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Abstract 

Nowadays the competition between cities is something very common, especially between 

cities of different countries. But this competition it can be observed even between cities of 

the same country or between districts of the same city. Based on this phenomenon 

municipalities try to change and become more sustainable (socially and environmentally), 

implement more green spaces in their urban core, create vibrant local environments and 

launch campaigns in order to create liveable districts, improve their local economy and 

survive this growing competition. In other words, cities want to become more attractive. 

In Sweden cities are also part of this global trend and since they are growing economically 

they try to create an urban environment that is desirable for its citizens. In Stockholm’s 

Översiktsplan there are different main goals, such as “The growing city (växande stad)” 

which is analyzed as “An attractive big city” or “Good public spaces (God offentlig miljö)” 

which is analyzed as “Mixed use urban space”, “Inviting public space”, “Living local centers” 

leading to the question how do these correlate and how do they affect each other.  

The reason of this research is to understand what is an attractive area in a city and find out a 

way to measure attractiveness by using spatial or non-spatial factors who play a major role 

on how a city is perceived. It is known based on existing research and literature, that many 

different factors are involved for a place to be considered as attractive, such as the distance 

from the means of transport, the distance to public amenities, house affordability, vibrant 

lifestyle, the distance from market places, social equality, the distance from the city center, 

the proximity to nature and many others, but there is no index that uses all these factors 

and calculates an attractiveness score. 

So this research aims in the creation of an attractiveness index, by formulating a lot of 

different indicators (social, geographic, economic, etc) based on the Översiktsplan goals and 

the calculation of attractiveness of different areas in Stockholm. The areas are SoFo District 

in Södermalm, Skarpnäck suburb in the south and Tensta suburb in the north. The main goal 

of this research is to improve the urban quality in Stockholm by identifying problematic 

areas, in order to increase the awareness about urban quality and the way to accomplish 

this research is the use of Multi-Criteria Evaluation in collaboration with Geographic 

Information Systems. 

Based on all the above the research question in this thesis will be: How city’s block 

attractiveness is measured with the use of Multi-Criteria Evaluation and the implementation 

of Geographic Information Systems? 
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1. Introduction 
 

Nowadays competition between cities is something very common, especially between cities 

of different countries. This competition has created global cities, which according to Sassen 

is defined as “The global city is a border zone where the old spatialities and temporalities of 

the national and the new ones of the global digital age engage. Out of their juxtaposition 

comes the possibility of a whole series of new economic and cultural projects.” (Sassen, 

1991) or according to Friedmann they are the outcome of the “intense urban competition 

for a share in global market” (Friedmann, 2002). This competition between global cities is 

basically a competition about which city can host more global events (Olympic Games, 

International Fairs, etc) or which city can attract more international companies. 

This thesis though, will not deal with the city attractiveness on a global scale, but it will focus 

on the attractiveness that arises from the urban qualities and the liveability of a 

neighborhood. In other words it will look at the city competition in smaller scale, for 

example between cities within the same country or between districts of the same city. In 

this level the competition is about which district is better designed. Urban design is 

connected with urban quality and as Punter said “…design was consolidated as a major 

concern in planning, and several new agendas were driving its development in both policy 

and control. These included greater public concern with the protection of a sense of place 

and local distinctiveness in a globalizing world…”(Punter, 2007). So the attractiveness has a 

lot to do with the quality of life in a neighborhood, and the definition of that term is the 

following, “urban quality of life refers to the urban planning which objective is to realize the 

sustainability of the development with respect to an individual’s quality of life.” (Serag El Din 

et al., 2013). 

Due to this phenomenon municipalities try to change and become more sustainable (socially 

and environmentally), implement more green spaces in their urban core, create vibrant local 

environments and launch campaigns in order to attract new companies and more residents 

to improve their local economy and survive this growing competition. In other words, cities 

want to become more attractive. On exactly that level this research is focusing and is trying 

to find out what is considered as attractive on a city block level when a family wants to 

locate in a new residential area. The research will take place in Stockholm, since the capital 

of Sweden is also part of this global trend and due to its economic growth the city attracts 

people and it needs create an urban environment that is desirable for its citizens. Already in 

Stockholm’s Översiktsplan a main goal that is set by the city planners is the city growth 

which is analyzed as “An attractive big city”, which has different meanings, as I will present 

later. 

  

1.1 Problem formulation 
The general research questions are “What is an attractive place for a family to live?” and 

“How to measure attractiveness by using spatial or non-spatial factors?” Based on existing 



2 
 

research and literature, many different factors are involved for a place to be considered 

attractive, such as the distance to means of transport and to public amenities, housing 

affordability, vibrant lifestyle, the distance from market places, social equality, the distance 

from the city center, the proximity to nature and many others, but there is no index that 

uses all these factors and calculates an attractiveness score. All these factors and many more 

contribute more or less in the attractiveness of an area, but how much do they contribute, 

which of them are more important, and how we can measure which areas are more 

attractive than others and how to enhance the attractiveness of the ones that are falling 

behind, is something that will be investigated in this research. 

Keeping this in mind planners in Sweden are trying to re-shape Swedish cities in order to 

become more attractive. The planning system in Sweden is categorized in different type of 

legal documents, some of them are mandatory, whereas some others have a consultancy 

role, as it can be seen in Figure 1. 

 

Figure 1: Planning System of Sweden 

In Stockholm’s Översikts Plan (Comprehensive Plan), one its goals is the city’s growth by 

enhancing its attractiveness; “Stockholm is one of the world's highest rated cities in terms of 

quality of life, equality, welfare, democracy - all important factors in the global economy's 

competitiveness and capital competition.” (Översiktsplan, 2018), but also is the creation of 

“lively” neighborhoods; “Many neighborhoods are dominated by houses today and they 

need to be re-developed with a broader land use mix.” (Översiktsplan, 2018). 

In this thesis I will I try to create a tool that measures the attractiveness of a city block and 

for that reason I will base my research on the indicators theory and Multi-Criteria Evaluation 

theory. Since cities and blocks are points in space after all, in order to do my analysis I will 
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need geographic data and a Geographic Information System to do my calculations and 

present the final maps. 

Based on all the above the research question in this thesis will be: 

How city’s block attractiveness is measured with the use of Multi-Criteria Evaluation and the 

implementation of Geographic Information Systems? 

 

1.2 Purpose and objectives 
The purpose of this research is to contribute to the body of knowledge about the city living 

by creating an attractiveness index and also by finding additional ways to implement the 

science of Geographic Information Systems (G.I.S.) to the urban planning process. The 

attractiveness index includes many different factors (social, geographic, economic, etc) and 

G.I.S. can help in analyzing and measuring this index. The objectives are to influence small 

scale planning processes in Stockholm, help planners to identify potential problems in the 

neighborhoods and finally create a tool that helps planners develop new residential areas in 

a way more that is more socially sustainable. 

 

1.3 Summary of methods 
In this thesis a combination of methods is used in order to measure the attractiveness of a 

city block. The main method is Multi-Criteria Evaluation, but in order to use this method to 

calculate a city block’s attractiveness in different areas of Stockholm and identify potential 

patterns of attractiveness so that the way these areas are planned can be critiqued 

according to their performance on the attractiveness index, some observations and 

interviews needed to be carried out. 

For the creation of the index there will first be a literature review in order to select the 

factors. Next interviews with city planners will be conducted in order for the factors to be 

weighted. Data will be collected through on-site observations and via the internet, and 

finally data analysis and presentation of the finding will be done using ESRI’s ArcGIS 

software. 

 

1.4 Summary of results 
This thesis has two types of results: first, the city block attractiveness formula/index, and 

second, maps that present the performance of the study areas in each components of the 

indicator as well as the final attractiveness performance. 

 

1.5 Structure of the thesis 
This thesis consists of six chapters and starts with the Introduction which describes the 

problem that led to the research question and the components of the thesis. Next there is 
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the Literature Review where different indicators are presented together with the definition 

of the city attractiveness. In the chapter of Methodology I present the Multi-Criteria 

Evaluation method and the selected indicators. Next in Study Areas I talk about the 

neighborhoods in Stockholm where I apply my research. In the Results and Discussion 

chapter I show the performance maps (of every indicator) as well as the final maps with the 

levels of attractiveness in each one of the study areas. The final chapter of the thesis, 

Conclusions, talks about the implications of the research and I make a recommendation for 

future research. 
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2. Literature Review 
 

This thesis quantifies the abstract notion of the attractiveness of a city’s block. In order to do 

that I reviewed books and scientific papers to find indicators that can be used to measure 

attractiveness. The following chapter consists of two parts. First is the presentation of the 

definitions of cities and city attractiveness according to literature. In the second part I will 

enumerate different indicators which are able to measure the aforementioned 

attractiveness. 

 

2.1 Cities 

2.1.1 What is a city? 

Since the dawn of time humans have formed groups not only to survive the difficulties that 

were lurking in the Africans savannahs, but also to hunt or gather enough food to raise the 

younger generation. These first communities evolved together with the evolution of humans 

and transformed into more established places, so that people could now be protected from 

natural phenomena and prosper from all kinds of interactions with one another. Some 

authors like Max Weber argue that the city is a mix of the market, castle and the fort, that is, 

trade, government, and protection combined together, “To constitute a full urban 

community a settlement must display a relative predominance of trade-commercial 

relations, with the settlement as a whole displaying the following features: 1. a fortification; 

2. a market; 3. a court of its own and at least partially autonomous law; 4. a related form of 

association; and 5. at least partial autonomy and autocephaly, thus also an administration by 

authorities in the election of whom the burghers participated" (Weber, Martindale and 

Neuwirth, 1958). 

Many different philosophers and researchers have provided different definitions about 

cities. For example, Plato said that “This city is what it is because our citizens are what they 

are”, linking the shape of urban environment with the character of the inhabitants. Similar 

to Plato, Epictetus said “A city is not adorned by external things, but by the virtue of those 

who dwell in it.” Some others approach the notion of cities in a more romantic way, such as 

Theodore Parker who said that “Cities have always been the fireplaces of civilization, 

whence light and heat radiated out into the dark.” (Parker, 1872) or Italo Calvino who stated 

that “Cities, like dreams, are made of desires and fears, even if the thread of their discourse 

is secret, their rules are absurd, their perspectives deceitful, and everything conceals 

something else.” (Calvino, 1974). It was Descartes who said: “In this large town everyone but 

myself is engaged in trade, and hence is so attentive to his own profit that I could live here 

all my life without ever being noticed by a soul.” (Kishik, 2015).  In my view, however, cities 

are machines for self-completion, similar to what Le Corbusier has said about houses “A 

house is a machine for living in.” (Le Corbusier. and Cohen, 2009).  

Henri Lefebvre says that, "If one defines urban reality by dependency (accessibility) vis-a-vis 

the centre, suburbs are urban. If one defines urban order by a perceptible (legible) 

relationship between centrality and periphery, suburbs are de-urbanized. And one can say 
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that the "planning thought" of large social housing estates has literally set itself against the 

city and the urban to eradicate them. All perceptible, legible urban reality has disappeared: 

streets, squares, monuments, meeting places." (Lefebvre, 1968), whereas Carmona talks 

about the urban quality and how it affects the residents: “As an integral element in the 

process of urban development, better urban and architectural design has been argued to 

have a theoretical potential to generate benefits to the various stakeholders concerned with 

producing and using the built environment (Parfect and Power, 1997; Worpole, 1999).” 

(Carmona, Magalhães and Edwards, 2002). 

 

2.1.2 Urbanization 

All this continuous gathering of people in the same place and the expansion in size of the 

first settlements was the first signs of the phenomenon we call today urbanization. 

According to the Cambridge Dictionary urbanization is “the process by which more and more 

people leave the countryside to live in cities”, and this phenomenon became more intense 

during the industrial era, when the small medieval villages were transformed into dense 

cities. These first cities were unhealthy and provided a low quality of life to their citizens, as 

Engels described it: “Everywhere heaps of debris, refuse, and offal; standing pools of gutters, 

and a stench which alone would make it impossible for a human being in any degree civilized 

to live in such district” (Engels, 1887). However, even though the cities were full of 

problems, people continue gathering there, which in turn led to the suburbanization of 

these cities. 

Ebenezer Howard tried to solve this problem by suggesting the creation of the garden city, a 

place where people could experience the urban lifestyle together with nature; “There are in 

reality not only, as is so constantly assumed, two alternatives – town life and country life – 

but a third alternative, in which all the advantages of the most energetic and active town 

life, with all the beauty and delight of the country, may be secured in perfect combination” 

(Howard, 1902). Another movement whose goal was to create more livable cities was 

modernism and its principal exponent was the famous architect Le Corbusier who imagined 

cities as large scale interventions on open space “… and the yards will be on a huge scale, 

run and exploited like government offices. Dwellings, urban and suburban, will be enormous 

and square-built and no longer a dismal congeries;…” (Le Corbusier. and Cohen, 2009). 

