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Abstract 
This report will examine how condominium prices vary with respect to the distance from the 

city center in 20 major cities in Sweden. With regression analysis three models are construct-

ed for each city to predict the price of a condominium in the city with a known set of variables 

such as area, monthly fee and distance from city center. The three models each depend on the 

distance parameter in different ways; linearly, exponentially, and exponentially with a higher 

degree polynomial as an exponent. The models are then examined statistically between cities 

to determine if there is any correlation between price function with regards to distance and 

population size.  Results show that prices do decline substantially when distance to city center 

increases in all observed cities. There is a significant correlation between price function of 

distance and population size, but the relation is not enough to, by itself, explain the differ-

ences between cities. 

 

Sammanfattning 
Denna rapport kommer undersöka hur bostadsrättspriser varierar med avseende på avstånd 

från centrum i 20 större svenska städer. Med hjälp av regressionsanalys konstrueras tre mo-

deller utifrån varje stad för att förutsäga priset på en bostadsrätt i staden med en given mängd 

variabler så som area, månadsavgift och avstånd till centrum. De tre modellerna beror på av-

ståndsvariabeln på olika sätt; linjärt, exponentiellt samt exponentiellt med ett polynom av 

högre ordning i exponenten. Modellerna analyseras sedan statistiskt mellan städer för att ut-

röna ifall det finns någon korrelation mellan prisfunktionen av avståndet och befolknings-

mängd. Resultaten visar att priser avtar påtagligt då avståndet till centrum ökar i alla de ob-

serverade städerna. Det existerar en signifikant korrelation mellan prisfunktionen med avse-

ende på avståndet och befolkningsmängd, men relationen är inte tillräcklig för att ensamt för-

klara skillnaderna mellan städerna. 
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1. Introduction 

1.1 Background 
House prices are a constant hot topic in media. Prices have steadily increased the last decade. 

A comparison of the mean price of a condominium in Sweden between 2000 and 2010 the 

value has increased by 150%.1 

Purchasing a house or a condominium is a big investment for a lot of people. Therefore it is 

important to be able to predict a reasonable price. There are plenty of variables that affect the 

final price and regression analysis is a powerful tool for this kind of analysis. With an in-

creased globalization, more jobs are located in big cities with large populations. Because of 

this we believe that the distance from the city center is an important aspect of condominium 

prices that can be interesting to analyze. 

1.2 Purpose 

The purpose of this thesis is to examine the following questions: 

 What is the price function with respect to distance from the center in major Swedish 

cities? 

 Is the price function correlated to population size? 

1.3 Procedure 
In the beginning of the project we came in contact with Valueguard, a company that creates 

financial products for the housing market. They had access to a lot of data and suggested we 

should try and look into how the house prices decline with respect to the distance from city 

centers. In our analysis we will look at 3 different models in 20 different cities. The models 

are created using regression analysis. We will create one linear as well as 2 different loga-

rithmic models. These models can be used to predict the price of a condominium. We then 

analyze the models to see how the price depends on the distance to the city center.  

The data is based on condominium sales between 2006 and 2013 and contains in total 371758 

observations. 

We will be doing our analysis using R. It is a free software programming language that is 

widely used among statisticians for data analysis. 

                                                                 
1
 Mäklarstatistik.se 
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2. Basic theory about regression analysis 

In this section some of the basics regarding regression analysis will be presented. These are 

terms and concepts that will be used throughout the report. 

2.1. Terminology and definitions 

A general model based on linear multiple regression analysis is defined as: 

                         

The included symbols are explained along with some important terminology below.  

Dependent variable: the variable that is modeled. Usually denoted   or   . 

Covariate: sometimes called independent variable or just variable. The dependent variable is 

a function of these covariates. Usually denoted   or   . 

Beta: the coefficients by which the dependent variable depends on the covariates. 

Residual: also called the error term. Not everything will be explained by the model and where 

the model is not sufficient there will be an error term. Usually denoted    or   . 

Dummy variable: a covariate that can be either 1 or 0. Can be used to indicate true or false, 

e.g. if the data is male or female. 

Interaction variables: if there is reason to believe two covariates influence each other, it is 

possible to include an interaction variable            in the model. This will handle any 

synergy effects that may arise from a combination of both    and    being present. 

In the report we will suppress the index   in the regression equations for simplification. 

2.2. Theoretical background 

2.2.1. Ordinary Least Squares (OLS) 

In order to get a linear model that explains the relation of data the square sum of the residuals 

can be minimized. This can be done by using the estimate, in matrix notation:  

    ̂   ̂ 

where we get the OLS-estimate of   ̂from: 
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 ̂  (   )      

This ensures that the normal equations are satisfied: 

   ̂    

 ̂ is denoted the ordinary least squares approximation of  , meaning the estimate which min-

imizes the square sum of the residuals. This is proven to be the best linear unbiased estimator 

and therefore the best choice to model the data linearly.2 

2.2.2. Necessary assumptions 

In order to estimate the model using Ordinary Least Squares it is necessary to make some 

assumptions regarding our model. These few assumptions are necessary in order to be able to 

perform hypothesis testing. 

i) The explanatory variables,   , cannot in any way, have a perfect linear relation with another 

covariate. I.e. we cannot have any signs of perfect multicollinearity. (See 2.3.1.) 

ii) The expected value of the residual is 0.  

 (  )    

iii) The variance of the residual is constant. 

 (  )   
  

iv)  The covariance of the errors are 0: 

   (     )       

v) The residual follows a normal distribution with expected value 0 and constant variance. 

    (   
 ) 

2.2.3. Hypothesis testing for  -coefficients 

If one wants to test a null hypothesis:  

    ̂    
  

                                                                 
2
 Lang H. Topics on Applied Mathematical Statistics, p. 20 
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against the hypothesis 

    ̂    
  

the F-test can be employed. This is the most common test when analyzing coefficients for a 

regression analysis. The test statistic used in the F-test is: 

  (
 ̂    

 

  ( ̂ )
)

 

 

Which under the null hypothesis follows a  (       )-distribution.3 Here   is the num-

ber of restrictions,   the number of observations and   the number of covariates. As   are 

tested one at a time,   will be equal to 1. At a pre-specified level of significance the null hy-

pothesis can then be either rejected or accepted depending on the outcome of a F-test of the 

test statistic. 

In practice all  -coefficients are tested against the null hypothesis  

        

If   is rejected the coefficient is deemed to be significant otherwise it is deemed insignifi-

cant. 

2.2.4. P-value 

The p-value for a hypothesis    is defined as the probability under    of obtaining an obser-

vation equal to or more extreme than a given observation. In other words the p-value tells us 

how large the risk is for rejecting the null hypothesis when it is true. 

We will use the following codes for each level of significance that the p-value corresponds to;  

P-value 0<p<0.001 0.001<p<0.01 0,01<p<0.05 0,05<p<0.1 0.1 

Significance code *** ** * .  

Table 1: Significance codes for corresponding p-values. 

2.2.5. Logarithm model 

Instead of performing a regression analysis on the dependent variable   linearly over the co-

variates, one can take the logarithm of  . There are two reasons why this is beneficial. 

                                                                 
3
 Lang H. Topics on Applied Mathematical Statistics, p. 23 
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The first reason is that we get a relative change in   instead of an additive change when any of 

the covariates   vary. A change in   will result a change in   by a certain percentage deter-

mined by  . 

Another important feature of the logarithm model is the way the standard errors are distribut-

ed. As described above the OLS-method assumes that the data is free from residuals with dif-

ferent variance. By using the natural logarithm the error term will show less of a relative vari-

ance and we will have a homoskedastic model.(See 2.3.3.) This can be illustrated with an ex-

ample: 

If the standard error of   is proportional to  ( ) we can write: 

    (   ) 

if we take the logarithm of both sides we get: 

  ( )    (  )   (   )    (  )    

Where      (   ) and we can replace   (  ) with   . 

  ( )       

2.2.6. Goodness of fit,    

   is one of the most widely used indicators of how good the model explains the underlying 

data. It is derived from a simple equation relating the error of the regression to the total error 

of the dependent variable. 

   
   

   
   

   

   
 

In this equation SSE, SSR and SST are the sum of squares of residuals, the regression sum of 

squares and the total sum of squares respectively. A mathematical description of the square 

sums is: 

    ∑(    ̅)
 

 

   

     ∑( ̂   ̅)
 

 

   

     ∑(    ̂ )
 

 

   

 

From these equations we can see that            . 
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When a model includes a lot of covariates,    lacks the necessary information to alone assess 

if the model gives a good description of the data. A model might be set to account for all the 

random noise in the data, a condition known as overfitting. In order to account for this in the 

measurement of how good the model is one can use the adjusted    which is denoted  ̅ . It 

will take into consideration the amount of covariates in the model and is defined:  

 ̅    
   

   
 
   

     
  

Here   is the number of observations and   is the number of covariates.  

2.2.7. Outliers 

When dealing with large samples it is to be expected for some of the observations to be dis-

tant from the rest. These are called outliers and can have a large impact on the final results. 

The outliers are often the smallest or largest observations. In order to get a more accurate de-

scription of the data, the outliers can be removed. It is important to note, however, that what is 

considered to be an outlier is up to the ones performing the analysis. There is no widely used 

mathematical definition of what an outlier is. 

2.2.8. Maximum-likelihood 

Let            be observations of the continuous random variables            which have 

distributions dependent on the parameter  . The likelihood function L can be defined as  

 ( )             (            )  

In order to get the maximum likelihood function,  ( ) can be derived with respect to   and 

set to 0: 

  ( )

  
   

2.2.9. Akaike Information Criterion (AIC) 

In order to find the best model in a group of models, a conventional way is to minimize the 

AIC-value defined as 

          ( ) 
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Here   is the number of parameters in the model and   is the maximized value of the likeli-

hood function for the model.4 

AIC determines a good model by a combination of goodness-of-fit while penalizing a model 

for including high numbers of parameters. This is to avoid overfitting, in which an unneces-

sary amount of covariates that are not really needed, are included. AIC differs from other used 

criterions, such as BIC, in the sense that it does not penalize for the amount of covariates as 

much. 

2.2.10. Stepward regression using AIC  

Stepward regression with backward elimination is a method for selecting a model when a 

number of candidate covariates are available. One starts with all candidate covariates and tests 

whether eliminating them one at a time will improve the model in the AIC-sense. If this is the 

case, one eliminates the covariate which leads to the lowest AIC-value. The method is then 

iterated on the new model until no more eliminated covariates will improve it, or some other 

predefined criterion is satisfied. 5 

2.3. What to take into consideration when constructing a model 

2.3.1. Multicollinearity 

One of the necessary assumptions when constructing a model using ordinary least squares is 

that the covariates cannot have a perfect correlation with each other. This phenomenon is 

called multicollinearity. 

