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Abstract 
 

When companies are expanding, they are searching for optimal locations according to 

parameters which are important for the company. Companies for which the geographic location 

is important needs to rely on geographic aspects to find the optimal site for their service. The 

geographic tool of using Suitability Analysis can make the planning of expansions more 

efficient. Is it possible to give a reliable Suitability Analysis and will it differ between different 

choices of weighting techniques in the analysis? 

  

The focus of the study is on the reliability of Suitability Analysis for expanding companies 

depending on geographic data. It will, through a study on a start-up company, be checked if the 

Suitability Analysis is different between two frequently used weighting ideas; Analytic 

Hierarchy Process and Swing Weight Technique, in this type of analysis. The Suitability 

Analysis will be done using Geographical Information Systems and the result will be two 

suitability maps. 

 

The study results in two different suitability maps, one for each weighting technique, with 

differences. The different techniques are dissimilar in their subjectivity of the weighting, which 

is reflected in the result. 

 

Suitability Analysis is useful for companies which expansions are depending on geographic 

aspect. The key to a reliable and useful suitability analysis is depending on a credible source of 

data for respectively parameter of interest. It decreases the risk of error sources and gives the 

result a higher reliability. 
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1 Introduction 
 

1.1 Background  
 

Urb-it is a start-up company that offers online purchases to be delivered in a fast and personal 

way to the address the customer decides. The customer can, by using an app, purchase products 

and choose if they want to have it right away or at a specific time. They can also choose where 

they want it to be delivered, within Urb-it’s service area. When an order has been placed, a 

notification goes out to all the people working for Urb-it, called urbers, and they can thereby 

claim the order. When the order is claimed, the urber will go to the store and collect it in order 

to hand over the product to the customer. 

 

Urb-it focus on flexibility, personal deliveries and being eco-friendly. The customer will 

experience the same personal treatment as shopping in a store, except not leaving the house. 

All their deliveries are done by bike or by commuter traffic and they will arrive at the exact 

time they announce. In this thesis, the focus is on the deliveries done by commuter traffic. 

 

The stores Urb-it deliver from are stores that decides to collaborate with Urb-it and they are all 

located in the service area. The stores are existing stores that choose to sell their products using 

the Urb-it service. It could be all from local small stores that only has one boutique to large 

chain stores. Products could be anything from flowers and balloons to the latest fashion and 

jewellery. Urb-it is rapidly developing in Sweden and expanding across Europe. They are the 

first company of its kind in Sweden. Today there are nearly 70 stores in Stockholm that are 

connected to this service and that number is rapidly growing (Urb-it 2017). 

 

Urb-it was founded in December 2014 by Bror-Anders Månsson and Mats Forsberg 

(Leijonhufvud, J. 2015). They are expanding rapidly and now has offices in Stockholm, Paris 

and London. When Urb-it expands in new cities they want to collaborate with stores which are 

located in an optimal location to make the deliveries fast and efficient. The location of the stores 

should be near commuter traffic and be located in the service area. To find the optimal locations 

for the stores they can use Geographic Information Systems (GIS), for example a Suitability 

Analysis could be done to provide Urb-it with a map of locations for future stores. This could 

give them a great opportunity to optimize their collaborations with stores by the parameters on 

which the company idea depends on: to deliver with flexibility, to do it eco-friendly and through 

personal deliveries (Urb-it 2017). 

 

When finding a store to collaborate with it is important to try to find a store located at an optimal 

place, so the time it takes for the urber to go to the store to collect the product and then to the 

customer will be as small as possible. This is since Urb-it focuses on efficient deliveries and to 

give the customer a nice shopping experience. To find a location like this there are a couple of 

criteria to satisfy. The store should be located close to the urber and at the same time close to 

the customer. Another beneficial criterion would be to stay have the store located close to 

commuter traffic with high frequency since the urbers use this type of transportation. 

  

The data needed is then data of where the urber are when the order is claimed and where the 

customers are. Data over the commuter traffic station is also needed. The store should be located 

close to commuter traffic and therefore data for the road network is needed so the store is in 

walking distance from the station.  
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In this thesis, a weighted linear combination needs to be done. This is a type of suitability 

analysis where the attribute maps created are compared to each other and given different 

weights compared to its importance. Two common weighting methods are Swing Weight 

Technique, SWT, and Analytic Hierarchy Process, AHP, and those are the different weighting 

methods applied in this thesis.  

 

1.2 Goal of study 
 

Goal of this thesis is to study Suitability Analysis and try two types of subjective analyses. This 

will be applied to the issue of expansions for corporations and companies, as an example in this 

thesis on a start-up company, which expansion depends on geographic aspects. The thesis will 

handle a couple of issues: 

 

 Collecting relevant and satisfying data for the different parameters. 

 Processing of data to be able to produce a suitability map. 

 Produce a reliable suitability map from which expansions can rely on. 
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2 Literature overview  
 

2.1 Geographic information system 
 

GIS, or Geographic Information System, is a tool for visualizing, questioning, analysing and 

interpreting data. One advantage with GIS is the ability to present data and solve problems on 

a map. It is easy to understand and easily shared. There is a growing interest of GIS for 

companies in several different industries (Esri 2017a). In GIS information can be analysed by 

making layers containing different data, as seen in figure 1. That makes it easy for the user to 

choose what information to overview and analyse.  

 

 
Figure 1: Visualization of layers in GIS. 

There are two primary data types in GIS; vector and raster data. Vector graphics consists of 

compromised vertices and paths. The data contains of points, lines and polygons. Raster data 

on the other hand is grids of continuous data where each cell and pixel displaces a different 

value (GIS geography 2017).  