Although these cities provided better living conditions compared to the ones of the 

industrial era, they created urban sprawl and a more individual mindset in their citizens. In 

order to minimize these phenomena, a new type of urban planning called new urbanism 

appeared, which relies heavily on social and environmental sustainability. This movement 

was founded by Andrés Duany and Elizabeth Plater-Zyberk, who said that “designers should 

endeavor to ensure that what gets built on the urban fringe is as environmentally sound, 

economically efficient, and socially just as possible” (Duany, Speck and Plater-Zyberk, 2013). 
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2.1.3 From sustainable cities to city states 

All the above policies helped cities to become more livable and for that reason more and 

more people decided to choose urban environments as their habitation. Based on the 

United Nations report in 2014 more than half of the Earth’s population live in cities and they 

estimate will further increase “… 54 per cent of the world’s population residing in urban 

areas in 2014. … by 2050, 66 per cent of the world’s population is projected to be urban.” 

(United Nations Department of Economic and Social Affairs, 2014). This situation will lead to 

the existence of new city-states, because people tend to gather in places where 

opportunities are not scarce, such as the modern day metropolises. As John Friedmann said 

“The form and extent of a city’s integration with the world economy, and the functions 

assigned to the city in the new spatial division of labor, will be decisive for any structural 

changes occurring within it.” (Friedmann, 2006). This means that as the world grows 

“smaller” the cities that adapt to the globalized economy will be the ones that survive. 

Compared to what Jane Jacobs has said about cities: “Cities are not ordained; they are 

wholly existential. To say that a city grew “because” it was located at a good site for trading 

is, in view of what we can see in the real world, absurd.” (Jacobs, 1969), this raise a question 

about how many more people a city such as a newly emerging global metropolis can attract 

and what they need to do in order to provide a livable urban environment together while 

surviving the global competition. 

 

2.1.4 The Attractiveness of cities 

All the above show that cities were always attracting new people in their premises even if 

there were times that the cities were not the best place for a family to live. So why city 

attractiveness as a theme is relevant today and why is it something that planners want to 

address during the planning process? 

In this thesis the attractiveness of city is about the attractiveness of its blocks and how the 

neighborhoods can attract more families or individuals to locate there. So today because the 

urban lifestyle is presented many times as more sustainable, more creative and more 

advanced compared to the rural lifestyle, and because people are swarming into cities again, 

it is relevant to identify what is attractive on a city block level.  

There are many different reasons for a city block or a neighborhood to be considered 

attractive. They could be spatial, social, environmental, or economic among others. Buch et 

al. consider attractiveness as the amount of choices someone has in the urban environment: 

“Amenities and disamenities reflect living conditions and may also explain the attractiveness 

of a city as a place of residence.” (Buch, T., Hamann, S., Niebuhr, A., & Rossen, A., 2014), 

whereas Glaeser identifies attractiveness as the proximity to green areas in the city “Parks, 

open space, and large lots will replace once-dense neighborhoods. This strategy won’t bring 

Youngstown’s population back, but it will make the city more attractive, less dangerous, and 

cheaper to maintain.” (Glaeser, 2011). 

City block attractiveness has a lot to do with the quality of the urban environment, especially 

the local urban environment and how it is designed. So the urban design plays a major role 

in the attractiveness of a city block. As Carmona says urban design is the scientific field that 
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allows us to criticize modern cities, but also the mean in creating high quality public spaces, 

“Urban design as a discipline gradually emerged throughout the second half of the 20th 

century as part of a critique of the contemporary urban situation and of the perceived 

failure of the established built environment professions – architecture, planning, civil 

engineering, landscape architecture and the property professions – to deliver places of 

‘quality’.” (Carmona, 2009). These high quality public places are the most attractive ones 

according to English Governement Design Guidance “Quality of the Public Realm: Attractive 

and successful open spaces, Open spaces that respect natural features, Ground floor uses 

that reinforce pedestrian activity, Spaces that relate to surrounding buildings, Natural 

surveillance of spaces, Micro-climatic comfort Public art, street furniture that create 

identity” (Punter, 2007). 

Since this thesis is focused on the city block attractiveness and not on the global cities 

competition, it can be said that attractive neighborhoods are those which have high the 

sense of community. In other words those which are socially sustainable. Placemaking is 

sometimes the way to create social sustainability in a neighborhood and according to Project 

for Public Spaces “placemaking has the power to transform our local communities, and 

generate pride and a sense of belonging that translates into sustainability, economic 

development and increased quality of life” (Pps.org, 2018). 

In other words city block attractiveness, the type which I am trying to measure, has a lot to 

do with the liveability. According to Southworth liveability is a combination of environmental 

sustainability, safety, employment opportunities and physical design of a neighborhood, “… 

liveability includes such diverse qualities as the healthfulness of the environment, protection 

from natural disasters, and absence of crime, as well as opportunities for employment, 

affordability of housing, and the quality of schools and public services. But economic and 

social conditions are not the only factors that contribute to liveability. The physical form of a 

neighbourhood contributes significantly to its liveability and long-term success as a place to 

live.” (Southworth, 2003). 

Of course there are a lot of people who measure attractiveness of a city block in a much 

simpler way. Everyday people and real estate agents value the attractiveness of a city block 

based on its market value. This phenomenon is based on the idea of supply and demand. A 

neighborhood in which properties have a high demand and low supply, is considered very 

attractive. This basic rule of economics is an easy way to measure the attractiveness of a city 

block, but it is also mono-dimensional, which is not ideal for the current research. 

Various researchers approach city attractiveness differently, meaning that there is not a 

single right or wrong way to tackle this topic. It is clear then that many different factors are 

involved for a place to be considered attractive, such as the distance from the means of 

transport, the distance to public amenities, house affordability, vibrant lifestyle, the distance 

from market places, social equality, the distance from the city center, the proximity to 

nature and many others. 
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2.2 Indicators theory 
One of the roles of a planner is to develop policies based on research in order to solve a 

city’s problem or prevent new ones. For planners to be able to do something like this, they 

need information that is relevant, precise and contemporary. Simply put, planners need 

knowledge for their proposals. The American philosopher John Dewey believes that 

knowledge is gained by experiencing different situations, “Failure is instructive. The person 

who really thinks learns quite as much from his failures as from his successes.” Similarly, 

Jane Jacobs says of cities that “Cities are an immense laboratory of trial and error, failure 

and success.” (Jacobs, 1961). 

So, in order to create more attractive cities or neighborhoods, planners first need to try to 

find a way to measure attractiveness and then maximize it by applying the right policies. It is 

always difficult to measure something which is broad and not quantifiable by definition. On 

top of this sometimes the results of this measurement might be subjective especially if the 

research is done based on only one aspect of attractiveness and, because measuring 

attractiveness could be scientifically perforated, due to lack of information or data during 

the analysis. 

For these reasons, in this thesis the measurement of attractiveness is based on the use of 

different kind of indicators. Innes believes that an indicator is a possible way to measure 

vague phenomena as long as the researcher accepts its purpose, “The problem is aggravated 

by the fact, demonstrated in the indicator case studies, that indicators must be 

institutionalized and protected from manipulation once they have been developed, if they 

are to be trusted and used.” (Innes, 1990). 

Innes and Booher suggest that there are three basic ways for a researcher to create the 

necessary indicators, and each way satisfies different aspects of research. “One conception 

is that all-purpose indicator reports should be prepared, including often dozens, or even 

hundreds, of indicators, listed by category… A second idea is to design one indicator to sum 

up the quality of life in a place or the value of its output by combining important features of 

a place in a single composite, aggregated measure… A third approach is to develop separate 

indicators on the status of particular problems…” (Innes and Booher, 2000). On top of 

creating an indicator, it is important to determine the focus of the indicator, which can be a 

problem, a method or a theory. “The first approach determines problem areas or aspects of 

society which are important and then how best to measure these… the second approach 

focuses on methods for measuring the hard-to-quantify factors… the third group of 

indicators emphasize on theory… There is a theory actuation and testing.” (Stojanovski, 

2017). 

Finally, indicators need to be measureable and according to Stojanovski “There are different 

types of indicators in a context of data and measurements. To physically measure… is one 

way to create indicator or factor. Rating is a measurement in scale… Labeling consists of 

assigning a performance class or label to a product… Benchmarking assumes comparing 

existing performance or practice with a reference performance (benchmarks).” (Stojanovski, 

2017) 
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Since the thesis is about measuring the attractiveness of a city block, an identification of the 

factors that play a major role in city planning is needed. Four major city planning concepts 

are chosen and they each contain different indicators that measure a specific characteristic 

of the city. These planning concepts are Walkabillity, Density, Affordability and Connectivity 

and they are presented below individually. In each one of these concepts potential 

indicators that can measure them are mentioned in order for the ideal one or ones to be 

selected. 

 

2.2.1 Walkability 

In Stockholm’s Översiktsplan, its planners suggest the creation of “lively” local centers. In 

order for that to become a reality it is important for the people who live in the area to be 

able to walk more. An area which is walkable generates more spontaneous meetings among 

the residents, creating a more socially cohesive neighborhood. Furthermore, when people 

live in an area that is designed to promote walking, then they tend to be healthier, as noted 

by Lefebvre-Ropars says “However, there is growing evidence that neighborhoods planned 

and designed around the notion of walkability can encourage physical activity among both 

young people and adults” (Lefebvre-Ropars et al., 2017). 

So walkability is very important for an area to be considered attractive and for that reason 

different indices for measuring it have been created, such as the Walkability Index (WI) or 

Intersection Density, the Neighborhood Destination Accessibility Index (NDAI), the 

Pedestrian Index of the Environment (PIE), the Moveability Index (MI), the Walk Opportunity 

Index (WOI) and many others which vary according to the area where the research is taking 

place. 

According to Lefebvre-Ropars “The Pedestrian Index of the Environment, for example uses 

the following variables (Comfortable facilities, Block size, People per km2 (population + 

employment), Sidewalk density, Transit access and Urban Living Infrastructure (amenities)) 

and each variable is then weighed relative to the other variables according to its modelled 

relationship with walk trips.” (Lefebvre-Ropars et al., 2017). Witten identifies Neighborhood 

Destination Accessibility Index (NDAI) as “a measure of access to neighbourhood 

destinations, easy proximity to which could conceivably encourage walking for leisure 

and/or transport by residents of various ages and life stages… The destinations (or amenity 

types) listed for inclusion in the NDAI were structured into eight community-resource 

domains: education, transport, recreation, social and cultural, food retail, financial, health, 

and other retail.” (Witten, Pearce and Day, 2011). 

Others researchers like Buck et al. use the Moveability Index which refers to a specific group 

of people (children), “A moveability index that is based on the walkability index and 

extended by additional components such as the density of recreational facilities or 

playgrounds possibly allows to investigate the effect of the built environment on PA 

(Physical Activity) in children… we investigate the influence of common walkability measures 

and different types of recreational areas such as playgrounds, green spaces, and parks 

within individual network-dependent neighborhoods to extend the walkability index to a 

moveability index” (Buck et al., 2014). Some researchers, like Kuzmyak, combine different 
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indices to measure walkability in an area by creating the Walk Opportunity Index: 

“Walkability itself was viewed as being only part of the story, however. The research team 

believed it also was important to know whether the individual with the walking opportunity 

had places worth walking to… further thought suggested that the various opportunities 

should be qualified by the difficulty to reach them, similar to the gravity model approach in 

calculating regional accessibility.” (Kuzmyak, Baber and Savory, 2006). 

Another index that is used in to measure walkability was created by Saelens et al. Its 

purpose is to calculate the walking performance of a neighborhood in order to transform it 

by leading it to become a more healthy society: “This paper focuses on the systematic 

measurement of urban form to enhance the study of active transportation and physical 

activity.” (Frank et al., 2009). The walkability index consists of four parts, “The net residential 

density, the retail floor area ratio, the intersection density and the land use mix, or entropy 

score.” (Frank et al., 2009).  

Of these four parts, the third, intersection density, is the most well known indicator, and for 

many years it was the only way to measure walkability. “Pedestrian liveability or 'walkability' 

of a neighborhood is strongly related to the number of choices one has for moving through a 

district, the number of intersections per acre” (Southworth, 2003). This specific indicator 

calculates how connected the street network is by dividing the amount of intersection to the 

total area, as it can be seen in Figure 2. 

 

Figure 2: Intersection Density 

The amount of time someone spends walking in a neighborhood is not only a matter of land 

use or the extent of the street network, but it is also a matter of the feeling that the street 

creates in the pedestrians. For that reason, an indicator that measures the sense of 

enclosure someone feels when walking in a city have been created. Regarding this sense of 

enclosure, Thiel and other researchers quote Norberg-Schultz: “The enclosure, in fact, may 

be considered man’s first real attempt to take possession of the environment” (Thiel, 

Harrison and Alden, 1986). Ewing & Handy expand on that by saying that “As numerous 

urban design theorists have articulated, a sense of enclosure results when lines of sight are 

so decisively blocked as to make outdoor spaces seem room-like.” (Ewing and Handy, 2009). 
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However, similar to how a really small room can cause a sense of claustrophobia, the same 

emotion can be felt in narrow streets with tall buildings. For that reason Ewing & Handy 

presented the suggested building height - street width ratios of some planners, “Alexander 

et al. (1977, pp. 489–491) state that the total width of the street, building-to-building, 

should not exceed the building heights in order to maintain a comfortable feeling of 

enclosure. Allan Jacobs (1993) is more lenient in this regard, suggesting that the proportion 

of building heights to street width should be at least 1:2. Other designers have 

recommended proportions as high as 3:2 and as low as 1:6 for a sense of enclosure.”  (Ewing 

and Handy, 2009). 

