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Abstract 

 

This paper builds on the study Prices on the Second-hand Market for Swedish Family Houses 

conducted by Lennart Berg, economist and associate professor emeritus from Uppsala 

University in 2002. This study attempts to identify inter-and intraregional price 

dependencies in Sweden for the second hand market for family houses. The house price 

indices used in this econometric analysis commences in 1990:1 and ends in 2018:4 for all 

regions in accordance to NUTS 2 in Sweden.  

This thesis models the change of the regional prices for one-and two family houses indicating 

that the metropolitan area of Stockholm contributes predominantly to all other regions 

throughout the country. In addition, the capital city also shows cointegrated relationships 

with all regions although not the contrary. Shocks to the housing market of Stockholm 

indicate that Gothenburg, the Western region and Malmö are affected contemporaneously 

followed by the other regions nationwide with a certain time lag leading to say that the 

contribution and influence of the capital city´s house price development leads the price 

development throughout the country, Sweden. 
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Sammanfattning 

Detta examensarbete ligger till grund av den tidigare studien Prices on the Second-hand 

Market for Swedish Family Houses av Lennart Berg, nationalekonom och professor emeritus 

på Uppsala Universitet, 2002. Denna studie har som mål att finna de inter-och intra 

regionala pris förhållanden i Sverige på den inhemska andrahandsmarknaden för en-och två 

familjhus. Med hjälp av ekonometriska analyser har fastighetsprisindex använts i rapporten 

mellan år 1990:1 till 2018:4 för samtliga regioner i landet enligt indelning av NUTS 2.  

Denna uppsats skattar de regionala prisförändringar för en-och två familjehus där 

indikationer tyder på att Stockholms län verkar vara prisledande i relation till alla andra 

regioner och storstadsområden i Sverige. Därutöver, visar det sig att huvudstaden  har 

kointegrerande samband med resten av landets regioner dock ej tvärtom. Simulerade 

ekonomiska chocker på Stockholms län visar att att Stor-Göteborg, Västsverige och Stor-

Malmö är påverkade samtidigt med hänsyn till tid följd av de resterande regionerna med ett 

visst lag. Detta kan tyda på att Stockholms regionala utveckling samt prispåverkan leder 

prisutvecklingen i landet. 
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Introduction  

 

Background  

 

The Swedish economy during the 1980´s and 1990´s was strongly characterized by volatile 

fluctuations. A few of the unique and distinguishable aspects during the late 1980´s and the 

beginning of 1990´s were stable growth in consumption in combination with increased wage 

trends, negative real interest rates after taxes for the majority of households, high inflation, 

record low unemployment with high real change in asset prices. During the early 1990´s the 

strongly growing and expanding trends changed for the opposite which could partly be 

explained due to an overheating economy during the late 1980´s, the national tax reform and 

shocks in increase in real interest rates. Consequently, the prices on the second-hand market 

for residential properties declined in real terms by approximately a quarter in value during the 

mid-half of the 1980´s. In contrast, up until the mid-1991 real prices increased up to 40% 

reaching high levels to later again decrease to the middle of 1996. The sector recovered from 

1996 and has during the last two decades showed great increase with regards to Sweden's real 

estate market (Berg, 2002).  

 

As a result, this has been the focal point and area of attention for a substantial time due to the 

seemingly never ending rise in real estate prices nationwide whilst the risk between 

household’s debt and income has increased. In order to reduce the potential risks associated 

with household indebtedness, recent amortization regulations have been implemented by 

Finansinspektionen (The Financial Supervisory Authority, FSA) where house prices 

nationwide have significantly reacted. For more in-depth information see (Montelius, 2018) 

and (Reidarsson and Gustafson, 2018). 

 

Several questions do arise on how the prices are determined, dispersed and developed 

nationwide on the second-hand market. Are the fundamental neoclassical frameworks of 

supply and demand the only determining aspect or are there additional contributing factors? 

What drives the trends in house prices and are there any regional specific variables imbedded 

within price dynamics with regards to the house pricing in Sweden? 
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British studies conducted for two decades ago do indeed show that price changes on the 

housing market initially commence in the capital city of London and consequently disperse to 

other regions (MacDonald and Taylor, 1993) and (Alexander and Barrow, 1994). 

 

The theory of temporal- and spatial dependencies according to economists state that regional 

markets do indeed belong to a larger part of a dynamic system where market spill-over effects 

occur together with temporal correctional factors. These aspects and many more are indeed 

vital contributors with regards to modeling of house prices. The phenomenon of spatial-and 

temporal modeling patterns is often referred as the “ripple effect” which takes into 

consideration the intra-and inter-regional dependencies of house prices within a country.  

Several additional studies have been conducted in China, South Africa, Australia, Amsterdam, 

Sweden and many more in addition to the initial research paper in United Kingdom, but 

however today, there are still slight disagreements between researchers on how and which 

methods are the most reliable when new models are being presented continuously.  

Understanding the driving forces of house prices is of absolute essence within the context of a 

“well-functioning” housing market as well as regional wealth distribution. 

The thesis paper is structured as follows. Section 2 describes past relevant literature within the 

chosen area, followed by in section 3 the theoretical framework. Section 4 and 5 describe the 

data and the methodology used. Section 6 presents the final results acquired from the models 

followed by section 7 and 8, including conclusion and further discussion. 

 

 Purpose & Objective 

 

The main purpose of this paper is to determine and investigate whether the so called ripple 

effects occur in Sweden on the second-hand housing market between regions and what 

significant presence of co-integration and causality also exist, both in short- and long term. 

The reader will also be provided with an alternative analytical viewpoint if regional housing 

pricing has an impact to price movements and its responsiveness to potential shocks 

throughout the country. In addition, this thesis report will analyze the price trends on regional 

level during a specific time period and determine whether any specific region(s) are dominant, 

as in price-leading trends within the country. Furthermore, simulated shocks from a dominant 

region shall be examined taking into account the regional house price effects with regards to 

space and time.  
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This papers aim and purpose is to develop the understanding within the field of so called 

ripple effects with the application of residential sector aiming for economists, property 

developers, statisticians, real estate agents, academics and many more.  

 

The main objective of this thesis is to determine; 

 Whether if there are any indications of the existence of ripple effects within the one-

and two family sized residential sector in Sweden and its magnitude,  

 What relationships, if any, regions have amongst each other and to what extent larger 

cities by both area and population influence the rest of the country. 

 

This thesis`s objective is to determine the ripple effects on the residential housing market in 

Sweden whilst describing and analyzing the inter-and intraregional dependencies and 

influences due to shocks with respect to time thus providing additional and unexplored 

viewpoints within the academic field of similar research papers. 

Previous research of similar format and structure has been presented before in Sweden 

(Montelius and Niemelä, 2017) and (Berg, 2002) with similar outcomes though based on 

different historical datasets, viewpoints and objectives. Other examples of studies presented 

internationally are in United Kingdom (Worthington & Higgs, 2003), the Netherlands (Teye, 

Knoppel, de Haan & Elsinga, 2017), China (Huang, Zhou amd Li, 2010) South Africa 

(Balcilar, Beyene, Gupta and Seleteng, 2012) and many more. 

 

Method 

 

This thesis report uses the quarterly house price index data provided by Statistics Sweden in 

accordance to the statistical categorization of NUTS 2 dating from 1990:1 - 2018:4. 