2.3.2. Constructing dummy variables 

When constructing dummy variables one has to be careful to avoid a perfect linear correla-

tion. To illustrate with an example we can use how wage depends on gender.  

In this case it might seem intuitive to create two dummy variables, one for females and one 

for males. The problem that arises is that these two would be perfectly correlated, if one is 

false the other one have to be true. This would lead to multicollinearity, which disqualifies use 

of the OLS-method. The solution for this is to use only one dummy variable and let the other 

be included in the intercept as a benchmark. This would lead to the dummy variable repre-

senting how much more (or less) one gender makes compared to the other.  

                                                                 
4
 Akaike, Hirotugu, A new look at the statistical model identification  

5
 Livio Finos, Chiara Brombin & Luigi Salmaso, Adjusting Stepwise p-Values in Generalized Linear Models   
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In other words, if there is  -categories they should be represented with     dummy varia-

bles. 

2.3.3. Heteroscedasticity 

One of the assumptions we make when choosing to use a regression model based on OLS is 

that the residuals have a constant variance. This is called homoscedasticity. The problem aris-

es because naturally, residuals will scale accordingly with the dependent variable. For exam-

ple, if we want to estimate the GDP of different countries it is highly likely that the variance 

of the residual for USA is a higher than for example the residual for Denmark. This stems 

from the difference in size between the two countries. One solution for this is to use GDP per 

capita that takes into consideration the size of each country.6 Another remedy for heterosce-

dasticity is using the logarithm of the dependent variable, discussed earlier in 2.2.4. 

To detect if there are any signs of heteroskedasticity, residuals vs fitted plots can be studied. 

These plots will plot a residual at the corresponding fitted value, showing how the errors of 

the model vary with the dependent variable. The residual should be constant despite varying 

price. If it is not, heteroskedasticity is present. 

2.3.3.1. White’s Consistent Variance Estimator 

If it is apparent that a model is heteroscedastic, immediate hypothesis testing cannot be per-

formed. One solution to this is to use White’s Consistent Variance Estimator. The adjusted 

standard error can be calculated as follows: 

Assume that the model is 

              

and that the null hypothesis is that     . If we save the residuals  ̂  and then run the regres-

sion on    on the other covariates: 

         

then save the residuals  ̂  . The White’s estimate of the standard error of  ̂  is: 

  ( ̂ )  
√∑( ̂   ̂ )

 

∑  ̂ 
  

                                                                 
6
 Lang H. Topics on Applied Mathematical Statistics  
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This standard error can then be used in F-test and to calculate p-value as explained in previous 

sections. 7 

 

 

                                                                 
7
 Lang H. Topics on Appl ied Mathematical Statistics  



3. Method  

3.1. Selecting and treating data 

3.1.1. Selecting the cities and populations 

This report will analyze 20 of the biggest cities in Sweden which are selected by the size of 

the population. The cities are presented in the following table and are ranked by size. The 

number of observations is also specified.  This is the number after observations with incom-

plete information have been removed. (see 3.2) Median prices are also included which have 

been extracted from the data. 

# City Population Observations Median price 

1 Stockholm 1594431 182869 1825000.00 
2 Göteborg 549839 57511 1420000.00 
3 Malmö 280415 24085 1035000.00 
4 Uppsala 140454 24072 1340000.00 
5 Västerås 110877 9245 610000.00 
6 Örebro 107038 5154 850000.00 
7 Linköping 104232 6441 850000.00 
8 Helsingborg 97122 7973 875000.00 
9 Jönköping 89396 5809 845000.00 
10 Norrköping 87247 5032 575000.00 
11 Lund 82800 8355 1305000.00 
12 Umeå 79594 4949 770000.00 
13 Gävle 71033 5097 620000.00 
14 Borås 66273 3446 395000.00 
15 Eskilstuna 64679 3433 550000.00 
16 Södertälje 64629 3169 840000.00 
17 Karlstad 61685 5947 650000.00 
18 Växjö 60887 2140 785000.00 
19 Halmstad 58577 2343 890000.00 
20 Sundsvall 50712 4688 415000.00 

Table 2: 20 biggest cities in Sweden including population
8
 

For Stockholm it is important to note that this is the larger urban area, not only the munici-

pality. The following municipalities are also included in the Stockholm data: Huddinge, Jä-

rfälla, Solna, Sollentuna, Botkyrka, Haninge, Tyresö, Sundbyberg, Nacka, Danderyd, Täby, 

Tumba, Upplands-Väsby, Lidingö, Vallentuna and Märsta. With all of these included the total 

population amounts to 1 594 431 as presented in the table above. The reason for including 

                                                                 
8
 SCB Localities 2010 
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these in the Stockholm data is that it is reasonable for someone to live in these places but still 

work in Stockholm, thus Stockholm can be considered the “center” that will be analyzed. 

Since Täby, the 18th largest city in Sweden, will be included in the study as a part of Stock-

holm, the list was appended with Sundsvall, the 21st largest city in Sweden, to keep the num-

ber to 20. 

3.1.2. Determining the center of the cities 

The data contained GPS-coordinates in the RT 90 format. RT 90 is an orthogonal coordinate 

system called Swedish grid. It can be used to determine a position from Lantmäteriets maps of 

Sweden. The coordinates 0, 0 are at the equator and the Greenwich meridian.9 The city center 

coordinates were located using a website by Lantmäteriet and in some cases the position was 

modified and placed in a position more suitable as the city’s origin. In the appendix there is a 

table listing the RT 90 coordinates for the city center for each of the 20 cities that was ana-

lyzed in this study. 

3.1.3. Plotting the LOWESS 

In the plots of price against distance listed in the appendix, there is a red line which has been 

created using a LOWESS-regression. LOWESS is a non-linear local regression that gives a 

good local estimation of the dependent variable.10 This gives us an accurate visualization of 

how the price varies with distance from city center. It is important to note, however, that this 

is not the regression we use in the result section. 

3.1.4. Problems with the definition of some city centers 

The initial LOWESS-plots showed a clear correlation between prices and distance in most 

cities. There is one notable exception, Norrköping, where the above plot shows a peak in 

house-prices around 1 kilometer from the selected center. It is important to note that the most 

expensive condominiums does not have to be in the center but after further investigation it 

could be concluded that the initial coordinates used as Norrköping center, although they were 

in the center of the city, were not placed in what is considered the actual city center. What is 

considered the actual city center in Norrköping is the older parts which lies in southern part of 

                                                                 
9
 Lantmäteriet 
10Cleveland, Will iam S., Robust Locally Weighted Regression and Smoothing Scatterplots 
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the famous Promenades.11 Because of this reason the coordinates of Norrköping center were 

changed. 

 
Figure 1: Change of Norrköping center GPS location, before(left) and after(right). 

The following is the plot when changing the location of Norrköping’s coordinates: 

 

Figure 2: LOWESS plot for Norrköping before (left) and after (right) we moved the GPS location. 

The highest prices do not coincide with the adjusted city center either, but as this center loca-

tion is selected based on facts about Norrköping it was decided to be the new city center. Af-

ter all, the aim is to use the actual center as the origin, not the location with the most expen-

sive condominiums. 

3.1.5. Determining the boundaries of the cities 

To enable modelling of distance dependency to a specific city center each city needs to have a 

finite radius - otherwise condominiums from neighboring cities will create noise. The cutoff 

                                                                 
11

 http://www.norrkoping.se/bo-miljo/stadsmiljo/promenaderna-i-norrkoping/ Hämtad 2014-05-08 

http://www.norrkoping.se/bo-miljo/stadsmiljo/promenaderna-i-norrkoping/
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radius was chosen such that the vast majority of transactions for each city were contained 

within it. The distances are shown in the table below. 

# City Cutoff distance (meter) 

1 Stockholm 25000 
2 Göteborg 25000 
3 Malmö 7000 
4 Uppsala 6500 
5 Västerås 5500 
6 Örebro 5000 
7 Linköping 7000 
8 Helsingborg 8000 
9 Jönköping 10000 
10 Norrköping 4000 
11 Lund 4500 
12 Umeå 6000 
13 Gävle 5000 
14 Borås 4500 
15 Eskilstuna 3000 
16 Södertälje 3500 
17 Karlstad 7500 
18 Växjö 6000 
19 Halmstad 6500 
20 Sundsvall 4000 

Table 3: Cut-off distance for each city. 

3.1.6. Treating missing, insufficient or irrelevant data 

The data contained a lot of different covariates that to some degree affected the cost of pur-

chase. The data was inspected and covariates that were inconclusive or contained many empty 

fields were removed. In addition to this covariates that were believed to not have any effect on 

the price were also removed. For example the total amount of floors in the building. 

Some of the covariates in the data were not reliable. The floor where the condominium is lo-

cated was in some cases listed as -1. Valueguard explained that this either because infor-

mation is missing or because the real estate agents conventionally do not report floor when the 

condominium is located at ground floor. Because of this the data were not reliable and floor 

was not included as a covariate. The covariates analyzed are accounted for in 3.3. In the cases 

where any of the information in the selected variables was missing, the observation was re-

moved.  
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In Sundsvall, there were no observations of buildings constructed the years 1910-1920. This 

led to the regression analysis being unable to determine a  -coefficient for that decade in 

Sundsvall. This is unlikely to affect any of the results in the report. 

3.2. Constructing models for price prediction 

3.2.1. Method 

In order to model the prices of condominiums three separate models were constructed using 

different modelling techniques regarding dependence on distance to city center; one model 

relying on a linear dependence on distance, one on exponential dependence and one with ex-

ponential dependence with a third grade polynomial as exponent. The three models included 

the same set of candidate covariates, presented below. 

In order to choose which of the candidate covariates that are included in the final model, 2 

requirements had to be met. They had to minimize the AIC-value and be significant at the 5% 

level in at least half of all the cities.  

3.2.2. Choosing candidate covariates 

The following variables were selected to be analyzed: 

Number of rooms [rooms] 

The total number of rooms in the apartment 

Area [  ] 

The total area measured in square meters. 

Monthly fee [SEK] 

The monthly fee is the price that the tenant pays on a monthly basis after the purchase is com-

pleted.  