 

2.2 Suitability analysis 
 

Land-use suitability analysis is an important task that many city planners are faced with. The 

city planner could be responsible for a larger city or a small town. In either case, the planner 

needs to find the most appropriate area for future land use. 

 

GIS is a useful tool when creating land-use suitability maps and this type of analysis has been 

useful in variety of situations. It is a useful tool both when the user is planning a smaller town 
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or a mega-city, for example to find location for a new hospital, where to build new houses or 

where to develop a ski resort. 

 

When a suitability analysis is done a set of criteria need to be selected, data satisfying these 

criteria needs to be gathered and computed so that the GIS software can perform the analysis 

and find the ideal site. The final product is not a single location, but instead a suitability map 

showing the chosen area with different values for all locations indicating its suitability. From 

this map one single location could be chosen, or different potential locations compared.  

 

Weighted Linear Combination 
 

One of the most widely used suitability analysis in GIS is the Weighted Linear Combination 

that uses raster data. The data is firstly gathered and the attribute maps are created in order to 

satisfy the criteria made. The maps are then standardized and given relative weights before the 

combination into a final suitability map. 

 

One reason this method has become popular is due to how easy it is to implement within GIS. 

The method is easy to understand and appealing to the decision makers. The downside for this 

method is that many users do not have a full understanding. The critical elements in this is 

weighing the different criterion as well as deriving the corresponding maps (Maleczewski, J. 

2000).  

  

2.3 Weighting criteria  
 

The Weighted Linear Combination consists of criteria with different importance to the user. 

When determining the weights for the different criteria there are multiple ways to do it and all 

the different ways will provide different results. In this thesis, the focus is on two relatively 

simple methods, often used in suitability analysis; Swing Weight Technique and Analytic 

Hierarchy Process. These were chosen since the Swing Weight Technique is a simple model 

that is used in simple studies while the Analytic Hierarchy Process is more often used in larger 

projects.  

 

2.4 Similar studies 
 

There are many ways of using suitability analysis; planning new areas of cities, protecting green 

areas in growing urban areas and developing of new cities with claims for different public areas. 

 

2.4.1 Greenway planning 
 

Suitability analysis can be used to optimizing greenway planning. The Island of Chongming, 

situated in the harbour of Shanghai, has been effected with high frequency of environmentally 

hazards due to its geographic location; for example, typhoons and storms. This has had a 

negative effect on the tourism industry on the island as well as significant economic losses. To 

be able to expand the tourism industry with new facilities on the island, protect the islands rivers 

from pollution and to secure a high resistance from devastation from environmental hazards. 

To weight the different parameters in relation to each other they used the Analytic Hierarchy 

Process. This resulting in a suitability map for the best areas to develop new greenways 

(Du, Q. Zhang, C. Wang, K. 2012). 
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2.4.2 Including urban green spaces when developing new cities  
 

The Egyptian government has been working with establishing many new cities since 2000. In 

the spatial planning of the cities Suitability Analysis has been useful. Urban green spaces have 

by the Egyptian government been seen as an important quality for the future habitants and also 

as an important part of the urban eco-system. When developing the City of El-Sadat the use of 

suitability analysis was used. Ayman Hassaan, Ahmed Mahmoud and Marwa Adel El-Sayed 

did a study on the developing of the City of El-Sadat and the use of suitability analysis when 

planning for urban green areas. The Analytical Hierarchy Process has been used in the study as 

a robust structured approach dealing with complex decision, according to the study (Hassaan, 

A. Mahmoud, A. Adel El-Sayed, M. 2011). 

 

2.4.3 Expanding cities trough spatial planning   
 

The suitability analysis is a useful tool to use when considering further expansions of cities and 

areas as well. Renzhu Liu, Ke Zhang, Zhijiao Zhang and Alistar G.L. Borthswick did a study 

on the use of suitability analysis when developing areas in the City of Beijing. In their work, 

they used Multi-criteria evaluation to find the most optimal areas for urban development. Socio-

economic, environmental and ecological perspectives were observed to find reliable parameters 

to generate an opportunity map, which was divided into five different classes: not suitable, 

marginally suitable, moderately suitable and highly suitable. As method to weight different data 

in relation to each other they used the Analytic Hierarchy Process (Liu, R. Zhang, K. Zhang, Z. 

Borthswick, A. 2014). 

 

2.4.4 Defending and developing agricultural fields  
 

The use of Suitability Analysis is not only occurred in the spatial planning of cities. It is also 

used to improve and activate agricultural fields. In the study they did an analysis on the use of 

agricultural fields in the county of Cihanbeyli in Turkey. Cihanbeyli has farming as the major 

income source and an improvement of the agricultural fields could result in boosting the local 

economy and the job growth. 

 

The study was performed as an analysis on the county to do a Suitability Analysis on where the 

agricultural fields should be developed to have a high output. The suitability map was thereafter 

compared to the situation today: where and what type of agricultural fields are situated where. 

The weighting in the suitability analysis was done by the Analytic Hierarchy Process. The 

criteria in the weighting was divided into the general criteria: soil, climate, topography and 

groundwater. The general criteria were thereafter divided into under criteria, for example soil 

was divided into: soil suitability and the land use on the specific part today (Bozgağ, A. Yuvauz, 

F. Süha Günay, A. 2016). 
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3 Study area and data description  
 

3.1 Study area  
 

This thesis has its focus on Urb-it’s service in Stockholm, Sweden. Urb-it has a service area in 

which they do all their deliveries. This area has been expanded since Urb-it was founded and 

now cover an area from Danderyd in the north to Enskede in the south. The whole area is 

connected with the communications which Urb-it uses, such as Bus Rapid Transit (BRT) and 

Metro. Within this area all customers as well as all collaborating stores are located. This area 

has been made by Urb-it, for example, by measuring how long time it takes to go to the areas. 

