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Abstract
Title: Are There Any Variables Not Yet Tested That Can Help Explain Real Estate Price
Variation?
Authors: Sofie Andersson & Johanna Buhr-Berg
Supervisor: Lars Forsberg
Date: June 10 2013
Aim: The purpose of this study is to find new variables that can help explain the variation in the
prices of apartments in the county of Stockholm.
Method: By using recreated variables from an existing model created by Claussen, Jonsson and
Lagerwall (2011) on behalf of Sweden’s central bank, and adding new variables obtained by the
realtor Erik Olsson and the housing ad website Hemnet, the goal is to find a model that explains
as much of the price variation as possible. The accuracy of the model is tested by an out-ofsample forecast. The study is based on monthly data for the years 2008 up until February 2013
and is written in cooperation with Valueguard.
Findings: By combining the two data sets the adjusted coefficient of determination was 0,703,
which means that 70,3% of the variation in the prices can be explained by the model.
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1. Introduction
This section gives a brief description of the study´s background and purpose. It provides an overview of the study and its
disposition.

The housing market is an important driving force in the economy. A change in the housing
market affects the private economy, as well as the social economy. (Ekonomifakta, 2013) On an
individual level, buying a house or an apartment can be seen as one of the biggest purchases in
one’s life. Therefore it should be in everyone’s interest to find variables that can explain the
variation on the market.
The aim of this study is to create a model that can explain how the housing prices vary and if
there are any new variables that can be used as price level indicators. It is made in cooperation
with the company Valueguard and the study will use the HOX price index created by Valueguard
as the dependent variable.
During previous years the prices have increased continuously. During the first quarter of 2013,
the prices of cooperative apartments1 increased by seven percent and only in March the prices
went up by three percent (Bostadsrättspriserna fortsätter öka, 2013). This increase can also be
seen in Graph 1 where Valueguard´s HOX index is plotted, showing the price level of
apartments in Stockholm over time.

Graph 1: HOX index

In a previous study by Claussen, Jonsson and Lagerwall (2011) on behalf of Sweden’s central
bank, a model was created with “Interest Rate”, “Disposable Income” and “Financial Wealth” as
independent variables. In this study the recreated variables from the Claussen et al. study will be
combined with new variables in order to create a model that can explain the variation in housing

((((((((((((((((((((((((((((((((((((((((((((((((((((((((
1

Referred to as apartments from now on.
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prices. The new variables in the study will be obtained from the realtor Erik Olsson and the
housing ad website Hemnet:

•

Number of visitors on Hemnet (weekly)

•

Number of unique visitors on Hemnet (weekly)

•

Number of new objects posted on Hemnet (weekly)

•

Bid per objects by Erik Olsson (monthly average)

•

Number of bidders per object by Erik Olsson (monthly average)

In order to evaluate the model’s accuracy a forecast will be performed for the final model
including the variables “Interest Rate”, “Disposable Income” and “Financial Wealth”. This
model will be compared to a model only using the variables from Hemnet and Erik Olsson in
order to see which model is the most precise.
This study is limited to apartments in the county of Stockholm, Sweden from the year 2008 up to
2013.
The study is divided into seven sections. In the second section, the study made by Claussen et al.
is presented in more detail as well as two other previous studies. Section three explains the
statistical concepts needed to be able to understand and perform the study. Section four contains
information about the data used in the study and ends with a description of the different
variables. Section five presents the methodology used in the study. It goes through all the steps
used in order to create a model that explains the variation in the housing price index. Finally, in
section six, the results are interpreted.
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2. Previous studies
This section presents previous studies which findings are used in this study.

In a study conducted by Lennart Berg and Johan Lyhagen (1998) the development of the housing
prices on the secondary market in Sweden for the period January 1981 to July 1997 is examined.
The study concludes that the Stockholm region clearly “leads” the prices of real estate in the
country. The study proceeds by using bivariate and multivariate Granger tests between the real
estate prices in Stockholm and various macro variables. These tests proved that the real interest
rate after tax, the term premium, the trend of the stock market and a "proxy variable" for
consumption all are important factors in describing the variation in the price of housing in
Stockholm.
In 2005 a study was performed by Niclas Roll, which also focused on what determines housing
prices. The aim of this study was to see how features of an apartment such as a balcony and
fireplace affect the price. A model was created using multiple regression with the price as the
dependent variable. The results showed that the size of the apartment, the monthly fee and if the
apartment had a balcony or not had a significant effect in the price.
To create the model, variables from the study “A macroeconomic analysis of housing prices in Sweden” 2
made by Claussen, Jonsson and Lagerwall on behalf of Sweden’s central bank will be used as a
foundation. The variables that will be included from the study are:
•

The households’ real disposable income (annually)

•

The real mortgage rate (average monthly)

•

The households’ financial wealth (quarterly)

The result of their study showed that increased incomes, lower interest rates and increased
demand for apartments have had a large positive impact on the prices. These factors can,
according to the study, help explain why the prices have kept increasing the last couple of years.
The study by Claussen, Jonsson and Lagerwall also discusses the effect on housing prices due to
monetary policy, which will not be taken into account in this study.

((((((((((((((((((((((((((((((((((((((((((((((((((((((((
2

Chapter 2 in Riksbankens Utredning om Risker på den Svenska Bostadsmarknaden from 2011.
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3. Theory
This section presents the theory needed to be able to understand and perform the study, as well as interpret the results.

3.1 Multiple regression
One way of creating a regression is by using a single regression model as seen in equation (1).
!! = ! + !!! + !!

(1)(

However, some relations cannot be explained by using this simple model. In( these cases, a
multiple regression model must be used, shown in equation (2). (Andersson et al., 2007, p. 83)
!! = ! + !! !! + !! !! + ⋯ + !! !! + !!