Year of transaction [Integer in years from 2006] 

The year when the transaction took place. House-prices are known to vary between different 

years and therefore it is important to include this covariate to account for macroeconomic 

issues such as inflation- and interest rates. In figure 3, it suggests that the mean price of con-

dominiums follows an approximately linear relationship. Because of this, the covariate is 

treated as continuous.  
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Figure 3: Mean prices of condominiums between 2006 and 2013. 

Distance from city center [meter] 

The distance is given as the radial distance from the selected city center in the unit of meters.  

Year built [dummy] 

The building year of the condominium. Constructed as dummy variable, see 3.4. 

Season [dummy] 

Season the transaction took place. Constructed as dummy variable, see 3.4. 

Room*Area [rooms   ] 

An interaction term between the number of rooms and the total area of the condominium. This 

covariate is included based on the assumption that the combination of number of rooms and 

area is relevant in the buyer’s decision. 

3.2.3. Constructing appropriate dummy variables 

The price cannot be assumed to depend linearly on all the covariates included in the model. In 

order to enhance the precision some continuous covariates can be split up into representative 

dummy variables. 
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Year built: 

Instead of letting the year the building was constructed be a continuous variable it was divided 

into decades, arguing that there is probably not a linear relationship. By creating dummy-

variables we can describe this relationship for each decade. In the model the years 1950-1959 

are used as the benchmark, creating dummy variables for the other decades, 1910-2013. A 

dummy was also created for all buildings constructed before 1910. 

Seasonal variation: 

Instead of letting months be a continuous variable they are divided into 4 seasons, represent-

ing winter, spring, summer and autumn. The reason for this is that the seasonal variation is 

probably not linear from January to December. Winter (December, January, February) is used 

as the benchmark and spring (March, April, May), summer (June, July, August) and autumn 

(September, October, November) are represented by dummy variables. 

3.2.4. Formulating the models using candidate covariates 

The three models with candidate covariates were formulated as following. 

3.2.4.1. Linear model 

                                                                                 
                                                                    
                                                            
                                                                   

                                                                        

                                      

3.2.4.2. Logarithmic model 
   (     )                                                                             
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3.2.4.3. Logarithmic model with          -dependency  

   (     )                                                   
                     

 

                                                                    

                                                             
                                                            
                                                    

                                                                        

                                      

3.2.5. Selecting covariates from candidate covariates 

To select the final covariates, a stepwise regression was run. In the table below, for each co-

variate, the number of cities in which this covariate is included in the minimized the AIC-

model is shown, along with the number of cities in which it was deemed significant at the 5% 

level.  

As presented earlier, the threshold for being included in the final models was to be present in 

10 or more cities for both of these requirements. This was satisfied for all tested covariates 

except               in the linear model, which was only significant in 8 cities. This co-

variate is therefore not included in the final linear model. All standard error used for hypothe-

sis testing are corrected using White’s Robust Error to account for heteroscedasticity. 



3.2.5.1. Linear model  

Covariate Number of cities in which best 
AIC-selected model includes co-
variate 

Number of cities in which covari-
ate is deemed significant  

h_rooms 20 13 
h_area 20 20 
h_monthlyfee 20 20 
year_nr 20 20 
b_older 19 19 
b_1910 17 15 
b_1920 18 16 
b_1930 18 16 
b_1940 17 17 
b_1960 18 18 
b_1970 17 17 
b_1980 17 14 
b_1990 20 17 
b_2000 20 20 
b_2010 20 20 
season_spring 11 8 
season_summer 13 10 
season_autumn 18 16 
Distance 20 20 
h_rooms:h_area 17 12 

Table 4: Significant covariates for our linear model based on AIC and p-value. 

 

 

 

 



3.2.5.2. Logarithmic model 

Covariate Number of cities in which best AIC-
selected model includes covariate 

Number of cities in which co-
variate is deemed significant  

h_rooms 20 20 
h_area 20 20 
h_monthlyfee 20 20 
year_nr 20 20 
b_older 19 19 
b_1910 16 15 
b_1920 19 19 
b_1930 16 14 
b_1940 16 15 
b_1960 18 18 
b_1970 16 16 
b_1980 18 14 
b_1990 18 16 
b_2000 20 20 
b_2010 20 20 
season_spring 13 11 
season_summer 15 14 
season_autumn 19 19 
distance 20 20 
h_rooms:h_area 20 20 

Table 5: Significant covariates for our logarithmic model based on AIC and p-value. 
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3.5.2.3. Logarithmic model with          -dependency 

Covariate Number of cities in which best AIC-
selected model includes covariate 

Number of cities in which covari-
ate is deemed significant  

h_rooms 20 20 
h_area 20 20 
h_monthlyfee 20 20 
year_nr 20 20 
b_older 18 19 
b_1910 16 15 
b_1920 18 19 
b_1930 17 14 
b_1940 14 15 
b_1960 18 18 
b_1970 18 16 
b_1980 19 14 
b_1990 18 16 
b_2000 20 20 
b_2010 20 20 
season_spring 13 11 
season_summer 15 14 
season_autumn 19 19 
distance 19 20 
distance^2 18 20 
distance^3 17 20 
h_rooms:h_area 20 

 20 

Table 6: Significant covariates for the logarithmic model(r^3) based on AIC and p-value. 

3.3. Methods for analyzing relationship with population size 

3.3.1. Linear model 

When           had been estimated for each of the 20 cities a regression on the following 

model was run to determine if any correlation to population size could be seen.  

(
         

            
)                                          (   ) 

The reason for dividing           for each city with corresponding median price is that there is 

an apparent correlation between median price and population size. This is shown by a plot in 

the appendix. By dividing           with the median price the influence of price variations 

between cities is reduced. 
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3.3.2. Logarithmic model 

To determine any correlation between the estimated           in the logarithmic model and 

population size, a regression was run on the following model. 

                                                   (   ) 

Due to the nature of a logarithmic model the change in price will be relative rather than addi-

tive and no care has to be taken to median price of the cities. 

3.3.3. Logarithmic model with          -dependency 

To compare the distance-dependence between cities we investigated how the models would 

predict a price halfway from the city center to the edge of the city (See 3.2) for each city. 

Thus a city-dependent price factor was defined as 

     (                       (               )
 
     (               )

 
)  

The  -terms as well as the value of                 are unique for each city. As the depend-

ent variable in the logarithmic model is defined to be   (     ) the price of a condominium at 

                is reduced by a factor of   compared to a similar condominium in the city 

center.  In order to find any correlation with population size, a regression was run on the mod-

el 

                                          (   ) 
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4. Results 

4.1. Estimates of distance dependency  

4.1.1. Linear model 

In the following table only the beta coefficients for the distance will be presented. The other 

coefficients are of little interest to the analysis. The  ̅  for the model in each city is shown, 

giving an indication of how well the model represents the data. Note that           here indi-

cates the price drop for each additional meter from the city center. The complete model is 

presented in the appendix. 

# City                       ̅  

1 Stockholm -93.95 0.39 0.76 
2 Göteborg -56.73 0.56 0.70 
3 Malmö -125.20 2.63 0.73 
4 Uppsala -166.58 2.61 0.79 
5 Västerås -174.05 3.55 0.80 
6 Örebro -138.22 5.50 0.75 
7 Linköping -143.34 3.40 0.77 
8 Helsingborg -111.44 4.99 0.62 
9 Jönköping -74.74 1.32 0.75 

10 Norrköping -68.89 3.63 0.76 
11 Lund -247.37 5.83 0.74 
12 Umeå -174.81 3.15 0.76 
13 Gävle -113.27 3.81 0.70 
14 Borås -87.00 3.41 0.79 
15 Eskilstuna -103.59 7.76 0.77 
16 Södertälje -153.85 5.63 0.75 
17 Karlstad -106.09 1.74 0.77 
18 Växjö -110.59 5.07 0.73 
19 Halmstad -182.57 6.23 0.74 
20 Sundsvall -158.98 3.31 0.75 

Table 7:  -coefficients and standard errors for the distance in the linear model. 
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4.1.2. Logarithmic model 

In table 8 the coefficient           and adherent standard error is shown along with  ̅  for the 

model in each city. See appendix for the full estimated model. 

# City                       ̅  

1 Stockholm 1.49E-07 1.20E-07 0.81 

2 Göteborg 3.68E-07 3.05E-07 0.64 

3 Malmö 1.77E-06 1.62E-06 0.71 

4 Uppsala 1.76E-06 1.32E-06 0.81 

5 Västerås 4.37E-06 4.18E-06 0.75 

6 Örebro 4.20E-06 3.84E-06 0.77 

7 Linköping 3.07E-06 2.76E-06 0.77 

8 Helsingborg 3.89E-06 2.86E-06 0.61 

9 Jönköping 1.48E-06 1.32E-06 0.77 

10 Norrköping 5.35E-06 5.08E-06 0.78 

11 Lund 3.26E-06 3.04E-06 0.75 

12 Umeå 3.54E-06 3.11E-06 0.79 

13 Gävle 5.51E-06 4.69E-06 0.69 

14 Borås 6.96E-06 6.57E-06 0.78 

15 Eskilstuna 9.78E-06 8.90E-06 0.81 

16 Södertälje 7.13E-06 6.88E-06 0.73 

17 Karlstad 3.19E-06 2.35E-06 0.78 

18 Växjö 5.07E-06 4.72E-06 0.76 

19 Halmstad 5.21E-06 4.77E-06 0.77 

20 Sundsvall 5.67E-06 5.26E-06 0.78 

Table 8:  -coefficients for the logarithmic model. 
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4.1.3. Logarithmic model with          -dependence 

In table 9 the coefficient           and adherent standard error is shown along with  ̅  for the 

model in each city. See appendix for the full estimated model. 

