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Abstract 

 

This thesis examines the “ripple effect” and its presence on a regional level within Swedish 

counties. This effect implies that central housing markets “lead” the fluctuations in prices, and 

other local markets follow with a time lag. Vector auto regressive methods are used to capture 

the effects of real house price changes on single-family houses during the years 1984 to 2014, 

within Sweden’s large and sparsely populated counties. The results confirms the presence of 

this effect between Stockholm and regional capitals, but cannot confirm that this effect 

continuous from regional capitals to their respective neighbouring municipalities. But the 

results indicate that there are reasons to believe that the “ripple effect” is there, but that there 

are some internal dynamics within some counties that this thesis cannot explain and that need 

further research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Martin Bergqvist 

Spring 2016 

Bachelor thesis, 15 ECTS 

Civilekonomprogrammet 

Table of content 

1 INTRODUCTION ...................................................................................................................... 1 
1.2 BRIEF OVERVIEW OF SWEDISH GEOGRAPHY AND HOUSING MARKET ................................................. 2 
1.3 EARLIER RESEARCH ......................................................................................................................... 3 

2. THEORETICAL BACKGROUND ............................................................................................... 4 
2.1 REASONS BEHIND THE RIPPLE EFFECT ............................................................................................. 5 

3. EMPIRICAL MODEL FRAMEWORK ........................................................................................ 7 

4 METHOD ................................................................................................................................ 10 
4.1 IDENTIFICATION ............................................................................................................................ 10 
4.2 ECONOMETRIC MODELS ................................................................................................................ 12 

4.2.1Vector autoregressive models ................................................................................................ 13 
4.2.2 Causality ............................................................................................................................... 14 

4.3 DATA ............................................................................................................................................. 15 

5. RESULTS ............................................................................................................................... 18 
5.1 SPATIAL AUTOCORRELATION IN HOUSE PRICES, MORAN’S I ............................................................ 19 
5.2 IDENTIFIED REGIONS ..................................................................................................................... 19 
5.3 VECTOR AUTOREGRESSIVE MODELS, TESTING FIRST-TIER TO SECOND TIER REGIONS ...................... 19 
5.4 VECTOR AUTOREGRESSIVE MODELS, TESTING SECOND-TIER TO THIRD TIER REGIONS ..................... 21 

5.4.1 Östersund and municipalities in Jämtland-Härjedalen County ............................................ 22 
5.4.2 Umeå, Luleå and municipalities in Västerbotten- and Norrbotten County .......................... 23 

6. DISCUSSION ......................................................................................................................... 23 
6.1 ROBUSTNESS ................................................................................................................................. 25 
6.2 CONCLUDING REMARKS ................................................................................................................. 25 

7. FUTURE RESEARCH ............................................................................................................. 26 

REFERENCES ........................................................................................................................... 27 

APPENDIX 1 ............................................................................................................................. 29 
1.1 TABLE 1 ........................................................................................................................................ 29 
1.2 TABLE 2 ........................................................................................................................................ 29 
1.3TABLE 3 ........................................................................................................................................ 30 
1.4 TABLE 4 ........................................................................................................................................ 30 

APPENDIX 2 ............................................................................................................................. 31 
2.1 MAP, QUINTILE (10) HOUSE PRICES ............................................................................................. 31 
2.2 MAP, POPULATION ....................................................................................................................... 32 
2.3 MAP, SELECTED COUNTIES WITH RESPECTIVE REGIONAL CAPITAL ............................................. 32 
2.4 TABLE 5, LIST OF REGIONS ........................................................................................................... 33 

APPENDIX 3 ............................................................................................................................. 33 
3.1 MORAN’S I ................................................................................................................................... 33 
3.2 LAG SELECTION ............................................................................................................................ 33 

APPENDIX 4, TABLES ............................................................................................................. 34 
4.1, TABLE 6 ....................................................................................................................................... 34 
4.2 TABLE 7, GRANGER CAUSALITY TEST FIRST- TO SECOND-TIER (CONTROL VARIABLES) ............. 35 
4.3 TABLE 8, GRANGER CAUSALITY TEST JÄMTLAND-HÄRJEDALEN ................................................ 36 
4.4 TABLE 9, GRANGER CAUSALITY TEST JÄMTLAND-HÄRJEDALEN (CONTROL VARIABLES) .......... 36 
4.5 TABLE 10, GRANGER CAUSALITY TEST VÄSTERBOTTEN ............................................................. 37 
4.6 TABLE 11, GRANGER CAUSALITY TEST NORRBOTTEN ................................................................ 37 
4.7 TABLE 12, GRANGER CAUSALITY TEST BLEKINGE ...................................................................... 38 



Martin Bergqvist 

Spring 2016 

Bachelor thesis, 15 ECTS 

Civilekonomprogrammet 

1 



Martin Bergqvist 

Spring 2016 

Bachelor thesis, 15 ECTS 

Civilekonomprogrammet 

1 

1 Introduction 

The property market is in my opinion, one of the most interesting markets to study because of 

its many restrictions and importance for ordinary people. Uncovering some of its mysteries 

can therefore shed light on questions that have a large impact on both people and society at 

large.  

 

Currently in Sweden, there has been a large increase in housing prices, driven, among other 

things, by lower real interest rates and rising real income (Claussen, 2013). But this rises in 

housing prices are not homogeneous throughout Sweden. While the real house prices during 

1981 to 2014, for single-family homes rose 254% in Stockholm and meanwhile, real house 

prices in Ragunda, Jämtland-Härjedalen decreased by 66%. So why does the price of housing 

differ in growth rates trough Sweden?  One reason for the differences in housing prices in the 

United States, are to a large extent, a result of differences in building regulations where 

tougher regulations results in a more inelastic supply, and thus higher property prices 

(Glaeser, 2005). There might be reasons to suspect that those mechanisms play a part in the 

Swedish housing market as well. As the Swedish Competition Agency points out in their 

report (Konkurrensverket, 2015), the lack of buildable land are partly to blame for the low 

elasticity of housing supply in some municipalities. As the questions regarding planning of 

buildable land are handled by municipalities themselves, there are the possibilities that 

regional differences exist in Sweden and that it might play a part in the regional price 

differences. 

 

This paper will investigate how price appreciations/depreciations are spreading through out 

the Swedish housing market. Looking at the interconnections between regions, and how price 

changes in one location affects others. 

 

In a recent study it was found that shocks in housing prices in Sweden’s three “core regions” 

significantly contributed to price changes in other regions (Yang & Turner, 2016). This 

implies that there are not only fundamental changes in the local market that affects the prices, 

but also that there are spatial effects between the local markets. This notion, that regional 

centres plays an important role is also found in Belgium, where the authors argue that the 

effects would be more pronounced in a more sparsely populated country (De Bruyne & Van 
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Hove, 2013). This would make Sweden ideal to study spatial effects and especially the more 

rural regions.  

 

A Swedish study by Berg (2002), finds that that the Swedish housing market during the years 

1981 to 1997, exhibits ripple effects of real house price changes in Stockholm on future price 

changes in other areas. In a study by Wilhelmsson (2008), the speed-of- adjustment for the 

Swedish housing market, following macroeconomic fluctuations, finds that the rate of 

adjustment differs substantially between regions, where sparsely populated regions are the 

fastest to adjust. 

 

Earlier studies on the Swedish housing markets that is mentioned above, has the common 

characteristic of excluding rural housing markets and focusing on the southern parts of 

Sweden. Although this methodology is justified, stemming from those regions role in the 

Swedish economy, there is reason to suspect that studying smaller and relatively more 

isolated regions, can give insight of equally important mechanisms, as these regions could 

behave differently due to their different characteristics. This paper adds to the literature by 

going one step further, and analysing if there are effects, similar to the ripple effect on local 

levels.  

 

This is an interesting aspect as housing markets are then predictable, and understanding this 

dynamic could then have important policy implications, regarding for example housing 

regulations that affect prices and its external effects. If housing prices are predictable and that 

some regions follow others, the implications of policy changes in one region would then have 

to take in to account these effects to avoid unforeseen implications of policy changes and 

risks on the housing market 

 

1.2 Brief overview of Swedish geography and housing market 

 

The Swedish geography can be broadly described as having a relatively densely populated 

south and a sparsely populated north and centre, as most large cities reside close to the cost. 

Sweden is divided into 21 counties and 290 municipalities with varying size and population. 

Housing prices, population, area and population density in the different municipalities for 

2014 is summarized in table 1 below (appendix 1.1). 
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Table 1, summary statistics for the year 2014, Municipality level, Sweden 

 

 

Quintile map for house prices and population for 2014 is in appendix 2.1 & 2.2. 