Econometric techniques, VAR- modeling, impulse response analysis and variance 

decompositions are presented in the paper by the use of the statistical computing program, R.  

Previous research papers have analyzed the phenomenon of ripple effects with application to 

the residential real estate markets using similar methods though not including all collectively 

as the ones mentioned above.  
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Literature review  

 

Several studies have been presented during the past two decades analyzing house prices 

dispersion in different countries. Some research papers have utilized various macroeconomic 

variables together with national house prices (Berg, 2002) whilst some have been examined 

by how monetary policy effects house price movements within the nation (Yang, Wang and 

Campbell, 2010). During recent times researchers have tried to use regional data as an 

alternative to national since the characteristics indicates to allow for a richer and more content 

full source of information. Furthermore, the determinants of the house prices as well as the 

models based on regional data could have possible advantages compared to national based 

data. Analyzing the long-run relationships between house prices have been conducted and has 

over the years set the foundation for further alternative research.  

 

The most well-known and the earliest in recent times, which examine and discuss the 

cointegrating relationships between regional house prices was in the United Kingdom, by 

(MacDonald and Taylor, 1993) and (Alexander and Barrow, 1994). Both research papers do 

indeed show the existence of long-run relationships between regional house prices in the UK 

and create the baseline for other research papers. According to the studies by (Can, 1990) 

indicates for the existence of the phenomenon “neighborhood dynamics” defined as the 

presence of spatial diffusion of house prices in urban regions. This study uses a hedonic house 

price model including both spatial parametric drift as well as spillover effects. More than a 

decade later a Dutch study performed by (Van Dijk, Frances, Paap and Van Dijk, 2011) 

analyzed both parameters including prices over time duration allowing for cointegration, 

stochastic trends as well as correlation with cross-correlation. The research paper brings about 

the ripple effect where shocks and impulses from one region spreads to other regions with 

other similar papers made by (Yamagata, 2010) and (Holly, 2011) supporting the initial 

theory.  

The report according to (Meen, 1999) presents that the British house prices do indeed show 

clear and distinctive spatial patterns over time, increasing first during a cyclical upswing in 

the region of the south-east and consequently spreading further out to the rest of the country, 

known today as the ripple effect. Another research paper written by (Meen, 1999) indicates 

with the help an empirical study analyzing regional house price dynamics that house price 

movements initiate and diffuse from one specific region (generally largest city with most 
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economic influence in a given country) to other nearby regions resulting in inter-regional 

diffusion. Similar research papers written by (Munro, 1996b), (Crispin, 2013) and (Giussani 

& Hadijmatheou, 1991) do attempt to model the ripple effect for the housing prices data in the 

United Kingdom. By choosing the London’s metropolitan areas house prices as the repressor 

in an equation, formulation against other regions within the nation was the chosen method in 

these papers. Additional supporting research paper written by (S. Cook & C. Thomas, 2003) 

examines the existence of the ripple effect on the housing market in Britain and confirms as 

previous research paper have stated that house prices changes initiate in the South-East region 

to spread throughout the country.  

According to (Cook, 2005) the existence of the ripple effect operating in the United Kingdom 

has engaged a lot of focus where several empirical methods have been used to validate the 

theory. Joint test method was used in the paper to indicate the theory´s validity with regards to 

house prices in the UK. Intuitively and as most research papers do show, that the main and 

largest cities Granger-cause price movements both inter-and intra-regionally but there are 

cases where that is the opposite cases as well. Smaller cities or even regional areas such as 

suburbs, outside the capital, do Granger-cause the house price movements in the city center 

according to (Oikarinen, 2007). Results show that housing prices within the suburb region of 

Helsinki do indeed Granger-cause the changes of pricing in the center area of the city.   

 

In more recent times a research paper written in Belgium by (Helgers, 2016) observe and 

identify whether the ripple effect exists in the country and whether there are any effects due to 

linguistic borders. Identification of the dominant region and establishing the cointegrating 

relationships are also performed in the research paper. In addition, the authors perform 

impulse response functions (IRFs) with regards to space and time and are thus able to 

showcase results for the existence of the ripple effect in Belgium.  

 

Similar studies as mentioned above have been done in Sweden. The first was that of (Berg, 

2002) where the author found that the capital city, Stockholm, indeed Granger-causes all other 

regions in the country and one can conclusively draw the conclusion that the Stockholm 

region can be stated as the dominant region. In addition, (Berg, 2002) also finds that several 

macroeconomic variables also Granger-cause the house prices within the Stockholm region 

and consequently as well as indirectly this affects the house prices nationwide.  
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However, this research paper from 2002 does not evaluate the long-term dynamics with 

regards to the house prices.  

The study of (Yang, 2010) has analyzed the regional house prices within the nation from an 

alternative viewpoint. By utilizing multivariate shock persistence method the research paper 

determines and quantifies the relative importance on the regional house prices. In addition, the 

author identifies the effects due to changes from the fundamental macro-economic factors and 

effects of regional spillovers during the same time span. Main regions or so called “core” 

regions are the biggest cities - Stockholm, Gothenburg and Malmö and observations are 

conducted onto the possible spillover effects as well as the Swedish local labor market. The 

results show that there are long-run relationships and diffusion both spatial and temporal 

between regions.  

In the research paper by (Holly, 2011) the writers compute a model containing the spatial- and 

temporal effects of diffusion due to shocks in a non-stationary dynamic system.  

Focus is placed at regional house prices in Britain with the chosen capital city, London, as the 

dominant, price leading region. Results indicate the house prices in other regions react 

contemporaneously and that shocks are increased both by intra- and inter regional dynamics. 

A modification of an impulse response function (IRF), analysis is constructed to identify 

where the effects of a shock decline and its responsiveness. The results show that the decline 

occurs more slowly along the spatial dimension compared to the temporal. In other words the 

effects are more slowly with regards to geographical dimension compared to the decline over 

time. The model used by the authors allows for further research to be conducted on other 

housing markets where a dominant and price leading region can be identified.  

Additional supporting research papers with regards to the existence of ripple effects within the 

housing sector are presented by (Smyth, 2003) in Australia. Results show based on 

cointegration and causality testing that some weak indications of market segmentation exist, 

with regards to house prices of the cities within regions of South East and East Coast. In 

combination, there also exist few cointegrating relationships between them. Furthermore, the 

cities of Melbourne and Adelaide do Granger-cause the capital city´s house prices, Canberra, 

whilst Perth and Sydney Granger causing house prices in Brisbane.  
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Theoretical Framework 

 

Behavior and consumption are two of the foundation roots within the life-cycle theory where 

several research papers on housing economics have been published. In short, it describes that 

all households aim to maximally capitalize on their expected utility within the realms of their 

own household’s financial resources. By lending and borrowing, individuals are neither 

limited nor bound by their present income and can consequently utilize forthcoming expected 

opportunities. An alternative and short conclusion states that the rate of return from housing 

investments are based on several factors: depreciation of the housing stock, tax rate and 

regulation, mortgage rate, interest rate, income, inflation rate, costs i.e. construction and 

capital gain (Meen, 1999).  By assuming rational economic behavior and optimal decision 

making, individuals have the ambition to fully maximize ones expected utility with regards to 

investments of the housing decisions. As a result this consequently affects the supply and 

demand of the market. 