(2)(

The independent variables !! , !! … !! , also known as regressors, describe the variation in the
dependent variable !! and the error term !! includes the variation that the regressors are not
able to capture. When interpreting the coefficients !! , !! … !! in front of the regressors, it is
important to keep in mind that all the interpretations are under the assumption of ”ceteris
paribus” 3. (Andersson et al., 2007, p. 16)
When working with multiple regression, certain assumptions have to be fulfilled in order for the
regression to be accurate:
1. The dependent variable !! has to be a linear function of the explanatory variables
2. The regressors are independent of the error term, !"#! !! , !! = !0
3. Zero mean value of the error term, ! !! = 0 for all t
4. Homoscedasticity, !"#!(!! ) ! = !0 for all t
5. No autocorrelation between error terms, !"#! !! , !!!! = !0 for all ! > 1
6. No exact multicollinearity between the regressors
(Gujarati & Porter 2009, p. 189)
Three of these assumptions are examined further. If there exists multicollinearity the regressors
are correlated, which means that they might explain the same variation in the dependent variable.
If there exists high multicollinearity the standard errors of the regressors tend to be large, leading
to imprecise estimates. One way to detect multicollinerity is to see if the coefficient of
determination is high whilst the regressors are insignificant. (Gujarati & Porter 2009, p. 350-351)
Homoscedasticity, mentioned in assumption four, means that the variance of the error terms is
constant over time. If this assumption is not fulfilled the variables will be heteroscedastic, which

((((((((((((((((((((((((((((((((((((((((((((((((((((((((
3All

others variables held constant.
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weakens the analysis since the estimators become inefficient, meaning that they do not have
minimum variance. (Gujarati & Porter 2009, p. 400-401)
If assumption five is violated, the problem of autocorrelation arises due to the model being
incorrectly specified. This leads to misleading test results when performing for example a t-test.
To identify this problem a correlogram of the residuals can be examined where the ideal result is
uncorrelated residuals. (Gujarati & Porter 2009, p. 452-453)
3.2 Stationarity and Unit Root
Before one can create a regression it is crucial to test whether the variables used are stationary or
not. A variable is weakly stationary if its mean and variance are constant over time (!), and the
covariance between two lags (!) is only dependent on the length of the lag, not the actual time.!
The variables need to be stationary in order for the estimated parameters to be consistent.
If !! is a stochastic process, meaning that it is purely random, the following properties have to
be fulfilled in order for it to be weakly stationary:
•

!"#$:!! !! = !

•

!"#$"%&':!!"# !! = ! ! !

•

!"#$%&$'():!! !! − ! !!!! − !

= !!

(Gujarati, Porter 2009, p. 740)
If the properties are not fulfilled one can differentiate the variable in order to make it stationary.
This is done by transforming !! into its 1st difference.
!! = !!!! + !! !! → !! ∆!!! = (!! − !!!! ) = !!

(3)(

If the variable is stationary after its 1st difference is taken it is integrated of order one.
3.2.1 Augmented Dickey Fuller test
In this study, the Augmented Dickey Fuller test will be used in order to identify non-stationarity.
A variable that contains a so-called unit root is said to be non-stationary 4. One way to test for
unit roots is to use the Augmented Dickey Fuller test. The regression that will be tested is
equation (4), which is a transformation of equation (2).
!!!!!!!!!!!!!!!!!!!!!!!!∆!! = !! + !!!!!! +

!
!!! !!

∆!!!!! + !!

(4)(

The hypothesizes that are tested are the following:

((((((((((((((((((((((((((((((((((((((((((((((((((((((((
4

Important to keep in mind is that all non-stationary variables do not contain a unit root.
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!! : ! = 0!
!! : ! ≠ 0!!
If the null hypothesis (!! ) is accepted, the variable contains a unit root and is non-stationary. It
is then differentiated and tested again until the null hypothesis is rejected and the variable is
proven to be stationary. (Gujarati & Porter 2009, p. 757)
In this study the Augmented Dickey Fuller test is performed in the software EViews 7 and the pvalue from the output indicates if the process has a unit root or not. If the p-value is below 0,05
the null is rejected and the process is stationary on a 5% level.
3.3 Dummy variables
A regression can include several types of variables. A dummy variable is a variable that can take
on the value zero or one. These are useful when working with variables such as months. If
monthly dummy variables are being used, one variable for every month is created. The variable
“April” will take on the value one if the month examined is April and the value zero for all other
months. It is important to drop one of the categories in order to avoid the dummy variable trap.
This causes multicollinearity: when several independent variables are correlated. (Asteriou & Hall
2011, p. 203-212) In this study the dummy variable “January” will be used as reference variable
and therefore it will not be included when testing for seasonality.
3.4 Lags
When creating a model, one can also use a so-called lagged variable: !!!! . This means that the
variable takes on the value from q time periods ago. For instance, if a model uses lagged
regressors from one and two time periods ago, it would take on the appearance of equation (5).
(Andersson et al., 2007, p. 171)
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! = !! + !! !!!! + !! !!!! + !!

(5)(

Lagged variables will be included in this study since they can work as indicators where a change q
time periods ago affect the dependent variable at present time.
When forecasting, all the variables will be pushed forward one time lag since the dependent
variable will be !!!! . This means that !! will be transformed into !!!! and !!!! into
!! and so on. Therefore, the most recent lag that can be used in this study is !!!! since the
aim is to be able to forecast !!!! .
3.5 Hypothesis testing
When deciding if a variable should be included in a model or not, a t-test is performed which
tests whether the coefficient in front of an independent variable is equal to zero or not. The
10(
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coefficient is significant if it is not equal to zero, the variable is then said to describe some of the
variation in the dependent variable and should therefore be included in the model. The
hypothesis for the t-test are created as following:
!! :!!! = 0
!! :!!! ≠ 0!
To determine if the null hypothesis !! is rejected or not, one looks at the p-value from the
output of the regression. If it takes on a smaller value than 0,05 it falls into the rejection region
and the null hypothesis is rejected meaning that the variable is significant on a 5 % level.
(Asteriou & Hall, 2011, p. 46-47)
3.6 Goodness-of-fit measure
The coefficient of determination (! ! ) is a goodness-of-fit measure that describes how much of
the variation in the dependent variable the model explains. It can take on a value between zero
and one. A value of 0,83 would mean that the independent variables in the regression describe
83 % of the variation in the dependent variable. (Asteriou & Hall, 2011. p. 43-44) One flaw with
the ! ! measure is that it increases as the number of independent variables increase, even if they
are insignificant. When a new variable is added it is impossible for the fit to be worse. However,
!
the adjusted coefficient of determination (!!"#
) penalizes for the number of independent
!
variables. If the !!"#
increases as a new independent variable is added, it is true that the new

variable helps explain the variation in the dependent variable and should therefore be included in
the regression. This is why the latter measure is of interest in this study. (Asteriou & Hall, 2011,
p. 74-75)
3.7 Root mean squared error
In practice, it is nearly impossible to create a perfect forecast. No matter how good the forecast is
there will always be a difference between the actual and the forecasted values. The most common
measure used when evaluating a model’s accuracy is the mean squared error (MSE). However,
this measure does not give a result in the measured unit. Therefore, the root mean squared error
(RMSE) is used in this study as an out-of-sample forecast evaluation measure. It calculates the
differences between the values predicted by the model and the actual observed values. The
measure is calculated by equation (6).

11(
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!!!!!!!!!!!!!!!!!!!!!!!!!!"#$ =

!
!

!
!!!

!! − !!

!

