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Abstract 
When seen in an international perspective, the Norwegian housing market is characterized by a high proportion of 

homeowners. The Development of house prices consequently has a large economical and societal impact. Norway 

has several distinctive features that may affect the housing market, among these are a varied industrial structure, 

large distances, and low population density. Previous empirical research indicates the presence of ripple effects in 

regional or metropolitan housing markets in several countries. This study is the first to provide an insight into 

ripple effects on a regional and metropolitan level for the Norwegian housing market. This thesis applies quarterly 

real prices for 13 selected regions and the ten largest metropolitan areas from 1992 to 2017, considering the 

apartment and detached house markets. Similar to other scientific studies of the ripple effect, we apply a framework 

consisting of Johansen test for co-integration, a corresponding alpha coefficient test to identify the adjusting areas 

and Toda-Yamamoto Granger Causality test for short-term relations. Finally, we perform an Impulse Response 

Analysis to simulate the responsiveness of each area.  

The results show, in accordance with international studies, that the metropolitan area of Oslo, the main economic 

center of the country, is one of the epicenter of the ripple effect on the regional and metropolitan housing markets. 

The effects are mostly evident on the apartment market, possibly a result of Oslo’s housing market primarily 

consisting of apartment transactions. Stavanger/Sandnes, which is heavily associated with the oil sector, is also 

acting as an initiator of the ripple effect but not to the same extent as Oslo. In sum, we have found that Oslo and 

Stavanger/Sandnes operates as two epicenters of the ripple effect with strongest effects within their respective 

parts of the country. There are indications that economic structural differences limit how strong the effect is 

between each area and Agder/Kristiansand in the southern part is acting as an intermediary.  

Trondheim tend to influence the house price dynamics of other larger metropolitan areas, while it is influenced by 

some of the smaller ones. In general, we observed that larger metropolitan areas and regions tend to govern smaller 

counterparts with less inhabitants and economic importance. Additionally, we observed that geographical 

proximity is a decisive factor for many of the causal relations. On both a regional and metropolitan level, the 

apartment market provides a clearer picture, more in line with existing research and prevailing literature.  

Our research contributes to a more comprehensive understanding of the interrelationships and dynamics in the 

Norwegian housing market on a regional and metropolitan level. Furthermore, the findings contribute to a more 

precise insight into the underlying causes of how house prices tend to develop over time. We encourage further 

research to examine why there is different dynamics in the apartment and detached house markets. In addition, 

more focus on the underlying economic structures and mechanisms causing the ripple effect would enhance the 

understanding of the housing market dynamics. 
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1. Introduction 
House prices are directly affecting the majority of the Norwegian population. In fact, more than eight out of ten 

inhabitants own the residence they live in (Statistics Norway, 2017). Whereas the proportion of homeowners in an 

international perspective is significantly lower (Sørvoll, 2011). For many, houses are valuable assets with a 

considerable amount of mortgage attached to it. Therefore, the development of house prices largely dictates each 

household’s savings and consumption, implying a high exposure of the Norwegian population to fluctuations in 

price levels (Benedictow, 2005). In 2017, the real price index fell due to a tightening of the restrictions on mortgage 

loans. As a result, the population’s expectation of the price development became more uncertain. Edward E. 

Leamer demonstrated in the article “Housing is the Business Cycle” that in six out of the ten last recessions in 

United States, the residential investments were the largest contributor to the weakness prior to the recessions 

(Leamer, 2007). For these reasons, there have been a substantial political focus on the house price development in 

Norway. As the Norwegian economic conditions are heavily connected to a housing market facing uncertainty, it 

would be interesting to elucidate the house price dynamics from a new perspective. Thus, providing a deeper 

understanding of the dynamics of the housing market would be of great societal importance and would captivate 

the interest of most households.  

Understanding the development of the housing market provides a deeper understanding of how macroeconomics 

work. Many studies have tried to identify the factors that affect the house prices. The models used, often consider 

entire markets as a whole and the common factors that are governing the complex housing market. Such factor 

models do not consider local and regional markets and their interrelationship. Among other things, a varied 

industrial structure, large distances, and low population density characterize Norway. Hence, there is some 

fundamental differences between the regions and cities across the country. This may indicate that the prices evolve 

differently and that diverse dynamics are governing each area. We are motivated to understand the dynamics 

between the metropolitan areas and regions of Norway. More specifically, we want to understand the price 

movements and influences between different areas.  

The house prices’ propensity to shift upwards/downwards in one area and then spread out to other areas over time, 

is defined as the ripple effect (Meen, 1999). Studies of ripple effects are often used to enhance the predictability, 

as well as the underlying determinants, of house prices. Geoffrey Meen, an acknowledged contributor to the field 

of ripple effects, demonstrated price movements from South-East England towards the rest of Great Britain (Meen, 

1999). Later, the contributions of studies on ripple effect have increased. For instance, Berg (2002), Oikarinen 

(2007), and Hviid (2017) have investigated ripple effects in the Swedish, Finnish and Danish markets, respectively. 
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However, we are not aware of any similar scientific research papers on ripple effects on the Norwegian housing 

market.  

Over time, several theories of why ripple effects might occur have been formed. Roughly, these theories argue that 

the epicenter of the ripple effects in each region/country is located in the respective region/country’s economic 

center. Subsequently, the price changes spreads to areas that are closely linked through either commerce, 

geographical proximity or other reasons due to interactions with the economic center. Our thesis aim to investigate 

the presence of ripple effects in the Norwegian housing market, as well as identifying the corresponding patterns. 