Fundamental macroeconomic theories and models do not incorporate the spatial aspects that 

are of essence when investigating the possible regional effects on house prices. Unfortunately 

these parameters are often over-looked in literature in macroeconomic matter (McAvinchey 

and Maclennan, 1982). Regional housing markets are not individual and separate economic 

units and therefore should not be seen as one instead they should be viewed as sub-markets 

within the general housing market. The spatial and temporal aspects that housing markets 

possess could most probably be influenced by past price movements as well as spillover 

effects due to inter-and intraregional neighbors. By overseeing the spatial features the results 

could almost certainly cause valuations and approximations with biased features as well as 

affecting the econometric analysis in its entirety. As a result and during recent times, research 

has advanced within the fields of spatial econometrics.  

 

House price levels and variations can vary between regions though within the same country. 

Intuitively, house prices in larger metropolitan cities compared to rural areas surpass by great 

margins the price differences. Granting perfect capital markets any lead-lag dependencies 

between assets and its price movements should not exist although the reality of the housing 

markets is the opposite. The number of reasons for house price movements from larger 

regional areas to other regional areas is plentiful. The principal theory proposes of the 

existence of business cycles which is the foremost factor when establishing and quantifying 

house prices. As business cycles tend to initiate in larger regions governed by strong and 
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dominant economic activity, due to financial and institutional services, one could naturally 

conclude the shocks propagate to neighboring regions with some time delays, so called lags.  

An additional and alternative argument for the phenomenon of interregional lead-lag relation 

is information asymmetry. In superiorly and more densely populated regions, one could 

suspect the accessibility and amount of information on latter macroeconomic shocks will be 

grander, consequently giving market participants certain gains and benefits allowing for 

swifter adjustments due to shocks. Thereafter, it shall take a substantial amount of time until 

market participants correct in accordance to the initial changes. 

 

Furthermore, the regional house prices effects due to changes within the country´s monetary 

policy generate the ripple effect among regions. As time elapses, heterogeneity on regional 

levels will converge resulting in shocks transmitting via inter- and intraregional due to 

common monetary policy changes. The impacts due to changes in the monetary policy affect 

the regional housing markets differently at various magnitudes in relation to time. 

The importance of determining the difference between local and regional shocks are of 

absolute essence thus further understanding the scope of where monetary policy´s shocks 

dominate and not. “Core” regions i.e. metropolitan areas where price effects due to shocks are 

high signify the importance and high sensitivity of the nation’s response.  

Further additional factors to be the cause of ripple effects in house prices could also be due to 

migration, spatial arbitrage and the transfer of equity. As suggested by (Meen, 1999) that if 

certain regions do have a lower pricing level, consequently households and inhabitants would 

move to the areas with lower pricing resulting in a smoothing process over time.  

The secondary argument and theory is linked to the factor of migration where it is suggested 

that regions with higher prices would intuitively have a stronger purchasing power causing to 

an elevated price level compared to other regions and thus making it more costly to migrate 

to.  

In addition, caused by information asymmetry, it is possible to confidently state that entirely 

efficient arbitrage scenarios are not possible. The reason behind this is due to the assumption 

that capital will flow alternatively and continue along a gradient transfer development 

throughout the different regions within a nation. Not be overseen is the argument which 

implies that various regions have different price development patterns and paces, resulting in 

that some regions grow at faster rate than others. For additional information see (Muellbauer 

and Murphy, 1997) and (Giussani & Hadijmatheou, 1991).  
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What are the effects of equity transfer and spatial arbitrage with respect to time when it comes 

to house price diffusion, both inter- and intra-regionally?  

One additional theory suggests that, in terms of proximity and travel distance those regions 

that are adjacent to economic and financial driving forces should be affected by a greater 

magnitude. The term proximity does not necessarily have to limited to the geographical 

distance over space but rather proximity with respect to economic, financial or even social. 

For further information see example (Conley, 1999) and (Peseran, Schuermann and Weiner, 

2004). Assuming that cities within a country which are closely linked due to common shared 

denominator i.e. financial, consequently then one might state that these regions do have a 

close relation with regards to housing prices even though the geographical distance might be  

great. Finally, it is evident that regional structural differences will determine the effect on the 

housing markets i.e. tax-rates, supply and demand and many more. 
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Data  
 

The data used in this research paper is the quarterly house price index of the existing´s 

housing stock of one-or two- family dwellings for permanent use in Sweden (SCB). The data 

is produced by Statistics Sweden covering the time period from 1990:1 to 2018:4, a total of 

116 (T=116)  observations, (1986:1=100). The country is segmented into eight different 

regions throughout this paper illustrated in Figure 1 below. The regional definition is based on 

NUTS 2, (Nomenclature of territorial units for statistics) which used for classification into 

basic regions for applications of regional policies within the European Union for statistical 

reporting (Eurostat). 

 

 

 

  

  

Region Abbreviation Included sub-regions 

Stockholm  (4/A) MASto Metropolitan area Stockholm 

Gothenburg (B) MAGbg Metropolitan area Gothenburg 

Malmö        (C) MAMlö Metropolitan area Malmö 

Eastern Middle (5) EM Örebro, Östergötland, Södermanland, 

Uppsala & Västmanland 

Småland with islands (7) SMI Gotland, Jönköping, Öland, Kalmar, 

Kronoberg 

Southern(8) SO Blekinge, Skåne 

Western (6) WE Halland, Västergötland 

Northern middle (3) NM Dalarna, Gävleborg, Värmland 

Middle Norrland (2) MN Jämtland, Västernorrland 

 Upper Norrland (1) UN Norrbotten, Västerbotten 
Table 1: Description of areas and regions according to NUTS 2. (Eurostat) (SCB) 

Figure 1 : Sweden according to NUTS 2 

 excluding Stockholm County. 

Source:  (SCB) 
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Figure 2: House price indices for one-and two family houses in Sweden (FASTPI) 1990:1 - 2018:4, (SCB). 

 

 

 
Figure 3: Change in house price indices for one-and two family houses in Sweden (FASTPI) 1990:1 - 2018:4, (SCB) 
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Main region No. of neighbors Neighboring regions 

Stockholm 1 EM 

Gothenburg 1 WE 

Malmö 1 SO 

Eastern Middle 4 MASto, SMI,NM, WE 

Småland with islands 3 EM, WE, SO 

Southern 3 MAMlö, SMI, WE 

Western 5 MAGbg, NM, EM, SMI, SO 

Northen Middle 3 EM, WE, MN 

Middle Norrland 2 NM, UN 

Upper Norrland 1 MN 
Table 2 - Number of neighbors for each region according to NUTS 2, (Eurostat) (SCB) 
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Methodology   

 

The structure and format of the chosen methodology for this thesis report is presented below 

in this section which is in accordance to the order of econometric analysis. The first sub-

heading describes stationarity and unit-root testing of the selected data followed by the 

selection of lag length and Vector Autoregression. The succeeding sub-sections describe the 

theory of cointegration and Granger Causality consecutively followed by the remaining theory 

and methodology of impulse response functions, variance decompositions and 

misspecification tests. 