(6)(

T=number of time periods
!! = Actual value
!! = Forecasted value of !!
(Pindyck & Rubinfeld, 1998, p. 210)
The measure cannot be interpreted as it is and there is no known benchmark that indicates what
value to strive for. Therefore the accuracy of the model is evaluated by comparing the two
models’ RMSE.
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4. Data
This section presents the data used in the study; it includes information about how the data was collected and ends with a
description of the different variables.

4.1 Data collection
The dependent variable in this study is The NASDAQ OMX Valueguard-KTH Housing
Index™ (HOX®)5. Valueguard collects most of their data from Mäklarstatistik AB and they
manage to cover approximately 70 percent of all the apartments sold in Sweden. The index is
based on apartments in the county of Stockholm, and uses January 2005 as its reference6. It is a
hedonic index, which means that the index is built upon a regression of prices against different
housing characteristics for example; number of rooms, square meters and age of the property. All
the outliers have been removed and if the property is new or if it is built during the ”Million
program” et cetera, is taken into consideration. The index also compensates for certain months
where for example a lot of exclusive apartments were sold. The above characteristics are said to
make the index fair. (Valueguard, 2011)
It would have been possible to use another house pricing index, for example the annual or
quarterly Real Estate Price Index from Statistics Sweden 7. This index uses 1981 as its reference
year (SCB, 2013). This study uses the HOX index since it does not use the average price of
apartments in Stockholm; instead it only measures the underlying development of the prices. The
HOX index is designed to be able to work as a base for financial contracts. It is therefore closely
examined in order to fulfill financial prerequisites. (Valueguard, 2011)
The data from Hemnet was both collected from their website and from their Head of Analysis
Daniel Axelsson, who was kind enough to provide information regarding number of visitors and
unique visitors on their website. Hemnet is a website where apartments and houses for sale are
advertised. It is the most popular website for residential listing services in Sweden and has
approximately 1,8 million visitors every week. (Hemnet, 2013) The idea to use variables from
Hemnet and which exact variables to use was presented by Lars-Erik Ericson at Valueguard. The
reason why the variables were collected from Hemnet and the realtor Erik Olsson was that these
sources are assumed by the authors to reflect the activity on the housing market. This activity
should therefore indicate how the prices vary on the market.
In order to collect the desired variables from Hemnet, Daniel Axelsson the Head of Analysis was
contacted. The variables requested were: number of views per object, the average time an ad is
advertised on the website and the number of visitors on the website. All the variables except the

((((((((((((((((((((((((((((((((((((((((((((((((((((((((
Referred to as HOX index from now on.
Reference year means that index is equal to 100 for that specific time.
7 Referred to as SCB from now on.(
5
6
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latter were, when received, deficient. They only contained information about the annual numbers
for the years 2010 and 2012. Therefore they were excluded from the analysis.
The data from the realtor Erik Olsson was retrieved from their bidding logs where each bid is
registered with type of housing, number of bidders and number of bids. The data was collected
and processed by Lars-Erik Ericson at Valueguard. From the data, the number of bidders and
number of bids were compiled. It was adjusted for the number of rooms and living space, as the
number of bidders can vary between small and large homes. Outliers were handled by using
robust regression. Monthly values were created with time dummies in the regression. The choice
of using data from Erik Olsson was made by Valueguard due to previous cooperation. (Ericson,
2013)
The data regarding the interest rate was collected from SEB and Swedbank’s websites. The data
considering disposable income and financial wealth was distributed from SCB.
4.2 Description of data
The data that will be used has been collected for the years 2008 up until 2013. This is a small
sample and the study’s result would be trust worthier if the sample were to be larger. All of the
variables reached further back in time except for the variables obtained from Hemnet, which
were only available from 2008. Thus, the study will be applied on the mentioned sample.
In Table 1 the recreated variables from the previous study by Claussen et al. are presented 8.
Variable

Interpretation

Disposable
income

Household income in Sweden minus
taxes. Deflated by KPIF. Index with
January 2008 as reference.

Interest
rate on
housing
mortgages

Using data from SEB and Swedbank a
weighted average of the 3-month and 5year interest rate on housing is
calculated 9.

Financial
wealth

Household’s assets in stocks, bonds,
funds, savings, insurances. Deflated by
KPIF. Index with January 2008 as
reference.

Expected sign

Source

+

SCB

-

SEB/
Swedbank

+

SCB

Table 1: Description of variables recreated according to the Claussen et al. study

((((((((((((((((((((((((((((((((((((((((((((((((((((((((
8
9

Descriptive statistics for all the variables can be found in Appendix 1.
The interest rate at Swedbank was not fixed until 2008-10-01.(
14(

(

Andersson(&(Buhr-Berg((2013),(Uppsala(University(

The variables have been replicated from the study made by Claussen et al. The first question is
how the disposable income will affect the HOX index. It is said that the relationship between
disposable income and housing prices is 1:1, meaning that if the income increases by one percent,
the prices will also increase by one percent assuming that the supply is constant (Claussen et al.
2011, p. 44). When running the regression of housing prices, the variable ”Disposable Income”
should therefore take on a positive value. The same goes for the variable “Financial Wealth”. On
the contrary, if the interest rate on housing mortgages increases it means that the money one has
to lend becomes more expensive. This variable should take on a negative sign.
In Table 2 the variables obtained from Hemnet and Erik Olsson are presented followed by their
expected signs.
Variable

Interpretation

Expected sign

Source

Number of bids

How many bids the prospects
belonging to realtor Erik Olsson had
in average every month.

+

Erik Olsson

Number of
bidders

The average monthly number of
unique bidders on Erik Olsson’s
prospects.

+

Erik Olsson

Number of
visitors on
Hemnet

Amount of visitors every week on
Hemnet, summed together into a
monthly total. The variable is in
thousands of visitors.

+

Hemnet

Number of
unique visitors
on Hemnet

Total amount of unique weekly
visitors on Hemnet's website
summed together into a monthly
total. The variable is in thousands of
unique visitors.

+

Hemnet

New prospects
on Hemnet

Number of new prospects every week
on Hemnet. Summed together into a
monthly total.