The area is based on different zip codes. 

 

Our study will be done on this area to match Urb-its needs since the deliveries will be done in 

this area. 

 

3.2 Criteria for analysis 
 

This type of analysis does not have any predefined criteria since Urb-it is a new company and 

have so far tried the market in Stockholm collaborating with different stores. Companies to 

collaborate with are increasing since Urb-it is growing and establishing their service, therefore 

Urb-it will be able to be more selective in the future. They are starting to expand across Europe 

and a tool like GIS could be useful in many ways in the future for this type of company.  

  

The analysis needs a set of criteria to satisfy in order to find the best area for new stores to 

connect to Urb-it. The criteria that is found relevant in this thesis are access to commuter traffic, 

closeness to the customers and closeness to the urbers. 

  

The first criterion found relevant is to have closeness to the important stops in commuter traffic, 

such as metro stops, tram stops and the larger bus stops. This due to the importance that the 

service must be fast and efficient. The most part of the deliveries are done by using commuter 

traffic. It is important that it could be reached easily and the urber do not have to wait too long 

for next commuter transit since there is a lot of time loss there making the travel inconvenient. 

Therefore, only the stations with high-traffic are selected. 

 

For a collaborating store, it is beneficial that it is located close to the customers. The customers 

are using Urb-it when they do not have time, wants a fast delivery or just wants to use efficient 

shopping. Therefore, the customers usually purchase their products to where they are located 

during normal day activities and this is the locations the stores should be located close to.  

 

When using Urb-it, a criterion for a fast delivery is having an urber nearby. If the urber is close 

to the store in which the product needs to be picked up the delivery will be done quickly and 

the customer will experience fast shopping. Therefore, having stores close to where the urbers 

are will be a criterion for this analysis. 

 

3.3 Assumptions 
 

Due to lack of data and information some assumptions were made in this thesis and this part is 

to give an oversight over the assumptions made. 
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There is no information of where the urbers are located during day time since they do not have 

any specific working hours and they have other main occupations such as school or other jobs. 

At the Urb-it office there is a place for the urbers where they can wait for orders and therefore 

the assumption was made that many of the orders are claimed from the office. The office is 

located in the central parts of Stockholm so it is a good spot for claiming an order since it is 

easy for the urbers to get to all the commuter traffic from this place. When making the map, the 

area closest to Urb-it’s office is the most relevant and then this value is decreasing as further 

away you get. The area in which this value is decreasing is within a distance of 2000 meters 

from the office. This distance was chosen since the data of where the urbers are located are an 

assumption and an area covering the central parts of Stockholm with the office at its centre.  

  

There is no data of who the customers of Urb-it’s are since this is a relatively new company. 

Therefore, the data for population in Stockholm used instead is showing the dense areas in 

where potential customers are. An assumption was made that people often order to their homes 

and it is relevant to have the stores close to these areas.  

  

When the attribute map is made that will satisfy the criterion of being close to the stations, a 

distance of less than 500 meters away from the station is used as beneficial. If the store is located 

closer to the station it would be better so therefore the station is chosen to be most suitable and 

then the value is decreasing within the distance of 500 meters. The distance of 500 meter is 

following the roads from the stations, and this distance is chosen on the assumption that a walk 

that takes less than 5 minutes from the station is optimal so the urber will have close to 

commuter traffic so the customer will experience a fast shopping. 

 

3.4 Data description 
 

The sources for data in this thesis included data from many distributors and they were gathered 

in in several different ways. The data collected in this thesis are summarized in table 1 below. 

 
Table 1: Description of data collected in this thesis 

File Received from: Produced by: Year made: Type of 

file: 

File containing: 

Roads http://dataportalen

.stockholm.se/dat

aportalen/GetMet

aDataById?id=15

5134d7-7a4a-

4e99-b4c0-

2b29b1a80d00 

 

Trafikverket in 

Stockholm  

2012-03-09 

and revised 

2016-12-01 

Shapefile Polylines with 

attributes 

describing type of 

road. 

Commuter 

traffic  

Got sent privately 

after contact. 

Stockholm County 

Council’s 

department for 

commuter traffic 

2011 Shapefile Points with 

attribute 

describing what 

type of point.  

Customers www.zeus.slu.se 

 

SCB 2015-12-31 Shapefile Polygons with 

attribute of 

population. 

http://dataportalen.stockholm.se/dataportalen/GetMetaDataById?id=155134d7-7a4a-4e99-b4c0-2b29b1a80d00
http://dataportalen.stockholm.se/dataportalen/GetMetaDataById?id=155134d7-7a4a-4e99-b4c0-2b29b1a80d00
http://dataportalen.stockholm.se/dataportalen/GetMetaDataById?id=155134d7-7a4a-4e99-b4c0-2b29b1a80d00
http://dataportalen.stockholm.se/dataportalen/GetMetaDataById?id=155134d7-7a4a-4e99-b4c0-2b29b1a80d00
http://dataportalen.stockholm.se/dataportalen/GetMetaDataById?id=155134d7-7a4a-4e99-b4c0-2b29b1a80d00
http://dataportalen.stockholm.se/dataportalen/GetMetaDataById?id=155134d7-7a4a-4e99-b4c0-2b29b1a80d00
http://dataportalen.stockholm.se/dataportalen/GetMetaDataById?id=155134d7-7a4a-4e99-b4c0-2b29b1a80d00
http://www.zeus.slu.se/
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Urb-it 

office 

Coordinates of 

Vattugatan 17. 