 

Stationarity & Unit-root testing 

 

The initial steps in dissecting the raw data provided do most often consist of a non-stationary 

format where these can be cycles, trends, random walks or possibly an amalgamation of all 

three. The main core features of non-stationary data points are that the mean-, variance and 

co-variance changes over time whilst the known common traits are unpredictability and 

difficulty to model or forecast. By overseeing these aspects the obtained results may be the 

cause to spurious regression indicating relationships between two variables which are 

therefore false and misleading. In order to obtain reliable, valid and consistent results, a 

transformation process has to occur; from non-stationary to stationary. In distinction to the 

non-stationary data where variance and mean do not reoccur toward the long-run mean over 

time the opposite is true for stationary data series. It returns back along the constant long-term 

mean and it also has constant variance separate over time. 

 Furthermore, the lack of stationarity may also cause misleading results with regards to the 

derived impulse response functions (IRFs) presenting the responsiveness of the endogenous 

variables to structural shocks. As mentioned above, the criteria of constant variance, mean of 

zero as well as constant autocovariance for each given lag has to be met. If data of non-

stationary format is used the responses due to shock(s) may not gradually dissipate over time 

but instead show strong and persistent results that the effects from shock(s) during the time   

will not have reduced effect during time period     or in      (Brooks, 2008). 

The hypothesis tests used for identification of stationarity and unit-roots in this report are 

Kwiatkowski–Phillips–Schmidt–Shin (KPSS) as well as Dickey-Fuller (ADF-test).  
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Within VAR-modeling, these tests, among several, lay the foundation of determining the 

order of integration with the sole purpose of attaining stationarity. The existence of unit-roots 

within the time series allows for further processes of integration to be determined. The 

differences of a process can be stated to be integrated of order  ( ) where the order of 

integration is represented by  . Non-stationary series that have the ability to be transformed 

into stationary series are often named to be integrated of order  . Finally, the most used 

integration order is of order            and rarely where     or more.  

With regards to stationarity of the first differenced data, the series shall reject the null 

hypothesis in place of the alternative hypothesis when applying the ADF-test where 

 

                                      

                                     

 

During the secondary method, KPSS, the test is formulated into determining whether the data 

is trend stationary thus signifying if the variances of the series equal null (Kwiatkowski, 

Philips, Schmidt and Shin, 1991),where 

                                    

                                      

 

 

Lag length Selection 

 

Within VAR-models one of the important procedures needed to unfold the true model, so 

called characteristics, are to determining the lag length. In case of estimating an invalid and/or 

invalid model,    ( ), where    represents the number of lags may result in incorrect and 

biased OLS estimates (Gredenhoff and Karlsson, 1997). The importance of lag length 

determination is presented by (Braun and Mittnik, 1993) where results show that determining 

a lag length which is far from the reality, so called the true lag, potentially causes 

inconsistencies representing further onto the impulse response functions (IRFs) as well as 

variance decompositions estimated from the initial VAR model.  
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By determining and fulfilling the criteria of normal and non-serially correlated residuals 

indeed has an essential part of the model specification and thus the acceptance or rejection of 

the null hypothesis tests which can be dependent on the selection of lag length.  

Although the number of studies performed within the field of lag length selection is 

widespread and plentiful, the preferred information criterion for this research paper will be the 

Schwarz Information Criterion (SIC).For the modeling simulations, the SIC obtains the order 

           by choosing the order of   optimally suitable whilst minimizing loss of 

information. The SIC method is considered more favorable due to the strict discipline of 

inclusion with regards to other parameters compared to other information criterion, Akaike- or 

Hannan-Quinn Information Criterion. Other alternatives such as AIC and HQ do have less 

strict inclusion sets of parameters and thus why SIC is chosen. Lastly, and not be overseen is 

the Johansen trace test which demands the minimum of two lags or more      in order to be 

able to test possible cointegrated relationships in the    vector.  

Consequently, the criterion for lag selection has been implemented throughout this paper 

paying attention to any seasonal changes throughout the years. The equations for each are 

represented below where one can identify difference of between the secondary quotient of 

AIC and SC (Ayalew, Babu and Rao, 2012); 

 

       (
    

 
)   

  

 
 

 

 

                    (
    

 
)   

     

 
  

 

                       (
    

 
)    
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Vector Autoregression (VAR)  
 

The theory presented in this part is originated from (Kilian, 2011).  

 

 

During the past decades the increased usage of structural vector autoregressive (VAR) models 

has continued to grow and has to be the backbone as well as the go-to method when 

estimating empirical macroeconomics and finance.  The model has four main applications; 

Firstly, they are utilized to simultaneously examine and study the average responses due to 

given one-time structural shock. Secondly, the model allows for assembling forecast error 

variance decompositions that aid in quantifying the contribution(s) on an average scale due to 

the given structural shocks to the data’s variability. Thirdly, the VAR models can also be used 

to provide historical decompositions that can measure the total input of each structural shock 

with regards to each variable in combination with the time variable. Decompositions from an 

historical perspective are essential, examples being energy price shocks in the data, or 

understanding the fundamentals and origin of recessions (Edelstein and Kilian, 2009). 

Lastly, the model allows for construction of forecast scenarios based on hypothetical 

progressions of future structural shocks (Baumeister and Kilian, 2014). 

VAR models were initially suggested by (Sims, 1980) as a different method to the traditional 

large-scale dynamic simultaneous equation model. The models structural interpretations do 

require identification of valid and well-motivated assumptions based on economic theory or 

other extraneous limitations applicable to the models responses and as well as results.  

Structural VAR in short SVAR, is used to describe the dynamic effects in a multivariate 

model that constitutes out of a set of simultaneous equations systems in more simple terms. 

The equation of the model is of the following form:  

 

                                        

 

The variable    is a non-singular quadratic matrix (   ) that controls for the 

contemporaneous relationships between the endogenous variables in the vector of    of the 

order    . The coefficient of    is where the identification limitations are implemented 

generally and where    is assumed to be a vector order     with serially correlated structural 

shocks. Furthermore,   represents a non-negative digit for the number of lags. In addition, is 

assumed that the structural shocks follow the assumption of        (   ).  
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The equation above can also be expressed more compactly as  

 ( )       

where  ( ) can be interpreted as the autoregressive polynomials within the lags consequently 

taking the equational structure onto the left hand side.  

 

 ( )               
           

 . 

 

Recollect that VARs format and structure is consisted of linear functions of the past lags of 

itself as well as other variables in     vector   . In addition, each equation can also be 

estimated individually by using the traditional ordinary least square method (OLS). This 

allows extraction of reliable parameter estimates and errors, both in reduced-form.  