A common approach is to focus on the dynamics amongst either regions or metropolitan areas. In this thesis, we 

provide analyses of the dynamics between regions and metropolitan areas. Moreover, we distinguish between the 

market of detached houses and the market of apartments. By providing these additions to existing research, we 

believe that our thesis contributes to a more comprehensive understanding of the dynamics in the Norwegian 

housing market.  

Following this introduction and the problem statement, we introduce the literature on ripple effects in chapter two. 

In that chapter, we present theories of why ripple effects occur, as well as previous studies of the phenomenon. In 

chapter three, we present our data with descriptions of our regional and urban selection process. Further, we present 

background information regarding the historical development of the Norwegian housing market in chapter four. 

Chapter five discloses the research design we apply in order to answer the problem statement. In chapter six, we 

present, analyze and discuss the results of our research. Finally, in chapter seven, we draw the conclusion of the 

thesis.  
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1.1 Problem statement  
Since the development of house prices is an important aspect of the business cycle and the Norwegian economy, 

our investigation can provide useful insights into the internal market dynamics. Our goal is to identify whether the 

house prices move together as a whole, or if there are ripple effect movements on a regional and metropolitan 

level. To understand the price movements, we investigate the interrelationships between the regions and 

metropolitan areas. Based on size, geographical proximity, and economic relations, our sample represents the ten 

largest metropolitan areas in Norway and 13 regions, covering the country in full. Thus, our main problem 

statement is: 

- Are there ripple effects in the Norwegian housing market?  

If we are able to identify price movements, we aim to determine whether there are any patterns in these movements. 

More specifically, we aim to investigate whether certain areas are epicenters for the ripple effect. If so, we aim to 

identify which areas the epicenters affect directly and indirectly.  

- Is it possible to find patterns in the housing market’s price movements, and identify the epicenters of these 

patterns?  

Our research consists of the detached house and apartment markets on a regional and metropolitan level. Therefore, 

we aim to investigate whether the ripple effects are stable across markets, or whether they vary. Different dynamics 

may be present due to the distinctive characteristics of each market.     

- Are there any differences in the market dynamics on a regional and metropolitan level, and are there any 

differences between the detached house and apartment markets? 

We believe our problem statement provide a comprehensive insight into whether a ripple effect exists in the 

Norwegian housing market, and even more importantly, how an eventual ripple effect moves. It also allow us to 

potentially distinguish between the market for houses and the market for apartments. 
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2. Literature study 
In this chapter, we aim to define what the ripple effect is and explain the underlying economic theory. To some 

extent, the literature influences our expectations as well as which factors to consider and which methods to apply. 

The research included is an investigation of countries and areas that we consider the most transmissible to the 

Norwegian housing market.  

2.1 Theoretical explanation of the ripple effect 
We have chosen to apply Geoffrey Meen’s definition of the ripple effect in our thesis. Ripple effects are described 

as house prices’ propensity to shift upwards/downwards in one area and then spread out to other areas over time 

(Meen, 1999). It means that when we test for ripple effects in Norway, we test whether or not changes in house 

prices tend to start in one location, e.g., Oslo, and then spread out to other locations/areas over time in a pattern.  

A possible explanation of the ripple effect is the relative population density difference between areas. The 

difference creates asymmetric information. More specifically, the theory state that areas with high population 

density have better and quicker access to information regarding house prices (Clapp, Dolde, & Tirtiroglu, 1995). 

The theoretical foundation is based on the information role of prices (Grossman, 1989). The theory is based on the 

fact that investors lack information, and rationally use resources to obtain valuable information. When doing so, 

they balance the marginal cost of obtaining the information and the utility of having access to rare information. In 

many markets, the best source of information is historical price data, and investors trading behavior is influenced 

by lagged prices (Clapp, Dolde, & Tirtiroglu, 1995). In a perfect market, this would be irrational, as trading would 

be nearly frictionless and relevant information inexpensively.  

The housing market is far from this ideal of a perfect market. If traders possess asymmetric information, the 

transaction prices may reveal information. Information is particularly important in the real estate market. 

Participants must collect information regarding the prices for different property types in the surrounding areas and 

the general price level in the neighborhood (Clapp, Dolde, & Tirtiroglu, 1995). As the final price of a house is 

often a product of negotiations between a single buyer and single seller, the information regarding prices is 

extremely valuable. The theoretical models imply that past price changes convey information in markets that are 

either imperfect or negotiated, and the real estate market is characterized by being both.  

The information role of prices in the housing market suggest that a higher population density result in a higher 

intensity of residential buying and selling (Clapp, Dolde, & Tirtiroglu, 1995). Since price data are valuable for all 

participants in the market, a higher amount of trades provide more information regarding the price level. In a 

negotiation process, more available information corrects the final price closer to the real value of the property. 
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Based on this reasoning, the areas with high population density, such as large cities, would be the first ones to 

adjust to new information, and that other surrounding areas adjust according to the development. The difference 

is merely due to when the information becomes visible for the participants in each market. As a result, the 

difference in response time makes the market with more transactions adjust first. After the adjustment is completed, 

the surrounding areas adjust accordingly. In other words, there is a ripple effect from the high density areas towards 

surrounding areas. This effect can also be explained by the positive feedback effect, which states that the house 

price in one region is not only determined by the historical prices in that region, but also adjacent regions (Nanda 

& Yeh, 2014). If the market in the larger city reacts first, the house prices in the nearby regions takes the price 

information from the city into account when modeling expectations for the house prices.  