Authors of this 

thesis 

2017 Shapefile Point of office 

location. 

Urb-it 

service 

area 

Coordinates from 

Urb-it. 

Authors of this 

thesis 

2017 Thesis Polygon of the 

whole service 

area. 

 

3.4.1 Urb-it’s service area 
 
The service area of Urb-it is spread from Danderyd in the north to Enskede in the south. The 

service area is shown in the app of Urb-it which can be seen in figure 2. Upon a map of 

Stockholm there is a polygon showing the service area. The service area was also framed with 

coordinates given to us but the given area did not exclude areas of water. 

 

 
Figure 2: Image showing Urb-it’s service area in the app. 

3.4.2 Data for road network 

 
The road network was collected from Stockholm City Councils website where they have an 

open data portal, http://dataportalen.stockholm.se/dataportalen/, on which they have a wide 

range of data from many distributors. The data for the road network belongs to Swedish 

Transport Administration, Trafikverket, in Stockholm and the road network was collected from 

each municipality in the region. Some of them did not include bicycle lanes and pedestrian 

http://dataportalen.stockholm.se/dataportalen/
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roads. The data was downloaded as a shapefile including vector data. The vector data contained 

of polylines according to the road network. In the attribute table, there were descriptions of 

which type of line it was; car, pedestrian or bike. The polylines did not include information of 

speed limits, width of the roads or rules as one-way restrictions etc. 

 

3.4.3 Data for commuter traffic  
 

The data collected for the commuter traffic was distributed by the Stockholm County Councils 

Department for Commuter Traffic. After contacting them, data of all the stops in Stockholm 

was provided. The data, that contained of points, was created 2011 and the attribute table 

contains descriptions of what type of stop it is and what line this stop is for. The points were 

for all entrances and stops for the metro, BRT, trams and commuter trains and all lines had its 

own point per stop or entrances. The file received from the Department of Commuter Traffic 

was a shapefile, and all points were points in vector data. The points are shown in figure 3.  
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Figure 3: Map visualizing all stations in Stockholm. 

3.4.4 Data for customers  
 

The data collected was found through a portal of statistics distributed by SLU, Swedish 

University of Agricultural Sciences. The data collected was considered in squares of 100 by 

100 meters. This data which builds on statistics from Statistics Sweden, in Swedish known as 

Statistiska Centralbyrån (SCB) (2015-12-31), was collected from www.zeus.slu.se (2017-05-

30). The squares were including the statistical data over population for each square and the 

format of the data was a shapefile as seen in figure 4.  

 

http://www.zeus.slu.se/
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Figure 4: Map visualizing potential customers. 

3.4.5 Data for urbers  
 

Due to the assumption that most of the orders are claimed by the urbers in the Urb-it office, the 

location of the office needs to defined. The coordinates for this location were gathered from 

www.latlong.net and a new shapefile were made in ArcGIS in which the point for the office 

were placed as seen in figure 5. 

 

http://www.latlong.net/
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Figure 5: Map showing the location of Urb-it’s office in Stockholm. 
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4 Methodology  
 

In order to create a suitability map for Urb-it, a methodology needs to be stated to find and 

analyse the right data. To solve this problem the user needs to break the problem down in parts, 

and analysing parameters on which the solving will depend on. The output wanted is a 

suitability map which shows suitable locations for future stores to collaborate with. This 

suitability map must be preceded with attribute maps for each variable. The data on which the 

attribute maps will depend on is closeness to commuter traffic, closeness to urbers and closeness 

to customers. To create respectively attribute map the user need to process the data. Figure 6 

shows the process to achieve the suitability map.   

 

 
Figure 6: Flow chart of the methodology of the thesis. 

 

4.1 Tools used  
 

4.1.1 ArcMap 
 

All processing of data was performed in the computer software ArcMap, developed by ESRI. 

This software, a Geographic Intelligence Technology program, has add-ons for the tools used 

in the following sector.  

 

4.1.2 Euclidean distance 
 

Euclidean distance is a useful tool to calculate the distance from a point from the surrounding 

area. The tool is applicable to raster data and the distance is in pixels. The distance is calculated 

on an input of source raster stating where the points from which the distance shall be calculated 

are located. The distance from one pixel to another is the straight line distance between the 

centres of each pixels, as shown in figure 7 (Esri 2017b). 
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Figure 7: How to calculate the Euclidean distance. 

  

 

4.1.3 Cost distance 
 

The Cost Distance tool is useful to determine paths with the least cost to reach a given point. It 

is similar to the Euclidean Distance tool, but calculates the shortest weighted distance instead 

of the actual distance. The cost input for the calculation is a cost map and can depend on 

different costs, for example economic or energy costs. 

 

To be able to get an output from the Cost Distance you also have to include a source input, 

including the points you want to calculate the cost distance between (Esri 2017c). 

 

4.1.4 Reclass tool  
 

The reclass tool offers a range of techniques allowing the users to reclassify values in the input 

data to an alternative value. This can be needed when new value information has occurred and 

the values quickly needs to be corrected. When the user needs to give the values an interval to 

have a better overview of the data on a map or when the user want to exclude specific values 

from their work it also is applicable (Esri 2017d). 

4.1.5 Raster calculator  
 

This tool gives the user opportunities to implement algebraic expressions and apply Spatial 

Analyst operators on inputs. For example the Raster Calculator is useful when implementing 

weightings in the process of adding data (Esri, 2017e). 