As table 1 shows, there is a large diversity between Swedish municipalities, regarding all of 

these aspects. One characteristic of the Swedish housing market is that each municipality have 

a planning monopoly on housing development, but there are restrictions coming from both 

county level and national level that interferes with the process (Bergendahl et al., 2015). This 

means that each municipality have their own characteristics, but municipalities within the 

same county have some aspects common, as well as Sweden as a whole have common 

judicial boundaries. The Swedish housing market then could be argued to face regulatory 

restraints on three dimensions, namely national level, county level and municipal level. To 

further complicate things, there are a lot of local environmental, regulatory, public influence 

and historical limitations that affect the housing market (Konkurrensverket, 2015), but for the 

scope of this paper, the assumption is that the effect from those implications are 

approximately the same in all municipalities. 

 

1.3 Earlier research 

Earlier studies of the housing markets, have earlier found the effects that changes in house 

prices spreads from central locations to its surroundings. 

 

These effects, often referred to “The Ripple Effect” have been showed both in Sweden in the 

UK, US and Australia. In the UK for example, shocks in London hade explanatory power for 

changes in house prices in the other regions in the UK and in Sweden the effect where found 

for Stockholm, influencing the other large metropolitan areas. (Berg, 2002) (Holly et al., 

2011) (Liu, 2013) (P. Cohen et al., 2016) (I-Chun, 2014).  

 

The ripple effect hinges on the assumption that the relative prices between regional/ national 

house prices are stationary over time (Cook, 2005). This means that a shock in prices at one 

Table	1

Variable Obs Mean Std.	Dev. Min Max

House	prices,	thousand	Sek 290 1670.355 1342.486 260 9355

Population,	thousands 290 33611.57 69275.21 2451 911989
Area	km^2 290 1404.618 2437.381 8.67 19140.33

Population	Density 290 145.6593 519.7291 0.2315086 5085.352
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location, affects the prices in other location so that the ration is maintained. A Swedish study 

by (Wilhelmsson, 2008), showed that housing prices in Sweden adjusted towards long-run 

equilibriums at different speeds. This implies that the notion of long-term price equilibrium 

and regional differences, needed for a ripple effect, might be present in Sweden and that there 

might be differences throughout the country. 

 

The earlier research on the Swedish housing market, mentioned above, does make some 

assumptions and eliminations that I am interested in. They either treat all counties as single 

housing markets or eliminating the rural regions. As one of the characteristics of Sweden, not 

shared for example with central European countries, is the presence of large and largely 

unpopulated regions. These counties, often referred to as forest-counties, might them self 

behave as small countries and express a ripple effect within themselves. For example the 

larges Swedish county Norrbotten county, has an area of 97 257 km2 (Appendix 1.2), which 

is more than three times the size of Belgium, 30 526 km2 (Eurostat, 2013). Treating a county 

as Norrbotten as a single housing market might not then be appropriate.  

 

2. Theoretical background 

The hypotheses in this paper are: 

1. House price variations in Stockholm predict prices in the regional capitals. 

2. House price variations in the regional capitals predict prices in its surrounding 

municipalities in their respective counties. 

 

These hypothesise, can be summarized in that shocks in house prices in Stockholm ripples 

through regional centres and then through the neighbouring municipalities. Following earlier 

research that finds this dynamic on the housing market, where cities lead the price 

development of their surroundings. This effect has been described to move through first-tier 

to second-tier cities/regions. My hypothesis is that this dynamic, continues to third-tier region, 

where they follow their neighbouring second-tier region/city. 
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2.1 Reasons behind the ripple effect 

 

As the ripple effect is the process where volatility of house prices starts at one location, and 

the volatility ripples through neighbouring housing markets and the strength dissipate with the 

locations distance from the leader. Meaning that volatility of house prices are not randomly 

distributed, but spatially dependant. The reasons for this effect are debated and several factors 

have been used as explanations. Meen (1996), shows that the UK housing market is spatially 

dependant in housing prices and confirms that there seems to be a ripple effect in variations in 

house prices.  

 

The economic explanations of the ripple effect are presented by four possible market 

dynamics according to Meen (1999). These are  

1. Migration 

The idea that migration is driving the ripple effect, works on the assumption that 

households take advantage in differences in housing prices and move towards 

relatively cheaper housing. This then results in an increased demand in low priced 

areas, driving up their housing prices.  

 

2. Equity transfer 

This effect suggests that an increase in house prices at one location, raises the 

inhabitants equity and as they move up on the property ladder, house prices in its 

surroundings follows the expected increase in buying power of potential buyers. This 

is also linked to migration since for this to happen, there must be migration between 

regions so that the increase in equity in one location can spill over to other local 

housing markets. 

 

3. Spatial arbitrage 

Spatial arbitrage is the notion that differences in returns on the housing market will 

create arbitrage opportunities. Financial flows would then even out the differences in 

returns and thus give arise to the ripple effect. 
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4. Spatial patterns in determinants of house prices 

This view of the ripple effect is the result of differences in local responses to factors 

that determine house prices. This notion says that local differences in supply elasticity 

for example, gives the effect that reaction to business cycles will look differently in 

different regions. This could then be that regions close to one another, shares similar 

supply and demand characteristics, which in turn makes them to react similarly to 

macroeconomic shocks. 

 

As the second hypothesis states that the Ripple Effect is also present on a smaller scale, 

within Swedish counties, one has to assume that Swedish counties behave as small country. 

The reasoning behind this hypothesis is that in regions with one clearly dominant central 

region, there could be substantial differences in amenities between the centre and surrounding 

towns and towns lying far away. This assumption is likely to hold true if the central town is 

much larger than its surroundings, as a result of scale economies. As countries can 

endogenously centre on an industrialized core, by realizing scale economies and minimize 

transportation costs (Krugman, 1991). This mechanism of clustering could also work within 

the framework of regional development within counties and result in clearly dominant 

cities/municipalities, regarding the level of amenities and local wages. This would then result 

in municipalities close to the centre being closer substitutes to the centre and thus experience 

the ripple effect to a greater extent than those that are far away, and not within the same 

county, given Meen’s proposed reasons behind the ripple effect. 

 

The notion of a ripple effects also hinges on that house buyers are irrational, as the ripple 

effect theory assumes that there is a time lag between the an appreciation of prices in the 

centre, and the appreciation of house prices in its surroundings. If homeowners were rational, 

they would discount price variance in the central location and follow the price changes 

directly. The ripple effect on the other hand, assumes that there are a considerable time lag 

were house prices are lower than their equilibrium level for an extended period. This would 

make for an arbitrage opportunity, to instantly buy property at surrounding municipalities, 

following an appreciation in the leading housing market, eliminating the lag in house price 

appreciation.  

 

Although the ripple effect relies on home buyers to be irrational, there are studies that show 

house buyers to be irrational in the sense of non-random price changes (Case & Shiller, 
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1989), and that market participants does not price in inflation rationally (Brunnmeier & 

Julliard, 2008), which indicates that housing markets might not be fully rational and that “the 

ripple effect” might have a case. 

 

3. Empirical model framework 

When thinking about the notion of a ripple effect, a simple model based on the theory of the 

ripple effect are described by the following reasoning: 

 

As the two hypothesises states, first tier cities affect second tier, which in turn affect third tier. 

The national housing market could be descried as a web of nodes, as expressed below in 

figure 1. 

 

Figure 1, illustration of node-network 

 

 

Where the first-tier is on top, branching out to second-tier and so on. Where the effect of the 

relative house price movements between cities depend the strength of their connection and 

that there are a clear hierarchical ordering between cities/regions. 

Mathematically this can be written in discrete time so that: 

𝛼2
1𝑃𝑡

1 = 𝑃 𝑡+1
2                                                                                                                                             (1) 

𝛼3
2𝑃 𝑡

2 =   𝑃𝑡+1
3                                                                                                                                            (2) 

Which gives: 

𝛼2
1  × 𝛼3

2𝑃1,𝑡

=  𝑃𝑡+2
3                                                                                                                                  (3) 

Where 𝑃𝑡
1 stands for real price change at the first-tier region at time t, 𝑃𝑡+1

2  is the change in 

prices at the second tier region at time t + 1, 𝑃𝑡+2
3  is the price change in the third tier region at 

Time, t+2

Time, t+1

Time, t 1

2

3 3

2

3
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time t + 2. 𝛼2
1 Is a coefficient that measures the responsiveness of a change in prices at region 

1 in region 2 following one time period and the same interpretation can be said about 𝛼3
2. As 

this model states, a price increase in region 1 moves through region 2 to 3, and the time for 

the effect takes longer for the third tier region than for the second tier.  