Based on the research above, it seems reasonable to assume that the highest populated areas in Norway would act 

as the epicenter for the ripple effect as we expect them to have a higher intensity of real estate transactions. The 

magnitude of a change in macroeconomic factors are likely to incorporate the markets with the highest amount of 

transactions first. If we assume that the real wage increases by one percentage point on average in Norway, it is 

unknown to what degree it affects the house prices. All participants in the housing market on a national level 

assume that the house prices are to increase, but not to which extent. Therefore, the higher amount of transactions 

in, e.g. Oslo first reveals how much the market is adjusting to the new information. The higher prices in Oslo then 

make a non-balanced market compared to the nearby areas since the prices in Oslo is relatively more expensive 

compared to the old equilibrium. Hence, the price level in the nearby areas adjust accordingly.  

Another interesting aspect regarding the information role of prices are the price level in different areas. In the 

larger cities, the average prices for real estate are higher. With higher prices, the information regarding the correct 

price becomes more valuable. If we assume that obtaining information are equally costly regardless of the market 

and price level, participants in a market with higher prices have a larger incentive to obtain information. This 

supports the argumentation that the market in the larger cities is more informed, and adjusts its price level more 

rapidly.  

The last aspect that needs to be taken into account when looking at information and prices is that the nature of a 

property makes it difficult to price, as it is considered as a dual good (Piazzesi & Schneider, 2016). To be more 

precise it is both an investment of financial nature and a consumption good. The participants do not entirely view 

buying and selling houses as a financial transaction. A house is also a consumption good where they live. This 

makes the process of setting the correct price more complicated, as the price do not follow the general principle 

of being the value of all discounted future values generated by the good. Furthermore, a house is a heterogenic 

good with a low number of transactions compared to other goods. This means that most houses have different 
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characteristics (Clapp & Tirtiroglu, 1994). Lastly, large transaction cost contributes to higher inefficiency (Nanda 

& Yeh, 2014). If we consider all these factors, it is difficult for the participants on the market to determine the 

correct price of a house. Therefore, a participant would try to obtain as much information as possible. Using experts 

for a valuation of such a complicated good can be time-consuming and expensive, and historical prices therefore 

often model the expectations for the correct price. Therefore, it is a delay from the prices can be observed until 

they are used in practice. This creates a lagged effect between the participants on the market that can obtain a 

complicated analysis to determine the present price compared to the participants that utilize historical data. The 

difference between these two groups is even more evident due to the low amount of transactions. In other words, 

the possibility to access the information regarding the correct price is influenced by the concentration of 

information in that area and the resources of obtaining it.  

This further supports that the economic centers and larger cities are the drivers of a ripple effect. In addition to 

several headquarters of real estate agencies, many of the leading experts on house prices are located in Oslo. The 

financial center is also located in Oslo, and it is therefore reasonable to assume that there are more participants in 

the housing market in Oslo that have access to information regarding the correct prices. The large amount of 

transactions intensifies the difference. If information concentration is relevant for the Norwegian housing market, 

we would expect Oslo to be a starter of the ripple effect on a national level, and that the larger cities in each part 

of the country should lead their surrounding areas.  

Giussani and Hadjimatheou provide several possible factors that may be the reason behind the ripple effect after 

studying the British market (Giussani & Hadjimatheou, 1991). The research was not able to isolate whether one 

or several factors in combination are the main causes of the ripple movements. The different factors all serve as 

possible underlying reasons for the ripple effect.  

One possible theory is that economic activity change more rapidly in economic centers. The activity volume in the 

economy move as ripples through the country, and in effect change the house prices. The population in the 

economic centers also experiences changes in income first. As a result, the economic centers attract highly 

educated labor. The inflow of workers causes the salaries to increase as well as the demand for housing. 

Another factor could be the scarcity constraints of land and the effect it has on house prices. The scarcity makes 

the supply of housing less elastic than the demand, which causes the prices to have a higher equilibrium price 

compared to other regions. The last effect is migration, which is often more concentrated in the economic centers. 

Together with the scarcity of land, the incoming migration pressure the prices upwards. When house prices 

increase, the interregional household mobility is an important factor. The mobility of each household is closely 

correlated with differences in prices between regions. When the prices increase relatively in one area, e.g., the 
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economic center, people prefer to move to more affordable nearby areas until the prices increase in the nearby 

areas as well. The relative price difference between regions and cities and the migration it creates are the main 

driver of the ripple effect according to Giussani and Hadjimatheou. This effect continues until there is an 

equilibrium between the economic center and the nearby geographical areas, and the ripple effect continue to 

spread to new areas as the balances are shifting. Their research indicates that the optimal location for individual 

households are not immune to relative house price differences, it further indicate that migration from economic 

centers is especially large in periods shortly after great price increases (Giussani & Hadjimatheou, 1991). Another 

explanation of the migration towards surrounding areas is that these areas become more attractive for individuals 

that want to capitalize on the relative price difference (Yang & Turner, 2004). The increase of demand in the 

relative inexpensive areas continues until the prices are back at equilibrium.  

Geoffrey Meen reviewed four possible reasons for the observed ripple effect patterns in the UK, which further 

demonstrates some of the underlying aspects considered so far (Meen, 1999). The different factors can be of 

importance isolated or in combination with each other.  

The first possible explanation is migration. Due to the small interregional migration flows in the UK, Meen was 

at first skeptical if it was an explanatory factor. If migration is an important factor, one should observe migration 

flows in accordance with the relative price difference between regions. The interesting contribution from Meen is 

that he found indications of migration within and not between regions that could create the ripple effect. A possible 

explanation is that buying a home is not solely a financial decision. If a family is established in one region, it may 

be difficult to move to a region located geographically far away. If this assumption holds, we can assume that price 

changes internally in a region are more important for many of the participants in the market, as they only consider 

housing within a certain proximity. If this explanation holds, we may observe that the ripple effect moves only to 

nearby regions at first as the actors on the market have a specific distance they consider to migrate. Thereafter, the 

effect spreads further region by region.   