A reduced-form representation has to be derived and arrive to an interpretation from the 

SVAR. Due to the significance and importance of the structural shocks these can only be 

derived and extracted from the reduced-format of VAR. In order to yield, the derivation is 

pre-multiplied by the variable   
   resulting in 

 

  
           

              
                   

              
      

 

there after resulting in a VAR model of reduced form with only lags of the model variables  

 

                                   

 

Where      
                 . Additionally, the reduced-form error term       

     is 

of interest due to the relationship that it describes between the structural shocks and the errors 

of reduced-form. The equation above can also be presented in a more compact format and is 

defined as  

 ( )       

 

where  ( )            
          

  shows the autoregressive lag order of 

polynomial.  
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Cointegration 

 

One of the most frequent used techniques in applied econometrics is cointegration analysis 

where one can assume two time series,      and      are both cointegrated if the each is of 

order  ( ) and if the existence   is such that              is of stationary form. For a common 

trend illustration, the model 

                  

                  

where   and    are non-zero integer, the trend variable    which is mutual with regards to 

both series are order one,  ( ), and the error terms      and      are integrated of order zero, 

 ( ). Due the non-stationary nature of       and     , as well as due to the common trend there 

is a linear combination between the two series so therefore they are cointegrated. The 

definition of cointegration is not limited to solely two variables and can be applied to 

multivariate series of order of    (Ruppert, 2011) and (Engle and Granger, 1987) present a 

pairwise test of cointegration which comprises of estimating the cointegration regression by 

Ordinary Least Squares (OLS), finding the residuals    and applying the unit root test on the 

residuals. 

The EG-methodology is divided into two steps; the initial step extracts and constructs the 

residuals based on the regression where they are tested for the occurrence of potential unit 

roots. Determining and verifying that    and    are both of order  ( ). The secondary step 

uses the residuals to further estimate a regression of first-differenced residuals on the lagged 

residuals. Under the circumstance that the time series is cointegrated the residuals will 

consequently be of stationary nation as well.  

An important aspect with regards to the EG-method is choosing the “correct” dependent 

variable - the results may lead to altered conclusions if not stated correctly (Armstrong, 2002) 

a topic that has during recent times been modified with the help of Philips-Ouliaris and 

Johansen´s. Hereafter, any errors from the first step consequently affects the secondary step 

causing errors. 

The hypotheses for the EG-method are stated below, where. 
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Whether if two variables are cointegrated, then according to (Engle and Granger, 1987) there 

exists an error correction data linkage between the two in both ways. If two variables are 

indeed cointegrated, they should on average over time not drift apart thus strengthening the 

validity of the existence of long-run relationships between the two. Additional parts within 

VAR modeling are testing and identifying for cointegration. 

Due to framework of the VARs used in this thesis, which include more than two variables this 

does not allow for the use of the Engle-Granger cointegration methodology caused by the fact 

that there is no systematic procedure to approximate multiple cointegrating vectors. In its 

place, this thesis paper uses utilizes the Johansen multivariate cointegration method instead to 

identify potential cointegrating relationships.  

 

In order to derive the fundamentals, the research paper presents a general definition of 

cointegration where    is of (     ) vector and is cointegrated if there is a vector    of  

(     ) where not all variables are zero and finally where      is trend stationary.  

If   number of linear dependencies exists of type    consequently    is said to be cointegrated 

of rank   where   at most one unit root.  

Various time series may be integrated by various orders resulting in that some may be 

stationary with a trend. Johansen multivariate trace test is the method used to limit and obtain 

the number of cointegrating relations, where the null hypothesis is rejected if       where 

the test statistics surpasses the critical value. According to (Johansen, 1995) the critical values 

for the test are tabulated and range from     to    . The method of approach is to 

identify for all   where one no longer can reject the null hypothesis. Finally, by extracting and 

calculating details with regards to the rank of the matrix it is viable to approximate the VAR 

model by the use of Vector Error Correction Model (VECM), which in turn takes into 

consideration any potential cointegration that might exist among the endogenous variables in 

the       vector   . For further information with regards to cointegrating relationships 

between regions in Sweden, see table 5 and 6 in the Results section or Table 13 and 14 in 

Appendix. 
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Granger-Causality 

 

Demonstrated by (Granger, 1969), in a scenario consisting of a bivariate system, that where 

the time series    and    are integrated of the same order and when the present and past values 

of the coefficient    do forth bring the incremental informational benefits and valuable 

information in order to forecast      during time   the results do indeed state that variable 

   “causes”   . The standard format of testing for Granger causality is by examining the 

significance with respect to the lagged variable,  , which are consequently utilized as the 

explanatory coefficients for    within regression modeling. There is a strong relation between 

the ideas of causality and cause-and-effect though not identical where the purpose of the 

investigation is to indicate whether a particular variable precedes in comparison to another 

variable in relation to the time series.  The magnitude and the direction of the Granger 

causality may vary over time as well as depend on to the time period that is analyzed causing 

either single-or bidirectional causality. In addition, which is evident that due to the occurrence 

of lead-lag relationships between variables Granger causality exists and even though 

structural changes within one series can be altered that does not entitle that change on other 

series. It is often described as variable    Granger causes    and    Granger causes    which 

is referred as feedback system where according to most economists show that the variables 

are related to a certain extent. The case could also be of the opposite nature where there are no 

relations between variables. Lastly, within the definition of Granger causality, the analysis 

entitles only a linear prediction of only measuring whether one event occurs prior to another 

and helps predict it, whilst also being a tool for modeling forecasting models.  

Within Granger-causality there are two assumptions (Lin, 2008): 

 The past causes the present and/or future and the future cannot be the cause of the 

past.  

 A cause contains specific and unique information with regards to an effect which 

cannot be found elsewhere. 

A simplified derived version of the definition of Granger-Causality is below: Where    does 

not Granger cause the variable      with respect to the information variable of   , if 

 (    |     )   (    |   ) 

 

For further information with regards to which region(s) Granger-Cause other, see table 5 in 

the Appendix. 
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Impulse Response Analysis & Variance Decomposition  

 

Within the econometric field of VAR modeling one of the questions that might arise is how 

shocks (i.e. economic) affect all the incorporated variables for a set time period. The impulse 

response functions, (IRFs), are as a result employed with the purpose to trace out the 

sensitivity and magnitude of all the endogenous variables in relation to structural shocks for a 

set time period,   (Brooks, 2008). The exogenous shocks affect the vector of structural error 

terms which consequently produce changes onto the future values of the variables in the 

model. Stating the assumption that the error terms are violated whilst being of independent 

nature, consequently a shock to one variable may potentially be predisposed that of other 

variables being shocked contemporaneously.  

The impulse response function used in this this report is of orthogonalized format enabling 

shocks that are simulated in the VAR model to be uncorrelated with each other. The 

orthogonalized format according to (Sims, 1980) brings forward the notion of triangulation of 

which is also referred as Cholesky decomposition. With the help of the latter method one is 

enabled to impose a recursive structure with regards to the variables of contemporaneous 

relationships (Ronayne, 2011). Further information with the regards to Cholesky 

decomposition, see (Kubale, 2004) and (William et al, 1992). 

Variance decomposition assists in interpreting the VAR model after being fitted whilst 

helping in further understanding and defining the proportion of variation due to the dependent 

variable explained by each individual variable in the model. In addition, the process of 

determining which independent variables are “dominant” it explains the variability of the 

dependent variables during a given time span. Another aspect in addition to IRFs, forecast 

variance decomposition (FEVD) can also be named short, variance decomposition, is also 

frequently used to separate the dynamics of the VAR system. Its purpose is to determine the 

extent of variability in the dependent variable due to its own lagged variance expressed in 

proportions (Brooks, 2008). 
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Misspecification Tests: Non-normality & Autocorrelation  

 

By the use of multivariate Portmanaeu and Jarque-Bera test, this paper emphasizes on the two 

misspecification tests in order to make sure that the selection of lags of the VAR model are 

relevant and non-biased due to the risk and consequence that the residuals may suffer from 

serial correlation and non-normality. The autocorrelation test shows no serial correlation of 

the null hypothesis for all lags until the chosen lag order denoted by  . According to the 

traditional format, the     vector of the error terms is both normal as well as serially 

uncorrelated (Lanne & Lutkepohl, 2006).  

