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Abstract 

 
In the real estate business it is common to assume that the value and potential of a property is 
fundamentally determined by its location. Certain sites are attractive because they may have a 
beautiful view, shore and forests in the vicinity, good rail and road connections without noise 
and all kind of public and private services. Corporate Property Evaluation has generally 
focused on financial methods that analyse how site-specific variables will influence potential 
costs and revenues from the site; unfortunately these methods sometimes do not take in 
account all the possible considerations for the site. This project studies the importance of 
spatial factors in real estate appraisal and evaluates which of them affect the value of the 
properties. The result could be useful to evaluate, for example, for geographical expansion 
strategies. The study is carried out using Geographical Information Systems, which are 
computer systems capable of storing, displaying and analysing geographical information. This 
study is performed for the Stockholm’s municipality located in Sweden. 
 
In a Multi Criteria Evaluation the attempt is to combine a set of factors and criteria to come 
up with a basis for a decision according to a particular objective. In this project the objective 
is to find out which factors cause a higher price in properties. We know which properties have 
elevated price but we don’t know the factors that affect it. For this reason, the thought is to 
perform a MCE analysis approach a large number of times with different combinations of 
data, criteria and weights in order to search for a combination that gives a result that fits the 
known prices. This method can be seen as a Data Mining approach. Data Mining is a 
technique for distilling data and to find useful information. 
 
The results are based on the output obtained by the Data Mining technique and are displayed 
both visually and in an Excel table. By visualising the results in maps it has been possible to 
compare them with original data, finding out that factors like the proximity to water and the 
number of foreign people living in an area affect the value of the land. Several factors have 
been included in the analysis, being the most important the quality of the environment, the 
social standing of the population and the public transportation facilities. Although the results 
are quite reasonable, this analysis could be more accurate by testing more combinations of 
data and weights. 
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1. Introduction 

1.1 Thesis background 

1.1.1 Real Estate Evaluation 
“Site evaluation” is often defined as the measurement of the relative quality of a parcel of real 
estate compared to other pieces of real estate. The process of site evaluation includes 
identifying trade areas, analyzing demographics and distinguishing convenience locations for 
new constructions. Site quality evaluation considers demographics, site features (such as 
visibility and access) and competition. This can be very useful to estimate how successful a 
site will be. An appraisal is an opinion of a property’s value determined by someone qualified 
to estimate the value of real property. These appraisers are members of organizations that hold 
rigorous standards and follow the current market information in the determination of real 
estate prices. Appraisals are performed for example, to determine a reasonable offering price 
in a sale, for state taxes purposes or for insurances.  
 
Real estate evaluation is of great importance and interest to many socio-economic agents, 
including property buyers and sellers, municipalities (tax purposes), financial institutions 
(loan policies) and estate brokerage firms. All of these agents want to have a realistic 
description of the real estate market behavior in order to make right decisions. This thesis 
presents an estimation model that can be used to identify the sites that have high economic 
value according to its environment. The model is based on certain observable real estate 
market data. The parameters that describe the behavior of the real estate market are estimated 
through mathematical programming tools within a multiple criteria analysis context 
(explained in chapter 4.1). This method is tested using the data of Stockholm municipality. 
 

1.1.2 GIS & MCE 
GIS is an acronym for Geographic Information System. GIS can be defined as a collection of 
computer hardware and software that allows linking information (attributes) to spatial 
referenced data (location). For example, it allows to link people to addresses or buildings to 
parcels, and visualising it on a map. The most basic advantage of a GIS for this study is to be 
able to position properties on a map. It is possible to visualise easily, for example, green 
areas, water areas and public transport facilities providing in this way a better description of 
the urban habitat quality. The more data we visualise the more description of the environment 
we will have. Visualisations of the data used in this analysis are shown in chapter 3. 
 
Once we have loaded the data in a GIS we can perform spatial analysis of the data. There are 
many methods of analysis but one of the most known is MCE (Multi Criteria Evaluation), 
Malczewski (1999). With this method a set of criteria are combined to come up with a 
decision of a problem, for this reason MCE can be seen as a form of decision analysis. This 
thesis is based on a MCE because different criteria are used to analyse the variation of real 
estate prices in different areas. Chapter 4.1 gives a deeper explanation of the MCE process. 
 

1.1.3 Data Mining 
Computer systems and scientific data collection methods have developed rapidly, for this 
reason the amount of data in databases is growing continuously and is difficult to manage 
manually. In the daily life we make computerized queries in large data sets almost everyday, 
for example, to find the location of a particular kind of restaurant in a city. Therefore, the 
development of new techniques to transform data into useful information has increased. The 
process of analysis of data and extraction of interesting patterns and knowledge is called Data 
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Mining. While a lot of research has been conducted on the field of relational databases 
(Taylor and Francis (2001)) only a few studies deal with knowledge discovery in spatial 
databases. Spatial Data Mining can be used for example, in environmental studies, geo-
marketing or traffic control. 
 

 

Data Mining can also be used to find the 
factors that influence the price of properties. 
We have a dataset with prices of properties 
and spatial information of an area such as 
environmental and social data, but we don’t 
know the reasons that cause changes on the 
price. “Why is the value of this property 
higher than the value of the property over 
there?” of course we can guess but why not 
give a scientific explanation?  
 

           Figure 1: Data Mining process1 
 
Figure 1 shows the phases of the data mining process from the initial data to the interpretation 
of the results. 
 
This thesis will study the reasons that cause difference in price of different properties using a 
Data Mining approach. Since the dataset involves both statistic and spatial data, the 
possibility of visualisation of it is a big advantage; this is one of the reasons of integrating a 
Geographic Information System with a Data Mining approach.  
 

1.2 Research Objectives 
 
The aim of this study is to investigate how factors related to the location of a real estate 
property influence its price. The assumption is that they do affect the price, since it is not the 
same to live in a nice neighborhood with all the facilities or to live in a place far from the city 
with poor environment and lack of good public service. 
 
The objective of the thesis is to develop a method to find a combination of factors that cause 
the occurrence of certain phenomena. The method is going to be tested in real estate 
evaluation with data of the Stockholm’s real estate market to find which combination of 
geographical factors can explain better the difference in prices in different locations.  
 
 
 
 

 

 

                                                 
1 http://alg.ncsa.uiuc.edu/ 
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1.3 Thesis procedure 
 
The thesis can be divided into four phases, as shown in Figure 2 below.  
 
  

PHASE 1 
 

PHASE 2 PHASE 3 PHASE 4 

TA
SK

 

    

H
O

W
 Study of other works in 

this field, interview with 
a Real Estate analyst 

Search on different GIS 
data providers web 
pages, as well as 
contact with different 
Stockholm 
environmental 
organisations 

Perform a MCE 
analysis and create an 
algorithm for Data 
Mining 

Compare the result with 
real data (price of 
properties)  

G
O

A
L Understand how Real 

Estate world works and 
learn new methods of 
Data Mining 

Collect all the 
necessary data for the 
analysis with the best 
quality. 

A model capable of 
finding the best 
combination of factors 
that causes a 
phenomenon. 

A model that can be 
used for other people 
and gives reasonable 
results. 

Figure 2: Method followed in the thesis 
 
All the study has been conducted in the Sweco’s Position office located in Stockholm, 
Sweden. 
 

Literature review, 
study and analysis 

Data acquisition Implementation of 
the model 

Interpretation of the 
results 
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2. Research Context 
 
The pricing in Real Estate has been studied widely since the 80´s using a variety of methods. 
Some of the most known analysts are Hoag (1980), Miles (1990) and Meese and Wallace 
(1997). Their studies are based on Hedonic methods. “A Hedonic method is a regression 
technique used to estimate the prices of qualities or models that are not available on the 
market in particular periods. …It is based on the hypothesis that the prices of different models 
on sale on the market at the same time are functions of certain measurable characteristics 
such as size, weight, power, speed, etc and so regression methods can be used to estimate by 
how much the price varies in relation to each of the characteristics” (OECD Glossary of 
Statistical Terms).  
 
Multiple criteria analysis is a technique for evaluating a discrete set of alternative options 
against a set of multiple, and often conflicting, criteria. It allows decision makers to assign 
weights to the criteria, reflecting their relative importance.  
Stefan Hajkowicz performs a multi criteria evaluation to assess regional funding priorities in 
Queensland. He takes in account criteria such as agricultural profits, geographic extent, 
salinity areas or water use. James J.Hoffman, Marc J. Schniederjans and G. Stacy Sirmans 
present a model based in a multiple criteria evaluation analysis to provide managers with a 
more efficient method for property evaluation. They divide the Multi-Criteria process in two 
steps. The first one is to determine which external environmental factors a city should have to 
fit most advantageously with a corporation’s internal environment. The second step is to 
determine which attributes a future property within the city of study, should have to fit better 
with the corporation’s internal environment. This study is very complete, since it takes in 
account a great number of factors: economic, social, political, technical, physical and 
environmental. At the end, the result of the MCE is the property that offers the best 
environment for expansion. A multi-criteria evaluation approach is performed also in this 
project, taking the criteria shown in table 2 as basis to perform the analysis. The weights will 
be assigned according to the results of a regression analysis. 
 
A regression analysis models the relationship between the observed values and the predicted 
values. 
The observed values (‘x’ in figure 3) 
correspond to an observed 
phenomenon while the predicted 
values (‘y’) are analysed by the user 
to determine its relationship with the 
first ones. The mathematical model 
of their relationship is the regression 
equation:   y  =  bx + a . The goal of 
regression analysis is to determine 
the parameter’s values of a function 
that make the function fit best a set of 
provided data observations.  

Figure 3: Regression Analysis 
 
D. Dale-Johnson and W. Jan Brzeski (2001) use spatial regression analysis to estimate 
commercial land price gradients in the city of Cracow, Poland. The independent variables 
they use are distance from the city centre, area of the property and accessibility to 
infrastructures. They perform the analysis for different epochs in time. The conclusions are 
that the coefficients of the variables distance and area are quite stable and significant in all the 
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epochs while the access to infrastructure is just significant in the first two epochs (this can be 
due to the economic transformation of the area among the time). 
Din, Hoesli and Bender (2001) use also a linear regression model to measure environmental 
quality and to compare various real estate valuation models and the manner in which they 
take into account environmental variables. The result of their study indicates clearly that both 
internal characteristics of the properties (physical attributes like the size of the property) and 
the external environment (for example, proximity to recreation areas or polluted areas) 
influence the prices. Some of the most typically considered physical attributes are the number 
of rooms, the number of bathrooms, the construction quality, the condition of the building and 
the possibility of parking facilities. Environmental factors such as, proximity to public 
transports, nice neighbourhood and good services are often divided in two parameters 
referring to the quality of the neighbourhood and the quality of the location, and have been 
measured by ordinal variables. 
 