The last factor for measuring walkability in a neighborhood is an aesthetics one. It is also 

important for a street to have some vegetation in order for it to be pleasant for walking, as 

many researchers have pointed out: “The overall visual effect of tree-lined streets creates a 

strikingly attractive atmosphere in many older residential areas. Research on the esthetics of 

urban landscapes has consistently shown that vegetation is an important feature enhancing 

the visual quality of urban environments.” (Schroeder and Canon Jr, 1983.). Similarly: 

“Positive responses for street trees are reported because they: are aesthetically pleasing in 

their own right (SCHROEDER and RUFFOLO, 1996), enhance the neighbourhood (KALMBACH 

and KIELBASO, 1979, SCHROEDER and CANNON, 1983), and help in improving the quality of 

life (SHEETS and MANZER, 1991 ).” (Flannigan, 2005) 

 

2.2.2 Density 

Urban density is interwoven with the notion of liveliness in an area and that is why more and 

more planners have lately tried to create denser environments. Denser areas create more 

human interaction and this generates significantly better outcomes for the ones who live in 

such places. Glaeser (2011) lists some of these outcomes as follows: “In the world’s poorer 

places, cities are expanding enormously because urban density provides the clearest path 

from poverty to prosperity.”(pp. 7) and “Urban density makes trade possible; it enables 

markets.”(pp. 48) or “Between 1980 and 2000, life expectancies increased six months more 

in counties with more than five hundred people per square mile than in counties with less 

than that density.”(pp. 73).  

Urban density, apart from encouraging spontaneous meetings in the streets, also means a 

mixture of different land uses in a small area. This phenomenon leads to fewer car trips and 

more walking, “Explanations of how other dimensions of built environments, like diversity 

and design, influence travel demand follow similar logics. That placing convenience stores 

within neighborhoods can produce walk and cycling trips that substitute for external (i.e. 

out-of-neighborhood) vehicular trips is intuitive (Handy, 1993; Cervero and Radisch, 1996).” 

(Cervero and Kockelman, 1997). This means less fossil fuel dependent transportation overall. 

There are many different ways to measure density in a city, such as Floor Area Ratio, or 

Building Coverage Ratio, but these formulas do not separate the uses of land and buildings. 

Researchers have to extract the information from the dataset and calculate separately every 

formula for each land use. However in case a researcher wants to measure the mixture of 
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land uses in an area, then different ways of measurement need to be applied, such as 

information entropy or spatial autocorrelation.  

Kyakuno refers to both of these methods in his paper: “One of the most popular indexes in 

Japan is entropy, which is based on Shannon's information entropy… The information 

entropy is an index which numerically indicates the variation of areas and their dispersion. It 

shows the maximum number when the areas of each class are equivalent and the cells are 

adjacent to cells of each class in the same probability.” (Kyakuno, 2008) and “Moran's I, 

which is an index of spatial autocorrelation… relates to the size and number of clusters, and 

can be interpreted in the same way as the normal correlation coefficient, where 1 means 

high correlation and 0 means no relation.” (Kyakuno, 2008) 

As previously mentioned some basic ways to measure density is the Floor Area Ratio and the 

Open Space Index. Floor Area Ratio is obtained by dividing the sum of the area of all the 

floors of a building (numerator) by the area of the plot where the building lies 

(denominator). Open Space Index is obtained by dividing the area of the ground floor of a 

building (numerator) by the area of the plot on which the building lies (denominator).  

Another indicator that measures density is the retail floor area ratio, which is calculated in a 

similar way to residential density. It is arrived at by dividing the area of a retail building by 

the area that is defined as retail space. The reason for this calculation is to figure out the 

ration of retail places versus overall space in the building. If the ratio is close to 1 that means 

that the retail areas take up most of the plot area, but if the ratio is close to 0, then that 

means that the parking area of the retail building takes up most of the plot area. The larger 

the amount of parking lots in a neighborhood, the more car usage there is, which leads to 

fewer random meetings between citizens and a less lively place. 

Finally the aforementioned entropy index is a way to measure the mixture of land uses in a 

neighborhood by showing the differentiation in the functions of a city block. “This measure 

has been in used to study biodiversity and is used in fields as varied as ecology and 

communication and can be traced to the work of Shannon (1948).” (Manaugh and Kreider, 

2013). The entropy index was created by Cervero and it is regularly used by planners and 

geographers: “So, entropy index is the most widely accepted and commonly used index by 

researchers for representing the land-use mix within geographic area. Crevero derived the 

entropy Equation as: Entropy index = (−1) × SUM (P × lnP) / lnJ” (Bahadure and Kotharkar, 

2015). 

 

2.2.3 Affordability 

Affordability is an important factor for a neighborhood’s attractiveness, and for that reason 

there are many different indices which measure housing affordability, such as Housing 

Affordability Index, NAHB-Wells Fargo Housing Opportunity Index, HUD Guideline, Housing 

Affordability Mismatch, etc.  

Affordability is also related with employment, and for a neighborhood to be affordable an 

abundance of jobs in the area is needed to fuel the local economy. A high unemployment 
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rate in an area might lead to a lower quality of life, social problems and a loss of its 

attractiveness to new residents. As Glaeser says, “Cities suffer from economic downturns 

directly, because of the loss of jobs and decline in wages, but negative shocks also have 

indirect consequences, like social upheaval and falling tax revenues, that can be just as 

harmful.” (Glaeser, 2011). 

But measuring the unemployment in an area is not that simple and has a lot to do with the 

varying approaches of the research on this specific topic. “The way one measures 

unemployment is likely to be different if the unemployment rate is intended to be a 

measure of the overall state of the economy than if it is an indicator of the extent of 

hardship in the economy or if it measures the degree of excess supply in the labour market” 

(Riddell, 2000). Due to this fact, many different indicators are used, such as the 

unemployment rate, the labor force participation rate, the non-accelerating wage rate of 

unemployment, etc.  

The unemployment rate, which is the most accepted indicator, shows the number of jobless 

people as a percentage of the labor force. On the other hand, the labor force participation 

rate measures the percentage of people who are older than 16 years old and are either 

working or are in the job seeking process. Another indicator is the non-accelerating wage 

rate of unemployment, which is used by the Organization for Economic Co-operation and 

Development in order to rank its participating countries. This indicator unemployment rate 

is related to wages: “this indicator measures the structural rate of unemployment as the rate 

of unemployment at which wage growth is stable” (Holden and Nymoen, 2002). 

The most common affordability indicator is the Housing Affordability Index, which is created 

by the National Association of Realtors and measures the ability of a median-income family 

to buy a median-priced home. Sdino and Castagninoused it in their paper to figure out areas 

where people cannot afford to buy a new home. That specific index is modified to fit the 

Italian market and defined by the following formula. “The formula is: HAI = 30% - 

(payment(i,T, price * LTV%) / income), where: payment: mortgage payment (for month), 

depending on interest rate i, mortgage duration T and loan to value LTV income: monthly 

family’s available income.” (Sdino and Castagnino, 2014). 

NAHB-Wells Fargo Housing Opportunity Index, created by National Association of Home 

Builders and Wells Fargo, is another indicator which calculates the percentage of homes 

affordable to a median-income family, assuming that “a family can afford to spend 28 

percent of its gross income on housing” (Nahb.org, 2018). In contrast, the HUD Guideline, 

created by the U.S. Department of Housing and Urban Development, is much simpler, since 

it suggests that housing is affordable if no more than 30% of a family’s gross monthly income 

is spent on total housing costs. But this index has been criticized due to its simplicity “New 

definitions of housing affordability need to be explored that are more complex than the 

existing 30% standard and that take into account the stage in the life cycle of a household 

and the relationship between income and household expenses.” (O’Dell, Smith and White, 

2004). 

Finally there is also Housing Affordability Mismatch, which derived by the ratio of houses 

that are affordable by a certain income to the amount of households that have that income. 
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If the ratio is less than 1 that means that there are not many affordable houses for that 

certain income group. This index is considered not very precise but according to Bogdon and 

Can it can be helpful in understanding the housing situation in an area, “This indicator is only 

a hypothetical measure, but it can highlight which households are likely to have the most 

difficulty finding decent housing which is affordable to them.” (Bogdon and Can, 1997). 

 

2.2.4 Connectivity 

Another factor which plays a significant role in “lively” local centers such as the ones 

Stockholm’s city planners want to build, is the connection of its center with its surrounding 

areas as well as among its citizens. Therefore, in this thesis how well connected an area is in 

terms of transportation will be measured as well. 

Lately it is very common for planners to design areas side by side with large transportation 

projects, for example new neighborhoods around a new subway station or alongside a tram 

line, etc. This phenomenon is called Transit-Oriented Development. “Planning at the 

neighborhood level, encouraging self containment (i.e. people working close to home rather 

than undertaking long commute journeys), and transit-oriented development (TOD) are 

foundational concepts that fit within a framework of designing places within a polycentric 

network of neighborhood transfer points.” (McLeod, Scheurer and Curtis, 2017). As 

explained by Papa and Bertolini, this could help neighborhoods increase their attractiveness, 

“Under favorable conditions, TOD is seen as delivering multiple benefits, such as helping 

shape polycentric cities and regions, mitigate urban sprawl, boost public transport ridership, 

increase biking and walking, while accommodating economic growth and creating attractive 

places.” (Papa and Bertolini, 2015). 

There are many different ways to measure public transport connectivity in an area, such as 

for example the connectivity of the most used routeÖ “Public transport connectivity is 

defined as the level of connectivity that is having the most efficient route that covers the 

maximum locations to increase the accessibility.” (Kumar et al., 2017). Another 

measurement is the ease of use of public transport or how satisfied citizens are by the 

means of transportation, “Ease of use maximizes the scope of potential user groups and 

Public Transportation’s ability to serve tourists, for whom making inner-urban trips depends 

on a degree of user legibility. Ease of use of transit systems is closely correlated with 

satisfaction among tourists and incidental user groups (Thompson and Schofield 2007, 142).” 

(McLeod, Scheurer and Curtis, 2017). However, these ways of measuring seem a bit broad. 

In addition to indicators that measure public transportation connectivity there are also 

indicators that measure the Euclidean or network distance to places which operate as points 

of connection. These much simpler indicators just calculate the distance from a point of 

origin to a destination such as public buildings, squares or urban parks, public 

transportation, etc. These indicators measure physically how well a house is connected to its 

surroundings. 

However, connection in a neighborhood is not only about the amount or the frequency of 

the public means of transport there. An area, apart from being well connected in terms of 
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transportation, should also be well connected socially in order for it to be attractive. It is 

true that bad transport connectivity might lead bigger problems, “A lack of access to good 

quality transit for these individuals can result in low employment participation and long-

term cycles of poverty (Sanchez, 1999, 2004).” (Welch, 2013), but social fragmentation can 

also cause severe problems. 

Throughout the years, researchers have developed different methods for measuring 

segregation, of which dissimilarity index is the most used and basic measure for racial 

segregation. “The dissimilarity index D advocated by Duncan and Duncan (1955) has 

dominated the population and urban literature in segregation studies for several decades. 

This index is easy to compute and its intuitive interpretations are favored by many 

sociologists and population researchers. Among several desirable properties, D ranges from 

zero to one, with zero indicating no segregation and one, indicating maximum segregation.” 

(Wong, 2002). However, dissimilarity index, takes no spatial factors into consideration, and 

for that reason other ways for measuring segregation have lately used, such as pattern 

metrics analysis or agent-based modeling. 

“Borrowed from ecology generally and landscape ecology specifically, pattern metrics 

analysis yields quantitative measures of spatial configuration critical in understanding not 

only pattern but also, more importantly, process (Turner et al. 2001).” (Crews and Peralvo, 

2007). On the other hand: “To understand geographical problems such as sprawl, congestion 

and segregation, researchers have begun to focus on bottom-up approaches to simulating 

human systems, specifically researching the reasoning on which individual decisions are 

made. One such approach is agent-based modelling (ABM) which allows one to simulate the 

individual actions of diverse agents, and to measure the resulting system behaviour and 

outcomes over time.” (Crooks and Heppenstall, 2012). On the other hand, planners and 

researchers cannot rely completely on these abstract models because although they help us 

to better understand phenomena that happen in real world, they are just a simple 

simulation of reality and not reality. 

Keeping all this in mind, segregation can be calculated with the use of spatial dissimilarity 

index as created by Wong, “To evaluate the spatial correlation among multiple population 

groups, Wong (1999) suggested using the centrographic measure of a standard deviational 

ellipse to capture the overall spatial distribution of each population group. After multiple 

ellipses are derived for different groups, they are then compared and combined to derive an 

index of spatial segregation S based upon the ratio of the intersection and union of all 

ellipses.” (Wong, 2002). 
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3. Methodology 
The methodology chapter includes a review of the Multi-Criteria Evaluation method, the 

selection of the indicators that are going to be used in this research together with a survey 

that estimates the weights of each indicator, and finally a section about how the data was 

collected. 