 

4.2 Processing of data 
 

4.2.1 Creating buffer from road network 
 

Since urbers only travel by foot or by bike a solution were to exclude the roads for cars, but 

after viewing this it was clear that the sidewalk also was excluded. This were solved by having 

the roads made for cars still in the data since the focus of this thesis is mostly in the city centre 

where most of the roads have an option to walk or ride a bike close to the road.  

 

The road network was for the whole of the Stockholm region, which made it necessary to 

exclude all areas outside Urb-it’s service area. To be able to find stores in the nearest distance 
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from the roads it was necessary to add a buffer zone on the roads. The buffering was done by 

using Euclidean distance resulting in a buffer zone with descending values according to the 

distance from the roads.  

 

The road raster data was narrow and not as wide as the real roads are. To give the roads a more 

trustworthy width and to reduce the risk that stores in the surrounding buildings are excluded 

the nearest approximately 50 meters from the roads are reclassified to the same value. The areas 

further away than the approximately 50 meters are given a much higher value since it is far less 

satisfying than the value for the distance 0-50 meters. The buffer was then considered as a cost 

map, on which the cost of travelling distances are far less costly along the roads than the area 

outside.  

  
4.2.2 Urb-it’s service area  
 

The service area is a constraint area which gives all pixels outside the area the value NoData. 

Existing and new collaborating stores are all therefore needed to be in the area to be potential 

for the Urb-it service at all. The service area was made according to the map from the app. The 

map of Urb-it did not exclude areas of water, even though it is not possible to do deliveries 

there. When the service area was made, these areas were excluded to get a reliable constraint 

of the service area, as shown in figure 8. 
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Figure 8: Map visualizing Urb-it’s service area. 

 

4.2.3 Density of customers 
 

The population data was collected in population per square of cell size 100 demarcated to the 

area of Urb-it’s service area. The population data was collected as vector data from SLU and 

was therefore converted to raster data depending on the value of the population per pixel. The 

population data was seen as a criterion, in company with others to give a suitability map inside 

the constrained service area of Urb-it. The raster data was normalized to values within 0-100 in 

order to use it as an attribute map when weighing as seen in figure 9. The highest value, 100, 

indicates the areas with highest density and it is beneficial to stay as close to these as possible. 

The areas where the value was NoData were given the value 0 since there in no restriction to 

only stay inside the populated areas. 
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Figure 9: Normalized map visualizing the potential customers in Stockholm. 

4.2.4 Distance to commuter traffic  
 

The commuter traffic data is a point layer on which all BRT and tram stops as well as all 

entrances to the metro and commuter trains are deployed. Due to the priorities on the commuter 

traffic; fast, efficient and with high frequency only the relevant points were included, such as 

all the metro entrances. The points for stops at the tram and the commuter train were included 

as well. For the bus stops only the BRT were used. The bus lines that are counted into the BRT 

are number 1, 2, 3, 4 and 50.  

  

The assumption that within the distance of approximately 500 meters from a station or entrance 

the collaborating stores should be located to make the Urb-it service as efficient and fast as it 

could be. The distance of 500 metres is calculated on the approximate speed of walking, which 

says one kilometre in ten minutes (iForm, 2015). 

  

With the Cost Distance tool the areas most beneficial for collaborating stores was calculated. 

The road cost map was used to calculate the approximate distance from the stations and 

entrances. This was done in raster and the output was according to parameters as distance from 
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the point in pixels. The output was a cost distance map on which the longest distance was 

approximately 500 meters. This map was normalized as well, giving the highest values closest 

to the stations the value 100 and this values is decreasing until approximately 500 meters from 

the stations, as visible in figure 10. The areas where the value was NoData were given the value 

0 since there in no restriction to only stay in the areas closest to the stations. 

 

 
Figure 10: Normalized map showing a 500 meters distance from stations. 

4.2.5 Distance from the urbers  
 

The assumption of where the urbers are during a working day is in the area of approximately 

2000 meters from the Urb-it office. The office location is close to the city centre and is located 

approximately 200 meters away from T-centralen where all metro lines and tram lines are 

connected. This assumption is built on the fact that there is room for the urbers to relax and 

await the next assignment. This was calculated by Cost Distance with the office in the centre 

and road cost map. The value descends according to the distance from the location of the office. 

This map was also normalized and the areas closest to the office are given the highest value 

100 and the value is decreasing until approximately 2000 meters away, as seen in figure 11. 
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The areas where the value was NoData were given the value 0 since there in no restriction to 

only stay close to the office.  

 

 
Figure 11: Normalized map showing a 2000 meter distance from Urb-it’s office. 

4.3 Weighting  
 

4.3.1 Swing Weight Technique 
 

An easy way for measuring the different weights is to let the user assign the relative weight on 

the values. The criteria are compared and the most important attribute map is given 100 in 

weight. The other criteria are compared to this value and if a map is given the weight 60, it is 

because the user thinks that it is 60% as important as the most important criterion. The different 
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weights are then normalized by dividing the single weight for an attribute map with the total 

value of all weights. 

 

This method is easy for the user since it is fast and does not need such deep understanding of 

the maps. But that is also it is weakness. This method is rarely used in larger GIS-based studies 

(Malczewski, J. 2000). 

 

In this thesis, the weights needed to be decided for the three attribute maps created; closeness 

to commuter traffic (𝑤1), data for customers (𝑤2) and the data for urbers (𝑤3). The most 

relevant data was for closeness to commuter traffic since this data is the most reliable and a 

store located close to a station with frequent traffic is highly relevant for a fast and efficient 

delivery. Therefore, this data was given the value 100.  