In this thesis a regression analysis is performed in order to discriminate these factors that have 
low influence in the real estate prices and continue the study with the variables that really 
affect the price. The variables taken in account are based on the studies above and are 
described in chapter 3. 
 
McGreal, Adair, McBurney and Patterson (1998) predict residential values using artificial 
neural networks. Artificial Neural Networks (ANN) represent a relatively new approach to 
non-parametric and non-linear statistical modelling which has already been applied in a 
number of financial applications. The concept of neural networks has its roots in 
neuroscience. This method can be described as a model that can learn patterns in data, 
imitating the action of the human brain. When the data is integrated in the program, the 
program learns by example from the patterns that founds on it and can use these patterns to 
forecast the outcome of new events.  
 

 

 
 
The network is composed of a large number of 
highly interconnected processing elements 
(neurones) working in parallel to solve a specific 
problem. In figure 4, blue circles represent the 
neurones while white circles are the patterns that 
the program has discovered in the learning 
process. 
 

Figure 4: Artificial Neural Networks 
 
Both regression techniques and ANN have been used to analyse the impact of different factors 
on Real Estate prices. 
 
This master thesis combines both regression analysis and multiple criteria evaluation using a 
data mining approach, in order to try to evaluate real estate prices in a different way than the 
previous studies explained before. 
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3 Study Area and Data Description 
 
The analysis is performed for Stockholm’s municipality. Figure 5 shows the eighteen 
different city districts. 
 

 

 
 

Stockholm is centrally situated in 
Northern Europe and is the 
capital of Sweden. With an area 
of 184 km2, the city is built on 14 
islands where the lake Mälaren 
opens up into the Baltic Sea. The 
city centre is virtually located on 
the water and it is famous for its 
beauty. It has a population of 
780.000 habitants. 

      Figure 5: Stockholm municipality and its districts 2 
 

Table 1: Average of the tax assessment values for each district 
 

District name 
Average tax 
assessment 

value 
Kista  1.3 
Rinkeby 1.18 
Spånga-Testa 1.2 
Hasselby-Vällingby 1.5 
Bromma 2.7 
Östermalm 3.5 
Norrmalm 2.8 
Kungsholmen 2.7 
Katarina- Sofia 4.3 
Maria Gamla Stan 4.3 
Liljeholmen 1.83 
Hägersten 1.6 
Skärholmen 1.25 
Älvsjö 1.45 
Enskede-Årsta 2.64 
Farsta 1.5 
Skärpnäck 1.9  

                                                 
2 http://www.stockholmsstad.se 
3 There is a small area in Liljeholmen that has value of 8, probably because of its nice location close to the water 
4 There are some areas that have a value of 2.8 due to their proximity to a natural reserve. 
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The values represent the taxation value for the average property with a house of 125 squared 
meters and fixed prices of 1986 (values per square meter in thousand crowns). The taxation 
value should equal 75% of the actual market value of the property and is recalculated each 
year by the taxation agency. The recalculation is done by collecting market data to see how 
much the prices have increased during the year. The increase is applied on a model 
recalculating the value of the property after its specific features, e.g. size, position etc.5 
 
The most frequently applied models in property valuation with hedonic methods, take in 
account two types of variables: internal or physical (house structure or quality) and external or 
locational. Because we are interested in the spatial factors that influence the price of the 
properties, we will consider data related to the location of the property. 
 
The data used in this study can be divided into five classes (as shown in table 2): accessibility, 
public transports, physical environment, social environment, neighbourhood quality and tax 
assessment. Each kind of data comes from different sources. 
 
All the data is geographically referenced to the Stockholm municipality (59.3o N, 18.06o E).  
 

Table 2: Data Study 
 
Class Type Format Date Figure Source 
 
Accessibility 

 
Roads Vector: Line 2003 6 Länsstyrelserna 

 Railway Vector: Line 2003 7 www.gis.lst.se 
 
 

 
Subway stations Vector: Point 2006 9 Created by myself6 

 Bus stations Vector: Point 2006 9  
 
Physical 
environment 

 
Green Areas (parks, 
recreation sites, 
forest.) 

Vector: Polygon 2003 

10 

Länsstyrelserna 

 Water Vector: Polygon 2003 11  
 Airport Vector: Polygon 2003 8  
 Polluted Areas Vector: Point 2003 12  
 
Social 
environment 

 
Number of People 
with foreign 
background 

Vector: Polygon 2005 

13 
Statistics of Sweden 
 www.scb.se 

 Crime Vector: Polygon 2005 14  
 Income Vector: Polygon 2004 15  
 
Neighbourhood 
quality 
 

 
Distance to centre 

 
Vector: Polygon 

 
2006 

 
16 

 
Created by myself7 

 
Tax assessment 

 
Estimation of the 
properties value for 
taxation purpose  

 
Vector: Polygon 

 
2006 

 
17 

 
Swedish National Land 
Survey 
www.lantmateriet.se 
 

 
The input data are different layers in vector format. Vector data type uses geometries such as 
points, lines or polygons to represent objects. An example is the factor subway stations, where 

                                                 
5 http://www.skatteverket.se 
6 With ArcMap it is possible to create new layers. I have created a shapefile of points and digitalized the bus and 
subway stations according to a map I had as background. 
7 This layer has been created by copying the Stockholm’s map in a new layer and assigning values of importance 
to each area according to the proximity of the areas to the city centre 
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the subway stations are represented as points. For a better understanding of how the data 
looks like see the following images. 

 

 
Figure 6: Layer major roads Figure 7: Layer railway and subway 

  
 

Figure 8: Layer airport 
 

Figure 9: Layer subway and bus stations 
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Figure 10: Layer green areas 
 

Figure 11: Layer water 

 

Figure 12: Layer points of pollution8 Figure 13: Layer people with foreign background9 
    

 

                                                 
8 For example, petrol stations or factories that produce air pollution. 
9 The values that appear on the legend represent the ratio between the number of people with foreign background 
and the total number of inhabitants of each area. 
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Figure 14: Layer crime10 
 

Figure 15: Layer average income11 

 
 

Figure 16: Layer distance to centre Figure 17: Layer tax assesment 

 

                                                 
10 The values on the legend represent the ratio between the number of crimes in each area and the total amount of 
crimes in the whole Stockholm’s municipality. 
11 The parameters on the legend represent the ratio between the income in each area and the total income in 
Stockholm’s municipality. 
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4 Methodology 
 
The different methods of property evaluation explained in chapter 2 can be related as follows: 
 

• They use the same criteria to define whether a site is more attractive to live in or not, 
according to its characteristics, neighbourhood, and services. 

• All the studies are performed with authentic real estate data, although there are 
performed in different parts of the world. 

 

4.1 Multi Criteria Evaluation 
 
A Multi Criteria Evaluation (MCE) is a method that combines a set of criteria to resolve 
decision problems. In this study a MCE has been performed to find the value of land in 
different areas. The MCE procedure can be described as shown in figure 18.  
 
 
 

 
Identify 

Objectives 
 

  
 

 

 
 
 
 

 
Weight Criteria 

 

 
Rank 

Alternatives 
 

 
Sensitivity 
Analysis  

 

 
  Make decision   
 

 
Identify 
Criteria 

 

  
 

 

 

  
Figure 18: Multi Criteria Evaluation process.   

 
 

 Step 1: The objective is what decision makers seek to achieve. 
 Step 2: Criteria is defined by the decision maker according to the objectives.  The 

criteria that is shown in table 2 is an example of what must be considered to reach a 
specific objective 

 Step 3: The criteria is usually not of equal importance. By assigning weights it is 
possible to make important criteria have a greater impact in the result than other 
criteria. 

 Step 4: It is important to study the different alternatives that can be performed and 
assess importance to them, in order to know the choices available. The decision maker 
will decide which to use. 

 Step 5: The weights can be varied to see how they impact the results and other 
alternatives can be tested. 

 
In this study the objective is to estimate property values. The criteria that have been taken in 
account in this study have been chosen according to the review of other MCE performed in 
the field of property valuation, see Din, Hoesli and Bender (2001). Assessing weights of 
importance to the criteria is a very important task because the value assigned to each criterion 
will show which criterion is more or less important. There are many alternative techniques for 
assigning weights to the criteria; the most extended and easy method is called the “Ranking 

1

2

3

4 5
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procedure”. It is one of the simplest methods and consists on ranking every criterion under 
consideration in the decision maker’s preference (the most important will have rank one, and 
the second most important two, and so on). Because we do not want to work with “subjective” 
weights, these will be obtained from the regression analysis. This step is explained later on in 
this report. (See chapter 4.2). The criteria that will be used in the analysis is shown in table 3 
while the method followed in the MCE is shown in figure 30. 
 

Table 3: Criteria Definition 
 

Criterion Definition Data 
Roads 
Railway 1. Distance to noise polluted 

areas 
Distance to polluted noise areas 
caused by the traffic. 

Airport 

2. Distance to public 
transportation 

Distance to stops for bus, railway 
and subway 

 
Train, railway and subway stations 

Green areas 3. Distance to nature Closeness to forest, open areas or 
lakes Water 

Crime 
Number of foreigners 
Income 4. Social standing of the area General living quality of the area 

Polluted areas 
5. Distance to city centre Distance to the “real” city centre Distance to centre 

 
Table 4: Input factors and its parameters 

 
Factors Criterion Possible values12 

Roads Closer -> High value From 0.3 to 3 
Green Areas Closer -> High value From 1.5 to 4 
Water Closer -> High value From 1.8 to 4 
Income High income -> High value From 0.5 to 3 
Train, railway and subway stations Closer -> High value From 0.5 to 4 
Distance to centre Closer -> High value From 0.5 to 4 
Crime High rate -> Low value From 0.5 to 4 
Number of foreigners High rate -> Low value From 0.5 to 4 
Airport Closer -> Low value From 0.5 to 1.80 
Railway Closer -> Low value From 0.5 to 3 
Polluted Areas Closer -> Low value From 0.5 to 2.6 

 
In this analysis each factor is represented by a raster file, the following images represent the 
factors above: 
 
 

                                                 
12 The scale of values goes from 0.3 to 4, where 4 means the highest value of the land and 0.3 the lowest. Note 
that the tax assessment values go from 0.3 to 8 but I have just considered the scale to 4 because there is just a 
very small area that has 8 value. 
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Figure 19: Factor airport 
 

 
Figure 20: Factor foreigners 

Figure 21: Factor green areas Figure 22: Factor income 
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Figure 23: Factor polluted areas 

 
Figure 24: Factor public transport stations 

Figure 25: Factor railway and subway13 Figure 26: Factor roads 
 

                                                 
13 The areas very closed to the railways and subways are considered not good because of the noise that the trains 
produce when they pass. 
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Figure 27: Factor water  

Figure 28: Factor crime 

Figure 29: Factor distance to centre 

 

 
Figures 19 to 29 correspond to the factors used for the analysis. These raster files are 
combined for the creation of other raster files; there are different ways and operations to do 
this. In this study a model has been build for this purpose with Model Builder14 (an 
application in ArcMap). The model created is shown below in figure 30.  
 