-

Hemnet

Table 2: Description of variables collected from Hemnet and Erik Olsson

It is expected that as the number of bids increase, the price index should increase and the value
in front of the variable should take on a positive sign. Many bids indicate that the demand for
apartments is high and that the customers may be willing to pay more for the apartments. This is
according to the economic theory of “Supply and Demand” (Fregert & Jonung. 2010, p. 45). The
same goes for the variable “Number of Bidders”.
An increase in the number of visitors on the website is assumed to indicate an increase in
demand for housing. As the demand increases, the prices will also increase and therefore it is
15(
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expected that the sign in front of the variable “Number of Visitors” should be positive. The
same goes for the variable “Number of Unique Visitors”. An increase in new prospects is an
increase in supply, which should make the prices decrease, and the variable “Number of New
Prospects” is expected to take on a negative sign.
It is important to bear in mind that the interpretation of the variables and their expected sign
may change when the lag length is chosen. When it comes to choice of lag length, it is expected
that only recent lags will be significant and included in the model. It is believed that a change in
one of the variables mentioned above will have an instant effect on the price levels. For example
if the interest rate decreased it is expected to have a relatively sudden effect on people’s
willingness to take loans.
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5. Method
This section presents the methodology used in the paper. It will go through all the steps used in order to create a model that
explains the variation in the housing price index.

5.1 Testing for stationarity
The first step when estimating a regression is to check if the variables are stationary by using the
Augmented Dickey Fuller test. If a variable turns out to be non-stationary a new variable will be
created with its 1st difference. The new variable is then tested. This will be repeated until all the
variables are stationary.
5.2 Choice of lag lengths
The next step will be to decide which lagged variables to include in the model. The first variable
to be tested is the dependent variable. A regression will be run with the independent variables
HOXt-1 up until HOXt-12 with HOXt as the dependent variable 10.
!"#! = !! + !! ∗ !"#!!! + !! ∗ !"#!!! + !! ∗ !"#!!! + !! ∗ !"#!!! + !! ∗
!"#!!! + !! ∗ !"#!!! + !! ∗ !"#!!! + !! ∗ !"#!!! + !! ∗ !"#!!! +
!!" ∗ !"#!!!" + !!! ∗ !"#!!!! + !!" ∗ !!"!!!" + !!

(7)(

In order to find the number of lags to include in the final model a top-down method will be used.
This means that if the last lagged regressor is non-significant it will be removed and a new
regression will be run with the remaining regressors. This will go on until the last regressor
proves to be significant. Then the remaining non-significant regressors will be removed until all
the included regressors are significant.
To check for a seasonal trend in the HOX index, a dummy variable for each month will be
created. It is important to point out that January will be used as a reference variable in order to
avoid the dummy variable trap. A regression will then be run upon the HOX index with the
dummies as independent variables. If a dummy variable proves to be significant, one can say that
there is a trend for that specific month and all the non-significant monthly regressors can be
removed.
!"#! = !! + !! ∗ !"# + !! ∗ !"# + !! ∗ !"# + !! ∗ !"# + !! ∗ !"#$ + !! ∗
!"#$ + !! ∗ !"# + !! ∗ !"# + !! ∗ !"# + !!" ∗ !"# + !!! ∗ !"# + !!

(8)(

It is also possible that the seasonal trend is captured in the lagged HOX index variables and not
only in the monthly dummy variables. To test this, a regression will be run with the residual from
the latter model as the dependent variable and the lagged HOX variables as regressors.

((((((((((((((((((((((((((((((((((((((((((((((((((((((((
To estimate this model, and all the other models in this study, Maximum Likelihood under the assumption of normal
distribution is used.
10
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!!!!!!!!!!!!!!!!!!!!! = !! + !! ∗ !"#!!! + !! ∗ !"#!!! + !! ∗ !"#!!! + !! ∗

(9)(

!"#!!! + !! ∗ !"#!!! + !! ∗ !"#!!! + !! ∗ !"#!!! + !! ∗ !"#!!! +
!! ∗ !"#!!! + !!" ∗ !"#!!!" + !!! ∗ !"#!!!! + !!" ∗ !"#!!!" + !!
If HOXt-1 to HOXt-12 were to be non-significant in equation (9) it proves that the seasonal
dummy variables and the lagged HOX variables explain the same variation in the HOX index. In
this case, it will be possible to choose between the lagged HOX variables or the seasonal
dummies.
To determine what other lagged variables to include, one will look at how the different variables
covary with the HOX index by plotting them over time (Fritsche & Stephan, 2002). Cross
correlograms will be created in order to determine how many lags to test. If the last spike in the
cross correlogram is at lag (t-q) equation (10) will be estimated.
!!!!!!!!!!!!!"#! = !! + ! !! ∗ !"#$%&!!"!!"#$!!! + ⋯ + !! ∗ !"#$%&!!"!!"#$!!! + !!

(10)(

The different lags will be determined by the top-down method, in the same manner as
which the lagged HOX variables will be determined.
5.3 Modeling
After deciding which variables to use and in which lagged form, several regressions using these
lagged variables and the variables from the Claussen et al. study will be run. By testing different
combinations of the variables, the aim is to find a model with the highest possible goodness-offit measure where all the variables are significant. To check the adequacy of the created model,
the residuals are examined to see if they are random. First, the residuals are plotted in a time
series and then a correlogram of the residuals is made. The aim is to not obtain any outliers in the
time plot and no spikes in the correlogram. If these requirements are fulfilled, the residuals are
random and the model is said to fit the data. (Chatfield, 2004, p. 67-68)
5.4 Forecasting
The final step in the empirical study will be to forecast HOX index values. In this study an outof-sample forecast will be performed 11. This will be done by dividing the sample into an insample window and an out-of-sample window. The result from the forecast will be evaluated by
using the root mean square error. The lower the error, the better the model. (Tashman, 2000)
It is desired to have a small in-sample in order to achieve a large out-of-sample. The model will
first be estimated with 12 months as an in-sample, this window will then be increased by six
months at a time. The aim is to stop increasing the in-sample window when the estimators seem
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An in-sample evaluation is measured by looking at the R2 value of in-sample.
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to have stable values, in other words when the estimators do not change radically when changing
the in-sample size.
The forecast will be performed twice; first for the regression without the recreated variables from
the Claussen et al. study and then for the final regression including all of the variables. These two
forecasts will then be compared in order to be able to evaluate the final model.
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6. Empirical analysis
This section presents the results produced by using the statistic program EViews 7. The section is divided into subparts in the
same manner as the methodology section.

6.1 Testing for stationarity
To test whether the variables examined are stationary or not, an Augmented Dickey Fuller test
was performed. It was found that most of the variables contained unit roots (see Table 3) where
the p-values are larger than 0,05. After testing the non-stationary variables’ 1st difference for unit
roots, all variables proved to be stationary 12.
Variable

T-statistic

P-value

Variable

T-statistic

P-value

!"#$%&!!"!!"#"$%&#!

-7,305

0,000

!"#$%&!!"!!"#!!"#$%&'($!

-7,161

0,000

!"#$%&!!"!!"#$%&!!"#"$%&#!

-7,731

0,000

!"#$%#&'()!!"#$%&!

-1,157

0,687

!"#!

-0,909

0,779

∆!"#$%#&'()!!"#$%&!