  

The data for customers were found to be 80% as important since this data is a slight assumption 

but still highly relevant. If the store is located close to the customer the urber will be able to 

fast go between the store and the customer. A problem with this data, making this less reliable 

than the data for commuter traffic, is that there were several high-density areas. Even if the 

customer is located in one of these areas it might be the area closest to the store from which the 

product was ordered. Therefore, the data were given value 80.  

  

The final attribute map containing the urbers locations were found to be 50% as important as 

the data for commuter traffic. This is since there is an assumption that the office is where the 

urbers will be located. It is also decided that it is better for a store to be located close to 

commuter traffic and near the customers for a smooth delivery. Therefore, the data are given 

the value 50.  

                                                         

All the chosen weights were normalized and the final weights given to the final suitability map 

are shown below. 

 

𝑤1 =  
100

(100 + 80 + 50)
≈ 0.4348 

𝑤2 =  
80

(100 + 80 + 50)
≈ 0.3478 

𝑤3 =  
50

(100 + 80 + 50)
≈ 0.2174 

 

 

4.3.2 Analytic Hierarchy Process pairwise comparison  
 

The AHP, Analytic Hierarchy Process, was introduced by Thomas Saaty 1980 and is a 

mathematical method that is popular when analysing and is an effective tool for many types of 

analyses. The decision of weights is reduced into a series of pairwise comparisons and therefore 

captures both subjective and objective aspects of the decision (Mocenni, C. 2017). 

 

To compute these weights a pairwise comparison matrix is made. The matric is an 𝑚 ∗ 𝑚 matrix 

where 𝑚 is the number of criteria to evaluate. All the entries in the matrix 𝑎𝑗𝑘 is given a value 

that represents the importance of the criterion 𝑗 compared to the criterion 𝑘. The value could be 

given between 1-9 according to table 2. The entries are satisfying the condition 𝑎𝑗𝑘 ∗ 𝑎𝑘𝑗 = 1.  
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Table 2: Description of values given in AHP. 

Value of 

𝒂𝒋𝒌 

Definition 

1 𝑗 and 𝑘 are equally important. 

3 𝑗 is slightly more important than 𝑘. 

5 𝑗 is more important than 𝑘. 

7 𝑗 is strongly more important than 𝑘. 

9 𝑗 is absolutely more important than 𝑘. 

 

The matrix is then normalized in order to make all the columns sum up to 1 by summing the 

values in the column and dividing all the values with this sum. The weight for each criterion is 

then received by summing each row and multiplying these with 
1

𝑚
.  

 

When dealing with a pairwise comparison it is common with inconsistencies. For example, 

saying that criterion one is more important than two, two is more important than three and three 

is more important than one. This will provide us with an inconsistent result. The AHP luckily 

have an easy way to check the constancy. A Consistency Index (CI) can be calculated by 𝐶𝐼 =

 
𝑥−𝑚

𝑚−1
 where x is the largest eigenvector for the matrix.  

 

The CI is divided with a Random Index (RI) which value is given from a table. The weighing 

is tolerable if 
𝐶𝐼

𝑅𝐼
< 0.1.  

 

The weight in AHP is chosen out of a pairwise comparison matrix where the three different 

attribute maps are closeness to commuter traffic (𝐴1), the data for customers (𝐴2) and the data 

for urbers (𝐴3). These attribute maps are then compared to each other and given relative values 

shown in a matrix below. 

 

𝑀 =

 𝐴1 𝐴2 𝐴3

𝐴1

𝐴2

𝐴3

[
1 2 4

1/2 1 4
1/4 1/4 1

]
 

 

When comparing the attribute map containing commuter traffic to the map containing the 

customers the commuter traffic were given the value 2 since it is found to be slightly more 

important than the customers due to the issues with the reliability in the customer data. At the 

same way both commuter traffic and customers are given the value 4 since both is said to be 

more important than the urber data. This is since the urber data is not as reliable, as discussed 

when making the weight using Swing Weights Technique.  

  

After the columns are normalized and the rows summoned the result with the weights are shown 

in the column vector below. 
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𝑤 ≈ [
0.547
0.345
0.109

] 

 

These weights have the Consistency Index 𝐶𝐼 = 0.056 and since it is less than the approved 

value 0.1 it is an approved weighting.  
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5 Result  
 

5.1 Swing Weight Technique 
 

In the Swing Weight Technique, the weight gotten were that the criterion for closeness to 

commuter traffic were the most important, followed by closeness to customers and closeness 

to urbers. The result was combined using the tool Raster Calculator. 

 

5.1.1 Result  
 

The result after combining the three maps with their criteria are shown in figure 12. In this map 

the study area were also taken into consideration and the analysis were only done in the study 

area.  

 
Figure 12: Map showing Stockholm City after the suitability analysis were made with SWT weighting. 
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The pixels have values from 0 to 100. In figure 12 the brighter pixels have higher values than 

the dark pixels and is therefore more suitable locations for collaborating stores in Stockholm. 

The areas close to all the stations have high pixel values. This result was expected since the 

attribute map containing the stations were given the largest weight.  

 

Larger areas closer to the city centre also have high pixel values. In all attributes map, the city 

centre was given the high values since there are many stations there, most customers are there 

and Urb-it’s office is located near the city centre.  

 

5.1.2 Application  
 

A typical application for this type of analysis could be if Urb-it are contacted by Company X 

that wants to collaborate with Urb-it. Company X has three stores in Stockholm and wants Urb-

it to choose which of these three stores that they want to have as collaborating store. The stores 

are located on Dalagatan 29, Högbergsgatan 66 and on Fridhemsgatan 58. To see what store 

that fits Urb-it’s delivery the best they can plot these locations in the suitability map made and 

see what value this pixel is given, as shown in figure 13.  
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Figure 13: Map showing the three suggested locations for a store with their pixel value. 