 

                                                 
14 This application allows constructing various types of spatial models. The models are represented as process 
flow diagrams; in this way one can modify, save and present the model to others. It is also possible to change the 
input data and run the model many times with different function parameters 
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Figure 30: MCE model 

 
The circles in blue (first circles on the left, into the triangle) represent input data and the green 
ones (circle into the square) are data that is created from the operations. The operations 
performed with the layers are in yellow (into the circle with continuous line) and are listed as 
follows: 
 

1. Feature to Raster: Converts a feature (data type vector) to raster format. Raster 
data type consists of rows and columns of cells where in each cell is stored a single 
value.  

2. Euclidean distance: Computes for each cell of the raster file the Euclidean distance 
to the closest source. This operation is used to calculate the distance to railway 
stations or water bodies. 

1 

2 

3 

4 

5 
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3. Extract by mask: Extracts the cells of a raster that correspond with the areas 
defined by a mask. Some layers cover a bigger extension than the area of study. To 
save space memory and time of execution of the model it is better to fix all the 
layers to the same extension with this operation. 

4. Reclassify: Changes the values in a raster. This operation is very important in the 
MCE analysis because the spatial factors in raster format must have the same scale 
of pixel values to be able to combine and compare them. This means that it is 
needed to reclassify them into a scale from 0.3 to 8, where a value of 8 means high 
land value. 

5. Single output map algebra: Runs a single expression build with the Map Algebra 
language. In this study the expression is a sum of the layers weighted by 
importance. Gives the result of the MCE. 

 
As one of the objectives of the project is to test different results of MCE, this model will be 
run until the operation 4. Once we have the layers created by this operation a regression 
analysis will be performed and a Data Mining algorithm will find the best combination of 
coefficients. After that, we will have all the data that we need to perform the operation 5 and 
obtain the final result. 
 

4.2 Regression Analysis 
 
Regression analysis establishes relationships between numerous input variables and presents 
these relationships normally as a series of numbers.  
 
The regression analysis performed in this study has two main components: 
 

 The dependent variable (value of the land): Is the phenomenon whose presence we 
want to predict and explain. 

 The independent variables (e.g. water, railway stations): They are the known attributes 
of the locations that influence the level or presence of the dependent variable. 
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Figure 31: Detail of the ASCII file used in Regression Analysis 
 
The regression function interpret the values of the first column as the dependent variable 
while the values of columns to the right from the fourth column are used as the independent 
variables. The regression command gives a report which values may have to be interpreted. 
See Figure 32 below. 
 
 
 

 
 
 

Figure 32: Regression function output (1st analysis) 
 
 
Each coefficient number represents the effect that the variable is having on the dependent 
variable. For example, the factor “number of foreigners” has an effect of 0.372 (see figure 32) 
on the land value variable. The size of the coefficient represents how much the independent 
variable influences the dependent variable, and the sign on the coefficient (positive or 
negative) gives the direction of the effect.15 In regression with multiple independent variables, 
the coefficient tells how much the dependent variable is expected to increase (if the 
coefficient is positive) or decrease (if the coefficient is negative) when a particular 
independent variable increases. 

                                                 
15 Wikipedia, the free encyclopedia 

Value x y aero foreign green income polut railway road water viol tbana 

1.1875 1618883.8986794 6592901.889998 1.8 0.5 4 1.5 2.6 0.5 0.5 1.8 MISSING 0.5 

1.1875 1618781.7996543 6592799.7909729 1.8 0.5 4 1.5 2.6 2.6 0.5 1.8 2 0.5 

1.1875 1618883.8986794 6592799.7909729 1.8 0.5 4 1.5 2.6 2.6 0.5 1.8 2 0.5 

1.1875 1618985.9977046 6592799.7909729 1.8 0.5 4 1.5 2.6 2.6 0.5 1.8 2 0.5 

1.1875 1618679.7006291 6592697.6919477 1.8 0.5 4 1.5 2.6 2.6 0.5 1.8 2 0.5 

1.1875 1618781.7996543 6592697.6919477 1.8 0.5 4 1.5 2.6 2.6 0.5 1.8 2 0.5 

It is the dependent 
variable 

Coordinates of 
the cells 

Cell’s value of 
the independent 
variables 

Independent 
variables  

Coefficients of the 
independent 
variables 

Root Mean 
Square Error 

 Airport…..1 
No. Foreigners......2 

Green areas.….3 
Income…..4 

Pollution…..5 
Railway…..6 

Roads…..7 
Water…..8 

Violence….9 
Public stations...10 

Factors 
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The regression analysis is used in this project to have a better understanding of which factors 
affect more the value of the land, as this is possible to deduce from the value of the 
coefficients, high values indicate high influence. This result will be used to choose weights in 
the final step of the Multi Criteria Analysis (Step 5, Single Output Map Algebra) and to 
discriminate from this analysis the factors: railway, roads and public stations because of its 
low coefficients. 
  
The Root Mean Square (RMS) error of an estimator is the expected value of the square of the 
error. The error is the amount by which the estimator differs from the quantity to be 
estimated. This difference occurs because of randomness or because the estimator doesn’t 
account for information that could produce a more accurate estimate. In this case study the 
RMS can be used to assess the accuracy of spatial analysis. The RMS obtained from the 
regression analysis (0.536) is quite good since the range of values of the input data goes from 
0.3 to 8. This means that the independent variables of the model can describe well the 
dependent variable (land value). 

A non-parametric test, like chi square, is a rough estimate of confidence; it accepts less 
accurate data as input than parametric tests (like t-tests and analysis of variance, for example) 
and therefore has less status in the pantheon of statistical tests. Nonetheless, its limitations are 
also its strengths; because chi square is more forgiving in the data it will accept, it can be used 
in a wide variety of research contexts.  

4.2. 1 Software environment 
 
This analysis is available in ArcGrid Workstation. ArcGrid is a module of ArcInfo 
Workstation that is very sophisticated and has a large set of tools and commands for spatial 
data input, management and analysis. 
 
To perform a linear regression in ArcGrid, the Regression command is used. This command 
requires an ASCII file containing the values of the dependent and independent variables for 
each known location. The content of this file is shown in figure 31. This file has been created 
with the Sample command. 
 

4.2. 2 Comparison between regression analysis and my method 
 
When performing a regression analysis the result gives the best combination of predicted 
factors that describe the observed value. According to this, in our case study the weights of 
the factors which describe better the land value would be directly the result of the regression 
analysis. In this analysis the attempt is to try a new method that combines regression analysis 
and a data mining approach. The reasons of varying the coefficients from the regression 
analysis result with an algorithm are: 
 

• To visualise on a map different results (different combinations of factors and weights) 
• To distinguish those factors which have high influence on the observed value and 

discriminate those that have less importance. 
• To start the iterations with a reasonable base weights values and vary them in a valid 

range. 
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4.3 Programming of the algorithm 
 
In order to find the best combination of coefficients that can describe better the price of 
properties an algorithm was programmed in Visual Basic16. The reason for choosing this 
programming language is because it is possible to implement from ArcGIS. Also it is, as well 
as Python17, one of the most used programming languages by GIS developers. This program 
will run a loop, taking as initial values weights calculated from the coefficients of the 
Regression Analysis and increasing and decreasing them inside a range previously defined. 
The result is an excel table where the values of the score function as well as the weights used 
in each iteration are stored. The smaller the value of the score function the more precise the 
value of weights is.  
 
Score Functions quantify how well a model fits a given data set. In this case, the score 
function will quantify how well the coefficients can explain the difference on the land value 
in diverse areas. This function is a very important part of this analysis because without it we 
would not be able to tell whether a combination of factors is better than another. There are 
different kinds of score functions that are used for this purpose but in this study the squared 
error score function is used: 

( ) ( )( )∑
=

−=
n

i

iyiyS
1

2ˆ  

 
Where we are predicting n “target” values ( )iy , ni ≤≤1 , and our predictions for each are 
denoted as ( )iŷ . 
 
All the process can be summed up as follows: 
 

1. Creation of a raster model where all the factors are represented by raster layers. 
2. Definition of each variable that is going to be used in the loop, as well as the 

coefficients from the regression analysis and the raster layers. 
3. Loop where is it possible to define how much the coefficients are going to be 

increased or decreased. 
a. Secondary loop where all the pixel values of each factor layer will be read and 

stored. After that, the score function will be computed. 
4.   Creation of the table where the score function and the coefficients values are stored. 

 
A second algorithm has been programmed to create automatically raster images from the 
better combination of factors obtained from the first algorithm. This is done to be able to 
compare visually the map with real values of the land and the maps with calculated values. 
This algorithm is based basically in the final step of the MCE18 where all the factors are 
combined together and weighted according to their importance.  
 
The code for both algorithms is available in the appendices of this report. 

                                                 
16 Visual Basic is a computer programming language in which the flow of the program is determined by user 
actions or messages from other programs 
17 Python is a dynamic objected-oriented programming language that can be used for many kinds of software 
development. 
18 Described in chapter 3.2 MultiCriteria Evaluation, top of the page 21 
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4 Results and Discussion  
 
To obtain the value of the land in different areas the tax assessment of small houses is used. 
The total value of a property will be then the division between the price of the land and the 
area, and the result will be a map that shows the value by square meter. (See figure 33) 
 
The results are based on the output obtained by the regression analysis and the algorithm 
programmed. The regression analysis, as stated in the Chapter 4.2, gives the coefficients of 
the independent variables. They show that some variables influence more the dependent 
variables than others. The data mining algorithm varies these coefficients and computes a 
score function which shows which is the best combination of coefficients that gives the best 
estimation of the original data (value of the land in different areas). 
 