 

Alpha is also assumed to be a function of distance, in dimensions of both geographical and 

other characteristics, between the relevant regions and local characteristics and can be 

expressed as: 

𝛼 = 𝛼(𝑑, 𝑧)                                                                                                                                               (4) 

Where d is a measure of distance and z is a term, capturing local factors that are influencing 

local prices such as regulations, geography, demographics, amenities and preferences. As the 

ripple effect is assumed to decline with distance, the first order derivative of distance is 

assumed to be: 

𝜕𝛼

𝜕𝑑
< 0                                                                                                                                                       (5) 

This would also intently make sense that, as distance between two regions increases, their 

effect on each other would then be weaker, and this assumption could therefor be seen as 

quite reasonable. 

 

Equation (3) also predicts that if 𝛼2
1 < 1 and 𝛼3

2 < 1 the effect between first-tier and third-tier 

𝛼3
1 = (𝛼2

1 × 𝛼3
2) < 𝛼3

2 implying that the effect from the first-tier city on a third-tier city is 

smaller than the effect from the second-tier. And the opposite are true if the estimates are 

larger than 1. The values of 𝛼 is an empirical question and the local responsiveness are linked 

to the local conditions on their respective market. But regardless of the estimates of 𝛼, 

equation (3) still predicts that the timing of the effect of a shock in the first-tier, takes longer 

to mitigate from the first- to third-tier than between second- to third- and first- to the second-

tier.  

 

This model definition of distance does not solely rely of geographical distance, but could also 

include more abstract aspects of distance, such as cultural differences and differences in size. 

In Lie (2013), demographic distance weights were used when estimating this effect with quite 

weak results, but still shows that factors other than only geographical distance plays a part.  
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Meen’s two first explanations, Migration and Equity transfer, hinges on that people are 

willing to move when price differences emerge, one can assume that people does not 

randomly migrate. An assumption that could be made is that people tend to move to regions 

that are close substitutes to their original region. Either that individuals preferences do not 

change, or that home-buyers skills on the labour market matches better at regions that are 

similar with each other.  

 

The model assumes that the effect decreases with distance, the assumption behind this claim 

is that people are likely to have a bias for certain geographical locations, stemming from 

either having friends or family in one location, and moving far away would imply the 

intangible cost of loosing personal connections. Individual preferences regarding climate and 

geographical characteristics could also play a part, where for example if one are living on a 

costal city, one might not want to move inland. 

 

Problems with endogenous effects 

As there might arise problems with endogenous effects, as migration patterns could be 

affected by house prices, and in turn, affect house prices. As an influx of people to a location, 

all else equal is assumed to raise prices; the raised prices are also assumed to trigger an 

outflow of people, as they realize their capital gains. These effects would need to be 

addressed, and are likely significant. One would then need to disaggregate internal migrants 

and home buyers/sellers to an individual level, to estimate these models. Changes in the 

population size that are not affected with migration, but affects the housing supply would also 

need to be taken into account for. As well as the characteristics of the internal and/or external 

migrants, as preferences might differ along demographical dimensions, and the characteristics 

of the housing supply might not be homogeneous from year to year. Given these complicated 

and complex problems, the approach that this paper will follow is to assume that size and 

direction of these effects are relatively random and is captured in the 𝛼 term, and control 

variables in the later estimated models. 
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4 Method 

The method used to test the hypothesis that there are a ripple effect from Regional capitals to 

the neighbouring municipalities, are based on Bergs (2002) paper. In his paper, he describes a 

simple VAR model for estimating the ripple effect for Sweden. My method will also draw 

from the paper by Holly et al., (2011) through adding Stockholm as an predictor for the 

Regional capitals house prices, similar to theirs inclusion of New York for explaining 

London’s prices.  

 

In (Liu, 2013), studying the ripple effect in Australian costal cities, spatial dimensions in 

geography and demography were applied, yielding significant results. My econometric 

models will be based around this notion, using VAR models and then controlling for 

differences in the demographic development between the different geographical locations and 

to study the effects within regions that include municipalities that are assumed to be strongly 

dependant of each other. 

 

To test for the presence of a ripple effect, and if cities are linked like a node network with a 

clear hierarchical order, the analysis will follow the methodology presented below. 

 

(1) Identification of Regional centres,  

(2) Econometric models  

(3) Description of the data that is used in the analysis. 

 

Hypothesis 1 and 2, that first-tier causes price changes in second-tier regions and that second-

tier causes third-tier region price changes, will tested through Granger causality tests. 

4.1 Identification 

 

Starting of from the earlier research where Stockholm is the clearly dominating region in 

Sweden (Yang & Turner, 2016) (Berg, 2002), Stockholm will then be first-tier region in the 

modelling framework. To identify the second-tier regions, the 20 other counties in Sweden 

are analysed to locate their respective dominating municipality. For the third-tier regions in 

the analysis, the remaining municipalities in the counties where the respective regional centre 
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lies will be used. Maps over the Swedish county’s and municipalities can be fund in the 

Appendix (2). 

 

As the theory relies on house prices to be spatially auto correlated, this needs to be tested for. 

The method in this study is to use Moran’s I to test if the Swedish market is spatially auto 

correlated with regards to average single-family house prices.  

 

To narrow down the scope of the analysis, and to minimize disturbances, regions will be 

eliminated that are not following the criteria’s described below. A robustness test of the 

criteria’s and assumptions will be covered in the discussion, testing if there are possibilities to 

generalise the results of the analysis to regions that are not part of the main study. 

 

As this paper will try to see if regions in Sweden exhibits ripple effects in themselves, I will 

concentrate the regions of interested to the Sweden’s largest regions, in the middle and 

northern part, as argued for in the introduction. 

 

The method of identifying the regional centres of interest for this study is to plot the relevant 

characteristics of all Swedish municipalities in a map, then optically find the regional centres, 

and later mathematically verify the findings. Controlling so that the centres fulfils the 

criteria’s. The criteria’s for the identification strategy are to find the likely leaders in their 

respective region.  

 

The first criteria are that the central city/municipality will have a substantially larger 

population than its neighbouring towns ant that there is a considerable distance to other large 

municipalities. This is to make sure that other large neighbouring towns do not distort the 

effects from the centre.  

 

The second criteria are that the city has to be an official regional capital. The reason for this is 

that regional capitals house the administrative functions of the region. Assuming that the 

presence of regulatory bureaucrats in the city, results in a bias towards development in the 

regional capital city, relative to the surrounding municipalities. By having the regional capital 

in a city that is not the biggest, might result in distortionary effects similar to that of two 

leading cities, which would be hard to control for. 
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Third criteria is that the housing prices in the regional centres, has to be higher than its 

neighbours, as indicating either higher wages and/or better amenities which would be 

necessary for a region to be classified as a higher tier region than its neighbours. 

 

4.2 Econometric models 

 

To test whether or not the theory holds true, the use of econometric models/tests are building 

on previous papers. As the theory states that price changes in a central region, ripples through 

to its smaller neighbouring towns, the study will utilize Vector Autoregressive Models to 

study how prices for municipalities moves over time. These VAR models predict price 

changes in the small towns with the price changes in the central town as an endogenous 

factor. 

Starting from Berg (2002), where he uses a VAR model to estimate “the ripple effect”, a 

simplified model will be used for the analysis. As previous studies argues, it is important to 

incorporate macroeconomic factors to explaining the dynamics of the housing market (Berg, 

2002) (Yang & Turner, 2016), as well as local factors that determine the elasticity of supply 

of housing (Glaeser, 2005), when trying to explain the “ups-and-downs” of the housing 

market. 

 

As the aim for this paper is to look at the dynamics of the housing market on a local scale, 

proxies will be used for those macroeconomic factors that affect the local housing markets 

and assume that the local regulatory environment is approximately similar between 

neighbouring municipalities. The reasoning behind this is that the relevant factors that would 

be optimal to measure, are not detailed enough to capture differences in the analysis. Berg 

(2002) for example, used new cars as a proxy for local consumption. A consumption proxy 

like this could be hard to motivate in this study, since transportation needs, local income and 

local preferences might differ between the neighbouring locations. 

This paper will use unemployment as a proxy for economic factor such as local economic 

growth, consumption, future optimism, growth in wages and overall economic activity. One 

could argue that there is reason to believe that those factors are correlated with changes in 

unemployment, and that unemployment in this study is sufficient proxy in estimating the 

models. 
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To control for the possibility of changes in preferences, demographics and the like, data on 

changes in population size for the respective municipality will be used as a proxy in the 

analysis. Following P. Cohen et al. (2016), they use spatial migration weight to estimate the 

dynamics of the US housing markets. In this analysis, population change will be used, which, 

all else equal, would either increase or decrease prices. As a lot of internal migration could be 

of individuals that are not relevant for the housing market, as for example students that wants 

to be near a university, does not generally buy houses. Population change does also capture 

the number of deceased, and if those were former house owners, it would certainly affect the 

supply of housing at the local level, and affect the volatility of house prices. 