The three stores have gotten three completely different values compared to where on the map 

they are located. Since the pixels has values from 0 to 100, the highest value is the best. The 

best location for Company X is Fridhemsgatan 58, according to this analysis, since that location 

received almost 50 as pixel value. This is probably due to this locations closeness to commuter 

traffic since the metro is close, as well as BRT. The area is also a high dense area.  

 

5.2 Analytic Hierarchy Process  
 

In this weighting the order for most important criterion is the same as in the Swing Weight 

Technique, but the weights given are not the same. This result was also made using Raster 

Calculator. 

 

5.2.1 Result 
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After combining the three maps with the weights the result are shown in figure 14. In this map 

the service area were taken into consideration and excluding all areas outside. 

 

 
Figure 14: Map showing Stockholm City after the suitability analysis were made with AHP weighting. 

In this map once again the highest values show the most suitable locations. The commuter 

traffic has in this map the brightest pixels and therefore locations close to the stations are 

suitable location for future collaborating stores. The values close to the city centre has high 

values in this analysis as well. A difference in the two different analyses is that in map made 

using SWT weighting there is a larger area in the city centre with higher values. That can easily 

be explained by the difference in how the AHP gave a much larger weight to the commuter 

traffic, resulting in the other criteria less importance. 
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5.2.2 Application  
 

The application was the same as for the Swing Weight Technique; finding which of Company 

X’s stores are the most suitable for Urb-it to collaborate with. The same three addresses that 

were used in the SWT weighing were used in this as well.  

  

 
Figure 15: Map showing the three suggested locations for a store with their pixel value. 

In this analysis once again three different pixel values were presented. The location with the 

highest value indicates the most suitable location and the result are that Fridhemsgatan 58 is 

the most suitable location out of Company X’s three stores. 

 

5.3 Comparison  
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Figure 16: The two suitability maps created. 

 
Table 3: Table showing the different weight given by the two weighting methods. 

 
Swing weight technique Analytic hierarchy process 

Commuter traffic 43.5% 54.7% 

Customer 34.8% 34.5% 

Urber 21.7% 10.9% 
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Table 4: Table showing pixel values for each location. 

 
Swing weight technique Analytic hierarchy process 

Fridhemsgatan 58 49.9 61.1 

Dalagatan 29 24.7 29.4 

Högbergsgatan 66 5.0 5.0 

 

In both techniques, the highest weight was given to the criterion to be close to the commuter 

traffic followed by the closeness to customers and the least weight were given to the criteria to 

be close to the urbers. The weight given to the customer data were almost the same in both 

techniques, the larger difference is in the AHP the commuter traffic was given a larger weight. 

That is reflected in the suitability given to Fridhemsgatan 58. This location is the one closest to 

commuter traffic since there is both a metro real close, and a bus station just nearby. Therefore, 

it is more suitable after the AHP weighting since it gave a larger importance to the closeness to 

commuter traffic.  

  

The result from the two analysis are both that the store on Fridhemsgatan 58 are the most 

suitable location out of Company X’s stored. In both analyses Dalagatan 29 are the second most 

suitable and Högbergsgatan 66 the least suitable. 
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6 Discussion  
 

The discussion part will be structured according to this process chart: 

       -       General problems and thoughts of the study 

       -       Separately discussion about the different parts of the study 

       -       General discussion on the results 

 

The thesis has been built on a range of data from different sources. Some are more updated and 

has larger reliability than others. The oldest data, containing the commuter traffic, is from 2011 

and can therefore contain errors and may miss stations built after this or may contain errors in 

where the bus lines are if their routes has been changes. If the data would have been newer and 

more updated, we would have reached a higher reliability.  

  

The attribute maps were built on some assumptions due to lack of data. Since Urb-it is a start-

up company and the fact that Urb-it can’t provide us data of where the customers or the urbers 

are. The issue of getting relevant data about the customers position and time of purchases from 

Urb-it made the work a lot more difficult. 

 

The weighting is a potential error source. The weighting should be as objective as possible to 

give a reliable result. None of the ways of weighting we have used in this thesis is objective 

enough and are instead more subjective. The SWT is very subjective and does not need the 

decision maker to have any knowledge in the data or the process being done. There is no way 

to check the reliability of the result and everyone, even users with high knowledge in the area 

and the data, would give the different maps different weightings. One advantages with this 

weighting technique is how little knowledge the user needs before making the analysis. This 

will make this kind of analysis available for many users.  

  

The AHP is also a subjective type of weighting, but it is more objective than the SWT since 

this a series of pairwise comparisons making the user must be more consistent in the weighting. 

There is also the consistency ratio making sure the user is consistent in the comparisons. If there 

is lack of consistency the values given can be changed until it reaches a valid consistency ratio 

value. This type of analysis demands a little more knowledge from the user. This analysis is 

often used in larger suitability analyses and has been spread widely.  

  

The final map is very dependent on the weights given and therefore it is important we have 

knowledge in the area and knows what Urb-it needs for deciding the stores. Today Urb-it does 

not have any larger strategy for deciding a store, other than it needs to be close to commuter 

traffic and have a good product selection. The criteria to be close to urbers and customers were 

decided by us after knowledge in how a delivery is done and what factors could make the 

delivery faster. In the future, when Urb-it expands, many stores may contact Urb-it about 

wanting to collaborate with them. In that case a suitability map similar to the maps made in this 

thesis may be useful. All of the stores could be placed on the map and the suitability value 

given. 