In this study the whole process has been run twice, the first analysis was run with data from 
the whole Stockholm municipality and the second analysis with just some areas. Comparing 
both results will permit us to obtain a more accurately result. The reason is because the value 
of the land is taken from the price of small houses, and the majority of these houses are not 
placed in the centre of the city. 
 

 
 
The picture on the left shows the 
value of the land in the whole 
Stockholm city, this is the original 
data and dark colours represent 
high value. According to the map, 
the most expensive areas are in 
Östermalm, Normalm, 
Kungsholmen, Maria-Gamla Stan 
and Katarina-Sofia. (see Table 1) 
These areas are considered the 
most central and prestigious 
places to live because of the old 
buildings and the important 
institutions that are placed there. 
Furthermore, the lake Mälaren 
crosses over between them so they 
have also a nice environment. 
 

       
Figure 33: Real Value of the Land in Stockholm 
 
 
 
 
 
 
 
 
 



 29

4.1 First Analysis 
 
To decide the starting point of the weights a regression analysis was performed of the six 
most important independent factors. After that the weights are calculated from the 
coefficients. See results in Table 5. 
 

Table 5:Results of the regression analysis first analysis 
Factor Coefficient Weight 
Airport 0.105 0.0872 
Foreigners 0.372 0.309 
Green areas 0.104 0.0864 
Income 0.202 0.168 
Water 0.147 0.122 
Crime 0.274 0.228 
 
After running the model I analysed the 100 results with lowest score function. As can be seen 
in the list in appendix B the weights for the factors differ in some cases significantly between 
the solutions. To conclude which factors that have most influence on the value of the 
properties I analyse the 100 solutions numerically by ranking the factors after importance. I 
then calculate which factors turns out most important in most cases. According to this 
analysis (see Table 6) the factors green areas, number of foreigners and closeness to water are 
the most important, in the order mentioned.  
 

Table 6: Number of times factor has ended up in respective rank of importance for 
the 100 solutions with lowest score function. 

 
Rank Airport Foreigners Green area Income Water Crime 

1 0 38 19 21 0 21 
2 0 13 63 8 7 8 
3 0 4 17 4 68 6 
4 4 18 0 26 24 27 
5 32 16 0 28 0 23 
6 63 10 0 12 0 14 

 
 
To verify if the solutions corresponds to the original data in terms of predicting high prices in 
expensive parts of the city I analyse the solution raster maps visually. Two of the solution 
maps are presented here, (Figure 34 and 35). These maps have been created from the 
coefficients obtained from the programmed algorithm. They are listed below Table 7. 
 

Table 7: Coefficients of the factors from the 1st Analysis 
Factors Weight Value (figure 34)  Weight Value (figure 35) 
Airport 0.087 0.087 
Foreigners 0.509 0.509 
Green areas 0.496 0.496 
Income 0.768 -0.032 
Water -0.478 -0.478 
Crime -0.372 0.427 
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Figure 34: 1st analysis, case a 

 
 

 
Figure 35: 1st analysis, case b 
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The areas that are highlighted in green are the ones that fit with the original data. As it is 
possible to appreciate, figure 34 is more similar and accurate to figure 33 than figure 35. From 
table 7 we deduce that the four factors which have more influence in the land value are the 
income per habitant, the number of foreign people living in the area and proximity to green 
areas because they have high weight values. From figure 35 it is possible to deduce that the 
number of foreigners, the proximity to water and proximity to green areas have also 
significant influence.  
 
Figures 36 and 37 show the subtraction between the values from figure 33 and figures 34 and 
35. Lighter areas mean that the areas are coincident between both sources. In this case, the 
darker areas correspond to the city centre. The model explains better the value of the 
properties in suburb areas. This can have several explanations; one being the poor price data 
points in the city centres since few “small houses” exists there. 
 

 
Figure 36: 1st analysis, 1st subtraction  Figure 37: 1st analysis, 2nd subtraction 

 

4.2 Second Analysis 
 
In order to see how the model works on areas where the price data is better I tried it on the 
north-west region of Stockholm municipality where many small houses exists. I followed the 
same procedure as in the first analysis and studied the 100 solutions with lowest score 
function closer. In appendix C I present a list of these solutions. Analysing which factors that 
turned out most important in most cases it seems like foreigners, water and violence are the 
most important factors, in the order mentioned, (see table 8) 
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       Table 8: Number of times factor has ended up in respective rank of 
importance for the 100 solutions with lowest score function. 

 
Rank Airport Foreigners Income Water Crime 

1 0 48 19 11 22 
2 11 8 19 45 17 
3 39 9 13 26 13 
4 21 16 21 17 25 
5 29 19 28 1 23 

 
 
The images below show two different results from the Data Mining algorithm, they had the 
same value of the score function, among the lowest 100, but different combination of 
coefficients. 
 

 
Figure 38: 2nd analysis, case a 
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Figure 39: 2nd analysis, case b 

 

             Table 9: Coefficients of the factors from the 2nd Analysis 
Factors Weight Value (figure 38)  Weight Value (figure 39) 
Airport 0.676 -0.324 
Foreigners 0.896 -0.104 
Income 0.442 -0.242 
Water -0.569 0.430 
Crime -0.544 0.656 

 
The district where there are more small houses is Bromma. In Figure 38 this area fits quite 
good with the original value of the land. According to the results shown in table 9, the factors 
that influence more the land value in this image are the number of people with foreign 
background, the proximity to the airport, the proximity to water, the violence rate and finally 
the income per habitant. It is understandable that the factor of proximity to the airport is 
important in this result, because the airport is placed in Bromma. In the other hand, figure 39, 
shows as the first factor of influence the violence rate, followed by proximity to water, 
airport, income and foreigners. Figure 38 is more accurate than figure 39. Below, are Figures 
40 and 41 showing the subtractions between the result and the original data. The fit in this 
case seems to be quite good except for some smaller areas (in black below). 
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Figure 40: 2nd  analysis, 1st subtraction 
 
Figure 41: 2nd  analysis, 2nd subtraction 

 
 
At the beginning of this study a lot of spatial and social factors were taken in account (see 
Table 3). Factors, such as the popularity of the area, polluted areas, roads and public transport 
stations were eliminated from the investigation after the regression analysis because they had 
too little importance in the value of the land. The factors of crime rate, number of people with 
foreign background, airport area, income, proximity to green areas and proximity to water 
bodies have been integrated in the data mining algorithm.  
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4.3 Final Results 
 

The table below shows, for the 4 maps results of the 1st and 2nd analysis, the factors that are 
supposed to have a high influence in the value of the land and their order of importance. 

 
                                 Table 10: Final results 
 Analysis 1 Analysis 2 
Order of 
Importance 

Figure 34 Figure 355 Figure 38 Figure 39 

1 Income Income Foreigners Crime 
2 Foreigners Green Airport Water 
3 Green Water Water Airport 
4 Water Foreigners Crime Income 
5 Crime Crime Income Foreigners 
6 Airport Airport   
 
One proof that the results are reasonable is to look to the factor proximity to airport; this 
factor is important in the second analysis due to the fact that this analysis was performed for 
the areas closed to Bromma (where the airport is situated), but on the other side is not notable 
in the first analysis. 
 

4.4 Discussion 
 
There are some aspects that could be changed in this analysis: 
 

• Four factors can be considered in a different way. 
o  The factor “major roads” has been treated as good to be closed, but even in 

one hand is good to have good communications in the other hand can be seen 
as a disadvantage because of the huge pollution that the traffic causes, for 
example, acoustic contamination. 

o The factor “railway and subway” is considered as bad to be very closed but in 
fact the subway lines go under the surface so it do not affect. Instead of both 
railway and subway lines, just the railway lines should have been considered.  

o The factor “pollution” can be improved by including the refineries and the 
thermal power stations because they produce a lot of contamination, more than 
the petrol stations, but due to the fact that just free data sources have been used 
I was not able to find this information.  

o The factor “green areas” should include more detail information, such as, 
squares with vegetation, boulevards and public parks. 

 
• There is also an uncertainty in the model because of the municipality borders. For 

instance, properties close to green areas that belong to other municipalities can have 
higher value than predicted in the model because these natural areas have not been 
taken into concern.  

 
The fact that the analysis has been performed with the tax assessment values of just the 
average normal houses causes a distortion in the results because these houses are not common 
in the city centre (the majority of houses are apartments). A rectification model could 
diminish this problem. For example by adding a ratio to the tax assessment values: 
 
Ratio = (property area /property price) + district’s type of construction 
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4.5 Future Research 
 
Although the results of this study are reasonable, this analysis could be even more accurate if 
it would have been done more combinations of factors and weights, so, to those who want to 
continue studying this topic is advisable to run the algorithm more times. 
 
The quality of the source data can also improve the results very much. The data acquired for 
this analysis comes from different free sources that may not have the same quality as other 
data coming from non-free sources. Differences on time in the source data are also not 
desirable. 
 
This study has been done for Stockholm’s municipality but to obtain a more global result, it 
would be interesting to run the whole process in different cities in Sweden which have the 
same social and economic structure or in different countries and continents.  
 
This method is believed to be useful to help finding an explanation of how an occurrence, like 
the value of the land, can be affected by geographical factors. As stated earlier, to obtain more 
accurate results it is necessary to spend more time developing the model using also different 
factors and different kind of data.   
 