 

3.1 Selecting the Indicators 
As previously discussed, the goal of this thesis is to measure the attractiveness of a city 

block, with attractiveness defined by four themes: Walkability, Density, Affordability and 

Connectivity. Each one of these themes contains a number of indicators with which we can 

measure a city block in a specific way, so that in the end the combined figures will result in a 

measurable outcome of the attractiveness of block in question. 

For the Walkablity theme, the indicators that are used in the thesis are the Intersection 

Density and the Sense of Enclosure. For the Density theme, the indicators will be Floor Area 

Ratio, Open Space Index and Entropy Index. Affordability theme will be measured by only 

one indicator, a variation of the Affordability Index, and the Connectivity theme will be 

measured by Proximity to Public Transport, Proximity to Public Building and Proximity to 

Public Parks. 

 

3.2 Measuring the Indicators 

3.2.1 Walkability 

In this thesis walkability at the city block level is quantified by a combination of the existing 

walkability index, or “intersection density”, with a measurement of the block’s sense of 

enclosure. The reason this combination was chosen was to get different ways to measure 

the walkability of a city block, that each capture a different aspect of people’s behavior 

when they decide to walk. 

Intersection density measures the city block’s walkability based on the design of the 

neighborhood, whereas the sense of enclosure identifies the walkability of the area based 

on the emotions that someone feels while walking in the neighborhood. This holistic 

approach to the meaning of a walkable street is important in order to measure the 

walkability of an area for this thesis, because walking is rarely done for a sole purpose. 

People walk for fun, for activity, to go to get groceries, to go to work and for numerous 

other reasons and that is why both quantitative and qualitative indicators are needed. 

 

3.2.1.1 Intersection Density 

As presented in Chapter 3 Intersection Density is a method to measure the walkability of city 

based on the amount of intersections in the city grid. This is based on the theory that when a 

square mile of a city contains around 1500 intersections it indicates that the city is extremely 

walkable. When it contains at around 150 intersections that means that the city is 
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moderately walkable, and finally, when it contains at around 15 intersections it means that 

the city is not walkable. 

An variation of the theory above will be used in the thesis to measure the first indicator of 

the Walkability theme. Based on Intersection Density theory, instead of counting the 

number of intersections within the area of research, I measure the length of the longest side 

of every block. According to its length it is categorize each block as extremely walkable, 

moderately walkable and not walkable. The reason for this change in measurement is 

because my  study areas vary in size and this alteration helps to compare different study 

areas in a similar way. 

As it is presented Intersection Density theory has a study area of a square mile, which comes 

out to a square where each side has a length of approximately 1600 meters. If this square 

contains around 1500 intersections we can derive that there are 38-40 intersections  on 

each side of the study area. This simplification leads us to divide the length of a of city 

square side (~1600m) by the amount of intersections in this side (38-40). 

As a result of that division we get that when a city block has a length of approximately 40 

meters, it is extremely walkable. Similar to the above simplification, when a city block has a 

length of approximately 125 meters (12-13 intersections per side of the city square) it is 

moderately walkable and when a city block has a length of approximately 400 meters (3-4 

intersections per side of the city square) it is not walkable. 
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In Figure 3 we can see the city’s block side that is being measured in a neighborhood 

(indicated by the red line). Based on the red line’s length, a particular block gets a score from 

0 to 100. Every block gets its score based on the following criteria:  

• If the block’s length is larger than 150m then the block’s score is 0 

• If the block’s length is shorter than 100m then the block’s score is 100 

• If the block’s length is between 100m and 150m then the block’s score is 0-100. 

Thus this indicator is derived from intersection density theory. 

 

3.2.1.2 Sense of Enclosure 

Same as Intersection Density, Sense of Enclosure, as presented in Chapter 3, is a method 

that measures the walkability of a city based on the architecture and planning characteristics 

of the city’s blocks. This indicator is less complicated compared to Intersection Density and 

no alterations are needed in order to be used in my study areas. To measure the Sense of 

Enclosure, I calculated the area of the façades of the buildings in a city block and then 

divided that area by the surface area that surrounds the block. That surface area is obtained 

from measuring the area of the road in front of every side of the block, plus the sidewalk 

area and the setback area, as it can be seen in Figure 4. 

Figure 3: Intersection Density Diagram 
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Based on the above process, each block gets a score from 0 to 100. Every block gets a score 

based on the following criteria: 

• If the façade to street ratio is larger than 1 then the block’s score is 100 

• If the façade to street ratio is smaller than 1/3 then the block’s score is 0 

• If the façade to street ratio is between 1/3 and 1 then the block’s score is 0-100 

The way we experience a street has to do with each individual’s personality, so for someone 

who grew up in an American suburb, wide streets with low rise buildings on the side might 

feel natural, but for someone who grew up in a dense city center this might provoke a sense 

of exposure. 

But since we need to score every block according to its performance, the categorization 

follows the suggestions of LEED reference guide for neighborhood development, which in 

point (m) in the “Walkable Streets” chapter says: “At least 40% of all street frontages within 

the project has a minimum building-height-to-street-width ratio of 1:3” (LEED reference 

guide for neighborhood development, 2014). This is why the ⅓ facade to street ratio was 

chosen. 

 

3.2.2 Density 

The researcher Schmidt-Thomé, who is a supporter of dense places, says: “We see that anti-

sprawl measures, taking the form of delicate infill developments, can actually be rather 

welcome in urban areas experiencing population growth (see also Ryan and Weber 2007). 

They offer new options, ‘more choice’ (Talen 2011, 975), in particular for those who can 

afford them.” (Schmidt-Thomé et al., 2013) Glaeser (2011) also support this point of view by 

saying: “Cities enable us to find friends with common interests, and the disproportionately 

single populations in dense cities are marriage markets that make it easier to find a mate.” 

Figure 4: Sense of Enclosure Diagram 
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(pp. 11) and “Ideas move from person to person within dense urban spaces, and this 

exchange occasionally creates miracles of human creativity.” (pp. 15). 

Furthermore, Glaeser (2011) lists additional reasons why dense living would be attractive: 

“But it would be a lot better for the planet if their urbanized population lives in dense cities 

built around the elevator, rather than in sprawling areas built around the car.” (pp. 124) and 

“Anyone who believes that global warming is a real danger should see dense urban living as 

part of the solution.” (pp. 126) and “If people lived in denser areas, they’d travel far fewer 

miles and burn much less gas, even if they still drove to work.” (pp. 130). 

From all of the above it is clear that density plays a major role in the liveliness or number 

of  spontaneous meetings in a neighborhood and therefore will be an important indicator for 

both this thesis as well as urban planners in Sweden in general:. “It is the bustling city with a 

high degree of interaction between people that is attractive and this requires places where 

people can meet.” (Boverket - The Swedish National Board of Housing, Building and 

Planning, 2017). 

 

3.2.2.1 Floor Area Ratio 

Dense cities tend to be more attractive than sparse ones, but when extreme density is 

achieved in a city that also becomes a problem for its residents. For that reason I will use 

indicators that measure the density of a property or a city block but not the density of a 

whole city. The first indicator is the Floor Area Ratio, which is mentioned in the previous 

chapter and measures on one hand the building mass and on the other hand the property 

area. 

The indicator is obtained by dividing these two numbers. Building mass is calculated by 

adding together the area of every floor of the building that lies inside the property. The 

formula that calculates the indicator can be seen below, in Figure 5. 
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Based on the calculated Floor Area Ratio, a block gets a score from 0 to 100. Every block gets 

its score based on the following criteria: 

• If the Floor Area Ratio is larger than 1 then the block’s score is 100 

• If the Floor Area Ratio is smaller than 0,3 then the block’s score is 0 

• If the Floor Area Ratio is between 0,3 and 1 then the block’s score is 0-100 

Again the criteria is based on the suggestions of LEED reference guide for neighborhood 

development. 

 

3.2.2.2 Open Space Index  

Another indicator that is great for measuring urban density is the Open Space Index. 

Because this indicator ideally works alongside the Floor Area Ratio and their combination 

gives solid results about the density of a city block, I am using it as an indicator in the thesis. 

This indicator, which I have presented in the previous chapter, calculates the relationhip 

between the coverage area of a building and the entire property on which the building lies. 

Calculating this indicator is simple, since it is just the area of the first floor of a building 

divided by the area of the whole lot, as seen in Figure 6 below. 

 

 

 

 

Figure 5: Floor Area Ratio Diagram 
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A block gets a score from 0 to 100, according to the Open Space Index outcome. Every block 

gets its score based on the following criteria: 

• If the OSI is smaller than 0,25 or larger than 0,75 then the block’s score is 0 

• If the OSI is between 0,5 and 0,75 then the block’s score is 100 

• If the OSI is between 0,25 and 0,5 then the block’s score is 0-100 

Similar to the Floor Area Ratio indicator the criteria for the Open Space Index is based on the 

suggestions of LEED reference guide for neighborhood development. 

 

3.2.2.3 Entropy index 

The third and final indicator of this type is the Entropy Index, which is a bit different from 

the previous two indices. While the others  calculate the building density, this indicator 

calculates the different amounts of land uses in a city block. It measures the mixture of the 

following five land uses: 

• Residential 

• Retail 

• Entertainment (coffee shops, restaurant, bar, gym, cinema, etc) 

• Work (office, clinic, etc) 

• Public (school, hospital, library, etc) 

Every city block gets a number between 0 and 1, according to the diversity of the uses within 

it. If a city block has a score of 0, then block is single use. If a block has a score of1, then that 

means that it has all five uses equally distributed throughout its area. For this indicator the 

Figure 6: Open Space Index Diagram 
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area that covers every one of the above land uses was measured and then a formula is used 

to calculate the land use mixture, as shown in Figure 7.  

But in order to measure this indicator a simplification had to be made. Since the type of use 

is identified by walking around in the study area and observing the different uses in every 

building, it was difficult to figure out the uses in all floors. So in buildings where there was no 

indication in the exterior about the uses of the upper floors, it is taken for granted that the 

use in these floors is residential. 

 

Same as before, a block gets a score for 0 to 100, according to the outcome of the Entropy 

Index formula. Every block gets its score based on the following criteria: 

• If the Entropy Index is smaller than 0,2 then the block’s score is 0 

• If the Entropy Index is larger than 0,6 then the block’s score is 100 

• If the Entropy Index is between 0,2 and 0,6 then the block’s score is 0-100 

 

3.2.3 Affordability 

Although all the previous indicators measure urban characteristics, one of the most 

important aspects for a city’s attractiveness has to do with housing affordability. For that 

reason we will require an indicator that measures this important feature. 

For this thesis a much simpler indicator will be used to measure the affordability of housing 

in a neighborhood, compared to the ones that have been presented on Chapter 3.. The 

indicator will be the ratio between the average annual income of a block  and the average 

annual cost for housing on the same block. 

 

Figure 7: Entropy Index Diagram 
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3.2.3.1 Affordability Index 

This indicator is called Income to Housing Cost Ratio and measures the amount of money 

someone spends annually for a purchased house in a particular study area, divided by the 

average annual income in the block. For this indicator, I calculated the average selling price 

for an apartment in every city block on the study area. This number is divided by 30 which 

corresponds to the amount of years someone needs to pay-off the initial loan for the house. 

Then I calculated the average annual income of every block and the indicator derives from 

the division of these two numbers, as it can be seen in Figure 8. 

 

Similar to the previous indicators a block gets a score for 0 to 100 according to the outcome 
of the Income to Housing Cost Ratio. For this indicator the criteria is based on the 
suggestions of the US Department of Housing and Urban Development “If more than 30% of 
the average annual income is spent for housing purposes, that means that the area is not 
affordable.” (Jewkes and Delgadillo, 2010). 

Every block gets its score based on the following criteria: 

• If the Income to Housing Cost Ratio is larger than 50% then the block’s score is 0 

• If the Income to Housing Cost Ratio is smaller than 30% then the block’s score is 100 

• If the Income to Housing Cost Ratio is between 30% and 50% then the block’s score 
is 0-100 

 

3.2.4 Connectivity 

A well or ill connected neighborhood means different things to every resident, because this 

term is very subjective. It could vary from cases based on objective facts, such as the 

frequency of the public transportation, to cases based on personal views, such as 

segregation. In this thesis though, I will measure the connectivity to places of importance in 

Figure 8: Income to Housing Cost Ratio Diagram 
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the neighborhood. For that reason I am using the following indicators: Accessibility to Urban 

Parks, Accessibility to Public Transportation and Accessibility to Public Buildings. 

 

3.2.4.1 Accessibility to Urban Park 

Starting with the Accessibility to Urban Parks, this indicator measures the network distance 

between every building entrance to every urban park or square entrance, as seen in Figure 

9. This indicator is selected because proximity to a public space is important for a 

neighborhood to be considered attractive, and public spaces are considered meeting spots 

as well. This leads to a tighter community. 

 

Same as before a block gets a score for 0 to 100, according to its Accessibility to Urban Park. 