Another possible explanation is equity transfer, which is to some extent related to the theories regarding migration 

and capitalization by Yang and Turner. The idea is that a household located in the epicenter of an upward ripple 

effect experiences that the price of their current house rises. In other words, they experience an increase in their 

equity. If the household desires to move to another region or area, it would have an increased buying power due 

to the rise in equity. The increased buying power means they can upgrade to a more attractive house in a new area. 

The demand from the households with increased equity raise the prices in the new area. However, this effect could 

be evident without the need for physical relocation of the household. If so, it is due to arbitrage possibilities for 

investors when comparing the relative prices.  
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The third possible explanation investigated is the theory regarding spatial arbitrage. As discussed earlier, the real 

estate market is not a perfect market. If the housing market were fully efficient, arbitrage possibilities would be 

more important than location, and there would be no difference in returns regardless of where a person lives. As 

discussed above, this is not the case for the housing market due to its dual nature and inefficiency. The search cost 

and the importance of information make the prices in some areas adjust first. Afterwards it spreads to contiguous 

areas, as the information gets available.  

The last possible explanation is spatial patterns, which states that different areas can be exposed to different factors. 

Among others, this might relate to different economic growth or local recessions. One example is the house prices 

in Stavanger. A large part of Stavanger’s economy is tightly connected to the performance of the oil industry. The 

performance presumably affects Stavanger locally before the rest of the country. If there is a substantial increase 

in the oil prices, we can assume that it first affects Stavanger before it affects the rest of the country. In other 

words, we first observe the house prices change in Stavanger with a lagged effect in other areas. Thereby, there is 

a ripple effect as a result of the influence from the oil industry spreads across the country.  

After discussing the four possible reasons, Meen investigates if there are regional differences that can explain how 

the ripple effect moves. The results indicated that the southeast part of the UK, containing the economic center 

London, were more affected by a shock in the interest rate, consumption and the unemployment rate than the 

northern counterpart. The southeastern household was more exposed to interest risk as their housing investment is 

higher geared. This is in line with our argumentation earlier that due to the attractiveness of some areas the average 

price is higher. Therefore, the households are to a larger degree financed by debt. The higher gearing makes the 

southeastern market react quicker and more severe than the northern market with less gearing. The same pattern 

is evident for the shock in the unemployment rate and consumption. The southeastern market reacted quicker and 

more severe due to the gearing. Common for all of these shocks is that the debt gearing can potentially make the 

households more exposed to short-term liquidity risk and need to adjust faster to reduce the risk. The last important 

finding is that there is a long-term equilibrium in the market since the regional markets are exposed to common 

factors and the deviations have a short-term nature.  

When we consider the Norwegian market in light of the results by Meen, Oslo and Stavanger have the highest 

price level compared to the rest of the country. If we assume that, a buyer has the same initial equity, it requires a 

larger part of the investment financed by debt. In other words, the more expensive an area is, the more likely the 

buyers are to finance the investment with higher gearing. If these assumptions hold on average for the Norwegian 

housing market, Stavanger and Oslo should to a larger degree react to fundamental macroeconomic changes that 

may impose risk.  
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Another important aspect highlighted by Meen is that the market on a national level should have a long-term 

equilibrium. If the market deviates from a long-term equilibrium, it should be due to different exposure to 

fundamental national factors or different economic development in each region. The interesting case for the 

Norwegian market is to understand if we observe deviations from a long-term equilibrium on a regional and 

metropolitan level.  

Nanda and Yeh examined the impact of spatial dependence on house prices in Taiwan (Nanda & Yeh, 2014).The 

term, spatial dependence, explains that the house price is not only a result of the characteristics of the house itself. 

Positive changes in the nearby structures creates a positive feedback on the market value. The spatial dependence 

can increase the demand for housing in certain areas, and the price increases accordingly. Various factors may 

influence the attractiveness of a neighborhood. Some examples are the patterns of migration, cost of housing, 

active government policies, local economic development, infrastructure improvement, urban form and urban 

spatial planning. They found specifically that new growth areas in the suburbs could lead the price development 

in the city center. This could be due to a strong substitution effect with the center. The substitution effect is possible 

as improved transportation systems and reduced transportation cost removes mobility constraints. Therefore, it is 

possible to live outside the city in more inexpensive areas while still working in the city. Furthermore, they support 

the importance of geographical proximity as they found positive feedback effects from contiguous regions. Nanda 

and Yeh highlight the importance of city development. The ripple effect may start outside the city center as the 

surrounding areas develop and becomes more attractive. In a Norwegian context, it is possible that city 

development in the nearby cities within commute distance from, e.g. Oslo, can contribute to higher demand for 

housing and thereby start a ripple effect. In 2016, 168,019 inhabitants from nearby municipalities commuted work 

in Oslo, and it consist of approximately 37% of the total workforce working in Oslo (Oslo Kommune, 2017). 

Furthermore, public transport in the eastern region of Norway have been improved the last years. If the adjacent 

areas are attractive for buyers compared to Oslo, we can observe a ripple effect from these areas towards Oslo. 

The spatial dependence can also make Oslo more attractive if the neighborhoods are developed, and the effect 

would then originate in Oslo.   