5. Conclusions 
 
The conclusions of the results can be summarized as follows. For Stockholm municipality, 
looking at the 100 best solutions, tells us that the 3 most important factors are green areas, 
number of foreigners and closeness to water, in order mentioned. But inspecting the rasters 
visually and choosing the best fit of the 100 solutions with lowest score function tells us that 
the factors influencing the price most are income, number of foreigners and green areas. To 
conclude which factors that are most important one has to inspect the solution maps visually 
in combination with studying the score function. Only relying on the lowest score function 
can give false conclusions. In this case the most important factors are income, numbers of 
foreigners and green areas. 
Comparing the results of this study with other investigations within this field it is possible to 
understand that a nice environment, with all the requisites that this involves, increases the 
value of the land. We all want to have a nice view from our property, good services, be 
located near the centre and have a nice neighbourhood with people with the same 
characteristics as us.  
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Appendices 

Appendix A 
 
- Algorithm Data Mining - 
 
'  + + + + + + + + + +  T H E S I S   M O D E L  + + + + + + + + + + + + + 
'  +                                                                                                                + 
'  +  Created by ALICIA PORCAR LAHOZ                                              + 
'  +  Date: December 2006                                                                           + 
'  +  Master Programme in Geodesy and Geoinformatics                            + 
'  +  Kungliga Tekniska Högskolan, Stockholm                                          + 
'  +                                                                                                                + 
'  + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 
 
 
 
Sub ModelThesis() 
 
 
'Delete the table and folders created in previous programs 
 
If Len(Dir("C:\Result_Table\Result_Table.dbf")) > 0 Then Kill ("C:\Result_Table\Result_Table.dbf") 
 
 
'Get the focused map from MapDocument 
 
Dim pMxDoc As IMxDocument 
Dim pMap As IMap 
Dim pActiveView As IActiveView 
 
Set pMxDoc = Application.Document 
Set pMap = pMxDoc.FocusMap 
Set pActiveView = pMap 
           
           
' Create a RasterModel object 
 
Dim pRasModel As IRasterModel 
Set pRasModel = New RasterModel 
 
 
'Set output workspace in the analysis environment 
 
Dim pEnv As IRasterAnalysisEnvironment 
Set pEnv = pRasModel 
' 
Dim pWS As IWorkspace 
Dim pWSF As IWorkspaceFactory 
Set pWSF = New RasterWorkspaceFactory 
Set pWS = pWSF.OpenFromFile("c:\Iteration", 0) 
Set pEnv.OutWorkspace = pWS 
 
 
'Create TABLE to store the results 
 
Dim RasTabFieldsEdit As IFieldsEdit 
Dim RasTabFieldEdit As IFieldEdit 
Dim RasTabWorkspaceFactory As IWorkspaceFactory 
Dim RasTabFeatureWorkspace As IFeatureWorkspace 
Dim RasTable As ITable 
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Dim RastabRow As IRow 
 
Set RasTabFieldsEdit = New Fields 
 
 
'define the table fields 
 
Set RasTabFieldEdit = New Field 
    With RasTabFieldEdit 
        .Name = "ObjectID" 
        .Type = esriFieldTypeOID 
    End With 
 
RasTabFieldsEdit.AddField RasTabFieldEdit 
 
Set RasTabFieldEdit = New Field 
    With RasTabFieldEdit 
        .Name = "Raster_Num" 
        .Type = esriFieldTypeInteger 
    End With 
 
RasTabFieldsEdit.AddField RasTabFieldEdit 
 
Set RasTabFieldEdit = New Field 
    With RasTabFieldEdit 
        .Name = "S_function" 
        .Type = esriFieldTypeDouble 
    End With 
     
RasTabFieldsEdit.AddField RasTabFieldEdit 
 
Set RasTabFieldEdit = New Field 
    With RasTabFieldEdit 
        .Name = "a" 
        .Type = esriFieldTypeDouble  'Double because the coefficients have many decimals 
    End With 
     
RasTabFieldsEdit.AddField RasTabFieldEdit 
 
Set RasTabFieldEdit = New Field 
    With RasTabFieldEdit 
        .Name = "b" 
        .Type = esriFieldTypeDouble 
    End With 
RasTabFieldsEdit.AddField RasTabFieldEdit 
 
Set RasTabFieldEdit = New Field 
    With RasTabFieldEdit 
        .Name = "c" 
        .Type = esriFieldTypeDouble 
    End With 
    RasTabFieldsEdit.AddField RasTabFieldEdit 
 
Set RasTabFieldEdit = New Field 
    With RasTabFieldEdit 
        .Name = "d" 
        .Type = esriFieldTypeDouble 
    End With 
RasTabFieldsEdit.AddField RasTabFieldEdit 
 
Set RasTabFieldEdit = New Field 
    With RasTabFieldEdit 
        .Name = "e" 
        .Type = esriFieldTypeDouble 
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    End With 
     
RasTabFieldsEdit.AddField RasTabFieldEdit 
 
Set RasTabFieldEdit = New Field 
    With RasTabFieldEdit 
        .Name = "f" 
        .Type = esriFieldTypeDouble 
    End With 
RasTabFieldsEdit.AddField RasTabFieldEdit 
         
Dim Result_Table As String 
        Result_Table = strGrid & "Result_Table" 
    Set RasTabWorkspaceFactory = New ShapefileWorkspaceFactory 
    Set RasTabFeatureWorkspace = RasTabWorkspaceFactory.OpenFromFile("C:\Result_Table", 0) 
    Set RasTable = RasTabFeatureWorkspace.CreateTable(Result_Table, RasTabFieldsEdit, Nothing, Nothing, 
"") 
 
 
' Weights calculated from the coefficients of the Regression Analysis 
 
Dim a As Double 
Dim b As Double 
Dim c As Double 
Dim d As Double 
Dim e As Double 
Dim f As Double 
Dim alow As Double 
Dim blow As Double 
Dim clow As Double 
Dim dlow As Double 
Dim elow As Double 
Dim flow As Double 
Dim iterations As Integer 
Dim step As Double 
 
a = 0.087209302 
b = 0.3089701 
c = 0.096378738 
d = 0.167774086 
e = 0.122093023 
f = 0.227574751 
 
 
' Loop variables 
 
ndown = 0.5 
nup = 0.5 
iterations = ndown + nup 
step = 0.1 
Dim raster_number As Integer 
 
alow = a - ndown * step 
blow = b - ndown * step 
clow = c - ndown * step 
dlow = d - ndown * step 
elow = e - ndown * step 
flow = f - ndown * step 
 
a = alow 
b = blow 
c = clow 
d = dlow 
e = elow 
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f = flow 
 
 
'######### loop ############## 
 
For i = 0 To iterations 
 
    a = alow + i * step 
 
    For j = 0 To iterations 
 
        b = blow + j * step 
 
        For k = 0 To iterations 
 
            c = clow + k * step 
 
            For l = 0 To iterations 
 
                d = dlow + l * step 
 
                For N = 0 To iterations 
 
                   e = elow + N * step 
 
                        For o = 0 To iterations 
 
                        f = flow + o * step 
 
 
'########## Summatory of the pixel values ##########3 
 
 
'##### Layer aero 
 
Dim pRWS2 As IRasterWorkspace 
Dim pWSF2 As IWorkspaceFactory 
Set pWSF2 = New RasterWorkspaceFactory 
Set pRWS2 = pWSF2.OpenFromFile("C:\WorkSpace\ArcInfoWork\", 0) 
 
' Open RasterDataset and get default raster 
Dim pRasterDS As IRasterDataset 
Set pRasterDS = pRWS2.OpenRasterDataset("aero_reg5") 
Dim pRaster_aero As IRaster 
Set pRaster_aero = pRasterDS.CreateDefaultRaster 
         
' Create an IrasterBandCollection to access the IRawPixel object 
Dim pRasterBC_aero As IRasterBandCollection 
Set pRasterBC_aero = pRaster_aero 
 
'to read the pixel data 
Dim pRaster_aeroRawPixels As IRawPixels 
Set pRaster_aeroRawPixels = pRasterBC_aero.Item(0) 
 
'create rasterprops to access the raster properties 
Dim pRaster_aeroProps As IRasterProps 
Set pRaster_aeroProps = pRaster_aero 
 
'create a point which determines the size for IPixelBlock 
Dim pRaster_aeroPNT As IPnt 
Set pRaster_aeroPNT = New DblPnt 
    pRaster_aeroPNT.SetCoords 1, 1 
 
'create the IPixelBlock 
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Dim pRaster_aeroPixelBlock As IPixelBlock 
Set pRaster_aeroPixelBlock = pRaster_aeroRawPixels.CreatePixelBlock(pRaster_aeroPNT) 
 
'create a point which holds the current position 
Dim readPNT As IPnt 
Set readPNT = New DblPnt 
 
'dim variables to create a for counter 
Dim lx As Long 
Dim ly As Long 
 
'calculates the cellsize of a raster 
Dim dXcellsize As Double 
Dim dYcellsize As Double 
    dXcellsize = pRaster_aeroProps.Extent.Width / pRaster_aeroProps.Width 
    dYcellsize = pRaster_aeroProps.Extent.Height / pRaster_aeroProps.Height 
 
'holds the calculated coordinates 
Dim dX As Double 
Dim dY As Double 
 
 
'##### Layer foreign 
 
Dim pRWS3 As IRasterWorkspace 
Dim pWSF3 As IWorkspaceFactory 
Set pWSF3 = New RasterWorkspaceFactory 
Set pRWS3 = pWSF3.OpenFromFile("C:\WorkSpace\ArcInfoWork\", 0) 
 
' Open RasterDataset and get default raster 
Dim pRasterDS3 As IRasterDataset 
Set pRasterDS3 = pRWS3.OpenRasterDataset("foreign_reg5") 
Dim pRaster_foreign As IRaster 
Set pRaster_foreign = pRasterDS3.CreateDefaultRaster 
         
' Create an IrasterBandCollection to access the IRawPixel object 
Dim pRasterBC_foreign As IRasterBandCollection 
Set pRasterBC_foreign = pRaster_foreign 
 
'to read the pixel data 
Dim pRaster_foreignRawPixels As IRawPixels 
Set pRaster_foreignRawPixels = pRasterBC_foreign.Item(0) 
 
'create rasterprops to access the raster properties 
Dim pRaster_foreignProps As IRasterProps 
Set pRaster_foreignProps = pRaster_foreign 
 
'create a point which determines the size for IPixelBlock 
Dim pRaster_foreignPNT As IPnt 
Set pRaster_foreignPNT = New DblPnt 
    pRaster_foreignPNT.SetCoords 1, 1 
 
'create the IPixelBlock 
Dim pRaster_foreignPixelBlock As IPixelBlock 
Set pRaster_foreignPixelBlock = pRaster_foreignRawPixels.CreatePixelBlock(pRaster_foreignPNT) 
 
'create a point which holds the current position 
Dim readPNT3 As IPnt 
Set readPNT3 = New DblPnt 
 
     
'##### Layer green 
Dim pRWS4 As IRasterWorkspace 
Dim pWSF4 As IWorkspaceFactory 
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Set pWSF4 = New RasterWorkspaceFactory 
Set pRWS4 = pWSF4.OpenFromFile("C:\WorkSpace\ArcInfoWork\", 0) 
 