# City                                                                     ̅  

1 Stockholm -1.35E-04 1.05E-06 5.62E-09 1.07E-10 -9.32E-14 3.08E-15 0.83 

2 Göteborg -2.28E-04 2.27E-06 1.59E-08 2.63E-10 -3.47E-13 8.36E-15 0.71 

3 Malmö -3.82E-04 1.60E-05 4.57E-08 5.65E-09 -2.50E-13 5.93E-13 0.73 

4 Uppsala -5.19E-05 9.93E-06 -1.81E-08 4.63E-09 8.55E-13 5.48E-13 0.81 

5 Västerås -6.50E-05 3.38E-05 -1.40E-07 1.59E-08 2.41E-11 2.15E-12 0.76 

6 Örebro -3.25E-04 4.88E-05 6.79E-08 2.31E-08 -6.25E-12 3.14E-12 0.78 

7 Linköping -2.56E-04 2.29E-05 -5.40E-09 7.62E-09 4.18E-12 7.22E-13 0.80 

8 Helsingborg -7.11E-04 2.07E-05 1.96E-07 6.68E-09 -1.69E-11 6.40E-13 0.65 

9 Jönköping -1.37E-04 1.15E-05 8.33E-09 2.96E-09 -3.94E-13 2.18E-13 0.77 

10 Norrköping 4.09E-04 5.74E-05 -3.58E-07 3.32E-08 6.61E-11 5.57E-12 0.79 

11 Lund 1.69E-04 2.20E-05 -2.03E-07 1.34E-08 3.33E-11 2.27E-12 0.76 

12 Umeå -3.16E-04 3.05E-05 7.83E-08 1.26E-08 -1.31E-11 1.53E-12 0.81 

13 Gävle -3.42E-04 4.43E-05 8.79E-08 2.47E-08 -1.28E-11 3.86E-12 0.69 

14 Borås -2.92E-05 6.06E-05 -3.17E-08 3.23E-08 -1.97E-13 4.75E-12 0.78 

15 Eskilstuna -5.12E-04 0.000117 2.96E-07 9.13E-08 -6.94E-11 2.01E-11 0.81 

16 Södertälje -1.58E-04 6.24E-05 -1.20E-08 4.15E-08 5.85E-14 7.85E-12 0.73 

17 Karlstad -1.57E-04 2.53E-05 -3.02E-08 9.95E-09 3.88E-12 9.94E-13 0.78 

18 Växjö -2.62E-04 4.36E-05 -4.12E-09 1.90E-08 6.08E-12 2.40E-12 0.77 

19 Halmstad 1.27E-04 4.28E-05 -1.01E-07 1.68E-08 8.66E-12 1.85E-12 0.78 

20 Sundsvall -1.76E-04 6.15E-05 -1.33E-07 3.40E-08 2.73E-11 5.59E-12 0.78 

Table 9:  -coefficients for the logarithmic(distance^3) model. 
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4.2. Residuals for the models 

Below are plots of the residual against the fitted values.  These are important to look for signs 

of heteroskedasticity. 

4.2.1. Linear model 

 
Stockholm   Göteborg 

 
Malmö   Uppsala 

Figure 4: Residuals vs fit for the linear model 
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Västerås   Örebro 

 
 

Linköping   Helsingborg 

Figure 5: Residuals vs fit for the linear model 
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Jönköping   Norrköping 

 
Lund   Umeå 

Figure 6: Residuals vs fit for the linear model 
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Gävle   Borås 

 
Eskilstuna   Södertälje 

Figure 7: Residuals vs fit for the linear model 
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Karlstad   Växjö 

 
Halmstad   Sundsvall 

Figure 8: Residuals vs fit for the linear model 

In the pictures above we see tendencies of heteroskedasticity, especially in the end-intervals.  
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4.2.2. Logarithmic model 

 
Stockholm   Göteborg 

 
Malmö   Uppsala 

Figure 9: Residuals vs fit for the logarithmic model 

 



36 
 
 

 
Västerås   Örebro 

 

 
Linköping   Helsingborg 

Figure 10: Residuals vs fit for the logarithmic model 
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Jönköping   Norrköping 

 

 
Lund   Umeå 

Figure 11: Residuals vs fit for the logarithmic model 
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Gävle   Borås 

 

 
Eskilstuna   Södertälje 

Figure 12: Residuals vs fit for the logarithmic model 
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Karlstad   Växjö 

 
Halmstad   Sundsvall 

Figure 13: Residuals vs fit for the logarithmic model 
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4.2.3. Logarithmic model with          -dependency 

 
Stockholm    Göteborg 

 
Malmö    Uppsala 

Figure 14: Residuals vs fit for the logarithmic(distance^3) model 
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Västerås   Örebro 

 

 
Linköping   Helsingborg 

Figure 15: Residuals vs fit for the logarithmic(distance^3) model 
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Jönköping   Norrköping 

 

 
Lund   Umeå 

Figure 16: Residuals vs fit for the logarithmic(distance^3) model 
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Gävle   Borås 

 

 
Eskilstuna   Södertälje 

Figure 17: Residuals vs fit for the logarithmic(distance^3) model 
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Karlstad   Växjö 

 
Halmstad   Sundsvall 

Figure 18: Residuals vs fit for the logarithmic(distance^3) model 
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4.3. Correlation with population size 

4.3.1. Linear model 

The result of the regression (3.1) is shown in table 10 and figure 19. The model has a  ̅ -

value of 0.21 and the p-value for the null hypothesis               is 0.0254.  

 
Figure 19: Plot of linear distance coefficient against population.  ̅        

Coefficients: Estimate  Std. Error  t value  Pr(>|t|)     Sign. 

gamma_intercept -1.897E-04 1.770E-05 -10.718 3.04E-09 *** 

gamma_population 1.106E-10 4.536E-11 2.438 0.0254  * 

Table 10:  -coefficients for the linear model to see how price-variation varies with population. 
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Västerås and Sundsvall can be regarded as outliers. Regression (3.1) run without them yields 

the results shown in figure 20.  ̅ =0.37 and the p-value for               is 0.0043. 

 

Figure 20: Plot of linear distance coefficient against population without Sundsvall and Västerås.  ̅        

Coefficients: Estimate  Std. Error  t value  Pr(>|t|)     Sign. 

gamma_intercept -1.691e-04 1.148E-05 -14.732 1E-10 *** 

gamma_population 9.295E-11 2.797E-11 3.323 0.0043  ** 

Table 11:  -coefficients for the linear model to see how price-variation varies with population. 
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4.3.2. Logarithmic model 

The results of regression (3.2) are shown in table 12 and plotted in figure 21.  ̅  is 0.22 and 

the p-value for               is 0.021 

 
Figure 21: Plot of how declination of condominium prices varies with population.  ̅        

 

Coefficients: Estimate  Std. Error  t value  Pr(>|t|)     Sign. 

gamma_intercept -1.73E-04 1.57E-05 -11.03 1.94E-09 *** 

gamma_population 1.02E-10 4.02E-11 2.53 0.021 *   

Table 12:  -coefficients for the logarithmic model on how price-variation varies with population. 

 

In the plot there is a suggestion that Sundsvall deviates from the trend the other cities percep-

tibly follow and it can therefore be regarded as an outlier. Excluding Sundsvall in regression 

(3.2) yields the results in table 13 and plotted in figure 22.  ̅  is 0.29 and the p-value for 

              is 0.0103 
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Figure 22: Plot of declination of condominium prices against population excluding Sundsvall.  ̅        

Coefficients: Estimate  Std. Error  t value  Pr(>|t|)     Sign. 

gamma_intercept -1.625e-04 1.264e-05 -12.858 3.47e-10 *** 

gamma_population 9.104e-11 3.157e-11 2.884 0.0103 * 

Table 13:  -coefficients for the logarithmic model on how price-variation varies with population when Sundsvall 

is excluded. 
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4.3.3. Logarithmic model with          -dependency 

The results of regression (3.3) are shown in table 14 and plotted in figure 23.  ̅  is 0.17 and 

the p-value for               is 0.0425.  

 
Figure 23: Plot of price factor   halfway from city center against population.  ̅        

Coefficients: Estimate  Std. Error  t value  Pr(>|t|)     Sign. 

gamma_intercept 6.260e-01 3.608e-02 17.349 1.1e-12 *** 

gamma_population -2.018e-07 9.245e-08 -2.183 0.0425 *   

Table 14:  -coefficients for the variation of condominium prices for the logarithmic(distance^3) model 

If Norrköping is eliminated as an outlier and the regression (3.3) is rerun the results in table 

13 and plotted in figure 24.  ̅  is 0.20 and the p-value for               is 0.0333. 
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Figure 24: Plot of price factor halfway from city center against population, without Norrköping  ̅        

Coefficients: Estimate  Std. Error  t value  Pr(>|t|)     Sign. 

gamma_intercept 6.069e-01 3.232e-02 18.779 8.36e-13 *** 

gamma_population -1.872e-07 8.081e-08 -2.317 0.0333 *   

Table 15:  -coefficients for the variation of condominium prices for the logarithmic (distance^3) model when 

Norrköping is excluded. 
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5. Discussion 

5.1. Results 

To answer the questions we had when starting this study, we can conclude that the price de-

creases substantially when moving out from the city center. From the results we can also con-

clude that population is significant to determining the price function. Below we will discuss 

our results more in-depth. 

The linear model gave satisfactory results as a prediction model for each city. The smallest  ̅  

was for Helsingborg which was     . This seems to be an outlier when looking at the highest 

 ̅  which was      and the median value of     . This is a good sign and an indicator that 

most of the models had a high goodness-of-fit. For the logarithmic model the  ̅ -values were 

slightly better than the linear model. There was a decrease in the smallest  ̅ , which was still 

Helsingborg, but overall the  ̅  increased, being concentrated around the median value of 

0,77. The logarithmic model with an   -dependency produced even better results, all  ̅  val-

ues increased, the smallest being 0,65 and the largest 0,83 with a median of 0,78. These re-

sults were the best of the models and this is not surprising since it was based on a model that 

reduces heteroskedasticity and that the more complex  -dependency allows the model fit to 

the data. 

Despite being based on a relatively few number of covariates these models created can be 

used not only to estimate the price of a condominium with a high degree of certainty but of-

fers the possibility to study the  -coefficients between cities. 

For the linear model, the results from the analysis of the relationship between price-variation 

and population resulted in a low p-value for            , indicating that there is a significant 

correlation. This value got even lower when removing outliers such as Sundsvall and Stock-

holm, ending up with a p-value of 0,0043. This shows that population is very significant in 

describing the different price-variations between cities. Both logarithmic models had low p-

values indicating that population is indeed significant in determining price-variation. Howev-

er, both p-values have increased slightly and since these models gave a better representation 

of each city, they are probably more correct.  

Despite showing a significant correlation between population and price-variation, none of the 

models managed to produce a high  ̅ . The highest being for the linear model which was 
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0,37. This tells us that even though population is indeed significant, there is something miss-

ing. Something else is determining the price-variation that we are not including in our model. 

We decided to only look at population because this is what we wanted to analyze but there are 

a few variables that could explain the difference in price-variation. This could range from 

geographical size to wage. We will discuss this more in 5.2. 