 

According to Liu (2013), adding a spatial weights matrix when estimating the ripple effect is 

recommended and could possibly change the directions of the estimates. One could then argue 

for the use of spatial VAR models when analysing the housing market, but also that one 

should be careful when interpreting the spatial effects and not to attach to much meaning to 

the estimates (Beenstock & Felsenstein, 2007).  

Given the natural limitations of analysing the small local housing markets, in terms of turn-

over and quality of available data, the analysis discards spatial VAR modelling and follow 

Berg (2002), using standard VAR models. 

 

4.2.1Vector autoregressive models 

 

The vector auto regressive models that will be estimate can be written in vector form as: 

 

𝑝𝑖,𝑡 =  𝛼 +  𝛽𝑘𝑝𝑖,𝑡−𝑘 + 𝛾𝑘 𝑝𝑡−𝑘
𝑐 +  𝜇𝑖,𝑡                                                                                               (6)  

 

Where 𝑝𝑖,𝑡 is the change in real house prices at municipality i, 𝛼  is a constant, k is the 

number of time-lags, 𝛽𝑘,, 𝛾𝑘 are vectors with (1 × 𝑘), objects, estimating the effects from 

𝑝𝑖,𝑡−𝑘 and 𝑝𝑡−𝑘
𝑐  respectivly, 𝑝𝑖,𝑡−𝑘 is the real house price changes in municipality i at time t-k, 

𝑝𝑡−𝑘
𝑐  is real house price changes in the higher tier city/region at time t-k and 𝜇𝑖,𝑡 is an error 

term that is assumed to be independent and normally distributed with the expected value of 0. 
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Adding control variables to equation (6) to test for changes in the dynamics between the local 

housing markets, depending on exogenous shocks in equation (6) can be written as: 

 

𝑝𝑖,𝑡 =  𝛼 +  𝛽𝑘𝑝𝑖,𝑡−𝑘 + 𝛾𝑘 𝑝𝑡−𝑘
𝑐 + 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 +  𝜇𝑖,𝑡                                                (7)  

 

As not all variables are affecting prices simultaneously, adding lagged variables that are can 

be written as: 

 

𝑝𝑖,𝑡 =  𝛼 +  𝛽𝑘𝑝𝑖,𝑡−𝑘 + 𝛾𝑘 𝑝𝑡−𝑘
𝑐 +  𝛿𝑘𝜒𝑡−𝑘  +  𝜇𝑖,𝑡                                                                          (8)  

 

Where the vector 𝛿 𝑘 is the estimated effect of the temporal lag of the lagged variables 𝜒 𝑡−𝑘. 

 

The analysis will use different setups for the models, with different lag times, with or-without 

some factors to see which models gives the best predictions and if there are conflicting 

results. Tests for lag lengths selection and to test if the models are stable will be conducted, 

meaning that the unit autoregressive root of the first-difference in house price changes is 

stationary. Meeting these assumptions are required to trust the estimates and analysis (Stock 

& Watson, 2015)  

 

4.2.2 Causality 

The causality test is performed post-estimation of the vector autoregressive models. 

Drawing on the methods of Berg (2002) and Lie (2013), Granger causality test between the 

different housing markets will be conducted to see if there are causal effects between them. 

The Granger test can be used to test if changes in one region, can forecast changes in another 

region. In this case, it will be used to test if Stockholm Granger causes price movements in 

the regional centres and/or their surrounding towns. Then it will used it to test whether or not 

the regional centres can forecast the prices in its surrounding. The mathematical formula for 

the Granger test is expressed below (Berg, 2002): 

 

𝑝𝑖,𝑡 =  𝛼 + ∑ 𝛽𝑗𝑝𝑡−𝑗

𝑘

𝑗=1

+  ∑ 𝛾𝑗𝑝𝑡−𝑗
𝑐

𝑘

𝑗=1

+ 휀𝑡                                                                                           (9) 
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Where 𝑝𝑖,𝑡 stands for the price change in one region, and 𝑝𝑡−𝑗
𝑐  stands for the price change for 

another region. To test for Granger causality, the parameters 𝛼, 𝛽𝑗and 𝛾𝑗 are estimated given a 

time lag of k, the second step is to test if the estimated 𝛾𝑗 are equal to zero. If 𝛾𝑗 is 

significantly different from zero, a price change in in region 𝑝𝑐 is interpreted to Granger cause 

price changes in region 𝑝𝑖. If 𝛾𝑗 is not significantly different from zero, the null hypothesis of 

the Granger causality test that 𝑝𝑐 does not cause 𝑝𝑖 holds. The Granger causality test should 

not be interpreted as proving causality, but merely a test that can be used as an indicator if 

there are indeed cities that are leading others in my analysis. (Berg, 2002) 

 

Using this test will indicate if there are indeed cities that are leading the price changes, and 

that those regions can be used to explain some of the price variation in the other 

towns/municipalities. 

 

The Granger causality test is the method used to test the two hypotheses. The expected results 

for the first hypothesis if it holds true, is that Stockholm significantly rejects the null 

hypothesis in the test between Stockholm and the regional capital, and that the regional 

capital do not rejects the null hypothesis and Granger causes Stockholm. 

The expected results for the second hypothesis are that the regional capitals, Granger causes 

the municipalities, but the municipalities does not Granger cause the regional capitals.  

 

4.3 Data 

 

The data that will be used in the study on national level are GDP, national population growth, 

inflation and interest rates, which then will be used to construct other variables and control for 

these factors in the analysis. The data that is used comes from the Swedish statistical agency 

(SCB, 2016) and the Swedish central bank (Riksbanken, 2016). This data is presented in table 

3 below. 
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Table 3, summary statistics of used data in the analysis  

 

 

GDP:  

The data used is from the Swedish statistical agency (SCB) and covers the years 1981 to 2014 

and is calculated as the yearly average. The reason that GDP is incorporated in the analysis is 

to control for business cycles and according to (Wilhelmsson, 2008) the dynamic effects on 

the housing market is varying depending if the economy is in a recession or boom.  

 

National population:  

Collected from SCB and is the total population in Sweden on the 31st of December on the 

year that is reported, covering the years 1981 to 2014. This is used to control for population 

changes on the national level 

 

Inflation:  

Collected from SCB and is calculated as a yearly average, covering the years of 1981-2014. 

This is incorporated to both convert variables to real terms, but also to as a control variable. 

Brunnmeier & Julliard (2008) shows that agents on the housing market do not respond 

rationally to changes in inflation, which is why inflation can be used as a control variable. 

 

 

Interest rates:  

The data on interest rates that I will use is collected from the Swedish central bank 

(Riksbanken). The interest rate that I will use are the yearly average, covering the years of 

1986 to 2014 of the interest rate on 5-year property bonds.  

 

As there is a strong consensus in the literature that interest rates affects house prices, 

controlling for this would therefore be advisable. There might also be the case that dynamics 

Data Observations Mean Std.	Dev. Min Max
Average	house	prices,	in	thousand	SEK 1674 533.6 467.8 135 5640

GDP,	in	thousand	SEK* 31 2336130 932079.1 881974 3918199
Local	Population 1674 30949 101454 2421 911989
Inflation,	%* 31 2.856 2.936 -0.496 10.368

Interest	rate,	5-year	property	bonds* 29 6.736 3.671 1.457 14.246
National	Population* 31 8926554 385878.2 8342621 9747355

Local	Unemployment,	% 1026 8.01 3.17 2.54 22.19

Year 31
Municipalities 54

*	=	data	on	national	level,	otherwise	on	municipal	level
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on the housing market might differ depending on the level of real interest rates, following that 

agents might not be rational (Brunnmeier & Julliard, 2008). The reason for the use of interest 

rate on property bonds, instead of other interest rats, is that I assume that the interest rate of 

property bonds closer affect the housing market, following Berg (2002) that also uses 5-year 

property bonds in his analysis.  

 

The data for the respective regions are on municipal level and include local house prices, local 

population, local unemployment and the geographical coordinates for the municipalities’ 

respective centre.  