' Open RasterDataset and get default raster 
Dim pRasterDS4 As IRasterDataset 
Set pRasterDS4 = pRWS4.OpenRasterDataset("green_reg5") 
Dim pRaster_green As IRaster 
Set pRaster_green = pRasterDS4.CreateDefaultRaster 
         
' Create an IrasterBandCollection to access the IRawPixel object 
Dim pRasterBC_green As IRasterBandCollection 
Set pRasterBC_green = pRaster_green 
 
'to read the pixel data 
Dim pRaster_greenRawPixels As IRawPixels 
Set pRaster_greenRawPixels = pRasterBC_green.Item(0) 
 
'create rasterprops to access the raster properties 
Dim pRaster_greenProps As IRasterProps 
Set pRaster_greenProps = pRaster_green 
 
'create a point which determines the size for IPixelBlock 
Dim pRaster_greenPNT As IPnt 
Set pRaster_greenPNT = New DblPnt 
    pRaster_greenPNT.SetCoords 1, 1 
 
'create the IPixelBlock 
Dim pRaster_greenPixelBlock As IPixelBlock 
Set pRaster_greenPixelBlock = pRaster_greenRawPixels.CreatePixelBlock(pRaster_greenPNT) 
 
'create a point which holds the current position 
Dim readPNT4 As IPnt 
Set readPNT4 = New DblPnt 
 
 
'##### Layer income 
 
Dim pRWS5 As IRasterWorkspace 
Dim pWSF5 As IWorkspaceFactory 
Set pWSF5 = New RasterWorkspaceFactory 
Set pRWS5 = pWSF5.OpenFromFile("C:\WorkSpace\ArcInfoWork\", 0) 
 
' Open RasterDataset and get default raster 
Dim pRasterDS5 As IRasterDataset 
Set pRasterDS5 = pRWS5.OpenRasterDataset("income_reg5") 
Dim pRaster_income As IRaster 
Set pRaster_income = pRasterDS5.CreateDefaultRaster 
         
' Create an IrasterBandCollection to access the IRawPixel object 
Dim pRasterBC_income As IRasterBandCollection 
Set pRasterBC_income = pRaster_income 
 
'to read the pixel data 
Dim pRaster_incomeRawPixels As IRawPixels 
Set pRaster_incomeRawPixels = pRasterBC_income.Item(0) 
 
'create rasterprops to access the raster properties 
Dim pRaster_incomeProps As IRasterProps 
Set pRaster_incomeProps = pRaster_income 
 
'create a point which determines the size for IPixelBlock 
Dim pRaster_incomePNT As IPnt 
Set pRaster_incomePNT = New DblPnt 
    pRaster_incomePNT.SetCoords 1, 1 
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'create the IPixelBlock 
Dim pRaster_incomePixelBlock As IPixelBlock 
Set pRaster_incomePixelBlock = pRaster_incomeRawPixels.CreatePixelBlock(pRaster_incomePNT) 
 
'create a point which holds the current position 
Dim readPNT5 As IPnt 
Set readPNT5 = New DblPnt 
 
 
'##### Layer water 
 
Dim pRWS6 As IRasterWorkspace 
Dim pWSF6 As IWorkspaceFactory 
Set pWSF6 = New RasterWorkspaceFactory 
Set pRWS6 = pWSF6.OpenFromFile("C:\WorkSpace\ArcInfoWork\", 0) 
 
' Open RasterDataset and get default raster 
Dim pRasterDS6 As IRasterDataset 
Set pRasterDS6 = pRWS6.OpenRasterDataset("water_reg5") 
Dim pRaster_water As IRaster 
Set pRaster_water = pRasterDS6.CreateDefaultRaster 
         
' Create an IrasterBandCollection to access the IRawPixel object 
Dim pRasterBC_water As IRasterBandCollection 
Set pRasterBC_water = pRaster_water 
 
'to read the pixel data 
Dim pRaster_waterRawPixels As IRawPixels 
Set pRaster_waterRawPixels = pRasterBC_water.Item(0) 
 
'create rasterprops to access the raster properties 
Dim pRaster_waterProps As IRasterProps 
Set pRaster_waterProps = pRaster_water 
 
'create a point which determines the size for IPixelBlock 
Dim pRaster_waterPNT As IPnt 
Set pRaster_waterPNT = New DblPnt 
    pRaster_waterPNT.SetCoords 1, 1 
 
'create the IPixelBlock 
Dim pRaster_waterPixelBlock As IPixelBlock 
Set pRaster_waterPixelBlock = pRaster_waterRawPixels.CreatePixelBlock(pRaster_waterPNT) 
 
'create a point which holds the current position 
Dim readPNT6 As IPnt 
Set readPNT6 = New DblPnt 
 
 
'##### Layer violence 
 
Dim pRWS7 As IRasterWorkspace 
Dim pWSF7 As IWorkspaceFactory 
Set pWSF7 = New RasterWorkspaceFactory 
Set pRWS7 = pWSF7.OpenFromFile("C:\WorkSpace\ArcInfoWork\", 0) 
 
' Open RasterDataset and get default raster 
Dim pRasterDS7 As IRasterDataset 
Set pRasterDS7 = pRWS7.OpenRasterDataset("viol_reg5") 
Dim pRaster_viol As IRaster 
Set pRaster_viol = pRasterDS7.CreateDefaultRaster 
         
' Create an IrasterBandCollection to access the IRawPixel object 
Dim pRasterBC_viol As IRasterBandCollection 
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Set pRasterBC_viol = pRaster_viol 
 
'to read the pixel data 
Dim pRaster_violRawPixels As IRawPixels 
Set pRaster_violRawPixels = pRasterBC_viol.Item(0) 
 
'create rasterprops to access the raster properties 
Dim pRaster_violProps As IRasterProps 
Set pRaster_violProps = pRaster_viol 
 
'create a point which determines the size for IPixelBlock 
Dim pRaster_violPNT As IPnt 
Set pRaster_violPNT = New DblPnt 
    pRaster_violPNT.SetCoords 1, 1 
 
'create the IPixelBlock 
Dim pRaster_violPixelBlock As IPixelBlock 
Set pRaster_violPixelBlock = pRaster_violRawPixels.CreatePixelBlock(pRaster_violPNT) 
 
'create a point which holds the current position 
Dim readPNT7 As IPnt 
Set readPNT7 = New DblPnt 
 
 
'##### Layer value 
 
Dim pRWS8 As IRasterWorkspace 
Dim pWSF8 As IWorkspaceFactory 
Set pWSF8 = New RasterWorkspaceFactory 
Set pRWS8 = pWSF8.OpenFromFile("C:\WorkSpace\ArcInfoWork\", 0) 
 
' Open RasterDataset and get default raster 
Dim pRasterDS8 As IRasterDataset 
Set pRasterDS8 = pRWS8.OpenRasterDataset("valsqm_raster") 
Dim pRaster_value As IRaster 
Set pRaster_value = pRasterDS8.CreateDefaultRaster 
         
' Create an IrasterBandCollection to access the IRawPixel object 
Dim pRasterBC_value As IRasterBandCollection 
Set pRasterBC_value = pRaster_value 
 
'to read the pixel data 
Dim pRaster_valueRawPixels As IRawPixels 
Set pRaster_valueRawPixels = pRasterBC_value.Item(0) 
 
'create rasterprops to access the raster properties 
Dim pRaster_valueProps As IRasterProps 
Set pRaster_valueProps = pRaster_value 
 
'create a point which determines the size for IPixelBlock 
Dim pRaster_valuePNT As IPnt 
Set pRaster_valuePNT = New DblPnt 
    pRaster_valuePNT.SetCoords 1, 1 
 
'create the IPixelBlock 
Dim pRaster_valuePixelBlock As IPixelBlock 
Set pRaster_valuePixelBlock = pRaster_valueRawPixels.CreatePixelBlock(pRaster_valuePNT) 
 
'create a point which holds the current position 
Dim readPNT8 As IPnt 
Set readPNT8 = New DblPnt 
 
 
'LOOP through all rows (height; ly) and columns (width, lx) 
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    For ly = 0 To (pRaster_aeroProps.Height + 0.5) 
        For lx = 0 To (pRaster_aeroProps.Width + 0.5) 
        'create coordinates for position of the current pixel 
            readPNT.SetCoords (lx + 0.5), (ly + 0.5) 
            readPNT3.SetCoords (lx + 0.5), (ly + 0.5) 
            readPNT4.SetCoords (lx + 0.5), (ly + 0.5) 
            readPNT5.SetCoords (lx + 0.5), (ly + 0.5) 
            readPNT6.SetCoords (lx + 0.5), (ly + 0.5) 
            readPNT7.SetCoords (lx + 0.5), (ly + 0.5) 
            readPNT8.SetCoords (lx + 0.5), (ly + 0.5) 
        'read pixel from the current position and the pixelblocksize 
            pRaster_aeroRawPixels.Read readPNT, pRaster_aeroPixelBlock 
            pRaster_foreignRawPixels.Read readPNT3, pRaster_foreignPixelBlock 
            pRaster_greenRawPixels.Read readPNT4, pRaster_greenPixelBlock 
            pRaster_incomeRawPixels.Read readPNT5, pRaster_incomePixelBlock 
            pRaster_waterRawPixels.Read readPNT6, pRaster_waterPixelBlock 
            pRaster_violRawPixels.Read readPNT7, pRaster_violPixelBlock 
            pRaster_valueRawPixels.Read readPNT8, pRaster_valuePixelBlock 
        'get the pixelvalue from the current pixel 
            Dim lPixelValue_aero As Variant 
            Dim lPixelValue_foreign As Variant 
            Dim lPixelValue_green As Variant 
            Dim lPixelValue_income As Variant 
            Dim lPixelValue_water As Variant 
            Dim lPixelValue_viol As Variant 
            Dim lPixelValue_value As Variant 
            lPixelValue_aero = pRaster_aeroPixelBlock.GetVal(0, 0, 0) 
            lPixelValue_foreign = pRaster_foreignPixelBlock.GetVal(0, 0, 0) 
            lPixelValue_green = pRaster_greenPixelBlock.GetVal(0, 0, 0) 
            lPixelValue_income = pRaster_incomePixelBlock.GetVal(0, 0, 0) 
            lPixelValue_water = pRaster_waterPixelBlock.GetVal(0, 0, 0) 
            lPixelValue_viol = pRaster_violPixelBlock.GetVal(0, 0, 0) 
            lPixelValue_value = pRaster_valuePixelBlock.GetVal(0, 0, 0) 
             