To remedy issues of serial correlation and non-normality among the error terms, we resort to 

the method of mechanically selecting a higher order of lag length. However, recall that raising 

the number of lags has a tendency of eroding the degrees of freedom. By this means, there 

exists a clear trade-off between increased uncertainty and the addition of more lags.  In order 

to avoid the occurrence of any misspecification in the engineered VAR models, the lag length 

shall be raised until the possible errors are eradicated. 
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Results  

 
The quarterly time series data provided by Statistics Sweden (SCB) dates from 1990:1 to 

2018:4 which is examined with regards to stationarity as well as its unit roots. The 

Augmented Dickey Fuller test (ADF) identifies possible unit roots with respect to the test 

statistics at a set level of significance, in this report 5%. In order to eliminate unit roots, 

additional tests are conducted to transform the data from non-stationary to stationary where 

the first is of order  ( )and the latter of order  ( ), eliminating misleading and spurious 

regression. This is performed both to logarithmic as well as to first differenced order,  ( ). 

This procedure is implemented on all regional variables provided in the time series data, 

1990:1-2018:4. All first differenced series present no existence of unit roots allowing us to 

state a complete transformation. Additional stationarity tests, KPSS-test, are performed on the 

time series data to prove the null-hypothesis of stationarity at a significance level of 5 % 

applying for tests. The entire table containing results from both procedures are presented in 

the Appendix, see Table 3 and 4.  

After determining the raw data with regards to its stationarity and unit-roots, Engle-Granger 

pairwise cointegration two-test is thereafter conducted with regards to the series´ residuals   

with the sole purpose of further understanding if they jointly share the same long-term 

equilibrium relations. Cointegration tests are conducted of the property price index to all the 

10 regions by the using transformed series of first difference logarithmic format show at 5 % 

level of significance. The results see Table 5 and 6 in Appendix do show that all series are 

cointegrated with each other and therefore the null hypothesis,     of non-stationary and no 

cointegration between variables, can be rejected. Furthermore, the fact that the ADF and 

KPSS tests yielded stationarity,  ( ), in series it is therefore intuitive that the EG-ADF test on 

residuals shall also provide the same stationarity results. The results confirm the original 

hypothesis stated in this thesis report that house prices of all the regions including the 

metropolitan areas in the nation have a long-term equilibrium in support with indications of 

(Berg, 2002) and (Montelius & Niemelä, 2017). 

To test the inter-and intraregional dependencies this report provides by constructing a 

bivariate VAR model expressed in the format of Granger-causality. The tests show if 

incremental benefits on one variable helps to predict the other variable with the help of using 

its history.   
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According to Table 5 the greater metropolitan area of Stockholm, Granger causes all other 

regions which are in accordance with the general hypothesis of this report as well with papers 

written by (Berg & Lyhagen, 1998) and (Berg, 2002). Arguments for such can be due to the 

fact that Stockholm is considered as the economic and financial focal point of the country thus 

causing this dominant effect. The second largest metropolitan area, Gothenburg, Granger-

causes all other regions except for Stockholm, hence signifying the strong and dominant 

influence of Stockholm nationwide. The regional areas of Eastern Middle, Småland with 

islands, Western, Southern and Malmö do show that these areas do Granger cause with all 

other regions in the specific order mentioned.  

Possible reasons and motivations for this relationship could be that the ripple effects due to 

the spatial- and temporal dispersion due to Stockholm reach these areas first resulting in the 

that specific order. One could speculate that the regions of Eastern Middle and Småland with 

islands are due to the initial responses of Stockholm whilst Western region is a consequence 

of the metropolitan area of Gothenburg. The previous results are consequently used a baseline 

by recursively identifying the variables with respect to the previous results from the Granger-

causality test for the construction of the VAR model. The recursive order denotes the structure 

of causation that is enforced on to the model by arranging the variables (regions) 

mechanically in order, based on plausible economic interpretation (Kilian, 2011). In simple 

terms the order that the regions are specified is based on Granger-causality test indicating 

each regions influence on others. 

The results of the multivariate Johansen´s test on all six regions listed above, in accordance, 

allows us to investigate the potential cointegration relations including all variables in addition 

to bivariate levels. According to (S. Johansen, 1991) the trace test entitles a joint test of 

cointegration which examines the null hypothesis (  : r = 0) compared to the alternative 

hypothesis, (  : r ≥ 0). The procedure examines the null hypothesis whether the number of 

cointegrating vectors is equivalent to   in relation to the alternative cointegrating vector, 

    (Brooks, 2008). The test results show, at 5 percent significance level, that 2 

cointegrating variables exist,       

Subsequent step within the procedure of VAR modeling is determining the normality tests 

with the help of the residuals of the chosen variables within the model. The Jarque-Bera, 

normality test checks whether the residuals are symmetrically distributed or not thus showing 

the adequacy of the selected model for further econometric analysis.  
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The results from the JB-test indicate no occurrence of normally distributed residuals with 

reference to the computed p-value, thus resulting in that the null hypothesis can be rejected at 

a level of 5% significance level. If the null hypothesis is failed to be rejected the model is 

therefore well specified and consequently the point estimates are valid, even though rejection 

indicates that the conclusive assumption could be incorrect (Jarque and Bera , 1987).  

The option and possibility of increasing the lags in the VAR model causes that the degrees of 

freedom to erode thus jeopardizing with the risk of attaining a misspecified model. 

The Portmanteau tests with respect to the residuals indicate that the null hypothesis of no 

serial correlation can be rejected since the computed p-value is higher than the level of 

significance thus indicating that no serial correlation exists.  

The computed impulse response functions, in Figure 4, show that due to a shock of one 

standard deviation on Stockholm contributes to an instantaneous effect on all other regions in 

Sweden. As mentioned earlier that the capital city Granger-causes all other regions and as 

illustrated below the affects with respect to time and geographical distance vary. The 

metropolitan area of Gothenburg, Western and Malmö are the first to be negatively and 

instantaneously affected by a shock thus again indicating that dominant economic regions 

within a country are inter-regionally linked, aligned with the claims by example (Conley, 

1999) and (Peseran, Schuermann and Weiner, 2004). The pace and magnitude at which the 

regions respond to a shock varies with Western region being affected the strongest when 

compared, followed by metropolitan areas of Gothenburg and Malmö. 