 

Average Local House Prices:  

The data is collected from SCB and covers the years 1981 to 2014. The prices are calculated 

as the yearly average selling-price of single-family homes, excluding sales over 20 million 

SEK. The reasoning to only include only single-family homes is several. Firstly, one can 

assume that single-family house buyers are relatively homogenous throughout Sweden, with 

regards to demographics, such as their likeliness to have stable jobs, families and stable 

backgrounds to the same degree, regardless of geographical location. Secondly, by using 

single-family homes and excluding owner occupied apartments, I assume that the elasticity of 

substitution is lower between single-family houses and rental apartments, compared to owner 

occupied apartments and rental apartments. The reasons to minimize the effects of rental 

apartments are because the Swedish rental market is severely dysfunctional and vary widely 

between municipalities (Blomé & Lind, 2012) (Bergendahl et al., 2015). According to Aldén 

et al. (2015) there is also a high degree of segregation and “native flight” and “native 

avoidance” in Swedish cities and as most non-western immigrants resides in rental 

apartments, this could have an effect on the market for owner occupied apartments, which I 

assume to be closer substitutes relative to single-family homes. These distortions are therefore 

something I want to avoid when I try to estimate this dynamics of the housing market. 

 

As other studies use the price of newly build houses when examining the housing market, one 

could argue that one should do that as well, to keep differences in quality relatively equal. The 

reasoning for this approach to be omitted is that the yearly constructions of new houses in 

small municipalities are some years non-existing. Even using all the sale of single-family 

houses, there might be a problem with to low turnover for smaller municipalities.  
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Local population:  

This data is calculated as the total number of inhabitants in the respective municipality in the 

31st of December on the same year and is collected from SCB. This is used to control for 

population changes. As migration between the different regions would be desirable, there is a 

problem with this as a lot of smaller regions have a old population, resulting in a possibly 

considerable part of the housing supply, stemming from deceased individuals, which can 

affect the housing prices and measures on migration would not capture this. 

 

Local unemployment:  

This data is collected from the Swedish employment agency, covering the years 1996-2014. 

Local unemployment is used as a proxy for how exogenous macroeconomic shocks, and how 

it affects the different municipalities. The desired data would have been Gross Regional 

Product and local interest rates, but those measures are highly unreliable in the small scale 

that is required and local unemployment can be seen as a reasonable proxy variable covering 

the “general spirit” of the local economy. 

Geographical coordinates:  

The coordinates that are used are collected from SCB and points to the centre of the 

municipalities. Those are then used to construct the spatial weights matrix, calculate 

geographical distances between regions and to construct maps. 

 

5. Results 

The variables that are used are summarized in table 4 (appendix 1.4). 

Table 4, summary statistics of variables used in the estimated models  

 

 

 

 

 

 

Variables Observations Mean Std.	Dev. Min Max
Change	Real	GDP,	% 31 2.473 2.685 -4.01 5.815

Change	Real	interest	rate,	% 28 12 77.48 -66.8 291.58
Change	Local	unemployment,	% 972 -1.76 21.34 -44.67 150.16
Change	Local	population,	% 1674 -0.48 0.97 -4.17 2.74
Change	Real	House	Prices,	% 1674 1.78 12.23 -40.35 72.71
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5.1 Spatial autocorrelation in house prices, Moran’s I 

 

As the ripple effect assumes that housing prices are spatially auto correlated, to test this 

assumption. Moran’s I is calculated for house prices in the whole of Sweden. Testing this for 

housing prices in 2014 strongly supports the hypothesis of spatial auto correlation with a 

Moran’s I of 0.67 and a pseudo p-value of 0.00001(appendix 3.1). Implying that house prices 

are positively spatially auto correlated, meaning that house prices are grouped together and 

low-priced municipalities are close together and high-price are close together as well, house 

prices are by other words not randomly distributed throughout Sweden. The null hypothesis 

that the housing market is not spatially auto correlated is rejected at a 0.001% significance 

level. 

 

5.2 Identified regions 

 

The regions that meet the criteria’s in section 4.1 are Karlstad, Östersund, Umeå and Luleå 

and those cities are the regional capitals for the counties Värmland-, Jämtland-Härjedalen-, 

Västerbotten- and Norrbotten county respectively. (Appendix 2.3.1) The list of municipalities 

that are used in this study, with their respective code number can also be fund in table 5 

(appendix 2.4) 

 

5.3 Vector autoregressive models, testing first-tier to second tier regions 

 

As argued before that Stockholm is the likely leader in the Swedish national housing market, 

testing the hypothesis, VAR models are constructed with Stockholm and with the identified 

regional centres.  

The results of the test for lag lengths can be found in appendix (3.2)  

 

VAR models and Granges causality tests between Stockholm and Karlstad, Umeå, Östersund 

and Luleå are presented in table 6. The table should be read that the municipalities on top row 

are the estimated equation, and in their respective columns, the estimates are summarized in 

table 6 below (appendix 4.1). 
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Table 6: * = p-value ≤ 10%, **= p-value ≤ 5%, ***= p-value≤ 1%, Granger causalities (p-

value) G-Stockholm=> indicates if Stockholm Granger causes the respective region, G-

Stockholm<= indicates if the regions Granger causes Stockholm. 

 

These estimations shows that all regions are affected with a time lag of one year by 

Stockholm, confirming that there are predictive power of changes in real house prices in 

Stockholm on smaller cities. The Granger causality test is strongly significant for Stockholm 

Granger causing the regional capitals, while the regional capitals do not Granger cause price 

changes in Stockholm. The estimated one-year lags for Stockholm on the respective cities 

varies between 0.528 and 0.37, meaning that a 1% real house price change in Stockholm at 

time t, raises prices in Östersund with 0.528% at time t+1, but only with 0.37% in Karlstad. 

This indicates that there are differences in house price dynamics throughout Sweden.  

 

Controlling for the factors real GDP growth, real interest rates and changes in unemployment, 

are summarized in table 7 (appendix 4.2)  

Controlling for those factors in do not significantly change or improve the models, when 

controlling for change in real GDP and change in real interest rates the estimates are 

insignificant, which suggests that the different housing markets react similarly to 

macroeconomic factors. Controlling for changes in unemployment on the other hand, makes 

the models insignificant and/or unstable in all models, meaning that adding unemployment 

either completely dismisses my hypothesis, or that housing market dynamics does not depend 

on weather unemployment is rising or falling. But there is one important thing to remember 

and that is that adding unemployment drastically reduces the sample size from 1984-2014 to 

1997-2014, which also could be the reason for the weird estimates. 

So to conclude, adding macroeconomic factors to the models do not improve their accuracy to 

any significant extent. As this results contradict previous studies and economic intuition there 

is important to think about possible explanations. One reason behind this could be that the 

housing market experiences the same macroeconomic factors and that their responses are 

Table 6 Karlstad Östersund Umeå Luleå

Stockholm, 1 year lag(Std. Dev.) 0.37(0.16)**
0.528(0.147)

***

0.458(0.163)

***

0.393(0.146)

***

Own 1 year lag(Std. Dev.) -0.023(0.21)
-

0.283(0.183)
-0.09(0.21) -0.053(0.2)

G-Stockholm => 0.02** 0.001*** 0.005*** 0.007***

G-Stockholm <= 0.805 0.086* 0.288 0.106
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similar, this in turn makes adding macro factors insignificant. But, one thing to remember is 

that the data that I am using is on yearly averages of single-family houses, the use of this kind 

of housing and the long time frame between observations, could be hiding the effects as well.  

 

As adding control variables did not improve the models, the analysis will be based on only the 

estimates in table 6. 

Using a 5% significance level and basing the conclusion on the Granger causality tests, gives 

that changes in real house prices in Stockholm causes price changes in Karlstad, Östersund, 

Umeå and Luleå with 1-year time lag, confirming the first hypothesis. The estimated effects 

of price changes are similar, except for Karlstad, whose effect is significantly lower than the 

other estimates, as well as not as significant. As the theory assumes that the effect decreases 

with distance, these results puts scepticism of that idea as Karlstad is the closest of the cities 

to Stockholm, but exhibits the weakest effect (appendix 2.3.2) 

 

The explanation for this could be that housing markets are different and/or that the 

assumption is wrong, but it could also be the case that there are strong distortionary effects 

from Oslo (The capital of Norway) which is not that far away from Karlstad. The county, 

which Karlstad is the capital of, have also very strong ties to the Norwegian economy. This 

could then result in Stockholm, not being Karlstad’s first-tier city, but instead Karlstad 

follows Oslo and/or Stockholm. 

 

Moving on with the analysis from first- to second- to third-tier, Karlstad and its county 

Värmland will be discarded, and focus on the other three, as there are reasons to suspect that 

Stockholm is not the only leading city in that region. 

 

5.4 Vector autoregressive models, testing second-tier to third tier regions 

 

To continuing the analysis, models of second-tier regions that have been identified, with their 

neighbouring municipalities in their respective county will be estimated 

 

Building on the previous estimations, lag length and stability of the models will be tested. 