            Dim Operation1 As Double 
            Dim Operation2 As Double 
            Dim Operation3 As Double 
            Dim Operation4 As Double 
             
            Operation1 = a * lPixelValue_aero + b * lPixelValue_foreign + c * lPixelValue_green + d * 
lPixelValue_income + e * lPixelValue_water + f * lPixelValue_viol 
            Operation2 = Operation1 - lPixelValue_value 
            Operation3 = Operation2 * Operation2 
            Operation4 = Operation4 + Operation3 
                       
        Next lx 
    Next ly 
   
  raster_number = raster_number + 1 
   
' Update the Results Table in each iteration 
 
                Set RastabRow = RasTable.CreateRow 
                RastabRow.Value(RastabRow.Fields.FindField("Raster_Num")) = raster_number 
                RastabRow.Value(RastabRow.Fields.FindField("S_function")) = Operation4 
                RastabRow.Value(RastabRow.Fields.FindField("a")) = a 
                RastabRow.Value(RastabRow.Fields.FindField("b")) = b 
                RastabRow.Value(RastabRow.Fields.FindField("c")) = c 
                RastabRow.Value(RastabRow.Fields.FindField("d")) = d 
                RastabRow.Value(RastabRow.Fields.FindField("e")) = e 
                RastabRow.Value(RastabRow.Fields.FindField("f")) = f 
                RastabRow.Store 
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Operation4 = 0 
 
Next o 
 
Next N 
 
Next l 
 
Next k 
 
Next j 
 
Next i 
 
 
 
 
End Sub 
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- Code for creating a raster - 
 
Sub ModelThesis() 
 
'Get the focused map from MapDocument 
 
Dim pMxDoc As IMxDocument 
Dim pMap As IMap 
Dim pActiveView As IActiveView 
 
Set pMxDoc = Application.Document 
Set pMap = pMxDoc.FocusMap 
Set pActiveView = pMap 
 
'Get the input raster from the layers in ArcMap 
 
Dim pLayer As ILayer 
Dim pLayers As IEnumLayer 
Set pLayers = pMap.Layers 
Dim pRasterLayer_aero As IRasterLayer 
Dim pRasterLayer_foreign As IRasterLayer 
Dim pRasterLayer_water As IRasterLayer 
Dim pRAsterLayer_green As IRasterLayer 
Dim pRAsterLayer_income As IRasterLayer 
Dim pRAsterLayer_violence As IRasterLayer 
Dim pRasterLAyer_value As IRasterLayer 
 
Set pLayer = pLayers.Next 
 
    Do While Not pLayer Is Nothing 
        If pLayer.Name = "aero_reg5" Then 
        Set pRasterLayer_aero = pLayer 
        End If 
         
        If pLayer.Name = "foreign_reg5" Then 
        Set pRasterLayer_foreign = pLayer 
        End If 
         
        If pLayer.Name = "green_reg5" Then 
        Set pRAsterLayer_green = pLayer 
        End If 
         
        If pLayer.Name = "income_reg5" Then 
        Set pRAsterLayer_income = pLayer 
        End If 
         
        If pLayer.Name = "water_reg5" Then 
        Set pRasterLayer_water = pLayer 
        End If 
         
        If pLayer.Name = "viol_reg5" Then 
        Set pRAsterLayer_violence = pLayer 
        End If 
         
        If pLayer.Name = "valsqm_raster" Then 
        Set pRasterLAyer_value = pLayer 
        End If 
         
Set pLayer = pLayers.Next 
Loop 
           
' Create a RasterModel object 
 
Dim pRasModel As IRasterModel 
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Set pRasModel = New RasterModel 
 
'Set output workspace in the analysis environment 
 
Dim pEnv As IRasterAnalysisEnvironment 
Set pEnv = pRasModel 
 
Dim pWS As IWorkspace 
Dim pWSF As IWorkspaceFactory 
Set pWSF = New RasterWorkspaceFactory 
Set pWS = pWSF.OpenFromFile("c:\temp", 0) 
Set pEnv.OutWorkspace = pWS 
 
'Bind the input rasters 
 
pRasModel.BindRaster pRasterLayer_aero.Raster, "aero" 
pRasModel.BindRaster pRasterLayer_foreign.Raster, "foreign" 
pRasModel.BindRaster pRAsterLayer_green.Raster, "green" 
pRasModel.BindRaster pRAsterLayer_income.Raster, "income" 
pRasModel.BindRaster pRasterLayer_water.Raster, "water" 
pRasModel.BindRaster pRAsterLayer_violence.Raster, "viol" 
pRasModel.BindRaster pRasterLAyer_value.Raster, "value" 
 
' coefficients result of the Data Mining algorithm the Regression Analysis ... 
 
a = 0.087209302 
b = -0.2910299 
c = 0.496378738 
d = 0.367774086 
e = -0.477906977 
f = 0.827574751 
 
 
'Map Algebra Expression 
 
pRasModel.Script = "[out1] = " & a & " * [aero] + " & b & " * [foreign] + " & c & " * [green] + " & d & " * 
[income] + " & e & " * [water] + " & f & " * [viol]" + vbLf + _ 
"[out2] = [out1] - [value]" + vbLf + _ 
"[out3] = [out2] * [out2]" 
 
'Execute Map Algebra expression 
 
pRasModel.Execute 
 
'Get output rasters 
 
Dim pOutRaster1 As IRaster 
Set pOutRaster1 = pRasModel.BoundRaster("out1") 
Dim pOutRaster2 As IRaster 
Set pOutRaster2 = pRasModel.BoundRaster("out2") 
Dim pOutRaster3 As IRaster 
Set pOutRaster3 = pRasModel.BoundRaster("out3") 
 
 
Dim pOutRasLayer3 As IRasterLayer 
Set pOutRasLayer3 = New RasterLayer 
     
pOutRasLayer3.CreateFromRaster pOutRaster3 
pMap.AddLayer pOutRasLayer3 
 
 
End Sub 
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Appendix B 
Raster_Num airport foreigners green area income water violence 

9535 0,087 0,909 0,496 0,368 - 0,478 - 0,372 
9529 0,087 0,909 0,496 0,168 - 0,478 - 0,172 
9523 0,087 0,909 0,496 - 0,032 - 0,478 0,028 
9517 0,087 0,909 0,496 - 0,232 - 0,478 0,228 
9511 0,087 0,909 0,496 - 0,432 - 0,478 0,428 
9199 0,087 0,709 0,496 0,568 - 0,478 - 0,372 
9193 0,087 0,709 0,496 0,368 - 0,478 - 0,172 
9187 0,087 0,709 0,496 0,168 - 0,478 0,028 
9181 0,087 0,709 0,496 - 0,032 - 0,478 0,228 
9175 0,087 0,709 0,496 - 0,232 - 0,478 0,428 
9169 0,087 0,709 0,496 - 0,432 - 0,478 0,628 
8863 0,087 0,509 0,496 0,768 - 0,478 - 0,372 
8857 0,087 0,509 0,496 0,568 - 0,478 - 0,172 
8851 0,087 0,509 0,496 0,368 - 0,478 0,028 
8845 0,087 0,509 0,496 0,168 - 0,478 0,228 
8839 0,087 0,509 0,496 - 0,032 - 0,478 0,428 
8833 0,087 0,509 0,496 - 0,232 - 0,478 0,628 
8827 0,087 0,509 0,496 - 0,432 - 0,478 0,828 
8521 0,087 0,309 0,496 0,768 - 0,478 - 0,172 
8515 0,087 0,309 0,496 0,568 - 0,478 0,028 
8509 0,087 0,309 0,496 0,368 - 0,478 0,228 
8503 0,087 0,309 0,496 0,168 - 0,478 0,428 
8497 0,087 0,309 0,496 - 0,032 - 0,478 0,628 
8491 0,087 0,309 0,496 - 0,232 - 0,478 0,828 
8179 0,087 0,109 0,496 0,768 - 0,478 0,028 
8173 0,087 0,109 0,496 0,568 - 0,478 0,228 
8167 0,087 0,109 0,496 0,368 - 0,478 0,428 
8161 0,087 0,109 0,496 0,168 - 0,478 0,628 
8155 0,087 0,109 0,496 - 0,032 - 0,478 0,828 
7837 0,087 - 0,091 0,496 0,768 - 0,478 0,228 
7831 0,087 - 0,091 0,496 0,568 - 0,478 0,428 
7825 0,087 - 0,091 0,496 0,368 - 0,478 0,628 
7819 0,087 - 0,091 0,496 0,168 - 0,478 0,828 
7495 0,087 - 0,291 0,496 0,768 - 0,478 0,428 
7489 0,087 - 0,291 0,496 0,568 - 0,478 0,628 
7483 0,087 - 0,291 0,496 0,368 - 0,478 0,828 
7183 - 0,113 0,909 0,696 0,368 - 0,478 - 0,372 
7177 - 0,113 0,909 0,696 0,168 - 0,478 - 0,172 
7171 - 0,113 0,909 0,696 - 0,032 - 0,478 0,028 
7165 - 0,113 0,909 0,696 - 0,232 - 0,478 0,228 
7159 - 0,113 0,909 0,696 - 0,432 - 0,478 0,428 
6847 - 0,113 0,709 0,696 0,568 - 0,478 - 0,372 
6841 - 0,113 0,709 0,696 0,368 - 0,478 - 0,172 
6835 - 0,113 0,709 0,696 0,168 - 0,478 0,028 
6829 - 0,113 0,709 0,696 - 0,032 - 0,478 0,228 
6823 - 0,113 0,709 0,696 - 0,232 - 0,478 0,428 
6817 - 0,113 0,709 0,696 - 0,432 - 0,478 0,628 
6511 - 0,113 0,509 0,696 0,768 - 0,478 - 0,372 
6505 - 0,113 0,509 0,696 0,568 - 0,478 - 0,172 
6499 - 0,113 0,509 0,696 0,368 - 0,478 0,028 
6493 - 0,113 0,509 0,696 0,168 - 0,478 0,228 
6487 - 0,113 0,509 0,696 - 0,032 - 0,478 0,428 
6481 - 0,113 0,509 0,696 - 0,232 - 0,478 0,628 
6475 - 0,113 0,509 0,696 - 0,432 - 0,478 0,828 
6169 - 0,113 0,309 0,696 0,768 - 0,478 - 0,172 
6163 - 0,113 0,309 0,696 0,568 - 0,478 0,028 
6157 - 0,113 0,309 0,696 0,368 - 0,478 0,228 
6151 - 0,113 0,309 0,696 0,168 - 0,478 0,428 
6145 - 0,113 0,309 0,696 - 0,032 - 0,478 0,628 
6139 - 0,113 0,309 0,696 - 0,232 - 0,478 0,828 
5827 - 0,113 0,109 0,696 0,768 - 0,478 0,028 
5821 - 0,113 0,109 0,696 0,568 - 0,478 0,228 
5815 - 0,113 0,109 0,696 0,368 - 0,478 0,428 
5809 - 0,113 0,109 0,696 0,168 - 0,478 0,628 
5803 - 0,113 0,109 0,696 - 0,032 - 0,478 0,828 
5485 - 0,113 - 0,091 0,696 0,768 - 0,478 0,228 
5479 - 0,113 - 0,091 0,696 0,568 - 0,478 0,428 
5473 - 0,113 - 0,091 0,696 0,368 - 0,478 0,628 
5467 - 0,113 - 0,091 0,696 0,168 - 0,478 0,828 
5143 - 0,113 - 0,291 0,696 0,768 - 0,478 0,428 
5137 - 0,113 - 0,291 0,696 0,568 - 0,478 0,628 
5131 - 0,113 - 0,291 0,696 0,368 - 0,478 0,828 
7141 - 0,113 0,909 0,496 0,568 - 0,478 - 0,372 
7135 - 0,113 0,909 0,496 0,368 - 0,478 - 0,172 
7129 - 0,113 0,909 0,496 0,168 - 0,478 0,028 
7123 - 0,113 0,909 0,496 - 0,032 - 0,478 0,228 
7117 - 0,113 0,909 0,496 - 0,232 - 0,478 0,428 
7111 - 0,113 0,909 0,496 - 0,432 - 0,478 0,628 
6805 - 0,113 0,709 0,496 0,768 - 0,478 - 0,372 
6799 - 0,113 0,709 0,496 0,568 - 0,478 - 0,172 
6793 - 0,113 0,709 0,496 0,368 - 0,478 0,028 
6787 - 0,113 0,709 0,496 0,168 - 0,478 0,228 
6781 - 0,113 0,709 0,496 - 0,032 - 0,478 0,428 
6775 - 0,113 0,709 0,496 - 0,232 - 0,478 0,628 
6769 - 0,113 0,709 0,496 - 0,432 - 0,478 0,828 
6463 - 0,113 0,509 0,496 0,768 - 0,478 - 0,172 
6457 - 0,113 0,509 0,496 0,568 - 0,478 0,028 
6451 - 0,113 0,509 0,496 0,368 - 0,478 0,228 
6445 - 0,113 0,509 0,496 0,168 - 0,478 0,428 
6439 - 0,113 0,509 0,496 - 0,032 - 0,478 0,628 
6433 - 0,113 0,509 0,496 - 0,232 - 0,478 0,828 
6121 - 0,113 0,309 0,496 0,768 - 0,478 0,028 
6115 - 0,113 0,309 0,496 0,568 - 0,478 0,228 
6109 - 0,113 0,309 0,496 0,368 - 0,478 0,428 
6103 - 0,113 0,309 0,496 0,168 - 0,478 0,628 
6097 - 0,113 0,309 0,496 - 0,032 - 0,478 0,828 
5779 - 0,113 0,109 0,496 0,768 - 0,478 0,228 
5773 - 0,113 0,109 0,496 0,568 - 0,478 0,428 
5767 - 0,113 0,109 0,496 0,368 - 0,478 0,628 
5761 - 0,113 0,109 0,496 0,168 - 0,478 0,828 
5437 - 0,113 - 0,091 0,496 0,768 - 0,478 0,428 
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Appendix C 
Raster_Num airport foreigners income water violence