Despite the good results from the linear model, it also shows heteroskedasticity. Since we are 

using White’s Robust Errors we can still perform hypothesis testing but heteroskedasticity is a 

sign that the model can be improved. As we can see in the residual vs fit plots for both loga-

rithmic models, they have a more constant residual showing a homoscedastic tendency. Be-

cause of this and the fact that they result in better goodness-of-fit for each city, they are to 

prefer over the linear model. 

5.2. Further improvements of the model 

These are examples of some improvements that could be made if one would like to further 

analyze the dependency on distance. 

5.2.1. Covariates that could be included to describe price 

The time it takes to travel into the city center 

One of the most interesting covariates that we could not include in the model is access to 

communication and how long it takes to travel to the city center by train, bus, car or even bi-

cycle. This is an important factor when deciding where to live, maybe even more so than the 

actual distance. Because of this we believe that the models would have benefited from includ-

ing this in the regression analysis. 

Balcony 

We believe that whether or not the condominium has a balcony can affect the price. More so 

if it is located in a tall building that offers a good view. Since our data did not include dummy 

variables for balcony we couldn’t include it in our model. The effect of a balcony is now in-

cluded in the residual and is therefore uncertain. 

Elevator 

Elevator is sure to affect the price, especially if one lives on the higher floors. However, it is 

important to note that it would probably not affect the outcome of our analysis. It would prob-

ably not affect prices that much more if an elevator was missing in the city center or if the 

building is located 10 kilometers outside. 
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Seaview/Seafront 

Seaview or seafront is an important covariate that would drive prices up, although not as 

much for condominiums as for e.g. villas. We lacked information in the data whether or not 

the condominiums had a seaview or were seafront properties and could therefore not include 

it in our analysis. 

Dummy variables for the distance 

One idea we came up with when concluding our analysis is that instead of letting the distance 

be a continuous variable, one could divide the distance in sections that are represented by 

dummy variables. This would eliminate any errors that arise from e.g. a sudden increase in 

house-prices in popular areas outside of the city center. 

5.2.2. Covariates that could be included to determine price-variation 

Geographical size 

We have only looked at the size of the population in each city. If one were to look at the actu-

al geographical size of each city, this could be significant to the price function with respect to 

distance. This could be achieved by measuring the relative distance out of the city center in-

stead of meters. 

Wage 

If the average salary in a city is low, the need for cheaper condominiums increases. This could 

result in cheaper condominiums closer to the city center, resulting in a more rapid decrease of 

price.  

5.3. Possible errors with the model 

5.3.1. Selecting the GPS-coordinates 

Although we had a strong correlation between city center and high condominium prices in our 

model, it is subjective that the GPS-coordinates we have selected as “city centers” are the 

definite centers and even if they are very close, there is an uncertainty of at least a few hun-

dred meters. Some we even had to correct manually, leading to even further uncertainty of the 

actual city center. 

5.3.2. Dividing by median-price when regressing price-variation 

When running a regression of the price function with respect to distance on population, we 

divide by the median price in each city. This does not eliminate the price variation between 

cities completely, resulting in an error. 
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5.3.3. Comparing cities with the logarithmic model with a          -dependency 

When comparing cities in our third model, we had to find a way to get a quantitative measure 

of the difference. In order to get something that we could compare, we decided to look at the 

price halfway out from the city center. This method leads to ambiguous results since it does 

not fully capture the complete shape of the distance dependence.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



55 
 
 

6. Conclusion 
From the 20 cities we analyzed there is definitely a significant trend of declining house prices 

when moving out of the city, which is to be expected. This relationship was a lot stronger than 

we first thought, with little or no peaks in house prices outside the city center. Through statis-

tical analysis based on the three different models we have shown that there is a significant 

relationship between population and price declination. We also produced several models that 

with good predictive abilities for determining prices of condominiums.  

We believe that if one were to look into the improvements we have suggested perhaps it is 

possible to find an even stronger relationship between the distance dependent price function 

and population. 
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7. Appendix 

7.1. GPS coordinates 

In the following table we present the GPS-coordinates for the 20 cities. They are listed in the 

RT 90 format. 

# City RT90_X RT90_Y 

1 Stockholm 6581015 1629012 

2 Göteborg 6404497 1271220 

3 Malmö 6167612 1323376 

4 Uppsala 6639096 1603374 

5 Västerås 6610194 1541847 

6 Örebro 6572704 1466256 

7 Linköping 6476424 1489256 

8 Helsingborg 6217820 1306520 

9 Jönköping 6407646 1402164 

10 Norrköping 6496167 1522610 

11 Lund 6177607 1336213 

12 Umeå 7087441 1719393 

13 Gävle 6729104 1573321 

14 Borås 6402724 1328868 

15 Eskilstuna 6583530 1540232 

16 Södertälje 6564902 1604022 

17 Karlstad 6586558 1369214 

18 Växjö 6306175 1439270 

19 Halmstad 6286069 1318831 

20 Sundsvall 6920760 1577682 

Table 16: GPS-coordinates for the 20 cities. 

 

7.2. Maps of chosen city centers 

 

Stockholm     Göteborg 

Figure 25: Maps of chosen city centers 
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Malmö     Uppsala 

 

Västerås         Örebro 

 

Linköping     Helsingborg 

Jönköping     Norrköping 

Figure 26: Maps of chosen city centers 
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Lund                Umeå 

 

Gävle          Borås 

 

Eskilstuna    Södertälje 

 

Karlstad              Växjö 

Figure 27: Maps of chosen city centers 
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Halmstad    Sundsvall 

Figure 28:Maps of chosen city centers. 
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7.3. Scatter plots with LOWESS 

 

Figure 29:Price vs distance including LOWESS-plot 
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Figure 30:Price vs distance including LOWESS-plot 
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Figure 31:Price vs distance including LOWESS-plot 
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Figure 32:Price vs distance including LOWESS-plot 
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Figure 33:Price vs distance including LOWESS-plot 
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7.4. Median price of condominiums versus population size 

 

Figure 34:Median price of condominium versus population size. 

 

 

 

 

 

 

 

 

 



 

 

7.5. Results of regression models 

 Estimated values of coefficients for linear model 

 Intercept h_rooms year_nr h_area h_monthlyfee b_older b_1910 b_1920 b_1930 b_1940 b_1960 

Stockholm 2,79E+05 -1,43E+05 1,08E+05 4,98E+04 -3,36E+02 1,18E+06 8,57E+05 7,81E+05 6,16E+05 2,85E+05 -4,67E+04 
Göteborg 7,15E+04 -3,12E+04 9,27E+04 3,54E+04 -2,90E+02 8,20E+05 6,67E+05 4,49E+05 4,12E+05 2,42E+05 -1,32E+05 
Malmö 2,34E+05 -2,56E+04 1,94E+04 3,16E+04 -2,36E+02 2,38E+05 1,32E+05 7,22E+04 -4,60E+04 6,29E+04 -3,37E+05 
Uppsala 3,80E+05 -7,82E+04 1,23E+05 2,47E+04 -2,77E+02 5,23E+05 3,59E+05 3,88E+05 1,53E+05 1,96E+05 -1,38E+05 
Västerås 2,99E+05 -1,06E+05 3,80E+04 2,07E+04 -2,10E+02 4,71E+05 2,70E+05 2,49E+05 1,53E+05 6,63E+04 -2,07E+05 
Örebro -2,99E+04 5,88E+04 8,00E+04 2,41E+04 -2,15E+02 4,93E+05 4,31E+05 2,87E+05 -6,87E+04 -7,00E+04 -1,77E+05 
Linköping 7,24E+04 -8,29E+04 9,41E+04 2,41E+04 -2,31E+02 5,28E+05 3,26E+05 3,95E+05 2,30E+05 1,28E+05 -1,51E+05 
Helsingborg 1,58E+05 -2,49E+04 1,67E+04 3,14E+04 -2,82E+02 4,03E+05 2,05E+05 2,25E+05 2,30E+05 4,70E+04 -2,08E+05 
Jönköping 1,52E+05 -2,96E+04 6,72E+04 1,70E+04 -1,27E+02 3,28E+05 3,63E+05 1,57E+05 3,04E+04 4,16E+04 -8,17E+04 
Norrköping -3,11E+05 3,53E+04 7,22E+04 2,17E+04 -1,92E+02 3,25E+05 6,08E+05 2,64E+05 4,65E+04 2,96E+04 -4,47E+04 
Lund 7,60E+05 -1,17E+05 6,01E+04 1,99E+04 -2,00E+02 4,95E+05 5,47E+05 3,04E+05 1,87E+05 1,89E+05 -2,00E+05 
Umeå 4,36E+05 -2,14E+03 6,41E+04 1,84E+04 -1,41E+02 8,08E+04 3,41E+05 1,11E+05 1,82E+05 -3,76E+04 -1,04E+05 
Gävle -1,26E+05 8,39E+04 5,37E+04 1,96E+04 -2,08E+02 2,64E+05 -2,55E+04 2,60E+05 8,34E+04 1,25E+05 -7,41E+04 
Borås -2,57E+05 -2,13E+04 6,15E+04 1,69E+04 -1,14E+02 4,66E+05 5,29E+05 4,58E+05 2,29E+05 9,42E+04 -6,75E+04 
Eskilstuna -1,94E+05 1,11E+05 4,25E+04 1,38E+04 -1,42E+02 4,36E+05 3,23E+05 2,80E+05 4,75E+04 4,18E+03 3,46E+03 
Södertälje -5,26E+03 1,48E+05 4,32E+04 2,16E+04 -2,04E+02 4,08E+05 3,37E+05 2,73E+05 1,06E+05 1,09E+05 -9,10E+03 
Karlstad 1,54E+05 -5,07E+04 6,24E+04 1,26E+04 -1,07E+02 1,29E+05 1,78E+05 -4,12E+04 -3,90E+04 -2,83E+04 -1,19E+05 
Växjö -6,77E+04 1,92E+05 7,16E+04 1,92E+04 -1,95E+02 9,97E+05 3,48E+05 3,23E+05 3,30E+05 1,19E+05 -1,42E+05 
Halmstad 2,58E+05 -6,31E+04 3,74E+04 2,05E+04 -9,27E+01 3,17E+05 -6,88E+04 8,55E+04 -3,96E+04 2,24E+04 -1,08E+05 
Sundsvall 1,10E+05 -5,86E+03 4,29E+04 1,57E+04 -1,69E+02 -9,41E+04 NA -3,70E+04 -2,72E+04 7,14E+03 -4,74E+04 

Table 17: Estimated values of coefficients for linear model. 