Macroeconomic factors will be discarded, as they did not produce significant results in the 

first stage. 
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5.4.1 Östersund and municipalities in Jämtland-Härjedalen County 

 

Granger causality tests for the models regarding Jämtland-Härjedalen County are found in 

table 8 (appendix 4.3). The estimated causalities does both confirm and reject the hypothesis 

that Östersund, the second-tier city, and that Östersund Granger causes its neighbouring towns 

house price movements. The municipalities that reject the hypothesis are Ragunda, Bräcke 

and Berg, and the municipalities that confirm my hypothesis are Krokom, Strömsund and Åre. 

These estimates do show that there are dynamics, similar to the ripple effect, within Swedish 

counties, but that there are municipalities that reject that idea.  

 

To see if there is omitted variable bias, changes in population will be tested as a control 

variable in the next estimation. Population change is used as a proxy for migration as well as 

to to capture the effects of deceased, leaving houses that are put out on the housing market.. 

The results of these estimations are in table 9 (appendix 4.4). 

 

The estimates of the Granger causalities between Östersund and the municipalities stay 

similar except that the municipality Berg becomes significant as well, but Åre looses 

significance. As the estimates for the effects change in population are significant and 

theoretically justified, in the further analysis the models will be constructed with change in 

unemployment as an endogenous factor. 

 

On likely reason for Åre not to be connected to Östersund is that Åre’s economy and house 

prices, are likely tied to the large skiing resort with the same name, which is could make their 

housing market dependent on the development of the skiing resort, and not exclusively on 

Östersund. 

 

Change in population at the third-tier municipalities does significantly Granger cause house 

price changes in Östersund for municipalities except for Ragunda and Bräcke.  

 

These results from this analysis do not fully support the second hypothesis, for some 

municipalities the hypothesis holds, and for the other it does not.  

 

Changes in unemployment were also tested, but the estimates gave very unreliable results. 

Almost all coefficients were significant, but arguing that all lags of house price changes 
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causes changes in unemployment might not really be connected to reality. The explanation for 

this could be the small sample size (14 years) and that estimation catches some trend in the 

data, giving these results. 

 

5.4.2 Umeå, Luleå and municipalities in Västerbotten- and Norrbotten County 

 

The analysis for Umeå and Luleå will follow the model for Östersund, with population 

change as a lagged control variable. The results for Umeå can be found in table 10 and for 

Luleå in table 11 (appendix 4.5 & 4.6) 

 

These estimates are very similar to the earlier effects on Östersund and in Jämtland-

Härjedalen County, in the sense that some municipalities reject the hypothesis that the 

regional capital Granger causes the surrounding municipalities, and that some confirms the 

hypothesis. One estimate that stands out is the effect that change in population has on prices 

in the regional centre. In Jämtland-Härjedalen 5 out of 7 are significant at a 5% level for 

Västerbotten and Norrbotten the ratios are 10 of 14 and 9 of 13 respectively. This seems to 

confirm the theory and assumption that changes in population has real impacts on the housing 

markets. But using these results to confirm causality should not be taken for given. These 

results could also come as a result of urbanization, as the central towns has had a rising trend 

in housing prices, depopulation trends in smaller municipalities could then be misinterpreted 

as causal, even if there are no connection. Since the population changes are significant, and fit 

the theory, it could be seen as having causal effects, but should still be viewed with caution. 

 

6. Discussion 

Starting with the estimates of first-tier to second-tier regions, my hypothesis holds for all four 

regions in the sense that Stockholm could be used as a predictor for house price changes in 

the smaller cities with a time lag. The odd one out, Karlstad, were estimated to have a lesser 

effect from Stockholm than the others, even though Karlstad is closest geographically to 

Stockholm. The reason for this weak connection for Karlstad could be that Oslo might be 

leading house prices for Karlstad and that this dilutes the ripple effect from Stockholm.  
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As my theory states that the effect decreases with distance, this assumption does not hold for 

purely physical distance, were the closest city, Karlstad, had the lowest estimated effect. 

Although this might discard my assumption, my theory also states that distance needs to be 

measured in other dimensions as well, and that estimates are not separated by that much. 

I can, given the results in the estimated models, confirm that there is likely ripple effect acting 

between Stockholm and regional capitals. This is also in line with previous literature and my 

first hypothesis is confirmed. 

 

When testing my second hypothesis that there is a ripple effect within the selected counties, 

the results are mixed. As many of the estimates are significant and showing a ripple effect, 

there are also several estimates that are not supporting that hypothesis. My analysis shows 

that there are reasons to believe that there are dynamics within Swedish counties, resembling 

the ripple effect, but the results are not strong enough to support my hypothesis. The reasons 

behind this could be that there are internal dynamics with several leading regions or pairs of 

municipalities that interact independently. There is also one big flaw in my analysis and that 

is the quality of the data might not be detailed enough to capture the effect. As I only have 

data for yearly transactions, a ripple effect acting on a shorter timeframe could then be missed 

and result in insignificant results, even if the “true” dynamics resemble the ripple effect.  

 

As I suspect that the insignificance of the results for the municipality Åre, are to blame of 

their local economy that are heavily dependent on the local skiing resort. I then also suspect 

that the reason that the ripple effect is not present on a local level could be that some 

municipalities are heavily dependant on one industry, resulting in house prices are influenced 

by a sector stronger than it is influenced by its regional capital. This reasoning could also 

explain why the regional capitals are following Stockholm, as bigger cities can be more 

diversified and thus not depend on shocks in different sectors, resulting in that the ripple 

effect are more distinguished. Controlling for factors as this is not possible in the scope of this 

paper, but could be a way to build on this study and to find out why some municipalities did 

experience a ripple effect and others not. 

 

There are potential problems with the study of omitted variable bias, as the determinants of 

house prices are likely many, so this concern is important to take into account. One aspect that 

I did not include in my study, where spatial weights matrixes as advised by (Liu, 2013). The 

reason behind this were that my data set was not detailed enough to comfortably estimate 
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spatial effects as well. Given the poor quality of the data, spatial effects of small 

municipalities on each other would not likely be reliable, as (Beenstock & Felsenstein, 2007) 

argues that even using good data, results in estimates that should be looked at with caution. 

The selection of control variables could also have been improved, and perhaps using other 

factor to control for shocks, might have given different results. 

 

There is also the possibility of problems with endogenous effects, which could affect the 

estimates. For example migration that as a response to house prices, as well as GDP measures 

being affected by higher house prices as high prices might stimulate consumption and the 

future supply of housing. This would then have an effect on house prices and the control 

variables used, giving uncertain estimates of the strength of the ripple effect.  

 

6.1 Robustness 

This analysis also hinges on that the identification strategies are relevant. The robustness 

check for this analysis consist of applying the models to the Swedish county of Blekinge, 

which is Sweden’s smallest county (appendix 1.2), in the southern part of Sweden, with a 

high population density. The results were similar to the previous analysis. Stockholm did 

significantly Granger cause the regional capital, and the regional capital did granger cause 

some, but not all, municipalities within its county (table 12)(appendix 4.7). This indicates that 

the analysis have some robustness and generality to other parts of the Swedish housing 

market. 

 

6.2 Concluding remarks 

 

So this paper can confirm previous studies (Berg, 2002) (Yang & Turner, 2016) and my first 

hypothesis that there is a ripple effect in Sweden where Stockholm leads smaller second-tier 

cities. The paper do not support my second hypothesis that there are ripple effects within 

counties, but it finds that there might be an effect and that internal dynamics within Swedish 

counties are present. Connecting to my theoretical model in equation (3), 𝛼2
1 is estimated to be 

well below 1, but as I can not draw any conclusions for the estimated connections between the 

second- to third-tier, my model can not be assumed to be accurate. Although there are 
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indications that the effects are smaller than 1, yielding that the effect diminishes with respect 

to time and distance. 

 

As the analysis shows, housing prices are connected through out Sweden, which have some 

important policy implications. For example, the financial stability could be improved if one 

took into consideration the linkages in the housing market. This is because banks and other 

holders of securities, linked to the property market could diversify risk by owning property 

that is not as interconnected. By not taking this into account, there is a risk that some holders 

of securities that are heavily connected, in the case of a housing crash, are more affected than 

they expected. These implications are therefore important to study, from both the society’s 

point of view and of financial companies, as there might be a possibility to diversify risks 

more efficiently. 

 

7. Future research 

Continuing on this paper one question that needs to be answered is, why are some 

municipalities significant and others not? 

 

One possible approach could be to analyse the municipalities’ differences in industrial 

composition. I suspect that the ripple effect is a result of housing markets cyclical responses, 

and that municipalities with very cyclical dependent industries, might be affected differently 

than municipalities that are not as dependant. One example could be industrial towns with one 

large factory as the dominant employer. Shocks to that industry would then likely affect the 

housing market to a great extent, regardless of housing prices in its surroundings.  