The importance of the interactions between regions and internal dynamics are emphasized by a study of the UK 

housing market (Holly, Pesaran, & Yamagata, 2011). London is confirmed to be the leading area of the ripple 

effect, and the interesting perspective is that areas that are structurally integrated with London react to a lager 

extent. Examples of structural integration are inhabitants commuting to work in London, highly developed public 

transport or business relations. Adjacent areas that are less integrated with London do not experience the same 

magnitude of the effect, even though the ripple effect moves to all of the adjacent areas first. This highlights the 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 15 

importance of economic ties for the movement of the ripple effect, and it may be present in the Norwegian housing 

market as well.  

When summarizing the theories, we see the importance of asymmetric information and geographical proximity. 

Furthermore, we note that economic centers tend to be the epicenters of the ripple effects. House prices are difficult 

to determine correctly, and historical price information from adjacent areas are often used. Migration and 

asymmetric information are common reasons for how the ripple moves from one area to another. The underlying 

reasons for why the ripple effect occurs are many. This can be local differences in either attractiveness or economic 

prosperity, income, gearing-risk, scarcity of land, transaction/search cost, immigration, the intensity of sales or 

access to information. The possible reasons why the ripple effect starts are complex and the eventual ripple effect 

in the Norwegian housing market can be due to various combinations of underlying reasons. Even though there 

may be other possible reasons we have not included in our theoretical framework, we believe that that above theory 

provides a solid insight in the ripple effect and possible reasons why it may occur in Norway. 

2.2 Previous studies of ripple effects 
A large part of the literature and research about ripple effects has been about the UK housing market. We review 

the articles regarding the UK housing market combined, to show the development of the research and 

understanding of the phenomenon. Macdonald & Taylor conducted one of the earliest studies on ripple effects in 

the UK housing market in 1993. They studied the UK housing market with data from 1969 to 1987 and divided 

the housing market into 11 regions. The aim of the research was whether they could find proof of a stable long-

term equilibrium between the regions, if there were price segmentation between the Northern and Southern region 

and if there was a “ripple down” effect in the market. The ripple down effect is what we now call ripple effec. 

They defined ripple effect as how price shocks in one region affect house prices in other regions (MacDonald & 

Taylor, 1993).  

First, Dickey-Fuller and Augmented Dickey-Fuller tests were applied to investigate non-stationarity in the time 

series. Afterwards, they checked for stationarity in the co-integrated residuals. The stationarity test on the residuals 

were performed with Dickey-Fuller, Augmented Dickey-Fuller and Durbin-Watson tests. The results indicated 

that there was co-integration between most of the regions. The co-integration between the areas were further 

investigated with a multivariate Johansen test. The result supported that there were several co-integrations between 

the regions and therefore long-run relationships between the regional house prices. The interesting result is that 

the co-integration almost perfectly formed two “blocks”, one in the north and one in the south. The two blocks 

were internally co-integrated, but there were also some weaker connections between some regions in opposite 

blocks. In sum, there was indications of nine out of 11 possible co-integrations.  
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To understand the ripple effect itself, Macdonald and Taylor used an impulse response function (henceforth IRF) 

to test the short-term dynamics between the regions. To be able to test the system, the regions were divided into 

the two blocks that were co-integrated. With an IRF, the two blocks’ responses were simulated with a shock to the 

house prices in greater London area by one percentage point. Thereafter, the IRF estimated the other regions 

reaction to the shock. The results showed that a price shock in Greater London influenced the prices in other 

regions in up to eight quarters lag. The authors did not explain possible reasons behind the ripple effect and the 

interregional relationships. Furthermore, they only examined the possibility of a ripple effect from Greater London, 

and not from/between other regions. However, the results from the IRF support the findings by Meen where 

Greater London is the starting point of the ripple effect and that the effect goes towards all other regions. 

Alexander & Barrow examined the UK housing market for approximately the same period, from 1968 until 1993 

(Alexander & Barrow, 1994). The UK housing market was divided into 12 regions and the individual time series 

are first examined for stationarity with the use of standard Dickey-Fuller, Augmented Dickey-Fuller and Schmidt-

Phillips. The Dickey-Fuller and Augmented Dickey-fuller are used in the majority of our selected sample, but the 

Schmidt-Phillips test allows a polynomial trend. The conclusion was that all series are stationary in first difference.   

Next, they tested for seasonal integration to find the appropriate method for dealing with seasonality in the data. 

This means that they checked for a seasonal unit root. The results indicated seasonality for some of the time series; 

therefore, all of the time series were seasonally adjusted with seasonal dummies. Afterward, a bivariate Granger 

causality test investigated if there are Granger causality flows between the regions. From their analysis, there were 

evidence that of causality flows going from the southern regions towards the northern. The causality is also tested 

by first performing a bivariate Johansen test for co-integration, and thereafter check for Granger causality in an 

error correction model if appropriate (henceforth VECM). An error correction model is when the VAR model is 

adjusted for the eventual co-integration between two variables. Lastly, a multivariate Johansen test were performed 

in two rounds were the regions was divided into two groups. Contradicting to the author's expectations, the Great 

London Area had the least influence of the five regions in the south. This is contradicting to the research of 

Macdonald & Taylor were the findings indicated price movements from London specifically. Alexander and 

Barrow argued that the Ripple effect is due to the South East region reacting faster to changes in demand, as the 

area have the most sales and therefore are more dynamic.  

Alexander & Barrow provided some hypothesis why the ripple effect occurs from the South toward the Northern 

regions. One possible driving force of the ripple effect is the difference in income, as the southern regions have a 

higher income on average than the northern. Another possible explanation according to the authors is migration 

between regions from movers who are looking for work. The so-called non-job movers are moving based on 
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relative wage differences instead of relative house prices. Those who move for other reasons than occupation are 

more concerned about the relative price difference. In the south of England, the causality pattern of house prices 

closely matches this type of migration.  