 

 

Estimated values of coefficients for linear model contd. 

 b_1970 b_1980 b_1990 b_2000 b_2010 season_summer season_autumn distance h_rooms. 
h_area 

Stockholm -9,96E+04 8,84E+04 2,54E+05 5,80E+05 5,38E+05 1,53E+04 5,02E+04 -9,40E+01 4,51E+02 
Göteborg -4,17E+04 1,66E+05 2,39E+05 5,55E+05 5,79E+05 2,18E+04 4,31E+04 -5,67E+01 -1,72E+02 
Malmö -2,33E+05 -8,72E+04 1,95E+05 9,70E+05 9,09E+05 4,70E+02 2,14E+03 -1,25E+02 -1,07E+02 
Uppsala -1,37E+05 1,14E+04 1,89E+05 3,24E+05 7,33E+05 1,60E+04 3,89E+04 -1,67E+02 1,69E+03 
Västerås 7,47E+03 3,86E+04 2,21E+05 5,99E+05 1,00E+06 1,05E+04 5,35E+03 -1,74E+02 1,30E+03 
Örebro -1,16E+05 -4,22E+04 -1,02E+05 3,37E+05 2,69E+05 1,07E+04 5,66E+04 -1,38E+02 -6,90E+02 
Linköping 7,78E+04 9,41E+04 1,28E+05 6,55E+05 6,32E+05 2,81E+04 3,47E+04 -1,43E+02 5,18E+02 
Helsingborg -2,01E+05 -8,83E+03 1,68E+05 7,11E+05 7,22E+05 7,71E+03 1,32E+04 -1,11E+02 -2,97E+02 
Jönköping -3,07E+04 -1,01E+05 -5,50E+04 3,39E+05 4,79E+05 1,06E+04 3,38E+04 -7,47E+01 3,31E+02 
Norrköping -4,86E+04 -2,70E+04 1,54E+05 6,31E+05 8,60E+05 6,60E+03 3,24E+04 -6,89E+01 -4,90E+02 
Lund -1,29E+04 2,17E+05 3,20E+04 5,38E+05 5,05E+05 1,15E+04 -4,85E+03 -2,47E+02 1,95E+03 
Umeå -1,13E+05 -1,54E+05 -1,52E+05 1,71E+05 6,31E+05 3,94E+04 4,33E+04 -1,75E+02 -3,97E+02 
Gävle -1,67E+05 -1,97E+04 9,43E+04 5,27E+05 1,20E+06 1,94E+04 2,33E+04 -1,13E+02 -4,10E+02 
Borås -1,14E+05 1,88E+05 1,34E+05 7,18E+05 1,02E+06 3,64E+04 4,04E+04 -8,70E+01 -1,85E+02 
Eskilstuna 2,21E+04 9,10E+04 1,08E+05 5,53E+05 4,99E+05 3,96E+03 2,06E+04 -1,04E+02 -1,83E+02 
Södertälje -1,82E+05 -6,58E+03 1,14E+05 5,50E+05 6,05E+05 2,68E+03 3,25E+04 -1,54E+02 -1,09E+03 
Karlstad -2,45E+04 -9,49E+04 -4,93E+04 3,34E+05 3,92E+05 6,56E+03 2,68E+04 -1,06E+02 1,10E+03 
Växjö -1,12E+05 7,36E+04 8,18E+04 4,43E+05 3,99E+05 1,08E+04 -7,04E+02 -1,11E+02 -1,69E+03 
Halmstad 6,58E+04 -3,88E+04 1,12E+05 5,67E+05 8,74E+05 3,00E+04 3,29E+04 -1,83E+02 -2,25E+02 
Sundsvall -8,74E+04 -1,11E+05 3,21E+04 5,80E+05 5,43E+05 1,59E+04 3,06E+04 -1,59E+02 3,75E+02 

Table 18: Estimated values of coefficients for linear model. 



 

 

Calculated significance for linear model  

 Intercept h_rooms year_nr h_area h_monthlyfee b_older b_1910 b_1920 b_1930 b_1940 b_1960 b_1970 b_1980 

Stockholm *** *** *** *** *** *** *** *** *** *** *** *** *** 
Göteborg ** * *** *** *** *** *** *** *** *** *** *** *** 
Malmö *** - *** *** *** *** *** *** *** *** *** *** *** 
Uppsala *** *** *** *** *** *** *** *** *** *** *** *** - 
Västerås *** *** *** *** *** *** *** *** *** *** *** - ** 
Örebro - *** *** *** *** *** *** *** *** *** *** *** ** 
Linköping * *** *** *** *** *** *** *** *** *** *** *** *** 
Helsingborg ** - *** *** *** *** * *** *** ** *** *** - 
Jönköping *** - *** *** *** *** *** *** * *** *** * *** 
Norrköping *** . *** *** *** *** *** *** *** ** *** ** - 
Lund *** * *** *** *** *** *** *** *** *** *** - *** 
Umeå *** - *** *** *** - - - - * *** *** *** 
Gävle *** *** *** *** *** *** - *** *** *** *** *** - 
Borås *** - *** *** *** *** *** *** *** *** *** *** *** 
Eskilstuna *** *** *** *** *** *** *** *** *** - - - *** 
Södertälje - *** *** *** *** *** *** *** *** *** - *** - 
Karlstad *** *** *** *** *** *** *** - . *** *** * *** 
Växjö . *** *** *** *** *** . *** *** ** *** *** ** 
Halmstad *** * *** *** *** *** - - - - *** * - 
Sundsvall *** - *** *** *** ** *** - . - *** *** *** 

Table 19: Calculated significance for linear model  



 

 

Calculated significance for linear model contd. 

 b_1990 b_2000 b_2010 season_summer season_autumn distance h_rooms.h_area 

Stockholm *** *** *** *** *** *** *** 
Göteborg *** *** *** *** *** *** - 
Malmö *** *** *** - - *** - 
Uppsala *** *** *** ** *** *** *** 
Västerås *** *** *** - - *** *** 
Örebro *** *** *** - *** *** *** 
Linköping *** *** *** ** *** *** ** 
Helsingborg *** *** *** - - *** - 
Jönköping * *** *** - *** *** - 
Norrköping *** *** *** - *** *** ** 
Lund - *** *** - - *** ** 
Umeå *** *** *** *** *** *** . 
Gävle *** *** *** * ** *** ** 
Borås *** *** *** *** *** *** - 
Eskilstuna *** *** *** - ** *** - 
Södertälje *** *** *** - *** *** *** 
Karlstad . *** *** - *** *** *** 
Växjö *** *** *** - - *** *** 
Halmstad *** *** *** . * *** - 
Sundsvall . *** *** * *** *** ** 

Table 20: Calculated significance for linear model  



 

 

Estimated values of coefficients for logarithmic model  

 Intercept h_rooms year_nr h_area h_monthlyfee b_older b_1910 b_1920 b_1930 b_1940 b_1960 b_1970 

Stockholm 1.35E+01 1.63E-01 5.59E-02 2.09E-02 -1.56E-04 3.75E-01 3.20E-01 3.17E-01 2.73E-01 1.33E-01 -2.34E-02 -1.03E-01 

Göteborg 1.30E+01 2.11E-01 5.99E-02 1.86E-02 -1.56E-04 5.02E-01 3.94E-01 3.46E-01 3.26E-01 1.73E-01 -6.11E-02 -2.84E-02 

Malmö 1.27E+01 2.41E-01 1.50E-02 2.54E-02 -1.66E-04 1.82E-01 1.52E-01 1.32E-01 -3.79E-03 5.45E-02 -2.61E-01 -2.05E-01 

Uppsala 1.31E+01 1.58E-01 9.76E-02 1.65E-02 -1.61E-04 2.19E-01 2.20E-01 2.05E-01 1.10E-01 1.24E-01 -6.61E-02 -9.06E-02 

Västerås 1.23E+01 3.70E-01 7.09E-02 2.72E-02 -3.31E-04 4.86E-01 2.97E-01 3.84E-01 2.38E-01 8.34E-02 -3.45E-01 -1.30E-01 

Örebro 1.23E+01 3.20E-01 9.61E-02 2.17E-02 -1.88E-04 3.54E-01 3.26E-01 2.81E-01 -3.21E-02 -9.50E-02 -1.61E-01 -2.00E-01 

Linköping 1.24E+01 2.25E-01 1.10E-01 2.29E-02 -2.20E-04 3.81E-01 2.84E-01 3.04E-01 3.07E-01 1.37E-01 -2.21E-01 8.55E-02 

Helsingborg 1.26E+01 2.95E-01 1.86E-02 2.73E-02 -2.43E-04 2.73E-01 1.49E-01 2.05E-01 2.37E-01 2.17E-02 -2.41E-01 -2.78E-01 

Jönköping 1.26E+01 1.86E-01 7.99E-02 1.90E-02 -1.40E-04 3.05E-01 3.51E-01 1.53E-01 9.08E-02 6.89E-02 -5.99E-02 -1.29E-03 

Norrköping 1.12E+01 4.47E-01 1.31E-01 3.44E-02 -2.60E-04 3.23E-01 5.70E-01 2.74E-01 6.56E-02 8.64E-03 -4.13E-02 -2.22E-02 

Lund 1.34E+01 1.26E-01 4.68E-02 1.38E-02 -1.19E-04 2.45E-01 2.74E-01 1.85E-01 1.31E-01 1.11E-01 -1.35E-01 -6.46E-02 

Umeå 1.30E+01 1.65E-01 8.55E-02 1.79E-02 -1.53E-04 8.63E-02 7.27E-02 -4.84E-02 8.41E-02 -1.61E-02 -2.92E-02 4.54E-03 

Gävle 1.17E+01 4.07E-01 9.26E-02 2.97E-02 -2.94E-04 3.96E-01 7.91E-02 3.08E-01 1.76E-01 1.74E-01 -9.92E-02 -1.24E-01 

Borås 1.10E+01 3.30E-01 1.41E-01 3.57E-02 -2.86E-04 9.47E-01 6.63E-01 8.41E-01 5.27E-01 2.00E-01 -8.46E-02 -3.87E-01 

Eskilstuna 1.12E+01 4.69E-01 7.55E-02 3.11E-02 -2.27E-04 5.89E-01 3.34E-01 3.26E-01 1.07E-01 -1.20E-03 -1.84E-02 -6.93E-02 

Södertälje 1.25E+01 3.21E-01 6.05E-02 2.51E-02 -2.54E-04 2.31E-01 2.14E-01 2.16E-01 9.70E-02 1.14E-01 8.13E-03 -4.46E-01 

Karlstad 1.21E+01 2.76E-01 9.53E-02 2.21E-02 -1.81E-04 2.27E-01 2.80E-01 7.57E-02 4.65E-02 5.65E-02 -1.39E-01 6.52E-02 

Växjö 1.24E+01 3.76E-01 8.85E-02 2.14E-02 -2.19E-04 8.33E-01 2.81E-01 4.00E-01 3.85E-01 6.99E-02 -1.78E-01 -1.66E-01 

Halmstad 1.28E+01 1.16E-01 4.46E-02 2.10E-02 -1.24E-04 2.24E-01 2.60E-02 1.38E-01 2.08E-02 5.02E-02 -6.41E-02 7.47E-02 

Sundsvall 1.18E+01 3.17E-01 9.61E-02 3.12E-02 -3.10E-04 -1.84E-01 NA -1.36E-01 -4.62E-02 1.26E-05 -5.33E-02 -3.09E-01 

Table 21: Estimated values of coefficients for logarithmic model. 