 

To better test my hypothesis and to study the dynamics on the housing market, one would 

need better data. The optimal data set for answering my hypothesis would include, all housing 

transactions in Sweden over a long time. These transactions would then need to have 

information on the property regarding location, characteristics but also information regarding 

the personal details of the property buyer/seller as well as the local industrial mix. This could 

then be used to estimate a hedonic pricing model over time and to see which factors can 

explain the underlying reason behind the ripple effect. 
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Appendix 1 

1.1 Table 1 

Summary statistics for Swedish municipalities in 2014 

 

1.2 Table 2 

Table describing the area in square kilometres of Sweden’s 21 counties. 

 

 

 

 

 

 

Table	1

Variable Obs Mean Std.	Dev. Min Max

House	prices,	thousand	Sek 290 1670.355 1342.486 260 9355

Population,	thousands 290 33611.57 69275.21 2451 911989
Area	km^2 290 1404.618 2437.381 8.67 19140.33

Population	Density 290 145.6593 519.7291 0.2315086 5085.352

Swedish	counties,	Area	km^2	
Norrbottens	län 97238.87
Västerbottens	län 54664.6
Jämtlands	län 48935.42
Dalarnas	län 28029.47

Västra	Götalands	län 23799.85
Västernorrlands	län 21548.74
Gävleborgs	län 18118.44
Värmlands	län 17518.8
Kalmar	län 11164.69
Skåne	län 10967.83

Östergötlands	län 10559.43
Jönköpings	län 10436.68
Örebro	län 8504.39

Kronobergs	län 8424.33
Uppsala	län 8189.62

Stockholms	län 6524.13
Södermanlands	län 6075.07

Hallands	län 5427.04
Västmanlands	län 5117.69

Gotlands	län 3134.98
Blekinge	län 2931.1
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1.3Table 3 

Summary statistics of data used in the analysis 

 

1.4 Table 4 

Summary statistics for variables used in the estimated models, municipal level except GDP 

and interest rates.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Observations Mean Std.	Dev. Min Max
Average	house	prices,	in	thousand	SEK 1674 533.6 467.8 135 5640

GDP,	in	thousand	SEK* 31 2336130 932079.1 881974 3918199
Local	Population 1674 30949 101454 2421 911989
Inflation,	%* 31 2.856 2.936 -0.496 10.368

Interest	rate,	5-year	property	bonds* 29 6.736 3.671 1.457 14.246
National	Population* 31 8926554 385878.2 8342621 9747355

Local	Unemployment,	% 1026 8.01 3.17 2.54 22.19

Year 31
Municipalities 54

*	=	data	on	national	level,	otherwise	on	municipal	level

Variables Observations Mean Std.	Dev. Min Max
Change	Real	GDP,	% 31 2.473 2.685 -4.01 5.815

Change	Real	interest	rate,	% 28 12 77.48 -66.8 291.58
Change	Local	unemployment,	% 972 -1.76 21.34 -44.67 150.16
Change	Local	population,	% 1674 -0.48 0.97 -4.17 2.74
Change	Real	House	Prices,	% 1674 1.78 12.23 -40.35 72.71



Martin Bergqvist 

Spring 2016 

Bachelor thesis, 15 ECTS 

Civilekonomprogrammet 

31 

Appendix 2 

2.1 Map, Quintile (10) House prices 

Average house prices for single-family houses in Swedish municipalities in the year 2014. 

From light colour (bottom 10%) to dark colour (top 10%) 
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2.2 Map, population 

Map showing the population size in Swedish municipalities for the year 2014. 

 

2.3 Map, Selected counties with respective regional capital 

Outline of Swedish counties with identified regions highlighted. 

 



Martin Bergqvist 

Spring 2016 

Bachelor thesis, 15 ECTS 

Civilekonomprogrammet 

33 

2.4 Table 5, list of regions 

Table listing identified counties, their county capital and its geographical distance to 

Stockholm and municipalities within the respective county. Including municipality codes. 

 

 

Appendix 3 

3.1 Moran’s I 

 

 

 

 

3.2 Lag selection 

* Indicates the optimal lag length according to the respective tests. Created in STATA 

Stockholm, Karlstad 

 

Stockholm Värmland Jämtland-Härjedalen Västerbotten Norrbotten
Regional	capitals 0180	Stockholm 1780	Karlstad 2380	Östersund 2480	Umeå 2580	Luleå

Distance	to	Stockholm	for	Regional	capitals,	km 0 247.04 471.53 524.65 741.24

Municipalities	in	respective	county 1715	Kil 2303	Ragunda 2401	Nordmaling 2505	Arvidsjaur
1730	Eda 2305	Bräcke 2403	Bjurholm 2506	Arjeplog

1737	Torsby 2309	Krokom 2404	Vindeln 2510	Jokkmokk
1760	Storfors 2313	Strömsund 2409	Robertsfors 2513	Överkalix

1761	Hammarö 2321	Åre 2417	Norsjö 2514	Kalix
1762	Munkfors 2326	Berg 2418	Malå 2518	Övertorneå
1763	Forshaga 2361	Härjedalen 2421	Storuman 2521	Pajala
1764	Grums 2422	Sorsele 2523	Gällivare
1765	Årjäng 2425	Dorotea 2560	Älvsbyn
1766	Sunne 2460	Vännäs 2581	Piteå

1781	Kristinehamn 2462	Vilhelmina 2582	Boden
1782	Filipstad 2463	Åsele 2583	Haparanda
1783	Hagfors 2481	Lycksele 2584	Kiruna
1784	Arvika 2482	Skellefteå
1785	Säffle

Moran’s I 0.66593
Permutations 99999

Pseudo p-value 0.00001

Moran's I, house prices in 2014

Utilizing a Rock weights matrix

	Number	of	obs						=								27
lag LL LR df p FPE AIC HQIC SBIC
0 -182.616 2979.6 13.6752 13.7038 13.7712*
1 -177.734 9.7627* 4 0.045 2796.25* 13.6099* 13.6959* 13.8979

2 -176.368 2.7318 4 0.604 3421.92 13.8051 13.9478 14.285
3 -175.621 1.4951 4 0.828 4422.47 14.046 14.2458 14.7179
4 -171.313 8.6152 4 0.071 4448.88 14.0232 14.2801 14.8871

Endogenous

Exogenous Constant

	Selection-order	criteria

Real	house	prices	Stockholm	&	Karlstad

Sample:		1988	-	2014
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Stockholm, Östersund 

 

Stockholm, Umeå 

 

Stockholm, Luleå 

 

 

Appendix 4, Tables 

4.1, Table 6 

 

 

Table descriptions: * = p-value ≤ 10%, **= p-value ≤ 5%, ***= p-value≤ 1%, Granger 

causalities (p-value) G-Stockholm => indicates if Stockholm Granger causes the respective 

region, G-Stockholm<= indicates if the regions Granger causes Stockholm. 

	Number	of	obs						=								27
lag LL LR df p FPE AIC HQIC SBIC
0 -183.635 3213.37 13.7508 13.7793 13.8467*
1 -177.555 12.161 4 0.016 2759.33* 13.5067* 13.6823* 13.8846

2 -176.734 1.6416 4 0.801 3515.87 13.8321 13.9749 14.3121
3 -171.268 10.933* 4 0.027 3203.47 13.7235 13.9233 14.3954
4 -166.836 8.8641 4 0.065 3193.04 13.6915 13.9484 14.5554

Endogenous

Exogenous Constant

	Selection-order	criteria

Real	house	prices	Stockholm	&	Östersund

Sample:		1988	-	2014

	Number	of	obs						=								27
lag LL LR df p FPE AIC HQIC SBIC
0 -180.856 2615.48 	13.5449 13.5734 13.6409*
1 -175.498 10.716* 4 0.03 2369.41* 13.4443* 13.5299* 13.7323

2 -174.938 1.1208 4 0.891 3077.84 13.6991 13.8418 14.179
3 -172.534 4.8084 4 0.308 3518.41 13.8173 14.0171 14.4892
4 -168.676 7.7143 4 0.103 3659.51 13.8279 14.0848 14.6918

Endogenous

Exogenous Constant

	Selection-order	criteria

Real	house	prices	Stockholm	&	Umeå

Sample:		1988	-	2014

	Number	of	obs						=								27
lag LL LR df p FPE AIC HQIC SBIC
0 -182.779	 3015.85 13.6873 13.7159 13.7833
1 -175.86 13.839* 4 0.008 2433.69* 13.4711* 13.5567* 13.759*