The regions of Western Sweden and metropolitan area of Malmö do also indicate the same 

pattern with instantaneous effects though at different paces. Regional house prices in 

Gothenburg do indeed initiate from a higher level and decline more rapidly compared to the 

Western and Malmö region, though the trough at which Gothenburg and Western regions fall 

can be stated to be equal. The Malmö region, as mentioned earlier, is affected instantaneously 

though initiating from lower level to further continue decreasing below the levels of Western 

regions. This fall is thereafter recovered by sharp increases in pursuit to find a new 

equilibrium point. The inter-regional dependency between the two biggest cities is evident 

according to the IRFs with ripple effects onto the surrounding areas of Gothenburg. Areas 

such as Eastern Middle and Småland with islands behave in an opposite manner, with an 

increase in house price up to two quarters, followed by sharp decline in both regions. After 

eight quarters the regions reach a new stable equilibrium. 
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Possible explanations behind the diverging behavioral patterns of the two regions compared to 

the rest could be due to information asymmetry, less intra-regional economic influence or/and 

due to the regional housing stock per capita.  Developing further with regards to information 

asymmetry and economic influence can be motivated by the geographical location within the 

country which could possibly explain the lower house price levels and the time delay. In 

addition, these regions indicate that the regional house prices remain almost constant after the 

sharp decrease for a period up to two quarters followed by an increase to new equilibrium 

levels where the total time passed is up to eight quarters.  

 

In comparison to previous research papers conducted by Montelius and Niemelä in 2017, 

results show that shocks appear to dissipate after 12 quarter compared to results in this paper 

of approximately of 8 quarters. In addition, the overall results from the simulated impulse 

response functions indicate that the greatest affects are experienced not to areas in close 

geographical proximity but instead with regions that possess a greater economic influence 

nationwide, which is in accordance with the same results as Montelius and Niemelä in 2017. 

Further theories supporting the previously mentioned results are in line with Ferrari and Rae 

(2013) who indicate and argue that migration is one of the key factors when determining and 

quantifying the volatility of house prices thus increasing the validity of strong and influential 

economic regions within countries.  

From the computed variance decomposition, see Tables 7-12, one can view from Table 7 for 

instance that Gothenburg , Malmö, Eastern and more, barely contribute to the explanation of 

price fluctuations in Stockholm which is as well in alignment of previous research papers of 

(Montelius and Niemelä, 2017) and (Berg, 2002). As can be viewed from, Gothenburg 

explains barely 0,22% of Stockholm’s´ price fluctuations in long term by 24
th

 quarters, while 

Malmö 0,45%, Småland with islands 0,15%, Western 0,52% and Eastern even smaller.  

On the contrary, the variance decompositions from Table 8 clearly confirm that Stockholm is 

the dominant price determinant in the explanation of price fluctuations in Gothenburg.  

Stockholm contributes immensely in the explanation of housing price fluctuations in 

Gothenburg both in short and long term, ranging from 43% by Q1 to at most 72% by Q24 in 

long term whereas Gothenburg contribution to itself declines heavily by time and while 

remaining regions all have muted contributions. Once again, Stockholm confirms its 

dominance as primary price determinant.  Similar results can be viewed from Table 8 to 12 

that confirm the capital city’s impactfulness.  
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Clearly, the Stockholm region would suit well in a reaction function for determining future 

price fluctuations in the other regions with respect to its dominant contribution in the 

explanation of house price fluctuations. 

 The house prices of metropolitan area of Gothenburg indicate a dissimilar behavior in 

comparison with the capital city. The initial house price development in the region can be 

explained by the regions´ own price development with a decrease over time. The opposite can 

be said about Stockholm´s contribution to Gothenburg with an increased influence over time 

thus supporting the initial hypothesis that the capital city´s has strong influence on other 

regions exist and is highly influenced over time. 

Further regions i.e. metropolitan area of Malmö indicate similar results where the increased 

influence  and contribution of Stockholm’s house price movement increases over time and the 

regions´ own price movement decreases thus strengthening the original hypothesis that ripple 

effects exist in Sweden and that the capital city has a dominant explanation factor with respect 

to price regional price movements. This is in alignment with previous research papers where 

the greater area of London has a high determinant level thus contributing to the ripple effects 

to other regional markets (Muellbauer and Murphy, 1997). 

As illustrated in Figure 4 the impulse responses indicate that a shock from the metropolitan 

area of Stockholm results in price stabilization on average after eight quarters with each 

region being variously responsive and sensitive. The alternative results presented by (Berg, 

2002) show that financial macroeconomic variables in combination with real price changes in 

Stockholm has superior information content acting as “explanatory variables” thus further 

explaining the phenomenon of ripple effects in Sweden. Results from (Berg, 2002) shows 

great indications that shocks to the macroeconomic variable of unemployment produces 

strong effects on both house prices as well as consumption thus creating a linkage between 

migration and unemployment.  

In addition the contribution of Gothenburg’s price decrease after two quarters leads to the 

price level decrease in the Western region after an additional quarter thus indicating that the 

surrounding region is governed by the bigger metropolitan area. The figures also indicate that 

the after the great decrease and increase is of sharp and steep character is follow occurring at 

more rapid pace for the Western region than the metropolitan area of Gothenburg. 
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Between the third and fourth quarter all regions computed and illustrated show a sharp 

increase in pursuit of long term equilibrium though one can possibly speculate that the 

increase is due to the Gothenburg, being both geographically nearby and a great economic 

driving force in the country. 

As a conclusion, the economic and financial aspects of the metropolitan area of Stockholm 

affect all other regions chosen in accordance to the recursive order applied in this thesis thus 

indicating that the phenomenon of so called ripple effects exist. Other regions apart from the 

chosen in this paper do indeed show substantially high levels of influence and affect due to 

the metropolitan area of Stockholm thus supporting the original hypothesis. 
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Figure 4 - Orthogonal IRF of one standard deviation shock size of metropolitan area 

of Stockholm. 

In order; Gothenburg, Eastern Middle, Western, Malmö and Småland with islands. 
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Conclusion 

 

The capital city of Sweden, Stockholm and its metropolitan area, show throughout several 

econometric tests and analysis that the region is price leading with regards to its own regional 

house prices as well as all others. The region also provides with indications that previous 

history can help to explain future house prices with to all regions but not the opposite way. 

In addition and according to the impulse response functions a shock of one standard deviation 

from the metropolitan area of Stockholm indicate that all regions, chosen in accordance to the 

recursive order both based on economic theory and the Granger-Causality tests that the capital 

city has a substantial effect and contributes to other regional house price developments. The 

spatial- and temporal aspects do also indicate that certain time lags exist which can be based 

on regional economic influence, information asymmetry and/or geographic distance from the 

capital center. 

Furthermore, previous tests indicate that all regions are cointegrated with each other 

supporting the fact that each region is a part of a bigger system exchanging price information 

both inter- and intraregionally. The probable explanation of the theory with regards to a 

bigger system could possibly be explained by other countries economic influence, both close 

in proximity and as well as far thus further strengthening Sweden´s affect due international 

economic influence.  

Finally, as the impulse responses show a shock from Stockholm results in price stabilization 

on average after eight quarters with each region being variously responsive.   
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Further Discussion 

 

Future research within the field of regional house price dispersion could be applied to owner 

occupied apartment sector in Sweden thus further investigating to what extent shocks in 

Stockholm spread throughout the country, both spatial and temporal. This would support 

previous research conducted and also allow for a comparative analysis between apartments 

and the one-/two-family dwellings determining the responsiveness and dominancy between 

them.  