The most recently conducted research in our selection regarding the UK housing market investigated spillover 

effects between regional markets and the national housing market (Tsai, 2014). The study used the ten government 

office regions in the UK, and the data frame is from 1995 to 2011. Based on former research, the dynamics 

involving the southeast region are the focus of the study. More specifically, they aimed to understand why London 

were not a governing area in former studies. The study differs from former studies as it investigated if the spillover 

varied over time, as well as whether certain market conditions influenced the direction of the ripple effect.  

The Phillips-Perron test confirmed that all regions are stationary in the order of one. Co-integration was tested 

with a bivariate Johansen test between each regional market and the national development. There are no significant 

relations detected, and therefore, the results imply that there were no stable long-term equilibrium between the ten 

regional markets and the national market. This may be due to the monthly frequency of data, as it enables an 

investigation of information flow rather than migration flows (Tsai, 2014). When the prices are reported every 

month, one could not expect large migration flows due to spatial arbitrage to occur. 

The next step was a Granger causality test of each region on the national average. The results show that all regions, 

except London and the southeast region, are caused by the national average. In other words, the regions are likely 

to change as the national average changes. The reason may be that the house prices in these regions reflect similar 

information, but that the respective regional markets are relatively inefficient. Therefore, the information spillover 

from other regions have a strong effect. The findings support the implications of the characteristics of the housing 

market, and furthermore that observed information from other areas is influencing price adjustment. The price 

development in London was independent and segmented from the national average. This may be due to the higher 

residential values, and that the owners, due to higher incomes and diversification of investments, are more 

influenced by, e.g. foreign stock performance. If we apply the theory to Norwegian conditions, we may speculate 

that the house prices in Oslo, as the financial center in Norway, are influenced to a larger degree by the performance 

of foreign markets, due to the inhabitant’s financial exposure. The southeast region is the only region causing the 

national average unidirectionally, therefore it reflects information before the rest of the market. This may indicate 

a ripple effect from southeast of England, which are consistent with several former studies.   

Stevenson extended the literature regarding the housing market of UK by examining house price diffusion in 

Ireland (Stevenson, 2011). The data sample covers the period from 1978 to 2002. The interesting aspect is that the 

data was divided into the five primary urban centers in Ireland and one index for the rural areas. Therefore, the 
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study is aimed towards understanding the ripple effects between metropolitan areas. This contrasts to former 

studies which included all regions. 

Stationarity was tested with Augmented Dickey-Fuller test, and all series was stationary after differencing. The 

next step was to test the ratio of each regional price relative to the national average for stationarity. This is with 

the same method as Meen to check for long-run convergence. The test supports long-run convergence in prices 

across the Irish market (Stevenson, 2011). The time series was then first tested for co-integration with Johansen 

test to determine the appropriate VECM model, and three co-integration relations are discovered. The test for 

causality was made with a Wald test on the appropriate bivariate and multivariate VAR and VECM models. The 

results differed when the causality test were conducted within the bivariate and within the multivariate pairing.  

For all cases expect Dublin, the economic center, the joint test for causality was significant in the multivariate test, 

which supports the co-integration results. The independence of Dublin may indicate the dominant role of Dublin 

and that it is the prime reason behind the other significant results. Dublin only influenced one market in the 

bivariate test significantly, which is the rural area. Based on former research, one would normally assume that 

Dublin would be the starting point of a potential ripple effect and have causality flows towards the other cities. 

However, there were indications that the rural area served as a proxy for Dublin. The rural index is likely to have 

a bias towards the Greater Dublin area due to the sampling of the data, and the index functioned therefore as an 

extension of the Dublin market. The causality test from the rural area is significant towards all other metropolitan 

areas except Cork. Therefore, Stevenson argues that the results are in line with the study by Alexander and Barrow 

where it was the southeastern region that was the ripple effect’s epicenter. Stevenson further used an IRF and 

variance decomposition, both with Dublin as a base. The interesting result from the IRF is that the response in the 

other time series do not decline over time as one would normally expect. This means that over time the house 

prices in the other regions continue to increase if the prices in Dublin increased. The variance decomposition 

supports the findings from the IRF; there is no substantial decline over time. The results indicate that Dublin is an 

important influencer in the Irish market.  

After a review of the British housing market and the ripple effect studies from the UK, we want to include studies 

from other countries. We present three studies from our neighboring countries Finland, Sweden, and Denmark, 

which can be interesting as there are similarities in geography, demography, economy and culture with Norway. 

The results may therefore be relevant for our research. 

For the Finnish housing market, the study specifically investigates the house price dynamics involving the Helsinki 

Metropolitan Area (HMA) (Oikarinen, 2007). Helsinki is the capital of Finland as well as the country’s economic 

center. He hypothesized that Helsinki would be the starting point for changes in the market and that it would over 
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time spread out to the surrounding areas. The data analyzed are from 1987 to 2006. The analysis consists testing 

for stationarity, co-integration and Granger causality before performing an IRF.   

To check for non-stationarity, Oikarinen used an Augmented Dickey-Fuller test. All of the series included are 

stationary at first differenced levels. Furthermore, Oikarinen used the Johansen bivariate test for co-integration. 

The results indicated that there is co-integration between the city center of Helsinki and HMA. There was also co-

integration between HMA and the nearest regions, where the inhabitants are likely to commute to Helsinki. 

Furthermore, there were co-integration with an index representing three high growth areas that are distantly located 

from Helsinki. The co-integrations are argued to be evident because they are exposed to common driving factors. 