 

 

Estimated values of coefficients for logarithmic model contd. 

 b_1980 b_1990 b_2000 b_2010 season_spring season_summer season_autumn distance h_rooms.h_area 

Stockholm 3.47E-02 9.52E-02 3.16E-01 2.80E-01 2.02E-02 2.40E-02 3.88E-02 -4.91E-05 -1.56E-03 

Göteborg 1.83E-01 2.48E-01 4.66E-01 4.17E-01 3.67E-02 3.93E-02 4.95E-02 -3.94E-05 -1.70E-03 

Malmö 2.10E-02 2.04E-01 5.92E-01 6.09E-01 2.90E-02 1.58E-02 1.51E-02 -8.96E-05 -2.38E-03 

Uppsala -5.51E-02 -1.19E-01 2.22E-01 2.78E-01 2.54E-02 3.16E-02 3.94E-02 -1.26E-04 -8.74E-04 

Västerås 2.58E-01 3.56E-01 6.26E-01 6.66E-01 1.89E-02 2.05E-02 3.47E-02 -2.27E-04 -2.29E-03 

Örebro 1.06E-02 -2.20E-01 3.16E-01 1.79E-01 1.27E-02 1.20E-02 5.22E-02 -1.27E-04 -2.28E-03 

Linköping 1.75E-01 1.29E-01 5.70E-01 4.21E-01 2.16E-02 4.57E-02 5.60E-02 -1.42E-04 -1.70E-03 

Helsingborg -1.44E-02 -3.11E-02 5.86E-01 4.38E-01 3.10E-02 2.67E-02 3.23E-02 -9.36E-05 -2.66E-03 

Jönköping -6.02E-02 -3.25E-03 3.21E-01 3.12E-01 3.80E-02 4.63E-02 5.92E-02 -9.13E-05 -1.61E-03 

Norrköping -5.13E-02 2.22E-01 6.33E-01 5.62E-01 -6.53E-03 2.40E-03 5.12E-02 -1.10E-04 -4.34E-03 

Lund 1.22E-01 -7.52E-02 3.15E-01 2.57E-01 2.53E-02 3.10E-02 1.55E-02 -1.66E-04 -5.72E-04 

Umeå -1.27E-01 -3.51E-01 2.48E-01 4.11E-01 2.80E-02 5.73E-02 5.79E-02 -2.38E-04 -1.52E-03 

Gävle 3.02E-02 2.09E-01 6.14E-01 9.42E-01 1.69E-02 4.56E-02 6.43E-02 -1.78E-04 -3.25E-03 

Borås 6.02E-01 5.92E-01 1.15E+00 9.42E-01 3.46E-02 5.99E-02 1.13E-01 -1.92E-04 -3.30E-03 

Eskilstuna 1.87E-01 2.39E-01 6.72E-01 5.88E-01 7.64E-03 8.84E-03 3.80E-02 -1.75E-04 -3.98E-03 

Södertälje 9.23E-02 1.62E-01 6.07E-01 3.38E-01 3.22E-02 4.92E-03 5.90E-02 -1.96E-04 -2.56E-03 

Karlstad 2.66E-02 7.79E-02 5.55E-01 4.94E-01 -1.24E-02 2.52E-02 4.35E-02 -1.94E-04 -1.92E-03 

Växjö 6.82E-02 5.01E-02 4.23E-01 3.12E-01 -3.26E-02 -7.72E-03 -1.79E-02 -1.24E-04 -3.03E-03 

Halmstad -3.14E-02 2.08E-01 5.02E-01 5.78E-01 1.77E-02 4.66E-02 5.15E-02 -1.87E-04 -1.62E-03 

Sundsvall -1.64E-01 5.00E-02 8.91E-01 5.49E-01 -9.81E-03 3.66E-02 7.57E-02 -3.32E-04 -2.38E-03 

Table 22: Estimated values of coefficients for logarithmic model. 



 

 

Calculated significance for logarithmic model  

 Intercept h_rooms year_nr h_area h_monthlyfee b_older b_1910 b_1920 b_1930 b_1940 b_1960 b_1970 b_1980 

Stockholm *** *** *** *** *** *** *** *** *** *** *** *** *** 

Göteborg *** *** *** *** *** *** *** *** *** *** *** *** *** 

Malmö *** *** *** *** *** *** *** *** - *** *** *** - 

Uppsala *** *** *** *** *** *** *** *** *** *** *** *** *** 

Västerås *** *** *** *** *** *** *** *** *** *** *** *** *** 

Örebro *** *** *** *** *** *** *** *** . *** *** *** - 

Linköping *** *** *** *** *** *** *** *** *** *** *** *** *** 

Helsingborg *** *** *** *** *** *** ** *** *** - *** *** - 

Jönköping *** *** *** *** *** *** *** *** *** *** *** - *** 

Norrköping *** *** *** *** *** *** *** *** *** - ** - * 

Lund *** *** *** *** *** *** *** *** *** *** *** *** *** 

Umeå *** *** *** *** *** - - - - - ** - *** 

Gävle *** *** *** *** *** *** - *** *** *** *** *** - 

Borås *** *** *** *** *** *** *** *** *** *** *** *** *** 

Eskilstuna *** *** *** *** *** *** *** *** *** - - - *** 

Södertälje *** *** *** *** *** *** *** *** *** *** - *** ** 

Karlstad *** *** *** *** *** *** *** * . *** *** *** - 

Växjö *** *** *** *** *** *** - *** *** * *** *** ** 

Halmstad *** *** *** *** *** *** - *** - ** *** ** - 

Sundsvall *** *** *** *** *** * NA *** - - *** *** *** 

Table 23: Calculated significance for logarithmic model. 



 

 

Calculated significance for logarithmic model contd. 

 b_1990 b_2000 b_2010 season_spring season_summer season_autumn distance h_rooms.h_area 

Stockholm *** *** *** *** *** *** *** *** 

Göteborg *** *** *** *** *** *** *** *** 

Malmö *** *** *** *** ** ** *** *** 

Uppsala *** *** *** *** *** *** *** *** 

Västerås *** *** *** . . ** *** *** 

Örebro *** *** *** - - *** *** *** 

Linköping *** *** *** * *** *** *** *** 

Helsingborg - *** *** * * * *** *** 

Jönköping - *** *** *** *** *** *** *** 

Norrköping *** *** *** - - *** *** *** 

Lund *** *** *** *** *** * *** *** 

Umeå *** *** *** * *** *** *** *** 

Gävle *** *** *** - ** *** *** *** 

Borås *** *** *** . ** *** *** *** 

Eskilstuna *** *** *** - - ** *** *** 

Södertälje *** *** *** * - *** *** *** 

Karlstad * *** *** - * *** *** *** 

Växjö . *** *** * - - *** *** 

Halmstad *** *** *** - ** *** *** *** 

Sundsvall - *** *** - ** *** *** *** 

Table 24: Calculated significance for logarithmic model. 

 



 

 

Estimated values of coefficients for logarithmic model with          -dependancy 

 Intercept h_rooms year_nr h_area h_monthlyfee b_older b_1910 b_1920 b_1930 b_1940 b_1960 b_1970 

Stockholm 1.38E+01 1.69E-01 5.57E-02 2.05E-02 -1.42E-04 1.95E-01 2.01E-01 1.78E-01 1.63E-01 9.18E-02 -5.54E-02 -1.27E-01 

Göteborg 1.35E+01 2.34E-01 5.95E-02 1.72E-02 -1.38E-04 2.23E-01 1.91E-01 2.07E-01 1.78E-01 8.16E-02 -4.62E-02 -8.03E-02 

Malmö 1.32E+01 2.54E-01 1.48E-02 2.51E-02 -1.68E-04 6.73E-03 4.61E-02 1.17E-02 -5.96E-02 3.54E-02 -2.33E-01 -2.58E-01 

Uppsala 1.31E+01 1.55E-01 9.78E-02 1.63E-02 -1.60E-04 2.43E-01 2.53E-01 2.33E-01 1.32E-01 1.30E-01 -6.82E-02 -9.12E-02 

Västerås 1.24E+01 3.63E-01 6.98E-02 2.67E-02 -3.12E-04 3.47E-01 1.64E-01 2.44E-01 1.04E-01 -9.18E-04 -3.55E-01 -2.83E-01 

Västerås 1.25E+01 3.21E-01 9.60E-02 2.13E-02 -1.81E-04 3.14E-01 2.88E-01 2.33E-01 -5.41E-02 -1.09E-01 -1.92E-01 -2.43E-01 

Linköping 1.26E+01 2.34E-01 1.09E-01 2.26E-02 -2.13E-04 2.14E-01 1.21E-01 1.66E-01 1.51E-01 3.38E-02 -2.23E-01 6.19E-02 

Helsingborg 1.30E+01 2.71E-01 1.45E-02 2.53E-02 -2.02E-04 2.12E-01 1.51E-01 1.70E-01 1.86E-01 -4.49E-02 -1.54E-01 -2.07E-01 

Jönköping 1.26E+01 1.92E-01 8.00E-02 1.90E-02 -1.41E-04 2.94E-01 3.52E-01 1.47E-01 8.50E-02 6.93E-02 -5.85E-02 -1.51E-02 

Norrköping 1.10E+01 4.53E-01 1.31E-01 3.53E-02 -2.68E-04 3.21E-01 5.06E-01 2.35E-01 2.73E-02 -4.82E-03 -5.86E-02 -4.26E-02 