-10,008

0,000

∆!"#!

-4,462

0,001

!"#$%$&#!!"#$!

-1,844

0,356

!"#$%&!!"!!"##$%&!

-1,669

0,442

∆!"#$%$&#!!"#$!

-3,481

0,012

∆!"#$%&!!"!!"##$%&!

-8,710

0,000

!"#$#%"$&!!"#$%ℎ!

-0,611

0,859

!"#$%&!!"!!"#$!

-1,535

0,510

∆!"#$#%"$&!!"#$%&!

-2,955

0,046

∆!"#$%&!!"!!"#$!

-9,232

0,000

Table 3: Results from the Augmented Dickey Fuller test. If the result gives a p-value larger than 0,05 the variable is
said to contain a unit root. Then, the test is made on its 1st difference (Δ).

6.2 Choice of lag length
The next step when creating the model was to run regressions for all of the variables in order to
see which lagged variables and monthly dummy variables to include in the final model 13. The
first variable to be tested was the HOX index; this was done by the top-down method. After
running the regressions, the only lag that proved to be significant was ΔHOXt-1. This regression
can be seen in Table 4. The table shows the value of the coefficient, the standard deviation
within the parenthesis and the t-test value within the brackets.
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13

See Appendix 2 for all the EViews outputs, which is given upon request at buhr-berg@hotmail.com.
See Appendix 2 for all the EViews output, which is given upon request at buhr-berg@hotmail.com.
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Constant

ΔHOXt-1

0,306
(0,326)

0,489*** 14
(0,114)

0,939

!, !"#

Table 4: Regression with ΔHOX index at time t as dependent variable and the ΔHOX at time (t-1) as the independent
variable. The table shows the value of the coefficient, the standard deviation within the parenthesis and the t-test value
within the brackets.

The constant/intercept shows the value of the index when all the independent variables take on
the value zero. However, this will never be the case in this study and the interpretation of the
intercept will therefore be left out of the analysis. The variable ΔHOXt-1 took on the value 0,489
with a standard deviation of 0,114 and is significant on a 0,1 % level. It is important to bear in
mind that the regressor ΔHOXt-1 is the 1st difference of HOXt-1= (HOXt-1- HOXt-2). The
regressor took on a positive value indicating that if the difference between the price index the
two previous months were to increase by one unit, the price index difference today would
increase by 0,489 units. However, since the value in front of the regressor is smaller than 1, the
increase today will be smaller than the previous increase. If the value were to be larger than 1, the
price index would eventually “explode” because all the changes will be larger than the previous
one.
The next step was to test for seasonality. A regression with the dummy variables for every month,
with January as reference, was run and the result is presented in Table 5.
Constant

Feb

Mar

Apr

May

June

July

Aug

Sep

Oct

Nov

Dec

4,578***
(1,073)

-2,531
(1,453)

-3,168*
(1,517)

-4,126**
(1,517)

-4,446**
(1,517)

-6,810***
(1,517)

-0,350*
(1,517)

-2,482
(1,517)

-5,120**
(1,517)

-6,032***
(1,517)

-5,062**
(1,517)

-4,464**
(1,517)

−!, !"#

−!, !"#

−!, !""

−!, !"#

−!, !"#

−!, !!"

−!, !"!

!, !"#

−!, !"#

−!, !""

−!, !"#

−1,636

Table 5: Regression run with ΔHOX index at time t as dependent variable and the monthly dummy variables as
independent variables. The table shows the value of the coefficient, the standard deviation within the parenthesis and
the t-test value within the brackets.

Table 5 shows that all the regressors took on negative values. This result was not surprising
referring to our contact person at Valueguard, Lars-Erik Ericson, who claims that the price level
is at its highest during January every year (Ericson, 2013). All the variables were significant
except for “February” and “August”. The lack of significance in February could be explained by
the relative smooth curve in the plotted HOX index in Graph 1, meaning that the peak in
January might “spill over” on February making the difference in price index relatively small
between the two months. Since January is the reference month and all the other dummies took
on a negative sign, this indicates that January could be used in the model since it is proven to
have a higher HOX price level than the other months.

((((((((((((((((((((((((((((((((((((((((((((((((((((((((
14

*= Significant on 5% level, ** = significant on 1% level, ***=significant on 0,1% level
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To see if the seasonal trend is captured in the lagged HOX index variables, a regression was run
with the residual from the previous regression as the dependent variable. The result showed that
none of the lagged HOX index variables were significant, which indicates that the seasonal
variation is captured in the HOX index. This means that if lagged HOX index variables are
included in the model to explain seasonal variation the monthly dummy variables can be excluded.
Next, all the new variables were tested one by one to see how many lags to include when creating
the final model. First, the HOX index and each of the examined variables were plotted over time
to see if there existed any similar trends. These plots are found in Graph 2-6. In order to
investigate if the variables can be used as indicators, one looks at the peaks and dips of the HOX
index versus the peaks and dips of the various variables.

Graph 2: Number of bids from Erik Olsson and HOX index
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Graph 3: Number of bidders from Erik Olsson and HOX index

Looking at the variables “Number of Bids” and “Number of Bidders” in Graph 2-3 their plots
look alike. This indicated that only one of these need to be included in the final model. After
investigating the plots more closely, it seems as if the variables changed direction before the
HOX index did. This is an indication that a lagged form of one of these variables should be
included in the final model.

Graph 4: Number of unique visitors on Hemnet and HOX index
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Graph 5: Number of visitors on Hemnet and HOX index

The number of unique visitors and visitors on Hemnet, shown in Graph 4-5, fluctuate a lot and
in similar ways. It was hard to draw any conclusions just by studying the plots but a first thought
was that the variables vary too much in comparison to the HOX index to be able to use them as
indicators. It is important to bear in mind that the website is continuously becoming more
popular. This can be seen from the plots since they are slightly trending upwards. Therefore, the
study might give misleading results if these variables are included in the final model.

Graph 6: Number of new prospects on Hemnet and HOX index
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The number of new prospects on Hemnet plotted in Graph 6 also fluctuates a lot but a pattern
could be found, the variable dipped every July and December. Just like the variables “Number of
Unique Visitors” and “Number of Visitors”, it was hard to tell from the plot if the variable could
work as an indicator variable in the final regression.
Next, cross correlograms were created to see how the variables correlate with the HOX index.
From the correlograms, the decision was made to test 12 lags for all of the variables except for
“Number of Visitors” and “Number of Unique Visitors” where 13 lags were tested. After testing
the two latter variables, the only lag that proved to be significant for both variables was (t-13),
which is very far back in time. This result was surprising since it was believed that a more recent
lag would have a larger effect on the price index today. It would be hard to support this result
and a decision was therefore made to test 12 lags, even for these two variables. The top-down
method resulted in the lags shown in Table 6. These lagged variables are used later on when
creating the final regression.