294 - 0,524 - 0,304 0,443 0,631 0,656 
342 - 0,524 - 0,304 0,643 0,631 0,456 
588 - 0,524 - 0,104 0,243 0,631 0,656 
636 - 0,524 - 0,104 0,443 0,631 0,456 
684 - 0,524 - 0,104 0,643 0,631 0,256 
882 - 0,524 0,096 0,043 0,631 0,656 
930 - 0,524 0,096 0,243 0,631 0,456 
978 - 0,524 0,096 0,443 0,631 0,256 
1026 - 0,524 0,096 0,643 0,631 0,056 
1176 - 0,524 0,296 - 0,158 0,631 0,656 
1224 - 0,524 0,296 0,043 0,631 0,456 
1272 - 0,524 0,296 0,243 0,631 0,256 
1320 - 0,524 0,296 0,443 0,631 0,056 
1368 - 0,524 0,296 0,643 0,631 - 0,144 
1470 - 0,524 0,496 - 0,358 0,631 0,656 
1518 - 0,524 0,496 - 0,158 0,631 0,456 
1566 - 0,524 0,496 0,043 0,631 0,256 
1614 - 0,524 0,496 0,243 0,631 0,056 
1662 - 0,524 0,496 0,443 0,631 - 0,144 
1710 - 0,524 0,496 0,643 0,631 - 0,344 
1764 - 0,524 0,696 - 0,558 0,631 0,656 
1812 - 0,524 0,696 - 0,358 0,631 0,456 
1860 - 0,524 0,696 - 0,158 0,631 0,256 
1908 - 0,524 0,696 0,043 0,631 0,056 
1956 - 0,524 0,696 0,243 0,631 - 0,144 
2004 - 0,524 0,696 0,443 0,631 - 0,344 
2052 - 0,524 0,696 0,643 0,631 - 0,544 
2106 - 0,524 0,896 - 0,558 0,631 0,456 
2154 - 0,524 0,896 - 0,358 0,631 0,256 
2202 - 0,524 0,896 - 0,158 0,631 0,056 
2250 - 0,524 0,896 0,043 0,631 - 0,144 
2298 - 0,524 0,896 0,243 0,631 - 0,344 
2346 - 0,524 0,896 0,443 0,631 - 0,544 
2688 - 0,324 - 0,304 0,443 0,431 0,656 
2736 - 0,324 - 0,304 0,643 0,431 0,456 
2982 - 0,324 - 0,104 0,243 0,431 0,656 
3030 - 0,324 - 0,104 0,443 0,431 0,456 
3078 - 0,324 - 0,104 0,643 0,431 0,256 
3276 - 0,324 0,096 0,043 0,431 0,656 
3324 - 0,324 0,096 0,243 0,431 0,456 
3372 - 0,324 0,096 0,443 0,431 0,256 
3420 - 0,324 0,096 0,643 0,431 0,056 
3570 - 0,324 0,296 - 0,158 0,431 0,656 
3618 - 0,324 0,296 0,043 0,431 0,456 
3666 - 0,324 0,296 0,243 0,431 0,256 
3714 - 0,324 0,296 0,443 0,431 0,056 
3762 - 0,324 0,296 0,643 0,431 - 0,144 
3864 - 0,324 0,496 - 0,358 0,431 0,656 
3912 - 0,324 0,496 - 0,158 0,431 0,456 
3960 - 0,324 0,496 0,043 0,431 0,256 
4008 - 0,324 0,496 0,243 0,431 0,056 
4056 - 0,324 0,496 0,443 0,431 - 0,144 
4104 - 0,324 0,496 0,643 0,431 - 0,344 
4158 - 0,324 0,696 - 0,558 0,431 0,656 
4206 - 0,324 0,696 - 0,358 0,431 0,456 
4254 - 0,324 0,696 - 0,158 0,431 0,256 
4302 - 0,324 0,696 0,043 0,431 0,056 
4350 - 0,324 0,696 0,243 0,431 - 0,144 
4398 - 0,324 0,696 0,443 0,431 - 0,344 
4446 - 0,324 0,696 0,643 0,431 - 0,544 
4500 - 0,324 0,896 - 0,558 0,431 0,456 
4548 - 0,324 0,896 - 0,358 0,431 0,256 
4596 - 0,324 0,896 - 0,158 0,431 0,056 
4644 - 0,324 0,896 0,043 0,431 - 0,144 
4692 - 0,324 0,896 0,243 0,431 - 0,344 
4740 - 0,324 0,896 0,443 0,431 - 0,544 
5082 - 0,124 - 0,304 0,443 0,231 0,656 
5130 - 0,124 - 0,304 0,643 0,231 0,456 
5376 - 0,124 - 0,104 0,243 0,231 0,656 
5424 - 0,124 - 0,104 0,443 0,231 0,456 
5472 - 0,124 - 0,104 0,643 0,231 0,256 
5670 - 0,124 0,096 0,043 0,231 0,656 
5718 - 0,124 0,096 0,243 0,231 0,456 
5766 - 0,124 0,096 0,443 0,231 0,256 
5814 - 0,124 0,096 0,643 0,231 0,056 
5964 - 0,124 0,296 - 0,158 0,231 0,656 
6012 - 0,124 0,296 0,043 0,231 0,456 
6060 - 0,124 0,296 0,243 0,231 0,256 
6108 - 0,124 0,296 0,443 0,231 0,056 
6156 - 0,124 0,296 0,643 0,231 - 0,144 
6258 - 0,124 0,496 - 0,358 0,231 0,656 
6306 - 0,124 0,496 - 0,158 0,231 0,456 
6354 - 0,124 0,496 0,043 0,231 0,256 
6402 - 0,124 0,496 0,243 0,231 0,056 
6450 - 0,124 0,496 0,443 0,231 - 0,144 
6498 - 0,124 0,496 0,643 0,231 - 0,344 
6552 - 0,124 0,696 - 0,558 0,231 0,656 
6600 - 0,124 0,696 - 0,358 0,231 0,456 
6648 - 0,124 0,696 - 0,158 0,231 0,256 
6696 - 0,124 0,696 0,043 0,231 0,056 
6744 - 0,124 0,696 0,243 0,231 - 0,144 
6792 - 0,124 0,696 0,443 0,231 - 0,344 
6840 - 0,124 0,696 0,643 0,231 - 0,544 
6894 - 0,124 0,896 - 0,558 0,231 0,456 
6942 - 0,124 0,896 - 0,358 0,231 0,256 
6990 - 0,124 0,896 - 0,158 0,231 0,056 
7038 - 0,124 0,896 0,043 0,231 - 0,144 
7086 - 0,124 0,896 0,243 0,231 - 0,344 
7134 - 0,124 0,896 0,443 0,231 - 0,544 
7476 0,076 - 0,304 0,443 0,031 0,656 
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