Lund 1.33E+01 1.24E-01 4.63E-02 1.38E-02 -1.14E-04 2.46E-01 2.96E-01 1.89E-01 1.44E-01 1.19E-01 -1.26E-01 -3.10E-02 

Umeå 1.30E+01 1.48E-01 8.54E-02 1.73E-02 -1.55E-04 7.27E-02 1.09E-01 -2.44E-02 1.01E-01 7.67E-03 -6.96E-02 -7.28E-02 

Gävle 1.18E+01 4.05E-01 9.24E-02 2.97E-02 -2.91E-04 3.92E-01 7.90E-02 3.16E-01 1.86E-01 1.83E-01 -1.00E-01 -1.22E-01 

Borås 1.08E+01 3.49E-01 1.43E-01 3.54E-02 -2.87E-04 1.00E+00 7.00E-01 8.55E-01 5.21E-01 1.89E-01 -9.82E-02 -3.97E-01 

Eskilstuna 1.13E+01 4.64E-01 7.49E-02 3.10E-02 -2.22E-04 5.73E-01 3.50E-01 3.31E-01 1.06E-01 3.33E-03 -1.62E-02 -2.34E-02 

Södertälje 1.25E+01 3.22E-01 6.05E-02 2.51E-02 -2.55E-04 2.39E-01 2.19E-01 2.26E-01 1.02E-01 1.15E-01 7.66E-03 -4.45E-01 

Karlstad 1.21E+01 2.82E-01 9.50E-02 2.26E-02 -1.94E-04 2.22E-01 2.86E-01 6.80E-02 4.58E-02 5.70E-02 -1.35E-01 6.54E-02 

Växjö 1.24E+01 3.75E-01 8.82E-02 2.17E-02 -2.01E-04 7.35E-01 2.08E-01 4.34E-01 4.29E-01 2.11E-02 -1.43E-01 -1.00E-01 

Halmstad 1.26E+01 1.30E-01 4.43E-02 2.03E-02 -1.23E-04 2.65E-01 6.70E-02 1.54E-01 2.44E-02 4.00E-02 -8.93E-02 1.35E-01 

Sundsvall 1.18E+01 3.25E-01 9.60E-02 3.08E-02 -3.12E-04 -1.99E-01 NA -1.54E-01 -5.36E-02 -1.20E-02 -5.72E-02 -2.90E-01 

Table 25: Estimated values of coefficients for logarithmic model with distance^3 dependency  



 

 

Estimated values of coefficients for logarithmic model with          -dependancy,contd. 

 b_1980 b_1990 b_2000 b_2010 season_spring season_summer season_autumn distance distance2 distance3 h_rooms 

.h_area 

Stockholm -3.63E-02 3.95E-02 2.66E-01 2.65E-01 2.05E-02 2.42E-02 3.91E-02 -1.35E-04 5.62E-09 -9.32E-14 -1.61E-03 

Göteborg 3.59E-02 1.81E-01 3.74E-01 3.11E-01 3.67E-02 3.91E-02 5.04E-02 -2.28E-04 1.59E-08 -3.47E-13 -1.67E-03 

Malmö -1.28E-01 1.11E-01 4.49E-01 4.25E-01 2.98E-02 1.69E-02 1.58E-02 -3.82E-04 4.57E-08 -2.50E-13 -2.45E-03 

Uppsala -3.13E-02 -8.61E-02 2.27E-01 2.85E-01 2.56E-02 3.23E-02 3.93E-02 -5.19E-05 -1.81E-08 8.55E-13 -8.33E-04 

Västerås 1.28E-01 1.70E-01 5.08E-01 5.46E-01 2.15E-02 2.13E-02 3.41E-02 -6.50E-05 -1.40E-07 2.41E-11 -2.33E-03 

Västerås -3.12E-02 -2.51E-01 3.02E-01 1.73E-01 1.25E-02 1.11E-02 4.89E-02 -3.25E-04 6.79E-08 -6.25E-12 -2.25E-03 

Linköping 5.20E-02 3.25E-02 4.76E-01 3.85E-01 2.51E-02 4.70E-02 5.92E-02 -2.56E-04 -5.40E-09 4.18E-12 -1.75E-03 

Helsingborg -3.22E-02 -3.95E-02 5.39E-01 6.03E-01 3.22E-02 2.56E-02 3.44E-02 -7.11E-04 1.96E-07 -1.69E-11 -2.47E-03 

Jönköping -6.75E-02 -2.35E-02 3.16E-01 3.10E-01 3.98E-02 4.68E-02 5.94E-02 -1.37E-04 8.33E-09 -3.94E-13 -1.64E-03 

Norrköping -1.01E-01 1.76E-01 5.95E-01 5.43E-01 -7.39E-03 2.67E-03 5.14E-02 4.09E-04 -3.58E-07 6.61E-11 -4.47E-03 

Lund 1.10E-01 -3.48E-02 3.37E-01 2.99E-01 2.61E-02 3.30E-02 1.60E-02 1.69E-04 -2.03E-07 3.33E-11 -5.95E-04 

Umeå -1.37E-01 -2.80E-01 2.27E-01 3.95E-01 2.39E-02 5.72E-02 5.54E-02 -3.16E-04 7.83E-08 -1.31E-11 -1.27E-03 

Gävle 3.01E-02 2.03E-01 6.07E-01 9.53E-01 1.76E-02 4.59E-02 6.52E-02 -3.42E-04 8.79E-08 -1.28E-11 -3.25E-03 

Borås 6.23E-01 5.83E-01 1.21E+00 9.82E-01 2.77E-02 5.74E-02 1.10E-01 -2.92E-05 -3.17E-08 -1.97E-13 -3.39E-03 

Eskilstuna 2.00E-01 2.17E-01 6.67E-01 5.80E-01 6.56E-03 7.49E-03 3.90E-02 -5.12E-04 2.96E-07 -6.94E-11 -3.96E-03 

Södertälje 1.03E-01 1.64E-01 6.11E-01 3.47E-01 3.16E-02 4.71E-03 5.85E-02 -1.58E-04 -1.20E-08 5.85E-14 -2.57E-03 

Karlstad 5.35E-02 1.10E-01 5.68E-01 5.10E-01 -1.44E-02 2.47E-02 4.38E-02 -1.57E-04 -3.02E-08 3.88E-12 -1.94E-03 

Växjö 1.03E-01 1.14E-01 4.81E-01 3.82E-01 -3.47E-02 -9.61E-03 -1.96E-02 -2.62E-04 -4.12E-09 6.08E-12 -3.16E-03 

Halmstad 3.66E-02 2.80E-01 5.36E-01 6.18E-01 1.85E-02 4.49E-02 5.06E-02 1.27E-04 -1.01E-07 8.66E-12 -1.61E-03 

Sundsvall -1.52E-01 -7.36E-04 9.10E-01 5.67E-01 -1.18E-02 3.52E-02 7.26E-02 -1.76E-04 -1.33E-07 2.73E-11 -2.38E-03 

Table 26: Estimated values of coefficients for logarithmic model with distance^3 dependency  



 

 

Calculated significance for logarithmic model with          -dependency 

 Intercept h_rooms year_nr h_area h_monthlyfee b_older b_1910 b_1920 b_1930 b_1940 b_1960 b_1970 b_1980    season_spring season_summer season_autumn distance h_rooms.h_area 

Stockholm *** *** *** *** *** *** *** *** *** *** *** *** ***    *** *** *** *** *** 

Göteborg *** *** *** *** *** *** *** *** *** *** *** *** ***    *** *** *** *** *** 

Malmö *** *** *** *** *** *** *** *** - *** *** *** -    *** ** ** *** *** 

Uppsala *** *** *** *** *** *** *** *** *** *** *** *** ***    *** *** *** *** *** 

Västerås *** *** *** *** *** *** *** *** *** *** *** *** ***    . . ** *** *** 

Örebro *** *** *** *** *** *** *** *** . *** *** *** -    - - *** *** *** 

Linköping *** *** *** *** *** *** *** *** *** *** *** *** ***    * *** *** *** *** 

Helsingborg *** *** *** *** *** *** ** *** *** - *** *** -    * * * *** *** 

Jönköping *** *** *** *** *** *** *** *** *** *** *** - ***    *** *** *** *** *** 

Norrköping *** *** *** *** *** *** *** *** *** - ** - *    - - *** *** *** 

Lund *** *** *** *** *** *** *** *** *** *** *** *** ***    *** *** * *** *** 

Umeå *** *** *** *** *** - - - - - ** - ***    * *** *** *** *** 

Gävle *** *** *** *** *** *** - *** *** *** *** *** -    - ** *** *** *** 

Borås *** *** *** *** *** *** *** *** *** *** *** *** ***    . ** *** *** *** 

Eskilstuna *** *** *** *** *** *** *** *** *** - - - ***    - - ** *** *** 

Södertälje *** *** *** *** *** *** *** *** *** *** - *** **    * - *** *** *** 

Karlstad *** *** *** *** *** *** *** * . *** *** *** -    - * *** *** *** 

Växjö *** *** *** *** *** *** - *** *** * *** *** **    * - - *** *** 

Halmstad *** *** *** *** *** *** - *** - ** *** ** -    - ** *** *** *** 

Sundsvall *** *** *** *** *** * NA *** - - *** *** ***    - ** *** *** *** 

Table 27: Calculated significance for logarithmic model with distance^3 dependency 



 

 

Calculated significance for logarithmic model with          -dependency contd. 

 b_1990 b_2000 b_2010 season_spring season_summer season_autumn distance h_rooms.h_area 

Stockholm *** *** *** *** *** *** *** *** 

Göteborg *** *** *** *** *** *** *** *** 

Malmö *** *** *** *** ** ** *** *** 

Uppsala *** *** *** *** *** *** *** *** 

Västerås *** *** *** . . ** *** *** 

Örebro *** *** *** - - *** *** *** 

Linköping *** *** *** * *** *** *** *** 

Helsingborg - *** *** * * * *** *** 

Jönköping - *** *** *** *** *** *** *** 

Norrköping *** *** *** - - *** *** *** 

Lund *** *** *** *** *** * *** *** 

Umeå *** *** *** * *** *** *** *** 

Gävle *** *** *** - ** *** *** *** 

Borås *** *** *** . ** *** *** *** 

Eskilstuna *** *** *** - - ** *** *** 

Södertälje *** *** *** * - *** *** *** 

Karlstad * *** *** - * *** *** *** 

Växjö . *** *** * - - *** *** 

Halmstad *** *** *** - ** *** *** *** 

Sundsvall - *** *** - ** *** *** *** 

Table 28: Calculated significance for logarithmic model with distance^3 dependency 
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