without 

 
Late Afternoon With    Late Afternoon Without 

 
 

 FV J FF CON E B D G FUN GS BIL C M P CA MA I H MIN R 
Early Morning 

'with' 4 2 2 23 1 4 12 1 1 36 1 2 1 0 2 6 3 0 14 0 

Early Morning 
'without' 1 0 2 9 0 4 2 1 0 11 1 1 1 0 2 0 0 0 4 0 

Mid Morning 
'with' 6 4 6 25 0 4 21 2 1 40 3 5 2 1 2 6 2 0 13 6 

Mid Morning 
'without' 8 4 3 23 0 4 16 2 2 32 1 5 2 2 3 6 2 0 14 1 

Lunchtime 
'with' 6 6 10 31 1 4 22 2 2 45 1 6 2 1 4 6 8 2 17 7 

Lunchtime 
'without' 6 4 10 30 0 4 27 2 2 46 3 6 2 1 4 6 3 0 15 7 

Late Afternoon 
'with' 6 7 14 30 1 4 26 3 2 46 3 4 2 2 3 6 6 2 18 6 

Late Afternoon 
'without' 4 8 15 29 1 4 28 2 2 46 3 5 2 1 4 6 8 3 15 8 

Table 0-14 Commercial land-use survey results at Vallejuelos 
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JUAN XXIII 

Early Morning With    Early Morning Without 

 
Late Afternoon With    Late Afternoon Without 

 
 

 FV J FF CON E B D G FUN GS BIL C M P CA MA I H MIN R 
Early Morning 

'with' 0 0 3 5 0 2 5 0 0 3 0 0 0 0 0 1 0 0 2 0 

Early Morning 
'without' 1 0 3 2 0 2 4 0 0 2 0 0 0 0 0 0 0 0 0 0 

Mid Morning 
'with' 4 1 3 15 2 2 14 1 2 8 0 0 2 1 0 4 3 0 5 0 

Mid Morning 
'without' 3 1 3 18 2 2 11 3 2 8 0 0 2 0 0 4 3 0 6 0 

Lunchtime 
'with' 5 1 7 37 2 1 21 4 5 10 1 2 3 1 0 10 6 4 13 0 

Lunchtime 
'without' 5 1 6 35 2 2 19 4 4 10 1 2 3 1 0 10 7 4 13 0 

Late Afternoon 
'with' 5 1 11 39 2 2 23 4 5 10 1 2 3 1 0 10 7 6 13 0 

Late Afternoon 
'without' 5 1 8 38 2 2 21 4 5 10 1 2 3 1 0 10 8 6 14 0 

Table 0-15 Commercial land-use survey results at Juan XXIII 
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SANTO DOMINGO WITH CABLE-CAR     

 

 

Figure 0-38 Commercial facility results at Santo Domingo ‘With’ 

 

Total   Regular Irregular Street Vendor 

Early Morning  49  26  6  17 

Mid-Morning  147  92  27  28 

Lunchtime  347  175  83  89 

Late Afternoon  336  175  83  74 

 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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SANTO DOMINGO WITHOUT CABLE-CAR     

 

 

Figure 0-39 Commercial facility results at Santo Domingo ‘Without’ 

 

Total   Regular Irregular Street Vendor 

Early Morning  34  16  5  13 

Mid-Morning  148  92  20  36 

Lunchtime  257  146  71  40 

Late Afternoon  336  175  83  78 

 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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POPULAR WITH CABLE-CAR     

 

 

Figure 0-40 Commercial facility results at Popular ‘With’ 

 

Total   Regular Irregular Street Vendor 

Early Morning  137  88  36  13 

Mid-Morning  120  86  26  08 

Lunchtime  130  86  30  14 

Late Afternoon  181  104  51  26 

 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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POPULAR WITHOUT CABLE-CAR     

 

 

Figure 0-41 Commercial facility results at Popular ‘Without’ 

 