Every block gets its score based on the following criteria: 

• If the network distance is larger than 800m then the block’s score is 0 

• If the network distance is smaller than 400m then the block’s score is 100 

• If the network distance is between 400m and 800m then the block’s score is 0-100 

For this indicator the criteria is based on the suggestions of Spacescape which are influenced 

by UN regulations, but a bit less strict since I am only using these few indicators for 

measuring connectivity. Spacescape suggest a maximum distance of 800 meters for squares: 

“Based on research, we recommend a maximum walking distance of 800 meters to a square 

of at least 1,000 square meters” (SPACESCAPE, 2016), and 500 meters for urban parks “The 

analysis shows that in large parts of Stockholm a park area is reached larger than 1 hectare 

and wider than 50 meters within 500 meters.” (SPACESCAPE, 2016) 

 

Figure 9: Accessibility to Urban Park Diagram 
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3.2.4.2 Accessibility to Public Transport 

 The second indicator in the Connectivity theme is Accessibility to Public Transport. I am 

using this indicator because public transportation is the most basic way for citizens of a 

neighborhood to connect with the surrounding areas and also to make them feel part of a 

larger entity. Public transportation is also sometimes the only mean of transport for some 

social groups. This indicator works in the same way as the previous one, meaning that I 

measure the network distance between every building entrance to every public 

transportation stop, as seen in Figure 10. 

 

Same as above a block gets a score for 0 to 100, according to its Accessibility to Public 
Transport. Every block gets its score based on the following criteria: 

• If the network distance is larger than 800m then the block’s score is 0 

• If the network distance is smaller than 400m then the block’s score is 100 

• If the network distance is between 400m and 800m then the block’s score is 0-100 

 

3.2.4.3 Accessibility to Public Buildings 

The final indicator in the Connectivity theme is the Accessibility to Public Buildings, such as 

schools, hospitals, etc. Following the same pattern as the previous two indicators, 

Accessibility to Public Building measures the network distance from every building entrance 

to the entrance of every Public Building, as presented in Figure 11. The reason for using this 

indicator has to do with importance of the proximity to public amenities. For the residents, 

the closer these amenities are the better. 

Figure 10: Accessibility to Public Transport Diagram 
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As in all cases so far a block gets a score for 0 to 100, according to its Accessibility to Public 

Building. Every block gets its score based on the following criteria: 

• If the network distance is larger than 800m then the block’s score is 0 

• If the network distance is smaller than 400m then the block’s score is 100 

• If the network distance is between 400m and 800m then the block’s score is 0-100 

 

3.3 Multi-Criteria Evaluation 
The goal of this thesis is to find a way to measure the attractiveness of a city block with the 

use of Multi-Criteria Evaluation and Geographic Information Systems. In the previous 

chapters, the indicators that will be used have been presented and now every one of them 

will be given a weight according to its significance. 

Before appointing weights to the indicators, I would like to describe how Multi-Criteria 

Evaluation works in a GIS environment. Usually there are two approaches, one that 

categorize space into “black” and “white” and another where space is categorized in a more 

continuous way. The first, in order to work, needs to change all indicators into Boolean (i.e. 

logical true/false) statements and then by multiplying them we receive a spot on a map that 

satisfies our criteria. The second, standardizes the indicators based on a numerical scale (0–

1, 0–100, etc) and then the indicators receive a weight. The outcome of the standardization 

approach is a map with different values according to the performance of the indicators.  

The indicators will be graded from a “Low Importance – High Importance” scale and this 

categorization also corresponds to a numerical score, so that each indicator will have a final 

weight. For example if someone deems the Sense of Enclosure indicator as Low Importance 

then that person give the score 1 to this indicator, whereas if someone else values the same 

Figure 11: Accessibility to Public Building Diagram 
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indicator as of High Importance, it is scored with the number 9. Finally Medium Importance 

indicators get a score of 5. All these can be seen in Table 1. 

 

Evaluating Indicators 

Indicator's Importance Numerical Score 

Low 1 

Medium 5 

High 9 
Table 1: Indicator Scoring 

 

Instead of evaluating arbitrarily the indicators by myself, I decided to ask experienced urban 

planners, architects and GIS consultants who work at SWECO for their preference on the 

indicators. I also asked my supervisor at KTH his opinion on the subject. Each participant 

received a table, where he or she could see the Indicators and write down its significance 

according to him/her. Then I appointed the indicator’s score according to its significance. All 

these can be seen in Table 2. 

 

Indicators Importance 

1. Intersection Density (amount of intersections 
in area of research) 

 

2. Sense of Enclosure (ratio between façade 
area and street area) 

 

3. Floor Area Ratio (ratio between the building 
volume and property area) 

 

4. Open Space Index (ratio between the building 
area on the ground and the property area) 

 

5. Entropy Index (mixture of functions)  

6. Affordability Index (ratio between the annual 
income and the annual expenses for housing) 

 

7. Accessibility to Public Buildings (schools, 
libraries, health center, etc) 

 

8. Accessibility to Parks (urban parks)  

9. Accessibility to Public Transportation  
Table 2: Indicator’s Significance 

 

Since the sum of the weights must be 1, the score that every person gave was divided by the 

sum of the score this person gave to the indicators. Then these first weights were added and 

divided by the amount of people who evaluated the indicators. This procedure is presented 

in Table 3. 
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Indicators Person 1 Person 2 Person 3 Person 4 Sum Weight 

1. Intersection Density 5 5 5 9 24 0,15 

2. Sense of Enclosure 3 3 1 5 12 0,08 

3. Floor Area Ratio 1 3 5 5 14 0,09 

4. Open Space Index 1 1 5 5 12 0,08 

5. Entropy Index 1 5 9 5 20 0,13 

6. Affordability Index 9 3 1 1 14 0,09 

7. Accessibility to Parks 3 1 5 5 14 0,09 

8. Accessibility to Public 
Transportation 

3 5 5 5 18 0,12 

9. Accessibility to Public 
Buildings 

5 5 9 9 28 0,18 

Sum 31 31 45 49 156 1 
Table 3: Indicator’s Weight Calculation 

 

So based on the procedure that is presented above, the city block’s attractiveness formula is 

as follows: 

City Block Attractiveness = 0,15 * (Intersection Density Score) + 0,08 * (Sense of Enclosure 

Score) + 0,09 * (Floor Area Ratio Score) + 0,08 * (Open Space Index Score) + 0,13 * (Entropy 

Index Score) + 0,09 * ( Affordability Score) + 0,09 * (Accessibility to Parks Score) + 0,12 * 

(Accessibility to Public Transportation Score) + 0,18 * (Accessibility to Public Buildings Score) 

 

3.4 Data 
Gathering of data is the second part of the methodology. For this type of analysis, where 

precision is mandatory, spatial data should be up to date and contain a lot of information. 

For this type of analysis Geographic Information Systems are usually ideal, so I decided to 

use ESRI’s ArcGIS software for this thesis, due to its competence with large datasets and its 

various tools and extensions.  

ESRI’s ArcGIS needs a specific type of input, which are called shapefiles, in order to work, so I 

searched for data of that kind and I found what I needed online on a site called zeus.slu.se. 

There, using my KTH account and a tool called geodata extraction tool, I acquired all the 

geographic data that I needed. The geographic data which I used were the buildings, the 

road network and the property lots. But apart from that, I obtained georeferenced data 

about the income of the residents on every one of my study areas. Those data were 

available thru SCB (Statistika Central Byrån) but they were not spatially connected to the city 

blocks, so I had to do a spatial join between the two datasets. 

The final dataset I acquired for my thesis was about the houses and apartments that were 

sold in Stockholm in 2017. I acquired these data from a site called booli.se, but I faced the 

same problem as the SCB data, so I had to georeference them in order to be able to do my 

analysis. 
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4. Study Areas 
In this chapter I present the different areas that I picked to apply the attractiveness formula. 

The attractiveness formula is tested in three neighborhoods of Stockholm in order to see 

how it works. For that reason I picked areas which are completely different in terms of urban 

design and planning. They are also different in terms of year of construction and their 

location in the city of Stockholm. The first area is located in the inner city of Stockholm, 

whereas the other two are located in the suburbs, one in the north and the other in the 

south. 

Since the formula is not only based on geographical data, it cannot be said that the most 

attractive area is the one which is better designed or its design is more well thought or more 

sustainable environmentally or socially. So I decided to pick these completely different 

areas, so that I could test the formula in various cases and find out if the attractiveness 

results have any similarities with what stereotypically is believed for these areas. 

 

4.1 South of Folkungagatan – SoFo 
The first study area is a neighborhood on the island of Södermalm, close to 

Medborgarplatsen subway station. The SoFo neighborhood extends south of Folkungagatan 

street up to Ringvägen street and east of Götgatan street up to Erstagatan street (wikipedia, 

2018). In this thesis, however, the study area extends around Katarina Bangata and Nytorget 

square, because the amount of city blocks in the whole area is disproportionate compared 

to the other study areas. So I picked 29 city blocks from Folkungagatan street to 

Gotlandsgatan street and from Götgatan street to RestiernasGata street, as seen in Figure 

12. 

 

Figure 12: SoFo Study Area 
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The SoFo area is a part of the inner city and is mostly built in the 20th century. Street 

network follows a grid and the city blocks have buildings on every side creating inner 

courtyards. Buildings are small in size and not that tall in height. An average building is about 

150sqm and 5 floors in height.  

Squares and other public amenities exist in the area, together with a lot of offices, shops and 

restaurants, making SoFo one of the most popular places in Stockholm. Unfortunately data 

about the kind of residents who live there could not be found, but based on my observation 

and the time spent in the area for the thesis, I can say that young professionals who are 

highly educated and have a medium to high income live there. 

 

4.2 Skarpnäck 
Skarpnäck is a suburb in the southeast of Stockholm Municipality. It was built in the 1980s 

and it is close to UNESCO’s World Heritage Site Skogkyrkogården. Since its main connection 

to the city is the subway, Skarpnäck is an example of a Transport-Oriented Development 

area, but it is also a bit isolated since the whole neighborhood expands around a main 

horizontal street and the subway station, creating the sense that Skarpnäck is an urban 

island in a sea of forest. For the study area I picked 33 blocks, as shown in Figure 13, around 

Skarpnäcks Allé together with the office/industry/retail area in the south, but and not the 

villa area in the north of the neighborhood. The reason is because these two parts of the 

neighborhood have a similar urban design typology.  

 

Figure 13: Skarpnäck Study Area 
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Street network follows a loose grid and the city blocks have buildings in every side creating 

inner courtyards, similarly to SoFo. Buildings there are not small in size because most of 

them cover the whole side of a city block, but usually are not very tall. An average building is 

about 800sqm and 4 floors in height. Same as before, I could not find data about the kind of 

residents who live there, but based on my observations during my time there, I could say 

that families with middle aged parents with medium income reside there. 

 

4.3 Tensta 
Tensta is a suburb in the northern part of Stockholm Municipality between Rinkeby and 

Spånga neighborhoods and it is one of the Million Program Homes areas that were built in 

Sweden between 1965 and 1975. Similarly to Skarpnäck, Tensta is the result of Transport-

Oriented Development, only this time the whole neighborhood expands around the subway 

station and there is not a street of major importance for the residents. My study area in 

Tensta numbers 29 blocks and lies between Hjulstavägen in the north, Tenstavägen in the 

south, SpångaKyrkväg in the east and Hjulstastråket in the west, as seen in Figure 14. 

 

Figure 14: Tensta Study Area 

 

Street network follows a grid but there is a separation in the movement of cars and 

pedestrians, and urban planning wise the city blocks in almost every case contain idle 

buildings, with a lot of free space around them. This situation is the opposite of the one in 

SoFo and Skarpnäck, which is why this area is selected. Buildings are usually large in size, but 
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there is not a similar pattern in height, since they vary from 3 up to 9 floors. An average 

building is about 1000sqm and 6 floors in height. Same as before I could not find data about 

the kind of residents who live there, but based on my observations during my time there, I 

could say that young families with parents who were probably born abroad and who have a 

lower income reside there. 
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5. Results and Discussion 
 

This chapter presents the results of the performance of every indicator in a map format and 

then it presents the final attractiveness map of each study area. Apart from that there is also 

a discussion about the results of each indicator, a comparison of the study areas and also a 

discussion about the city block’s attractiveness and the limitations of the research. 

 

5.1 Specific indicators 
This section presents the results for each indicator. I start with the Walkability theme and 

the first two indicators were the Intersection Density and the Sense of Enclosure. Then I 

measure Density, which contains the Floor Area Ratio, Open Space Index and Entropy Index 

indices, before measuring Affordability and the eponymous indicator. Finally I measure 

Connectivity, specifically Accessibility to Urban Park, Accessibility to Public Building and 

Accessibility to Public Transport. 

 

5.1.1 Intersection Density 

As previously mentioned this indicator measures the length of the longest side in every city 

block and, based on the outcome, the block gets a score. 

I started by importing into ArcGIS the shapefile which contained the property lots. Then I 

used a tool called ruler and measured every side of every block. On a Microsoft Excel 

spreadsheet I created a table in which I logged the city block’s number and the length of its 

longest side. After I measured all city blocks, I used an “if” formula on Microsoft Excel to 

calculate the score of every block and then I imported the Microsoft Excel table on ArcGIS 

and spatial joined the city block score with the city block shapefile. 

When I finished measuring all study areas and all city blocks, I made five categories and 

categorized every block according to its score. Then I exported the maps of the study areas 

and the results can be seen in Figure 15. 