2 -174.36 2.9991 4 0.558 2948.9 13.6563 13.799 14.1362
3 -169.96 8.7998 4 0.066 2907.75 13.6267 13.8265 14.2986
4 -165.469 8.9818 4 0.062 2885.67 13.5903 13.8472 14.4542

Endogenous

Exogenous Constant

	Selection-order	criteria

Real	house	prices	Stockholm	&	Luleå

Sample:		1988	-	2014

Table 6 Karlstad Östersund Umeå Luleå

Stockholm, 1 year lag(Std. Dev.) 0.37(0.16)**
0.528(0.147)

***

0.458(0.163)

***

0.393(0.146)

***

Own 1 year lag(Std. Dev.) -0.023(0.21)
-

0.283(0.183)
-0.09(0.21) -0.053(0.2)

G-Stockholm => 0.02** 0.001*** 0.005*** 0.007***

G-Stockholm <= 0.805 0.086* 0.288 0.106
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4.2 Table 7, Granger causality test first- to second-tier (control variables) 

 

Table	7

K(change in 

real GDP

K(change in 

real interest 

rates

K(change in 

unemployment 

Stockholm

K(change in 

unemployment 

Karlstad)

Stockholm	1-year ** ** - -

Own	1-year - ** - -

Change	real	GDP -

Change	real	interest	rates -
Change	unemployment	Stockholm -

Change	unemployment	Own -

Granger	causality	Stockholm=> ** ** - -

Granger	causality	Stockholm<= - - *** **

Stable Yes Yes No No

Ö(change in 

real GDP)

Ö(change in 

real interest 

rates

Ö(change in 

unemployment 

Stockholm

Ö(change in 

unemployment 

Östersund)

Stockholm	1-year *** *** ** ***

Own	1-year - - - -

Change	real	GDP -
Change	real	interest	rates *

Change	unemployment	Stockholm -

Change	unemployment	Own -

Granger	causality	Stockholm=> *** *** * **
Granger	causality	Stockholm<= - - - -

Stable Yes Yes Yes Yes

U(change in 

real GDP

U(change in 

real interest 

rates

U(change in 

unemployment 

Stockholm

U(change in 

unemployment 

Umeå)

Stockholm	1-year ** ** *** -

Own	1-year - - *** -

Change	real	GDP -
Change	real	interest	rates -

Change	unemployment	Stockholm ***

Change	unemployment	Own -

Granger	causality	Stockholm=> * ** * -

Granger	causality	Stockholm<= - - *** **
Stable Yes Yes No Yes

L(change in 

real GDP)

L(change in 

real interest 

rates

L(change in 

unemployment 

Stockholm

L(change in 

unemployment 

Luleå)

Stockholm	1-year *** *** - ***

Own	1-year - - ** **

Change	real	GDP -
Change	real	interest	rates -
Change	unemployment	Stockholm -
Change	unemployment	Own -
Granger	causality	Stockholm=> *** * - *
Granger	causality	Stockholm<= * ** *** ***
Stable Yes Yes Yes Yes
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Table descriptions: * = p-value ≤ 10%, **= p-value ≤ 5%, ***= p-value≤ 1%, =>municipal 

Indicates if the county capital Granger causes the municipality, <=municipal indicates if the 

municipality Granger causes its county capital. 

The table should be read as each estimated model is their respective column. 

K stands for Karlstad, Ö for Östersund, U for Umeå and L for Luleå. Texts in parenthesises 

are the variable that is controlled for in the respective model.  

4.3 Table 8, Granger causality test Jämtland-Härjedalen 

 

Granger causality test in Jämtland-Härjedalen county, Ö=>municipal indicates if Östersund 

Granger causes price changes in the respective municipality that is presented in the respective 

column, Ö<=municipal indicates if the respective municipality Granger causes house price 

changes in Östersund. * = P-value ≤ 10%, **= p-value ≤ 5%, ***= p-value≤ 1%, for the 

Granger causality tests. 

4.4 Table 9, Granger causality test Jämtland-Härjedalen (control variables) 

 

Granger causality test in Jämtland-Härjedalen county, Ö=>municipal indicates if Östersund 

Granger causes price changes in the respective municipality that is presented in the respective 

column, Ö<=municipal indicates if the respective municipality Granger causes house price 

changes in Östersund. DP stands for change in population at the respective municipality. 

* = P-value ≤ 10%, **= p-value ≤ 5%, ***= p-value≤ 1%, for the Granger causality tests. 

 

Table	8 Ragunda Bräcke Krokom Strömsund Åre Berg Härjedalen

Granger	causality,	Ö=>municipal.. - - *** *** ** - **
Granger	causality,	Ö<=municipal. * * - - - - -

Table	9 Ragunda Bräcke Krokom Strömsund Åre Berg Härjedalen
Granger	causality,	Ö=>municipal. - ** *** *** - - *
Granger	causality,	Ö<=municipal. - *** - - - - -
Granger	causality,	DP=>	municipal. - * - - - *** -
Granger	causality,	DP=>Ö * * *** ** ** *** ***
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4.5 Table 10, Granger causality test Västerbotten 

 

Granger causality test in Västerbotten county, U=>municipal indicates if Umeå Granger 

causes price changes in the respective municipality that is presented in the respective column, 

U<=municipal indicates if the respective municipality Granger causes house price changes in 

Umeå. DP stands for change in population at the respective municipality. 

* = P-value ≤ 10%, **= p-value ≤ 5%, ***= p-value≤ 1%, for the Granger causality tests. 

 

4.6 Table 11, Granger causality test Norrbotten 

 

Granger causality test in Norrbotten county, L=>municipal indicates if Luleå Granger causes 

price changes in the respective municipality that is presented in the respective column, 

L<=municipal indicates if the respective municipality Granger causes house price changes in 

Luleå. DP stands for change in population at the respective municipality. 

* = P-value ≤ 10%, **= p-value ≤ 5%, ***= p-value≤ 1%, for the Granger causality tests. 

 

 

 

 

Table	10 Nordmaling Bjurholm Vindeln Robertsfors Norsjö
Granger	causality,	U=>municipal. * *** - ** -
Granger	causality,	U<=municipal. * - ** - *
Granger	causality,	DP=>	municipal. *** *** - - ***

Granger	causality,	DP=>U ** ** *** *** **
Malå Storuman Sorsele Dorotea Vännäs

Granger	causality,	U=>municipal. ** ** - - ***
Granger	causality,	U<=municipal. *** - ** * **

Granger	causality,	DP=>	municipal. - - * - **
Granger	causality,	DP=>U *** - ** - **

Vilhelmina Åsele Lycksele Skellefteå

Granger	causality,	U=>municipal. *** ** - ***
Granger	causality,	U<=municipal. - - *** *
Granger	causality,	DP=>	municipal. - *** - *
Granger	causality,	DP=>U - *** *** *

Table	11 Arvidsjaur Arjeplog Jokkmokk Överkalix Kalix Övertoneå Pajala

Granger	causality,	L=>municipal. ** - ** *** *** - -

Granger	causality,	L<=municipal. - *** - *** ** * -
Granger	causality,	DP=>	municipal. - - ** *** * - ***

Granger	causality,	DP=>L - *** - *** *** *** -

*	=	not	stable *

Gällivare Älvsbyn Piteå Boden Haparanda Kiruna
Granger	causality,	L=>municipal. *** * - * *** ***

Granger	causality,	L<=municipal. - *** *** *** - -

Granger	causality,	DP=>	municipal. ** - - - ** -

Granger	causality,	DP=>L - *** *** ** *** **
*	=	not	stable *
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4.7 Table 12, Granger causality test Blekinge 

 

 

Granger causality test in Blekinge county, K=>municipal indicates if Karlskrona Granger 

causes price changes in the respective municipality that is presented in the respective column, 

K<=municipal indicates if the respective municipality Granger causes house price changes in 

Karlskrona. DP stands for change in population at the respective municipality. 

 

Granger causality, Stockholm=>Karlskrona indicates the Granger causality test for Stockholm 

on Karlskrona, and Stockholm<=Karlskrona indicates Karlskrons Granger causality test on 

Stockholm 

* = P-value ≤ 10%, **= p-value ≤ 5%, ***= p-value≤ 1%, for the Granger causality tests. 

 

Table	12 1060	Olofström 1081	Ronneby 1082	Karlshamn 1083	Sölvesborg 1083	SölvesborgBerg Härjedalen
Granger	causality,	K=>municipal. *** ** ** - - - *

Granger	causality,	K<=municipal. - - * ** - - -

Granger	causality,	DP=>	municipal. - - ** - - *** -
Granger	causality,	DP=>K *** ** *** *** ** *** ***

0.021**
0.671Granger	causality,	Stockholm<=	Karlskrona

Granger	causality,	Stockholm=>	Karlskrona