Total   Regular Irregular Street Vendor 

Early Morning  35  23  05  07 

Mid-Morning  109  73  24  12 

Lunchtime  129  82  33  14 

Late Afternoon  154  91  39  24 

 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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ANDALUCIA WITH CABLE-CAR     

 

 

Figure 0-42 Commercial facility results at Andalucia ‘With’ 

 

Total   Regular Irregular Street Vendor 

Early Morning  21  12  02  07 

Mid-Morning  90  69  13  08 

Lunchtime  166  120  31  15 

Late Afternoon  212  142  33  37 

 

 

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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ANDALUCIA WITHOUT CABLE-CAR     

 

 

Figure 0-43 Commercial facility results at Andalucia ‘Without’ 

 

Total   Regular Irregular Street Vendor 

Early Morning  10  07  00  03 

Mid-Morning  66  51  07  08 

Lunchtime  141  101  26  14 

Late Afternoon  199  140  32  27 

 

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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LA AURORA WITH CABLE-CAR     

 

 

Figure 0-44 Commercial facility results at La Aurora ‘With’ 

 

Total   Regular Irregular Street Vendor 

Early Morning  58  01  32  25 

Mid-Morning  56  01  32  23 

Lunchtime  60  01  32  27 

Late Afternoon  84  01  33  50 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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LA AURORA WITHOUT CABLE-CAR     

 

 

Figure 0-45 Commercial facility results at La Aurora ‘Without’ 

 

Total   Regular Irregular Street Vendor 

Early Morning  46  01  32  13 

Mid-Morning  55  01  32  22 

Lunchtime  64  01  32  31 

Late Afternoon  72  01  32  39 

 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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VALLEJUELOS WITH CABLE-CAR     

 

 

Figure 0-46 Commercial facility results at Vallejuelos ‘With’ 

 

 

Total   Regular Irregular Street Vendor 

Early Morning  67  41  21  05 

Mid-Morning  87  62  22  03 

Lunchtime  112  74  32  06 

Late Afternoon  116  77  30  09 

 

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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VALLEJUELOS WITHOUT CABLE-CAR     

 

 

Figure 0-47 Commercial facility results at Vallejuelos ‘Without’ 

 

Total   Regular Irregular Street Vendor 

Early Morning  20  11  04  05 

Mid-Morning  74  45  23  06 

Lunchtime  105  73  28  04 

Late Afternoon  121  83  30  08 

 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 



505 

JUAN XXIII WITH CABLE-CAR     

 

 

Figure 0-48 Commercial facility results at Juan XXIII ‘With’ 

 

Total   Regular Irregular Street Vendor 

Early Morning  11  07  03  01 

Mid-Morning  36  27  08  01 

Lunchtime  81  50  28  03 

Late Afternoon  92  55  29  08 

 

 

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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JUAN XXIII WITHOUT CABLE-CAR     

 

 

Figure 0-49 Commercial facility results at Juan XXIII ‘Without’ 

 

Total   Regular Irregular Street Vendor 

Early Morning  08  06  01  01 

Mid-Morning  36  26  08  02 

Lunchtime  79  49  29  01 

Late Afternoon  87  55  30  02 

 

  

EARLY MORNING MID-MORNING 

LUNCHTIME LATE AFTERNOON 
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APPENDIX D - MULTPLE REGRESSION 

Before commissioning with the multiple regression analysis, each variable used in the backward 

stepwise model was first correlated to each other to reveal the relationships between each 

variable and to understand if any of them have a direct relationship. This simple method helps to 

prevent any multicollinearity occurring in the multiple regression model, as very high correlations 

can indicate a direct relationship. Though, direct relationships were tested within each model 

using a Variance Inflation Factor. 
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EARLY MORNING MULTIVARIATE 

 

Figure 0-50 Early Morning Correlations Between Each Variable 
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LATE AFTERNOON MULTIVARIATE 

 

Figure 0-51 Late Afternoon Correlations Between Each Variable 

 