In Figure 15 to the left, the Intersection Density Score in SoFo is shown, and we see that the 

study area in general is walkable, since there are more city blocks with a positive score 

compared with the ones with a score of 0. 11 blocks take the lowest score are 11 and the 

same amount take the highest score. The difference is in the location of the blocks, since the 

closer a block to Götgatan Street the lower the score, whereas the closer the block to 

Nytorget Square the higher. 

In Skarpnäcks case, which is shown in the middle of Figure 15, we cannot easily say if the 

area is walkable or not, since there are parts of the study area in which people could walk 

and parts of the area in which people need a means of transport. Same as in SoFo, here the 

same amount of blocks take the highest and the lowest score but overall the area the un-

walkable blocks cover is almost twice the size the area of the walkable ones. 
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That is happening because south of Skarpnäcks Allé street, blocks start to become bigger 

and add to the industrial/office/retail area, which obviously is un-walkable. We get an area 

which is almost 2/3 of the study that is scored with the lowest score. North of that main 

road, blocks are much smaller and perform way better on that indicator, showing us that the 

main street works as separator or barrier in the neighborhood. 

 

Figure 15: Intersection Density Score 

In Figure 15 on the right, the case of Tensta is presented, and it is obvious that this study 

area is wholly un-walkable. Due to the urban planning concept with which the area is 

designed, every block gets a really low score in the Intersection Density indicator. Because of 

this outcome we conclude that functionalism’s idea to design a neighborhood with 

separation of movement between pedestrians and cars leads to the opposite result from the 

one that planners were aiming at. 

Comparing the three study areas we see a progression in the Intersection Density score, 

from walkable SoFo to un-walkable Tensta. City center blocks, such as the ones at SoFo, are 

smaller compared to the ones in the suburbs, such as the ones in Skarpnäck and Tensta, 

because they were built in a different era and for different purposes. These blocks perform 

much better in the Intersection Density indicator, because they were constructed to serve 

the walkability purpose. 

But in suburban areas planning ideas can create different outcome. Comparing Skarpnäck 

with Tensta, we see that the first area tries to imitate a more city center urban design and in 

the parts of the city that achieves that goal, blocks perform well in the Intersection Density 

indicator. On the other hand Tensta’s blocks are designed in a way that abolish all the 

characteristics of city center block, leading to blocks that score really low on the Intersection 

Density indicator. 

 

5.1.2 Sense of Enclosure 

This indicator measures the ratio between the façade area of the building in a block and the 

area of the road and the setback that lies in front of the façade. 

First I imported in ArcGIS the shapefile that contains the buildings in every area and then the 

one that contains the properties. Then I created a new column in the buildings shapefile’s 

attribute table, in which I logged the height of every building in each area. The height derives 
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from the number of floors multiplied by the number 3. The number of floors of every 

building is found by visiting the area and keeping notes on a map. 

When I had the building height the next step was to measure the length of the building side 

that faces the road. This I did by using the ruler tool on ArcGIS. The length of every side was 

logged in a new column in the attribute table. When I measured all buildings the next step 

was to multiply the height by the length and receive the façade area of every block. 

For the calculation of the denominator in this indicator, I followed a simpler procedure. I 

used the ruler tool on ArcGISand again I measured the area in front of every side of the 

block. In cases where one side of a block is facing a large open space, I excluded this side and 

its façade form the calculation. When I measured all the street areas, I divided the two 

numbers and I got the final ratio for every block. 

When I got all city blocks measurements, by using an “if” formula on Microsoft Excel I found 

the score of every block. Again I imported the Microsoft Excel file into ArcGIS and I joined 

spatially the score information to the city blocks. I made five categories and categorized 

every block according to its score. By exporting the maps of the study areas the results can 

be seen in Figure 16 below. 

 

Figure 16: Sense of Enclosure Score 

In Figure 16 to the left, the Sense of Enclosure in the SoFo study area is presented, and we 

can see that the area is awarded with high scores in most of its blocks. To be precise 14 

blocks get the highest score, compared to only two which receive the lowest. Apart from 

that, the second highest grade receive 5 blocks, leading to an almost 80% high and very high 

sense of enclosure. 

We also observe a concentration of the highest scores in the northern part of the study and 

around the Nytorget square, due to the narrow streets and the lack of a setback distance. 

The blocks that receive lower scores are the ones around the Katarina Bangata street, 

because it is really wide, as well as the ones east of the school, due to the setback distance 

of the small façade area. 

On the contrary, Skarpnäck study area, as seen in the middle of Figure 16, has a low sense of 

enclosure to the residents because of its design. Although most of the city blocks receive a 

score which is in the middle of the scale, the combination of blocks which receive the lowest 

and the second lowest score is the largest number. 
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The number of blocks which are colored yellow is 11 out of 33 and they are located around 

the area’s major street, Skarpnäcks Allé. This is happening because usually there is not a 

setback distance in these blocks and the building height is relatively high, creating a large 

façade area. However the percentage of blocks in the lower parts of the scale is almost 50% 

and they are located on the edge of the study area. The reason for this is because the 

buildings there are shorter and they usually have an open space in front of them, apart from 

the pavement and the street. 

The last study area is Tensta and its performance on the Sense of Enclosure indicator can be 

seen in Figure 16, on the right. It is obvious that a citizen in this area when he/she decides to 

walk will feel exposed since the city blocks are have a really low score in this measurement. 

The number of blocks which belong in the lowest scale is 2/3 and when they are combined 

with the blocks which receive a relatively low score, they are almost 77% of the blocks in the 

study area. 

There is not a pattern in where the city blocks with the lowest score concentrate in a certain 

area, on the contrary we can see that they are dispersed equally everywhere. This is 

happening due to the urban design of the area, which relies heavily on functionalism leading 

to idle buildings in the middle of a block and large distances between the buildings and wide 

streets. Even though the façades on these buildings are large, since the buildings are tall and 

long, that is not enough to increase the sense of enclosure in Tensta. 

 

5.1.3 Floor Area Ratio 

This indicator is a ratio between the building’s volume and the property area in which this 

specific building lies. 

In order to measure this indicator, first I imported into ArcGIS the shapefile that contains the 

buildings and then the shapefile that contains the properties. In the buildings’ shapefile 

attribute table, there was already a new column which contained the height of every 

building in the study area. This number was multiplied by the area of the building and the 

outcome was the volume of every building. Then I divided every building volume by the 

property area in which the building belongs. That gave me the Floor Area Ratio in every 

property, and in order to find the Floor Area ratio of the city block, I added all FAR’s and 

divided them by the number of properties in the block. 

When I finished all Floor Area ratio calculation on ArcGIS, I exported the attribute table on a 

Microsoft Excel format and there I used an “if” formula in order to calculate every city 

block’s Floor Area Ratio score. This new table was imported again on ArcGIS and was 

spatially joined to the existing blocks. When all blocks and areas were measured I made five 

score categories and assigned every city block into one category. The final step was to 

export the Floor Area Ratio maps, which can be seen in Figure 17. 

Figure 17 shows that almost every block in SoFo gets the highest score, and a similar 

situation is observed in Skarpnäck and Tensta. These high scores in all study areas and in 

almost every block is due to the importance of the Floor Area Ratio in planning and its 
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regulatory purpose, together with the completion of the construction of every area. In cases 

where the development area is under construction the realized Floor Area Ratio is always 

smaller than the one that is regulated by the planners, but in our study areas, this is not 

happening. 

 

Figure 17: Floor Area Ratio Score 

 

5.1.4 Open Space Index  

Open Space Index is an indicator that measures the percentage of building area in a 

property. In other words, it measures the building coverage in an area. It is an indicator 

which is complementary to Floor Area Ratio and is easy to calculate. 

In order for this indicator to be measured, the same two shapefiles as in Floor Area ratio 

indicator are used. On ArcGIS I imported the building and property shapefiles. In both 

shapefiles, the attribute table contained a column with area of every building and every 

property. By exporting these two columns on a Microsoft Excel format and dividing the 

building area, by the property area, I received a new column with the Open Space Index in 

every property. For the city block’s Open Space Index, I just calculated the average Open 

Space Index of the properties in the specific block. 

Again on Microsoft Excel I used an “if” formula in order to apply a score to every block and 

then I re-imported the new table on ArcGIS. There I spatially joined the new table to the 

blocks’ shapefile and by creating five categories, I sorted all blocks in each one of them. Then 

I exported the Open Space Index maps as seen in Figure18. 

The left side of Figure 18 shows how SoFo’s city blocks score on the Open Space index and 

overall this study area performs great on this indicator. There are, however, 4 blocks which 

score really low, but for different reasons that have nothing in common. In 3 out of 4 of 

these blocks, which are the smaller ones, the buildings cover almost the whole property 

area, whereas on the fourth one, below Nytorget square, the building is just a small portion 

of the property. That is happening because this block contains only one building, specifically 

a school. 

The situation in Skarpnäck, which can be seen in the middle of Figure 18, seems relatively 

alright since most of the blocks, to be precise 19 out of 33, score “66,661 – 99,99” and “100” 

in Open Space Index. The most common category is the “66,661 – 99,99” one, because the 

area is designed in a way that creates very big city blocks and buildings laying in the 
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perimeter of the block. Adding on top of that the large inner courtyards, we understand that 

the buildings cannot be very wide, hence the overall score is good but not as good as the 

inner city blocks. 

The third study area is Tensta and on the right in Figure 18 we can see its performance in 

Open Space Index. Almost 50% of the city blocks scored badly in this indicator and the 

reason is the way the area is designed. Functionalism, which influenced the urban design in 

the area, praises open space and buildings there are either thin and long, or tall with a small 

coverage area. 

 

Figure 18: Open Space Index Score 

The situation in Tensta shows that its city blocks lack a more urban character and that the 

properties need densification in order blocks to acquire a greater score in this indicator. 

 

5.1.5 Entropy Index 

Entropy Index is a tool that measures the mixture of functions in a specific area. To be 

precise, this indicator finds the relationship in how land uses are distributed in a city block. It 

identifies if a block is mono-functioned or multi-functioned and gives back a number that 

indicates where each block lies in this spectrum. 

For the calculation of this indicator I had to spend a lot of time in the study areas and 

through observations I collected information about the area of every non-residential land 

use in a building.  

In order to calculate this indicator, I had to do two simplifications. First, since I was not able 

to enter the buildings to find out the use of the floors, I assumed that the use is residential in 

all floors except ground floor. In cases where I could find the use of the upper floors, that 

information was used for the calculations. The second simplification had to do with the 

dimensions of the uses in a building. Length was measured in steps and depth was either the 

depth of the building or the half of it, in case that a different use was spotted in the other 

side of the building. 

When I mapped the whole study area of its functions and the dimensions of every land use, I 

traced the analog map and converted it into a digital format, which I imported into ArcGIS. 

Apart from that I also added the building shapefile which contained the number of floors. 
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From the buildings shapefile attribute table, I exported the area and number of floors 

columns on a Microsoft Excel format. There I calculated the upper floors area. From the 

newly made ground floor usage shapefile, I exported the area of every use, again on a 

Microsoft Excel format, and by combining these two files I got the dataset I needed for my 

calculations. 

In Microsoft Excel I used the mathematical formula that measures the mixture of functions 

and then with the implementation of an “if” function every block received its score. Same as 

before, by importing that new table of scores on ArcGIS and by spatially joining it to the city 

blocks shapefile I was able to categorize every block in one five categories. The created maps 

can be seen in Figure 19. 

 

Figure 19: Entropy Index Score 

The left side of Figure 19 presents the Entropy Index in the SoFo study area, where the city 

blocks usually seem to contain more than one function. Most of the city blocks, about 50%, 

belong in the middle category, which means that in these blocks residence is the main 

function, but there are also some other functions. 

In the middle and the right of Figure 19, we can see the situation in the Skarpnäck and 

Tensta study areas. In both areas the indicator has similar results, meaning that these 

neighborhoods are extensively mono-functioned. Since most of the city blocks are colored in 

blue, this means that these blocks have only one use and in most cases this is residential. 

It is previously mentioned that urban planning and urban design play an important role on 

how a neighborhood is perceived, but these maps show that mixture of functions is equally 

important. Even areas which follow different design standards can score the poorly on 

Entropy Index and perceived as something different from what the planners wanted when 

the designed them. 

 

5.1.6 Affordability Index 

This indicator measures the percentage of a household’s income that is spent for housing in 

a year in each one of the study areas. To elaborate, Affordability Index is a ratio between the 

average housing cost in a city block (numerator) and the average income in the same block 

(denominator). In order to calculate this indicator, I had to derive separately the numerator 

and the denominator, before dividing the two. 
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Starting with the numerator, which is the average annual housing cost in every block, I 

imported into ArcGIS a dataset with all the houses that were sold in all study areas in 2016. 

This point dataset was retrieved from Booli.se database and contained the location of every 

apartment sold, and its selling price. 

Since not all blocks had a property in their premises that was sold in two 2016, I could not 

directly appoint the price of an apartment to the block, because some of them would not 

have a price. For that reason I used a technique called Interpolation to help me appoint a 

price in every block. The definition of interpolation is the following: “Interpolation is the 

estimation of a value or set of values based on their context. Linear interpolation, a very 

simple form of interpolation, is basically the rendering of a straight line between two or 

more points. Interpolation is useful for filling in missing data, such as in upscaling images or 

creating statistical models.” (Techopedia.com, 2018). In ArcGIS there is a tool called Kriging 

interpolation, which is what I used in my research; its definition is: “In statistics, originally in 

geostatistics, kriging or Gaussian process regression is a method of interpolation for which 

the interpolated values are modeled by a Gaussian process governed by prior covariances.” 