 

Additional research perspective that could benefit and explain the regional house price 

development and dispersion in the country could be to compare the regional historical housing 

stock and population. By identifying if specific regions with lower ratio between stock and 

population are affected at a higher level thus being highly responsive to shocks compared to 

ratios that are considered of higher level, when compared to each other. 
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Appendix  

 

Augmented Dickey-Fuller (ADF) Test 

 

Critical value 

5% 

ADF-statistic 

(In Levels) 

ADF-statistic 

(First 

Difference) 

MA Stockholm -3,43 -3,3 -5,08 

Ma Gothenburg -3,43 -2,43 -3,33 

MA Malmö -3,43 -2,79 -4,13 

Eastern Middle -3,43 -1,87 -3,59 

Småland with islands -3,43 -2,09 -3,76 

Southern -3,43 -2,19 -3,67 

Western -3,43 -2,79 -3,52 

Northern Middle -3,43 -2,31 -3,53 

Middle Norrland -3,43 -1,65 -3,38 

Upper Norrland -3,43 -0,94 -3,56 
 
Table 3 - In order to reject    of a unit root the ADF t-statistics needs to be less than critical value at 5% (-3.43). 

 

 

Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test 

 

Critical value 

5% 

Test Statistic 

(In Levels) 

Test Statistics 

(First 

Difference) 

MA Stockholm 0,146 0,37 0,08 

Ma Gothenburg 0,146 0,42 0,06 

MA Malmö 0,146 0,25 0,09 

Eastern Middle 0,146 0,48 0,06 

Småland with islands 0,146 0,4 0,08 

Southern 0,146 0,37 0,07 

Western 0,146 0,26 0,11 

Northern Middle 0,146 0,47 0,07 

Middle Norrland 0,146 0,48 0,05 

Upper Norrland 0,146 0,5 0,04 
 
Table 4 - For the series to be stationary it requires that the    cannot be rejected, where                   
at 5% level. 
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Variance Decomposition  

The variance decomposition denotes to the breakdown with regards to a forecast error 

variance during a specific time period. It can indicate which specific variables possess a 

short- and long term impact on variables of interest. The tables below represent the 

percentage figures of the variations of each variable indicating to what extent regional house 

prices are determined to other variables at a time period of 24 quarters. 

(i.e. Stockholm’s´ regional house pricing is described at period Q1 to 100% by Stockholm 

itself and at period Q24 to 96,8% whilst the influence from to Gothenburg’s house prices at 

the time period for Stockholm is 2,2%.) 

 

Stockholm 

 Stockholm Gothenburg Malmö 

Eastern 

Middle 

Småland with 

islands Western 

Q1 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Q4 0.9508 0.0029 0.0135 6.901e-03 0.0190 0.0066 

Q8 0.9575 0.0030 0.0107 5.094e-03 0.0176 0.0059 

Q12 0.9628 0.0027 0.0081 3.922e-03 0.0166 0.0056 

Q16 0.9661 0.0024 0.0064 3.239e-03 0.0161 0.0054 

Q20 0.9682 0.0023 0.0053 2.800e-03 0.0158 0.0053 

Q24 0.9697 0.0022 0.0045 2.496e-03 0.0157 0.0052 

Table 7 - Variance decomposition of regional house prices in Metropolitan area of Stockholm with a time lag of 24 quarters  

Gothenburg 

 Stockholm Gothenburg Malmö 

Eastern 

Middle 

Småland with 

islands Western 

Q1 0.4396 0.5603 0.0000 0.0000 0.0000 0.0000 

Q4 0.5838 0.3580 0.0114 0.0168 0.0209 0.0087 

Q8 0.6356 0.2858 0.0182 0.0171 0.0210 0.0219 

Q12 0.6702 0.2510 0.0207 0.0153 0.0196 0.0228 

Q16 0.6915 0.2310 0.0214 0.0139 0.0187 0.0233 

Q20 0.7058 0.2177 0.0215 0.0129 0.0180 0.0239 

Q24 0.7161 0.2081 0.0214 0.0122 0.0176 0.0243 

Table 8 - Variance decomposition of regional house prices in Metropolitan area of Gothenburg with a time lag of 24 quarters 

Malmö 

 Stockholm Gothenburg Malmö 

Eastern 

Middle 

Småland with 

islands Western 

Q1 0.4480 0.0576 0.4943 0.0000 0.0000 0.0000 

Q4 0.6039 0.0491 0.3344 0.0042 0.0038 0.0043 

Q8 0.6609 0.0400 0.2825 0.0033 0.0059 0.0034 

Q12 0.6946 0.2531 0.2531 0.0027 0.0060 0.0032 

Q16 0.7161 0.2347 0.2347 0.0023 0.0058 0.0031 

Q20 0.7308 0.2221 0.2221 0.0019 0.0055 0.0030 

Q24 0.7414  0.2129 0.2129 0.0017 0.0053 0.0030 

Table 9- Variance decomposition of regional house prices in Metropolitan area of Malmö with a time lag of 24 quarters 
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Eastern Middle 

 Stockholm Gothenburg Malmö 

Eastern 

Middle 

Småland with 

islands Western 

Q1 0.2257 0.0224 0.0836 0.6681 0.0000 0.0000 

Q4 0.3981 0.0171 0.0642 0.4538 0.0609 0.0056 

Q8 0.4631 0.0141 0.0705 0.3807 0.0644 0.0070 

Q12 0.5094 0.0119 0.0710 0.3380 0.0630 0.0064 

Q16 0.5418 0.0102 0.0696 0.3109 0.0612 0.0059 

Q20 0.5653 0.0090 0.0682 0.2919 0.0597 0.0056 

Q24 0.583 0.0080 0.0672 0.2775 0.0585 0.0053 

Table 10 - Variance decomposition of regional house prices in Eastern Middle region with a time lag of 24 quarters 

 

Småland with islands 

 Stockholm Gothenburg Malmö 

Eastern 

Middle 

Småland with 

islands Western 

Q1 0.5150 0.3452 0.0046 0.0075 0.1275 0.0000 

Q4 0.6610 0.2066 0.0318 0.0152 0.0769 0.0083 

Q8 0.7037 0.1644 0.0442 0.0133 0.0568 0.0172 

Q12 0.7353 0.1455 0.0475 0.0114 0.0434 0.0165 

Q16 0.7547 0.1350 0.0485 0.0103 0.0351 0.0162 

Q20 0.7676 0.1281 0.0490 0.0095 0.0295 0.0160 

Q24 0.7769 0.1232 0.0493 0.0090 0.0254 0.0160 

Table 11 - Variance decomposition of regional house prices in Småland with islands with a time lag of 24 quarters 

 

Western 

 Stockholm Gothenburg Malmö 

Eastern 

Middle 

Småland 

with islands Western 

Q1 0.3750 0.0984 2.276e-05 0.0450 1.747e-06 0.4814 

Q4 0.5151 0.1041 8.111e-03  0.0511 7.171e-03 0.3141 

Q8 0.6001 0.0901 8.317e-03 0.0542 9.865e-03 0.2373 

Q12 0.6396 0.0847 8.021e-03 0.0588 8.204e-03 0.2005 

Q16 0.6629 0.0827 7.353e-03 0.0610 6.840e-03 0.1791 

Q20 0.6784 0.0815 6.791e-03 0.0623 5.927e-03 0.1649 

Q24 0.6895 0.0806 6.382e-03 0.0632 5.281e-03 0.1548 

Table 12 - Variance decomposition of regional house prices in Western region with a time lag of 24 quarters 
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