(1)

(2)

(3)

(4)

Constant
0,738*
(0,330)

ΔBidst-1
0,843***
(0,226)

ΔBidst-2
0,540*
(0,223)

!, !"#

!, !"#

!, !"#

ΔBidderst-1

ΔBidderst-2

0,752*
(0,325)

3,215***
(0,802)

1,825*
(0,790)

!, !""

!, !"#

!, !""

5,825**
(1,704)

-0,000**
(0,0001)

!, !"#

−!, !!"

Constant
3,109
(2,410)
!, !"#

(5)

Visitorst-1

Unique visitorst-1
-0,001**
(0,000)
−!, !""

Unique visitorst-4
0,001*
(0,000)

New prospectst-1

!, !"#

5,102***
(0,876)

-0,002***
(0,000)

!, !"#

−!, !"#

Table 6: Regression with ΔHOX index at time t as dependent variable and the different variables from Erik Olsson
and Hemnet as independent variables. The table shows the value of the coefficient, the standard deviation within the
parenthesis and the t-test value within the brackets.

In regression (1) the variable “Number of Bids” one and two time periods (months) ago became
significant meaning that they affect the difference in the HOX index. This variable is, like the
dependent variable, in its 1st difference, which makes the interpretation difficult. The difference
in the number of bids one month ago has a positive effect on the difference in the price index.
The same goes for the difference in the number of bids two months ago. This means that if the
difference in the variable “Number of Bids” for these time periods were to increase, there will be
an increase in the difference in the price index at time t. When looking at the values in front of
the variables, it is possible to see that the effect on the HOX index becomes smaller the further
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back in time you go. The same analysis can be applied to regression (2) where the variable
“Number of Bidders” has been tested.
Regression (3) tests which lag of the variable “Number of Visitors” on Hemnet’s website to
include. The only significant lag left after doing the top-down method was the variable lagged
one time period, which obtained a negative sign. Since this variable is not in its 1st difference, the
interpretation will be slightly simpler. The result indicates that the larger amount of visitors the
website had one time period ago, the smaller the difference will be between the price index today
compared to the price index the previous month.
The same interpretation can be made for regression (4), where the number of unique visitors on
the website one and four months ago were significant. The variable lagged one time period ago
took on a negative sign and the variable lagged four months ago took on a positive sign. An
increase in the amount of visitors on the website can be an indication of an increase in demand
which would eventually be reflected on the market and the prices would increase.
Regression (5) shows that the number of prospects on Hemnet one month ago has a negative
effect on the difference in the price index today. This means that if there are more apartments
for sale one month ago the price difference today will decrease. This matches the expectations
since an increase in supply lowers the prices.
6.3 Modeling
Next, all the significant variables from the previous section were combined into different
regressions to see which combination that resulted in the highest adjusted coefficient of
!
determination (!!"#
). In Table 7 the significant models have been summarized 15.

Model
A1
A2
A3
A4
A5
A6
A7

# Regressors

!!R!

!!R!!"#

4
4
3
4
2
3
3

0,664
0,620
0,489
0,546
0,548
0,593
0,598

0,639
0,593
0,461
0,512
0,532
0,571
0,576

Table 7: Tests of different combinations of variables from Hemnet and Erik Olsson to see which model that obtained
the highest !R!!"# .

The results show that the model with the highest adjusted coefficient of determination was A1,
which takes on the appearance of equation (11).
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The table of all the regressions is found in Appendix 1, EViews outputs are found in Appendix 2.
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Δ!"#! =
3.017 + 0,429 ∗ Δ!"#!!! + 1,900 ∗ Δ!"##$%&!!! − 0,001 ∗ !"#$%&'(")*'!!! +
3,023 ∗ !"# + !!

(11)(

This model can be rewritten as equation (12) making the interpretation more intuitive since none
of the variables are in a differentiated form 16.
!"#! = 3.017 + 1,429 ∗ !"#!!! − 0,429 ∗ !"#!!! + 1,900 ∗ !"##$%&!!! −
1,900 ∗ !"##$%&!!! − 0,001 ∗ !"#$%&'(")*'!!! + 3,023 ∗ !"# + !!

(12)(

The coefficients from the regression in equation (11) obtained all the expected signs that were
presented earlier in the study. It was shown that an increase in demand increased the price index
and the opposite goes for an increase in the supply of apartments. The model explained
approximately 64 percent of the variation in the price index. This model will be used when
comparing forecasts later on. When proceeding in the finding of the final model, it will only be
used as a reference.
Next, the variables “Disposable income” (di), “Financial wealth” (fw) and “Interest rate” (ir) were
!!
added to the models in Table 7 to try to create a significant model with a higher !!"#
than model

A1 17.
!!R!!"#
0.703

B1

6

!!R!
0,735

B2

5

0,601

0,563

B3

4

0,554

0.521

Model

# Regressors

Table 8: Tests of different combinations of variables from the study by Claussen et al, Hemnet and Erik Olsson to see
which model that obtained the highest !R!!"# .

It was difficult to combine the variables into a model where all the variables were significant. All
together, there were three significant models; they are shown in Table 8. Model B1 obtained the
highest adjusted coefficient of determination. Equation (13) shows the rewritten model 18.
!"#! = 2,553 + 1,336 ∗ !"#!!! − 0,336 ∗ !"#!!! + 2,169 ∗ !"##$%&!!! −
2,169 ∗ !"##$%&!!! − 0,001 ∗ !"#$%&'(")*'!!! + 3,321 ∗ !"# + 0,276 ∗ !"!!! −
0,276 ∗ !"!!! − 2,045 ∗ !"!!! + 2,045 ∗ !"!!! + !!