(En.wikipedia.org, 2018). 

The outcome of the Kriging Interpolation method is a raster dataset of housing price zones 

according to the initial point dataset. This raster was joined with the city blocks shapefile, 

which was imported on ArcGIS, using a function called Union. When you use Union in 

ArcGIS, a new shapefile is created and in its attribute table contains the information from 

both the initial shapefiles. 

The reason I did that was because I wanted to know what the percentage of a city block lay 

in different price zones. If a block lay in only one zone, then the housing cost was the same 

as the pricing zone, but in cases where a block lay in more than one zone, then the housing 

cost was the result of the following formula: 

(% 𝒐𝒇 𝑪𝒊𝒕𝒚 𝑩𝒍𝒐𝒄𝒌 𝒊𝒏 𝒁𝒐𝒏𝒆 𝟏) + (𝑯𝒐𝒖𝒔𝒊𝒏𝒈 𝑷𝒓𝒊𝒄𝒆 𝒊𝒏 𝒁𝒐𝒏𝒆 𝟏) +  … 

+ (% 𝒐𝒇 𝑪𝒊𝒕𝒚 𝑩𝒍𝒐𝒄𝒌 𝒊𝒏 𝒁𝒐𝒏𝒆 𝒏) + (𝑯𝒐𝒖𝒔𝒊𝒏𝒈 𝑷𝒓𝒊𝒄𝒆 𝒊𝒏 𝒁𝒐𝒏𝒆 𝒏) 

So far I have a table that has a column with the city blocks’ ID and another with the average 

price of a property in this block. But when someone buys a property,  they do not pay 

upfront the whole amount. On the contrary a family pays a monthly or annual portion of the 

selling price, until the sum of these portions meet the selling price. 

So I needed to calculate this annual portion and to do that I made two simplifications. First I 

assumed that there is no interest while a family pays the loan and second that payoff time 

will be in 30 years. Based on these assumptions, I divided the selling price by 30 and the 

outcome was the annual cost for housing. 

For the denominator I followed a similar procedure. First I imported into ArcGIS the city 

blocks shapefile and the 2016 income shapefile. The latter was obtained from SCB and it 

divides an area in squares where the dimensions are 1km by 1km. Every square contains the 

annual income of the residents there. 
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Again not all blocks fall completely inside the 1km*1km square, so I had to follow a similar 

procedure as in the calculation of the numerator. I joined the city blocks shapefile with the 

SCB income shapefile, using the Union function. In case a block falls completely inside the 

SCB square, the average income in this block is the average income of the square. In cases 

where a block lay in more than one square, then the average annual income was the result 

of the following formula: 

(% 𝒐𝒇 𝑪𝒊𝒕𝒚 𝑩𝒍𝒐𝒄𝒌 𝒊𝒏 𝑺𝒒𝒖𝒂𝒓𝒆 𝟏) + (𝑨𝒏𝒏𝒖𝒂𝒍 𝑰𝒏𝒄𝒐𝒎𝒆 𝒊𝒏 𝑺𝒒𝒖𝒂𝒓𝒆 𝟏) +  … 

+ (% 𝒐𝒇 𝑪𝒊𝒕𝒚 𝑩𝒍𝒐𝒄𝒌 𝒊𝒏 𝑺𝒒𝒖𝒂𝒓𝒆 𝒏) +  (𝑨𝒏𝒏𝒖𝒂𝒍 𝑰𝒏𝒄𝒐𝒎𝒆 𝒊𝒏 𝑺𝒒𝒖𝒂𝒓𝒆 𝒏) 

Having both numerator and denominator calculated, the last step in the Affordability Index 

calculation was dividing these two numbers. On Microsoft Excel I created a table with the 

city block ID and the aforementioned ratio. There, by implementing an “if” formula, I 

calculated every block’s score and then by importing this table into ArcGIS and spatially 

joining it to the city blocks shapefile I received the final results. Using five categories I 

assigned every block to each one and exported the maps, which is seen in Figure 20. 

 

Figure 20: Affordability Index Score 

Figure 20 presents the city block’s affordability. In SoFo, on the left, the situation there 

seems rather hectic. Almost half the city blocks belong to the worst category, which means 

that people there spend more than half of their annual income for housing, and if we add 

the blocks which belong in the second worst category, we see that in 24 out of 27 city 

blocks, residents spend more than 40% of their annual income for housing.  

In the middle of Figure 20 we can see the situation in Skarpnäck where things seem well for 

the residents there, since in almost 55% of the city blocks people spend between 30% and 

40% of their annual income for housing. Still there are some blocks where housing seems 

unaffordable but these are around 21% of the total number of blocks.  

The situation seems great for citizens in Tensta, as seen in Figure 20 to the right. In this study 

area, in 26 out the 29 city blocks residents spend less than 40% of their annual income for 

housing and apart from that in almost 31% of the city blocks the annual housing cost is lower 

than 30% of the annual income. 

 

5.1.7 Accessibility to Urban Parks 

Before I start explaining the way I measured this indicator, I would like to address what is 

considered as an Urban Park in this thesis. An Urban Park is every open air public space that 

has some kind of green space in it which is manmade,such as a square that has some trees 

or bushes, a small public garden, etc. 
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This indicator measures the average network distance from every building to all Urban Parks 

in the study area. To explain further, in this indicator first all network distances from an 

entrance in a city block to all of the Urban Parks are added and then divided by the number 

of Urban Parks that exist in the neighborhood. Second all these average distances are added 

together at a city block level and divided by the number of entrances that exist in this city 

block. 

For the calculation of the Accessibility to Urban Parks I used an ArcGIS application called 

Network Analyst, but in order for this application to work I needed to import into ArcGIS 

suitable shapefiles. These were the road network shapefile, the buildings entrances, and 

Urban Park entrances. Buildings entrances were first mapped on a paper map during my 

observation time in the area and then these points were transferred on ArcGIS through 

digitalization. This shapefile is the points of origin in this indicator. I followed the same 

procedure for the creation of the Urban Park entrances shapefile and this one works as the 

points of destination. Here I would like to mention that usually public spaces do not have 

entrances, but a simplification is needed in order for this indicator to be measured. 

When I had all shapefiles imported on ArcGIS, I created the network dataset based on the 

road network and then on network analyst application I selected the OD Cost Matrix tool. 

There I appointed as origins the building entrances and as destinations the Urban Park 

entrances and the outcome was a table of all the distances. I opened this table on Microsoft 

Excel and with the use of consolidate function I calculated the average distance of every 

block to Urban Park. Then with the use of an “if” function I gave a score in every block and 

when I imported this table on ArcGIS I spatial joined it with the city blocks shapefile. Finally I 

categorized every block in one of five categories and exported the maps as seen in Figure 21. 

 

Figure 21: Accessibility to Urban Park Score 

The situation in SoFo is presented on the left of Figure 21; the neighborhood seems to have 

a very good connection to Urban Parks, since 18 out of 27 blocks gets the highest score in 

this indicator, and 26 out of 27 score relatively high in this accessibility indicator. The 

situation in the second study area, Skarpnäck, is presented in the middle of Figure 21. The 

Urban Parks in this neighborhood are located along the main street, Skarpnäcks Allé. This 

leads to a differentiation in the scores between the northern and the southern part of the 

city. The former scores better in this indicator. Apart from that there is also a difference in 

scores between the central and peripheral blocks. The central ones usually perform better, 

but there are some blocks on the edge of the neighborhood that get a high score, but that is 

happening because they are located next to urban parks.  



45 
 

Overall in Skarpnäck we can say that the area has mediocre connectivity to Urban Parks, 

though leaningmore to well connected than to badly connected, as can be seen from the 13 

city blocks which score relatively good in the indicator, whereas only 6 receive a low score. 

Another display of this mediocre performance of the study area in this indicator is the 

amount of city blocks that lie in the middle category: these are 14 out of the 33 blocks, 

almost 40%. 

The situation in Tensta, shown in the right side of Figure 21, does not look good, since 

almost every city block belongs in the lowest category, meaning that the average distance 

from every block to an Urban Parks is larger than 800m. The reason for that is the way the 

area is designed: the buildings are slim and long and because of that they mostly work as 

walls in the road and pedestrian network. Due to that, people have to detour many times to 

reach the Urban Parks, which lead to larger distances. Another reason is the location and the 

amount of Urban Parks in Tensta. They are too few for the size of this area and they are not 

located close to the large vertical streets which they run through the whole neighborhood. 

 

5.1.8 Accessibility to Public Building 

This indicator is used to measure the performance that every city block has on its 

accessibility to Public Buildings. The term Public Buildings in this thesis means buildings in 

which people can enter without an invitation or membership. So this term includes public 

schools, public universities, public hospitals, public kindergartens, public libraries, churches 

or religious sites, etc, but not the private side of these institutions and banks. 

The average network distance from every building to all Public Buildings in the study area 

was measured with the use of this indicator. To further elaborate, I would say that this 

indicator adds all network distances from an entrance in the city block to all of the Public 

Buildings entrances and divides it by the number of Public Buildings in the study area. Then a 

summary of all the average distances, again in a city block level, is made and this number is 

divided by the amount of entrances in the city block. 

The way this indicator is calculated is exactly the same as in the previous section, only this 

time instead of using Urban Park entrances I used Public Building entrances and the 

outcome of these calculations can be seen in Figure 22. 

In Figure 22, on the left, we see how accessible Public Buildings are to the city blocks of SoFo 

study area and things seem very good since almost all city blocks get a high score in this 

indicator. There is a concentration of blocks which are appointed the highest score in the 

southeast part of the area and that is happening because there is a school there and city 

blocks are relatively small in size. 

Continuing rightwards to Figure 22 we see that the situation in Skarpnäck is relatively good, 

since 17 out of 33 city blocks receive a high score. Also a pattern in the city blocks score is 

visible. The blocks in the center receive a high score and as we depart from this area, scores 

start to go down. This concentric pattern follows the expansion in the size of the city blocks 

together with concentration of Public Buildings around the subway station. 
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Figure 21: Accessibility to Public Building Score 

The situation in Tensta, as shown on the right of Figure 21, is not very good since almost all 

city blocks have a low score in this indicator. The reason for this is its urban design and its 

really large blocks and setback distance between the building entrance and the road and 

pedestrian network. 

 

5.1.9 Accessibility to Public Transport 

Same as the previous two indicators, this one measures the city blocks’ performances on 

their accessibility to Public Transport (bus stops, subway stops, light rail stops, etc.) and it 

does so by following exactly the same principles (average networks distance from building 

entrance to Public Transport) and steps as described above. 

The left side of Figure 23 shows how city blocks in SoFo perform at Accessibility to Public 

Transport indicator and according to the map we can see that the situation in the area is 

quite good. 

 

Figure 23: Accessibility to Public Transport Score 

Almost 78% of the block, belong to the highest categories and there is a concentration of 

blocks in the northeast part of the neighborhood in which people cover less than 400m to go 

to a Public Transport. This part is close to Folkungagatan street which has a lot of bus stops 

and a subway stop. Moving to the middle of Figure 23, we see that the situation in 

Skarpnäck is also good, especially in the blocks around the subway station and along the 

main road, Skarpnäcks Allé. Almost half the blocks are given the two highest scores, but the 

most interesting thing is the situation in the southern part around the industrial, retail area. 

There, even though the city blocks are large and far from the city center, their score is 

mediocre, meaning that there are a couple of bus stops along the Horisontvägen street. 
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The situation in Tensta is shown on the right of Figure 23 and is not very good for the 

citizens there. The lowest third of the area performs badly in this indicator, whereas the 

upper third does slightly better. The city blocks that lie in the middle though, look 

completely different, due to their proximity to the subway station. Another factor for the 

low scores in the northern and southern parts of the area is the lack of well distributed bus 

stations along the major vertical roads. 

 

5.2 City Block’s Attractiveness 
After all the calculations are done in the previous stages, it is now time to use Multi-Criteria 

Evaluation and measure the attractiveness in each study area. In order to do that, I used an 

ArcGIS tool called Map Algebra. There I imported every raster I created for the indicator 

calculations. By multiplying every raster with its weight (Table 3, Chapter 3) and 

summarizing the products, I received the City Blocks Attractiveness raster. I created 3 

categories, Low – Medium – High, and graded every block in each one of them in order to be 

able to compare the study areas. The outcome of this procedure can be seen in Figure 24. 

As previously mentioned this city blocks attractiveness measures how attractive a city block 

is for a family to locate there, and it does not take into consideration other type of activities, 

such as the relocation of a company, or the construction of a school, etc. 

Based on this clarification we see that in the SoFo study area, Figure 24 on the left side, the 

blocks which are further away from Götgatan street and around Nytorget square are more 

attractive. This is a solid conclusion because Götgatan street is the major road axis in 

Södermalm and usually companies and shops want to locate there. 