Oikarinen points out that if two markets are adjacent, the prices are more likely to adjust. This is because the 

inhabitants do not face extreme moving cost and the possibility that new migrants can decide between the two 

areas. 

At last, he used the standard Granger method to check for causality. He found evidence that HMA Granger caused 

house prices in other surrounding areas and the three growth areas. However, he had opposite results within the 

HMA. The results revealed that the suburbs Granger caused the house prices in the city center. To explain this 

pattern within the HMA, Oikarinen suggested that migration and employment growth patterns possibly plays a 

major role. Between the HMA and the surrounding areas, he argued that informational factors and timing of 

business cycles are dominant for the effects. The results from the IRF showed that the HMA reacts faster and is 

more volatile than the other regions. The surrounding regions would also spend more time adjusting back to stable 

levels after a shock than HMA. This dynamic is argued to be a result of a large share of non-informed agents 

outside the HMA. Finally, Oikarinen explained that he believes his results may be similar in other countries or 

regions that are similar-sized and with equal economic structures. 

The Swedish housing market for family houses on the secondary market was examined in 2002 (Berg, 2002). The 

division of the market differs somewhat from most of the studies in our selection. The market was divided into 

seven regions; three big-city regions and four local labor market regions for respectively medium-sized, small, 

industrial and sparsely populated areas. Therefore, the whole country is not examined. However, the interaction 

between the larger cities and smaller communities can create interesting results. The data are from 1981 to 1997. 

The analysis follows the same structure as Oikarinen, with tests for stationarity, co-integration and Granger 

causality, as well as a simulation with IRF. All of the time series is confirmed to be stationary in its first level 

difference, with both Dickey-Fuller and Phillips-Perron tests.  

Furthermore, he performed a Granger causality test both in bivariate and multivariate models. The results showed 

that Stockholm, the capital of Sweden and the largest city, Granger caused house price movements for all the other 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 20 

regions regardless whether the lag period is 3, 6, 9 or 12 months. This proves the existence of ripple effects in 

Sweden with Stockholm acting as the dominant region. Besides the results regarding Stockholm, the results are 

more fragmented, and the significance of the tests are not reported.   

For the co-integration analysis, Berg used the Johansen’s co-integration test and found no sign of co-integrating 

relations between the seven regions. The IRF revealed that a shock in macroeconomic factors, such as 

unemployment rates, would create a significant reaction in the house prices and that it would take somewhere 

between four to five years to adapt to the shock. Berg concluded that the house price changes in Stockholm could 

be used to predict the changes in house prices for other regions in Sweden. He also comments that his results seem 

similar to the well-documented ripple effect studies from the UK, where London acts as the leading region.  

The most recent study in our selection is the study of the Danish single-family housing market (Hvid, 2017). The 

data spawns from 1987 to 2016 and covered the ten Danish regions. Copenhagen are expected to act as the 

epicenter of the ripple effect, based on former studies by Meen and Oikarinen. To test whether or not there is 

evidence of ripple effects in Denmark, Hviid uses a widely different approach than the other studies in our 

selection. Since we consider the method inapplicable for our research, we are not describing the method in detail. 

We can note that he used an extended global VAR model, where the conclusions are from examining a derived 

inverted demand function for each region.  

His results show no significant relations in the long-term, and it is argued that the long-term difference is caused 

by regional-specific fundamental factors such as income and user costs. In the short-term, there is strong evidence 

for a ripple effect. His results showed that Copenhagen is the epicenter for the ripple effects, as hypothesized. 

Furthermore, Copenhagen was more sensitive to changes in fundamental macroeconomic factors based on results 

from an IRF analysis. This may support the theory that economic centers are more exposed to fundamental factors 

due to higher gearing. Copenhagen was also less affected by price changes in other regions, which further supports 

that it is the source of the ripple effect.  

Another recent study investigated the Dutch housing market, where the possible ripple effect from Amsterdam is 

examined (Teye, Knoppel, de Haan, & Elsinga, 2017). The Dutch housing market was divided into 12 regions, 

and the house price data ranges from 1995 to 2016. To examine the possibility of ripple effects, Granger causality 

analysis as well as a co-integration analysis was applied.  

First of all, all of the time series is confirmed to be I(1) with standard ADF test. Second, the Granger causality 

tests are conducted with the Toda & Yamamoto modification, known as the Toda & Yamamoto Granger Causality 

test (henceforth TY-GC). They argued that this method is preferred to the standard GC test because it can be used 
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with both stationary and non-stationary time series. The standard GC test, on the other hand, provides invalid 

results if some of the time series is non-stationary. In sum, the TY-GC approach is considered more robust. The 

TY-CG results showed that Amsterdam is unidirectionally causing all regions except two. As for the co-integration 

analysis, the authors have applied a bivariate ARDL-Bounds co-integration procedure. The results show that 

Amsterdam was co-integrated with five of the 11 other regions, which further implies the influence of Amsterdam. 

Only one region were not co-integrated or Granger caused by Amsterdam. Once more, the economic center, which 

also has been the capital city for every case so far, acts as the epicenter for the ripple effects.  

On the Spanish housing market, Larraz-Iribas and Alfaro-Navarro investigated the long-term relations of the house 

prices (Larraz-Iribas & Alfaro-Navarro, 2008). They looked at 17 regions from 1995 to 2006. The time series was 

tested for stationarity with Augmented Dickey-Fuller and Phillips-Perron. The ADF test showed non-stationarity 

for three of the cities in the first order, while the Phillips-Perron test showed stationarity for all regions. The 

conclusion from the Phillips-Perron test are maintained for the rest of the research.   