(13)(

Equation (13) is the final model. When the HOX index one month ago (at time (t-1)) increases by
one unit, the index at time t will increase by 1,336 units. This result was expected since the
plotted HOX index in Graph 1 shows the index trending upwards. However, the HOX index
two time periods ago obtained a negative sign and an increase by one unit will decrease the index

((((((((((((((((((((((((((((((((((((((((((((((((((((((((
Calculations can be found in Appendix 1.
The table of all the regressions is found in Appendix 1, EViews outputs are found in Appendix 2.
18 Calculations can be found in Appendix 1.(
16
17
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at time t by 0,336 units. This result could be due to fluctuations in the index indicating that the
growth may not be constant.
The number of bidders on apartments from Erik Olsson one month ago has a positive effect on
the price index, so if the bidders were to increase by one unit at time (t-1) the index will increase
by 2,169 units. This was expected referring to the economic theory were an increase in demand
of apartments increases the housing price index. In other words: when there are many bidders on
an apartment the price goes up. The variable is lagged due to the possibility that when there are
many bidders on an apartment, the buying process becomes more extended. The number of
bidders lagged one time period can therefore be seen as an indicator for how the housing price
index will vary. On the contrary, the number of bidders two months ago has a negative effect on
the price index since it obtained a negative sign in the regression. If the number of bidders at
time (t-1) and (t-2) are the same there will be no change in the level of the HOX index. However,
if the number of bidders (t-1) is larger than the number of bidders at (t-2) there will be an increase
in the level of the HOX index.
The variable “Number of New Prospects” has a negative effect on the HOX index, which was
expected, once again referring to the supply and demand theory where an increase in new
prospects is seen as an increase in supply. The reason for the variable being lagged is that it takes
some time for the new prospects to actually be sold and the market prices do not instantly drop
when new prospects enter the market. There is a certain adjustment period. The variable can
therefore be seen as an indicator for how the housing price index will vary
The dummy variable “January” takes on a positive sign, which was expected since the index is
said to be at its highest level in January. The HOX index is 3,321 units higher when the examined
month is January compared to the rest of the year’s prices.
When testing the model with the variables “Disposable Income”, “Financial Wealth” and
“Interest Rate”, the variable “Disposable Income” could be taken out of the model since it never
proved to be significant. This indicates that the variation in price index due to a change in the
disposable income of the population was already captured by one of the other variables,
supposedly “Financial Wealth”. The remaining two variables obtained the expected signs
meaning that an increase in financial wealth one month ago, (t-1), increases the price index at
time t since the demand and purchase power increases when people have more money. The
variable is lagged since a decision of buying an apartment is not something that is done as soon
as the financial wealth increases. It is usually a decision that takes time and the effect on the
HOX index is therefore not shown until one month later. The variable is also included with a
two-month lag, (t-2). This means that if the financial wealth is larger one month ago than two
months ago, there will be an increase in HOX index, which is supported by the argument above.
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However, if the financial wealth one and two months ago are the same there will be no change in
the level of the HOX index.
Looking at the variable “Interest Rate”, it is possible to see that the higher the rate was at time (t2), the lower the HOX index level will be at time t since the sign in front of the variable is
negative. This was expected since the mortgages are more expensive with a higher interest rate
and it gets harder for people to afford an apartment. This variable is lagged since a change in the
interest rate does not have an immediate effect on people’s willingness to take new mortgages
from the bank. The variable is also included with a three-month lag, (t-3). This means that if there
is no difference in the interest rate between the two time periods there will be no change in the
level of the HOX index. However, if the interest is larger two months ago than three months ago,
there will be a decrease in HOX index.
Before one can say that the model fits the data well and can be used to explain the variation in
housing prices, the residuals of the model must be uncorrelated. When looking at the
correlogram of the residuals all the p-values are larger than 0,05, which means that the null
hypothesis of a correlation equal to zero is accepted. This means that the residuals are random
and uncorrelated 19.
6.4 Forecasting
Finally, a forecast was done to evaluate the fit of the final estimated regression model. There are
two possible ways of doing this: static forecasting and dynamic forecasting. Static forecasting
uses the actual values and can therefore only forecast one time period ahead. Dynamic
forecasting uses the forecasted values, and will be used in this study since it makes it possible to
forecast several time periods ahead, which is of interest.
To decide which in-sample to use in the forecast, the model was first estimated with 12 months
as the in-sample. This window was then increased by six months at a time in order to find a
regression where the estimated parameters are stable. The in-sample chosen was February 2008
to December 2011 and the out-of-sample was January 2012 to January 2013.

IN-SAMPLE(

(((((((((((OUT-OF-SAMPLE(

((

((

(

2008(

2012(

(

2013(

Figure 1: In-sample and out-of-sample window used when performing a
dynamic forecast
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See Appendix 2 for all the EViews outputs, which is given upon request at buhr-berg@hotmail.com.
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The root mean square error of the forecast for the final model B1 (equation (13)) was 1,256. In
order to evaluate the model properly, the root mean square error for the A1 model (equation
(11)) was also computed to see which model obtained the lowest RMSE. A1 obtained an RMSE
of 1,344, which shows that the final model that includes the variables “Disposable income” and
“Interest Rate” has a smaller difference between the actual and the fitted values of HOX index
since 1,256 < 1,344 20.
To see how the actual HOX index and the forecasted HOX index compare when using model
B1, they have been plotted over time in Graph 7. Recall, once again, that it is the 1st differences
of the price index that has been plotted. It is possible to see a common negative trend in the
differences from January 2012 up until June 2012. During that time period, the actual HOX
index had a few increases but the forecasted index seems to have a constant decrease. The
forecasted index always trends in the same direction as the actual index but it does not respond
to the small changes.

Graph 7: Actual vs. Forecasted HOX index for the out-of-sample period

To conclude, the final regression obtained a smaller RMSE compared to model A1 implying that
the model is better. This suggests that the model can be used to forecast future values of the
HOX price index. The final regression can be rewritten and take on the form of equation (14).
!"#!!! = 2,553 + 1,336 ∗ !"#! − 0,336 ∗ !"#!!! + 2,169 ∗ !"##$%&! − 2,169 ∗
!"##$%&!!! − 0,001 ∗ !"#$%&'(")*'! + 3,321 ∗ !"# + 0,276 ∗ !"! − 0,276 ∗ !"!!! −
2,045 ∗ !"!!! + 2,045 ∗ !"!!! + !!
Equation (14) shows that the new variables can be used as indicators making the model useful
when forecasting the price index level for the next time period.
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See Appendix 2 for all the EViews outputs, which is given upon request at buhr-berg@hotmail.com.
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7. Conclusion
This final section will first give a summary of the study. Then further researches are presented.