In SoFo we see that there are no city blocks with Low Attractiveness and that the ones which 

are highly attractive are almost 50% more than the medium attractive ones. So I conclude 

that the situation in SoFo is very good, even though the area is not very affordable 

compared to the other study areas. But in almost all the other indicators the area performs 

very well, especially on the Entropy Index, so SoFo, especially the city blocks in its inner part, 

live up to the reputation of being one of the attractive places for residing in Stockholm. 

 

Figure 24: City Block Attractiveness 

The city blocks around Nytorget square are small in size, have narrow surrounding streets, 

are dense and multi-functioned, and have urban parks, public buildings, and public transport 

in close proximity. Hence these blocks create a lively urban environment, are ideal to tackle 
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social sustainability problems, and their technical characteristics (dimensions, buildings, 

uses, etc) could be the guide for planners to design better neighborhoods in the future. 

Compared to the other two study areas, while SoFo is the most attractive, Skarpanäck 

follows in second place. The attractiveness of the city blocks in Skarpnäck can be seen in the 

middle column of Figure 24. The first impression is that the more centrally located the block 

is, the more attractive it is. The area is designed in way that tries to imitate a small local 

center, but since all the different functions are concentrated around the public transport 

stops, there is a limited diffusion of attractiveness in the peripheral blocks. 

More than 60% of the city blocks are of medium attractiveness, which shows that the area 

overall is doing well in this field, but it could achieve a better score if there were more non 

residential uses dispersed across the area. Skarpnäck, especially the city blocks north of 

Skarpnäcks Allé, performed well in almost every indicator except for the Entropy Index, 

meaning that the area is physically well designed, but it is thought of more as city-like 

suburb and less as a individual suburban entity. 

It is also significant and very promising for the future of the area that the high attractiveness 

blocks are triple the amount of the low attractive ones. It is significant because it shows that 

the development directions did more good than bad in the area and it is promising because 

with only a few minor interventions the problematic blocks can become more attractive and 

boost the attractiveness of the whole of Skarpnäck. 

Moving on to last study area, Tensta, it is clear that the situation is not very promising for 

residents there, as seen on the right of Figure 24. This neighborhood’s blocks are not 

attractive and almost 2/3 of them receive a low score, but the most alarming thing is that 

there is not a single block which belongs in the “High Attractiveness” category, enhancing 

the stereotypical ideas about the area. 

The city blocks that perform a bit better and belong in middle category, are the ones around 

the Tensta Centrum, whereas the ones which are further away usually lie in the last 

category. The medium attractive city blocks, due to their proximity to the subway station 

and schools, as well as the higher mixture of functions due to the shopping mall, tend to 

behave better in the attractiveness formula, compared to the ones which are on the edges 

of the neighborhood. 

The reason why this area is not attractive lies in its design. It was previously mentioned that 

this study area was built during the Million Homes Program, and back then the main goal 

was to create enough housing units for the growing population of Stockholm. This lack of 

urbanity in the area leads to low attractiveness and to the occurrence of segregation, which 

is the main problem in Tensta.  

It is known that unattractive areas become affordable to people who belong economically in 

a lower class, such as immigrants, and by keeping the area the way it is we channel them 

towards this direction. It is also known that the concentration of low-income people in a 

specific place is the basic reason for an area to be segregated. So by re-planning this area in 

a more attractive way, then the existing social problems will be solved. 
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5.3 Study Areas Comparison 
The previous two section present results by specific indicators and compare the 

attractiveness on a city block level between the three neighborhoods.  

Starting with the walkability theme it is obvious that in both indicators, Intersection Density 

and Sense of Enclosure, the SoFo study area performs better than the rest. Although in 

Intersection Density the situation in SoFo is similar to Skarpnäck, in Sense of Enclosure SoFo 

has better results leading to an overall more walkable area. Tensta, in this theme, performs 

poorly so it cannot be compared with the other two. The reason for this situation is the way 

these areas are designed. SoFo is designed in a period where walking was the major way of 

transport and cities needed to be denser, whereas Tensta was designed in period where 

functionalism was practiced a lot by planners. Skarpnäck on the other hand was designed 

last and took into consideration the disadvantages of the functionalism movement and that 

is why its performance is closer to SoFo’s performance. 

Continuing on the density theme, again SoFo has the best overall performance in the three 

indicators, Floor Area Ratio, Open Space Index and Entropy Index. In Floor Area Ratio, all 

study areas perform similarly very well, but SoFo does a bit better since almost all its city 

blocks receive the highest score. This great Floor Area Ratio performance in every area 

shows that planners and developers value this indicator a lot because it creates more livable 

space. Planners use it because it creates more housing space for citizens and developers 

want it because it creates more building space. In Open Space Index, SoFo still performs 

great, meaning that there is enough free space there for the residents, but not too much. 

Tensta does not do well and Skarpnäck falls somewhere in between the two other areas, but 

is closer to SoFo. Again the reason for Tensta’s poor performance is its functionalistic design, 

in which buildings are usually idle inside a property, high in rise, and with a small footprint, 

leading to a lot of free space surrounding them. The third indicator in this theme is the 

Entropy Index and in this SoFo is again in a better position in comparison with the other two 

areas, showing that it is a multi-functioning inner city neighborhood. Tensta performs 

slightly better than Skarpnäck, but both of them are residential areas and they lack a mixture 

of functions, due to their initial construction as suburbs which depended on the inner city 

for every amenity other than living. 

Next is the affordability theme and its only indicator, the affordability index. In this theme 

the situation is reversed and Tensta comes first as the most affordable area, and Sofo comes 

last as the least affordable one. Again Skarpnäck is in the middle but this time is closer to 

Tensta. The reason for this phenomenon, I believe, is the amount of amenities and the 

performance in all the other indicators. Since Sofo is doing better in all other cases and it is a 

multi-functioning neighborhood, logically properties there cost more and residents have to 

spend more of their annual income for housing. 

Connectivity is the last theme and contains three indicators, Accessibility to Urban parks, 

Accessibility to Public Building and Accessibility to Public Transport, in all of which SoFo 

achieves the best performance. Tensta again comes third, which shows that the area is not 
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well connected inside its boundaries, and Skarpnäck is split into two parts: the inner blocks 

which perform well, and the peripheral ones, which do not. The reasons for this situation are 

the following. First, in the suburban study areas, (Tensta, Skarpnäck) road and pedestrian 

networks are not so dense. Second, the planners have not implemented urban parks and 

open spaces, because the areas are close to nature, and third, these areas were built based 

on the concept of Transport Oriented Development meaning that they are developed 

around a subway station which lies in a public place or close to a public building. 

All the above leads to the conclusion that the way SoFo is designed creates a better urban 

environment and that this area needs the least interventions to become more lively and 

attractive. On the other hand Tensta needs a lot of improvement in almost every indicator, 

so that the area will start performing better. Skarpnäck is on the right track, but needs to 

implement more inner city amenities to become more attractive. 

 

5.4 Limitations of the Indicators and Multi-Criteria Evaluation 

methodology 
Almost every research faces some obstacles, for example in the problem identification, or in 

the data gathering section or in the selection of the research method, or even in a later 

stage, during the analysis. This research does not break that pattern of occurring problems 

and at this point I would like to mention for future reference, a few setbacks and a couple of 

limitations I encountered. 

Starting with the limitations I would like to mention some things that I believe could benefit 

the research if I could find the data I needed. This research is about city block attractiveness 

and most of the indicators that are used are technical and easily measured with a use of a 

map. But attractiveness is not only about the design of an area, or the physical form of the 

buildings. It also contains a social aspect, something that this research could not cover, due 

to the difficulty in finding social data in Sweden. 

An indicator that would definitely help the research and probably change the final 

attractiveness map is the dissimilarity index. The current research lacks the social aspect of a 

neighborhood and the present analysis is based on physical attributes, but if a researcher in 

the future is able to find data about the race of the people that live in the study areas, or the 

country of origin or any kind of “more personal” data, then the outcome of the research 

would probably be closer to reality. Another indicator that could probably add more depth 

in the research might be an indicator about the aesthetics. This is even harder to quantify, 

since the notion of aesthetics is personal, but maybe an indicator which measures the 

amount of trees or plants in a street, or an indicator that measures the area of pleasant and 

unpleasant facades in a city block, could probably be helpful in the overall attractiveness 

formula. 

Another limitation of the research has to do with calculation of the affordability index; the 

reason is that in this specific indicator I only used houses that are sold and not houses that 

are rented. A combination of these two different annual housing costs (houses that are 

bought and houses that are rented) would definitely make this indicator much more precise. 
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But the acquisition of this kind of data was really difficult and I believe that this was a 

setback for the research, although I believe that in future research this data should be 

acquired. 

Here I would like to critique the weights that were used at the Multi-Criteria Evaluation and 

the way they were calculated. The table of weights, Chapter 3 - Table 3, is calculated by 

averaging the score each interviewee gave in each indicator. It is obvious that every person 

gave a score according to its will and according to what this person considers as important. 

So this method is not very scientific and it should not be taken for granted or as the only way 

to calculate the weights in Multi-Criteria Evaluation. I am aware that this calculation lessens 

the credibility of the research, but this thesis is an attempt to find a new way in measuring 

the attractiveness of a city block. I used that method knowing that, only because I did not 

have time to calculate the weights more scientifically and because I believe that this way is 

more credible than applying weights arbitrarily. A future researcher should take that into 

consideration. 

Another potential caveat to this research could be the stigmatization of an area according to 

its attractiveness score. Since attractiveness is a theme word and it is also objective what is 

attractive and what is not, the outcome of this research could be used in a way to separate 

neighborhoods into attractive and unattractive ones. It is worrisome that someone might try 

to use this research to isolate neighborhoods, and instead of applying policies to make an 

area more attractive, apply policies so that the unattractiveness of an area do not spread. 

This is not the way this thesis wants to be perceived. On the contrary, this method to 

measure the attractiveness is suggested in order for a city not to be fragmented, but to 

become more unified. Expanding on that, since it is very difficult to implement social 

indicators in the attractiveness formula, it would be unscientific to cluster neighborhoods 

only based on the way they are designed, because a neighborhood is not just an 

agglomeration of buildings, but it is also the relations of the residents, and this research 

could find data to include these relations into the attractiveness formula. In other words, 

this research only tries to critique urban planners and their policies that shaped the face of 

modern cities and also measure the attractiveness of an area based on the built 

environment, not to create segregation. 
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6. Conclusions 
 

The Multi-Criteria Evaluation method and the way it is used in this thesis is very useful in 

measuring abstract or difficult to quantify urban planning policies, such as attractiveness, 

sustainability, or safety, etc. So, the first implication of this research could be that it creates 

a pattern to measure unquantifiable urban planning terms, as well as the creation of a 

framework for categorization that is generally accepted. 

Another implication of this research could be the identification of problematic 

neighborhoods in a city. This method could be an important analysis tool for local 

governments but also for urban planners. Apart from the identification of the low scoring 

area, this method could also show us in which factor the area performs badly and needs the 

most attention. For example a neighborhood might have an overall medium attractiveness 

score due to low performance in an indicator which has a large weight, but has good 

performance in the majority of the indicators. 

With this method a planner will know where exactly the problem is and try to fix the 

attractiveness of the area, by applying policies with a focus on the specific indicator and not 

the usual broad and large changes in an area. This way will give the opportunity to local 

governments to enhance the attractiveness of their neighborhoods simply, quickly, and 

without spending a lot of money. 

Apart from the problem identification, this method could be also used as an evaluation for 

development scenarios. To elaborate further, this method could help urban planners to 

know exactly how much attractive a new area that they are designing is, or how much their 

new interventions contribute to the overall attractiveness of the surrounding area. 

In most cases, when a local government wants to develop an area, it usually comes up with 

several different ideas or proposals from different social groups and companies. This 

method will first help them sort the suggestions that contribute the least in the existing 

situation and then the same method again will help improve the scenario that is picked to be 

developed. 

A final implication of this research could be a step towards a more automated procedure. 

For example, with the use of programming, all the aforementioned indicators and their 

performance could become rules in an urban planning software, like ESRI CityEngine. By 

doing this, urban planners could then ask a machine to create numerous urban design 

iterations of the attractiveness score that they’re aiming to achieve. This automation and a 

potential collaboration between urban planning and machine learning could revolutionize 

the way urban planning is conducted and in the future planners would be able to select the 

best ideas from an abundance of different scenarios. 

At the end I would like to make some suggestions for future researchers who would like to 

explore this field further. First, I would try to implement more social indicators in my 

attractiveness formula, because I think that the outcome would have been more accurate, 

but I could not find the right data. Also I had a difficulty finding data about the housing 
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prices, especially ones that can correlate with the income data I had, so this combination of 

data is something that should be taken into account. Another thing that I would have done, 

if I had more time, is to interview more professionals, so that the weights would be more 

precise. In this case, the more the merrier.  

I strongly believe that this research could not have been done without the use of a 

Geographic Information System, but for more precision in some cases it would have been 

ideal to use Building Information Modelling (B.I.M) software. This kind of software would 

help a lot in automatically calculating the area of the facades or map the exact position of 

the entrances, so some indicators would have been even more accurate. 

This research for me was more of an exploration in the uncharted areas between urban 

planning and G.I.S. The most important thing that I learned is that there is a broad scope of 

potential collaboration between these two scientific fields, especially between automated 

design and urban planning, and that is something that needs to be researched more in the 

future. 
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