 

When looking at the road data we tried to extract only the roads on which a pedestrian can walk 

on. We were unable to do this since the sidewalks on the car roads were not included so 

therefore a map only containing the pedestrian streets did not contain many roads and therefore 

if could not give the rightful picture. The road data did not contain walking possibilities either, 

which we were able to see when we looked at the stations compared to the roads. Some stations 

did not have a road close to it and that created an error when we made the attribute map showing 
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the walking distance 500 meter from the stations. The problem was solved by comparing our 

received road data with a satellite map and adding a few roads to connect the station with the 

roads given in the data. That might have caused errors in the analysis and more correct road 

data would have given higher reliability. 

  

6.1 Closeness to customers 
  

The data for closeness to customers were built on assumptions as well and the data contained 

all of the population in Stockholm divided into cells with the cell size 100. The data were only 

marked on the locations where people live and therefore there are no cells at locations like 

nature reserves. If we would have been able to find data with more parameters like the median 

income of the district's population or the age of the usual Urb-it customer this could have been 

taken into account when making the customer data. The customers can also use Urb-it to their 

offices or other locations in which they are located during the day. Data containing offices or 

where people work or large business areas could give a better indication on where the customers 

are.   

  

6.2 Closeness to urbers 
  

The urbers are mostly students and they have large variety in their schedules making it very 

hard to know where they are when they are working, an issue we brought up earlier in this 

thesis. This is therefore the largest assumption made in the thesis which gives the resulting map 

a not as reliable result. If we were provided with earlier data on where orders are claimed, or 

where most of the urbers lives or have their main occupation a more reliable map can be made.  

 

6.3 Closeness to commuter traffic 
 

The data for all metro entrances, tram and commuter train stations and all bus stops were from 

a reliable source and contained a lot of information on which line the stop were made for and 

what kind of commuter traffic that is using this the station. 

    

The choice of commuter traffic in our study relied on the frequency of departures and on time 

efficiency. We therefore chose to use the metro, commuter train, tram network and the most 

frequent buses, the BRT. If we would have been including the rest of the bus network we might 

have gotten a different result, but there would have been an error since the result then would 

have been depending on buses not having the frequency Urb-it needs to deliver their service as 

fast as possible. 

 

One error on which we think the result will change on is the value nearby commuter nodes. For 

example, the metro station of Stadion and the commuter node of Odenplan is having the same 

value at their maximum. This is not true. The commuter node of Odenplan has traffic with both 

metro and three of five BRT bus lines. I the future it will also be connected with the commuter 

train. If the weighting on these parameters was included the result of the optimal store to 

collaborate with in the result might have changed. 

  

6.4 The results 
  

The output in this thesis were two different suitability maps showing Urb-it’s service area and 

the suitability on all the locations within this area. The maps were made subjectively and the 



 38 

weights were decided by us after insight in Urb-it’s process of delivering products. The two 

maps ended up with very similar result as each other with the largest difference being that AHP 

gave a larger importance to commuter traffic than what the SWT ended up giving. SWT instead 

gave larger importance to the Urb-it office, which is visible in the two maps, that the area in the 

centre has a better suitability in the SWT than the AHP weighting.  

  

Even though the same person was making the decisions in the both weighting methods, the 

result was not the same. This gives an indication on how important the weighting is and how 

much the result is depending on it. It is hard for us to decide which of these techniques is the 

best one, to make this decision we would have to somehow analyse deliveries made in 

Stockholm using Urb-it and compare them and look at the different values given in the two 

suitability maps.  
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7 Conclusion and further studies 
 

7.1 Conclusion 
 

The thesis has been done in several steps and we would like to summarize our thought and 

conclusions on the results of the study and the discussion. 

  

The content of the results is that the use of Suitability Analysis for companies in their processes 

of expansion and development is useful. Even though our study includes error sources we would 

suggest companies which yields depends on geographic aspects to use the suitability analysis 

to find the optimal locations for their service. 

  

The key to a reliable and useful Suitability Analysis is a great load of credible data. That type 

of data would decrease the needs of assumptions and would reduce the risk of error sources.  

 

7.2 Further studies  
 

The result in this study is a map with potential for companies like Urb-it to analyse where to 

have collaborating stores. The map has potential of improvement since some of the data found 

were assumptions. If there were more data of where urbers are located when the orders are 

being claimed, a more accurate attribute map could be made. Also, if the data locating the 

customer were more detailed a better result could have been found. The weighting could once 

again be done and a new final map produced. Other criteria that affects the choice in where 

collaborating stores should be located could be easily be made as other attribute maps in the 

future. 

  

Another application for map could be if data for all the stores in Stockholm were found these 

points could all be compared on the suitability map and given values indicating its suitability. 

When all stores in Stockholm have given values, the highest value could be found and Urb-it 

could contact them for collaboration. 

  

For Urb-it’s other stores in London and Paris, or when they open offices in other cities, the 

same type of analysis could be done and Suitability Analysis for those stores could be analysed 

in the same way. 

 

To give the suitability map a more trustworthy result there would be good to divide the different 

kind of roads, e.g. bicycle lanes, walking paths, car roads etc. This could have given us a better 

overlook and also giving us the possibility to integrate travelling by bike in our thesis.  

 

A further study would also be to include all bus lines inside the city centre. This due to the fact 

that some other buses are having the same or nearly the same frequency as the BRT buses. 

  

The weighting is a critical point in these types of analysis and is therefore an important step 

that could use further studies. The goal would be an objective way of weighting, that could 

eliminate the human error. There are other ways of weighting the attribute maps that’s not 
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brought up in this thesis. Finding the optimal weighting technique for these types of analysis 

would be an important task for the future. 
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Figure 8: Esri (2017): Understanding Euclidean distance analysis 
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euclidean-distance-analysis.htm). 
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