The aim of this study was to see if it was possible to create a model with new variables that
would help explain the variation in housing prices in the county of Stockholm, Sweden. The
dependent variable was the HOX index created by Valueguard and the independent variables
were obtained from Hemnet and Erik Olsson, as well as from SCB and two banks in Sweden.
An Augmented Dickey Fuller test was performed to make sure that all the variables fulfill the
assumption of stationarity. By using the top-down method, the different lag lengths for each of
the variables were chosen. The next step was to combine these lagged variables into a regression
with the highest possible adjusted coefficient of determination. This study’s final model is:
!"#! = 2,553 + 1,336 ∗ !"#!!! − 0,336 ∗ !"#!!! + 2,169 ∗ !"##$%&!!! − 2,169 ∗
!"##$%&!!! − 0,001 ∗ !"#$%&'(")*'!!! + 3,321 ∗ !"# + 0,276 ∗ !"!!! −
(15)(
0,276 ∗ !"!!! − 2,045 ∗ !"!!! + 2,045 ∗ !"!!! + !!
According to the model the following variables work as indicators: the previous level of the
HOX index, the number of bidders one and two time periods ago and the number of new
prospects one time period ago. This model also includes a dummy variable for January and the
level of financial wealth one and two time periods ago and interest rate two and three time
periods ago. With this model, it is possible to explain 70,3 % of the variation in the HOX index
from Valueguard.
The model’s accuracy was tested by doing an out-of sample test; this resulted in a root mean
square error of 1,256. This number indicates that this model is good compared to the model
where “Financial Wealth” and “Interest Rate” are excluded. The final model can therefore be
used when forecasting the HOX price index in the future.
7.1 Further research
For further research it would be interesting to see whether there are other variables that can be
included to make the model even better. It would be interesting to see how variables from other
realtors, besides from Erik Olsson, would affect the coefficient of determination. It would also
be good to go further back in time and use a larger sample.
Another idea is to create a model that only includes indicator variables that are available for
everyone, like the variable “Number of New Prospects” in this study. This would make it
possible for people to calculate the model themselves, in order to see how the market will evolve.
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Appendix 1
Descriptive statistics from section 4.2. Table 1 consists of all the variables’ mean, median,
standard deviation and minimum and maximum value.
HOX

Bids

Bidders

Visitors

Unique visitors

New prospects

DI

FW

IR

Mean

164,6

11,29

3,66

11 534,0

4 803,3

2 249,1

103,2

111,8

4,01

Median

168,2

12,94

4,01

11 580,0

4 815,6

2 284,0

102,4

114,8

3,93

Std Dev

13,71

3,50

0,95

2 261,7

845,0

800,8

3,77

10,73

0,96

Min

131,6

5,23

1,84

6 491,5

3 084,3

710

97,04

93,71

2,86

Max

187,7

16,38

5,29

16 389,2

6 830,4

3 901,0

110,0

128,69

6,11

Table 1: Descriptive statistics for all of the variables

Table showing the regressions performed by combining all the variables described in section 6.3.
Model

Constant

Bidst-1

Bidderst-1

Visitorst-1

New prospectst-1

Hoxt-1

A1

3,017***
(0,792)
3,810

A2

3,199***
(0,841)
3,805

A3

3,430***
(0,963)
3,562

A4

3,001
(1,516)
1,984

A5

4,659***
(0,743)
6,268

-0,002***
(0,000)
−6,229

0,466***
(0,089)
5,231

A6

3,504***
(0,849)
4,127

-0,002***
(0,000)
−4,439

0,484***
(0,086)
5,656

A7

4,476***
(0,711)
6,298

-0,002***
(0,000)
−6,058

0,417***
(0,087)
4,807

1,900**
(0,558)
3,406
0,327*
(0,163)
2,010

-0,001***
(0,000)
−3,957

0,429***
(0,080)
5,353

3,024**
(0,920)
3,288

-0,001***
(0,000)
−3,963

0,460***
(0,084)
5,453

2,499*
(0,961)
2,601

2,504***
(0,668)
3,749
0,439*
(0,174)
2,516

-0,001**
(0,000)
−3,366
-0,000*
(0,000)
−2,005

1,569*
(0,595)
2,638

January_d

2,803*
(1,123)
2,497
0,481***
(0,092)
5,217

3,416***
(1,029)!
3,319

2,458*
(0,986)
2,492

Table 2: Regression run upon HOX index
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Table of the regressions run when combining all variables from Table 2 as well as the variables
from the Claussen et al. study, described in section 6.3.

Model

Constant

IRt-1

B1

2,553**
(0,758)
3,368

B2

3,270***
(0,908)
3,601

-2,387*
(1,083)
−2,204

B3

4,619***
(0,764)
6,045

-3,154**
(1,088)
−2,899

January_d

Bidderst-1

IRt-2

New
prospectst-1

Hoxt-1

FWt-1

3,321***
(0,875)
3,795

2,169***
(0,551)
3,939

-2,045*
(0,899)
−2,274

-0,001***
(0,000)
−3,772

0,336***
(0,008)
4,162

0,276*
(0,118)
2,349

2,688*
(1,077)
2,495

2,542***
(0,618)
4,116

-0,001***
(0,000)
−3,706

0,360*
(0,138)
2,603

2,192***
(0,630)
3,481

-0,002***
(0,000)
−5,792

0,284*
(2,006)
2,006

Table 3: Regressions run upon HOX index, including variables from the Claussen et al. study

Calculations for equation A1:
Δ!"#! = 3.017 + 0,429Δ!"#!!! + 1,900Δ!"##$%&!!! − 0,001!"#$%&'(")*'!!! +
3,023!"# + !!
Since Δ!"#! = (!"#! − !"#!!! ) the equation can be rewritten as following:
(!"#! − !"#!!! ) = 3.017 + 0,429(!"#!!! − !"#!!! ) + 1,900(!"##$%&!!! −
!"##$%&!!! ) − 0,001!"#$%&'(")*'!!! + 3,023!"# + !!
By multiplying the coefficients into the parenthesis and moving !"#!!! to the right hand side
we get the equation below.
!"#! =
3.017 + 1,429!"#!!! − 0,429!"#!!! + 1,900!"##$%&!!! − 1,900!"##$%&!!! −
0,001!"#$%&'(")*'!!! + 3,023!"# + !!

Calculations for equation B1:
Δ!"#! = 2,553 + 0,336Δ!"#!!! + 2,169Δ!"##$%&!!! − 0,001!"#$%&'(")*'!!! +
3,321!"#! + 0,276∆!"!!! − 2,045∆!"!!! + !!
Since Δ!"#! = (!"#! − !"#!!! ) the equation can be rewritten as following:
(!"#! − !"#!!! ) = 2,553 + 0,336(!"#!!! − !"#!!! ) + 2,169(!"##$%&!!! −
!"##$%&!!! ) − 0,001!"#$%&'(")*'!!! + 3,321!"#! + 0,276(!"!!! − !"!!! ) −
2,045(!"!!! − !"!!! ) + !!
By multiplying the coefficients into the parenthesis and moving !"#!!! to the right hand side
we get the equation below.
!"#! =
2,553 + 1,336!"#!!! − 0,336!"#!!! + 2,169!"##$%&!!! − 2,169!"##$%&!!! −
0,001!"#$%&'(")*'!!! + 3,321!"# + 0,276!"!!! − 0,276!"!!! − 2,045!"!!! +
2,045!"!!! + !!
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