Co-integration were investigated with the Engle-Granger two-step procedure. The co-integrating residuals are 

tested with Augmented Dickey-Fuller, Phillips-Perron and Durbin Watson tests. The results found evidence of 

asymmetric behavior. Madrid appears to act separately from the other regions and there is no co-integration 

involving Madrid. Larraz-Iribas and Alfaro-Navarro argued that this behavior can be explained by Madrid being 

the main center of the Spanish economy, have a higher residential demand, the greatest population density and one 

of the lowest unemployment rate in the country. A minority of the other regions are co-integrated with only one 

or two other regions. The overall conclusion is that the small co-integrating groups have asymmetric behavior 

compared to the rest of the market. If co-integration is found between two regions that are separated from the rest 

of the market, it is argued that it is due to economic similarities like gross value added in industry and service, 

GDP per capita and unemployment rates. In other words, there is no evidence that geographical proximity is the 

decisive reason for co-integration. This may be due to economic structural differences and the autonomy of 

Spanish regions. Some groups of islands also possess asymmetric behavior due to tourism being the main source 

of economic activity and the increased demand for housing from tourists. The rest of the regions, which is a large 

part of the country, are co-integrated with each other and thereby possess similar house price behavior. This article 

provides interesting observations as the long-term relationships are not solely determined by geographical 

proximity. Furthermore, regions with unique characteristics can act completely isolated as observed for Madrid 

and island which are economically dependent on tourism.  

We have included one study from China, which is limited to the Pan-Pearl River Delta (Gong, Hu, & Boelhouwer, 

2016) This area have economic features more similar to western countries and the results are considered to be 
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more transmittable to Norwegian conditions. Within this area, the ten most significant cities are examined. The 

dataset is concerning newly constructed residential buildings in the period from 2005 to 2015. The framework 

used to investigate the ripple effect was tests for stationarity, Granger causality, co-integration and IRF. When 

checking for stationarity, the Augmented Dickey-Fuller approach and the Dickey-Fuller GLS approach are 

applied. The results from both approaches indicated that only eight of the ten cities followed an I(1) process.  

For the Granger causality test, a TY-GC approach was applied with the same reasoning as Teye et al. since the 

series are not integrated in the same order. The results showed either unidirectional or bilateral results between 

almost all city pairs, but the results appear in a complicated pattern. One interesting finding is that several of the 

causal effects are between cities with a large distance between them. The results show that causality flows are not 

restricted to only move between contiguous regions. It is argued that it is due to economic relations and not 

behavioral reasons. To further investigate the dynamics within the Pan-Pearl River Delta, the cities are divided 

into two groups. The causality test between the group show in general unidirectional causality flows from the 

eastern-central area to western China.  

The pairwise Engle-Granger two-step procedure and bivariate Johansen test was applied to investigate co-

integration. The results showed that few cities were co-integrated and they were all located in eastern China. The 

general conclusion was that there is a divergence between the central-eastern and western market. The divergence 

is most apparent between the large and the small cities. At last, they chose to use a generalized IRF because it 

allows for contemporaneous correlation across cities. The results of the test confirmed the divergence found earlier, 

as well as it found a pattern of house price adjustments that corresponded with the distances. The authors 

emphasize that their results should be treated with caution due to several uncertainties in the study.   

Oikarinen explained that the ripple effect could possess different dynamics based on the size of the market and 

economic structure. Therefore, we have included a study of the housing market in the USA with focus on 

metropolitan areas (Chiang & Tsai, 2016). The cities of New York, Boston and Chicago in the eastern region, Los 

Angeles, San Francisco and San Diego in the western region and Miami and Tampa in the southern region are 

included in the study. They examined the dynamics within each of the three regions and between the five most 

populated cities from 1988 to 2012.  

Preliminary to the study itself, all of the cities are confirmed to be stationary in levels for the excessive returns of 

each city with the Augmented Dickey-Fuller test. The new methodological contribution to our selection is that 

study investigates the dynamics under normal circumstances and extreme economic events. The short-term ripple 

effects under normal conditions were analyzed by Granger causality test and a forecast error variance 

decomposition. The results revealed that New York, Los Angeles and Miami act as epicenters for the east, west 
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and south regions respectively. However, Los Angeles was proven to be the most influencing city when examining 

the five largest cities. Chiang and Tsai argued that it is because Los Angeles is the largest city in California, which 

is the state with largest economic activity containing Silicon Valley and Hollywood. However, the ripple effects 

are the strongest within each region compared to between the five largest cities. This may support the theory that 

geographical proximity or differences in economic structure are important for the magnitude of the ripple effect.  

In order to measure ripple effects under extreme conditions, the SJC Copula model was applied. The results 

showed evidence of ripple effects in extreme economic conditions, such as the financial crisis in 2008. 

Furthermore, the results confirmed that the ripple effects were more visible within regions also under extreme 

conditions. At the end, Chiang and Tsai explain that the indications of ripple effects were more evident under 

normal conditions.  

New Zealand is a country with roughly similar characteristics to Norway. The population in New Zealand and 

Norway are 4.4 and 5.3 million, and New Zealand is only slightly smaller. The results from the housing market in 

New Zealand can serve as a useful benchmark for Norwegian conditions. The study of the ripple effect in New 

Zealand investigated the timeframe 1994 to 2004 (Shi, Young, & Hargreaves, 2009). The country was divided into 

ten urban areas from 3 different regions in New Zealand. By using the Augmented Dickey-Fuller method, all the 

time series are assumed to be integrated of order one. However, one region had evidence of being non-stationary 

even after differencing. The series were subsequently tested for seasonal unit roots and the time series exhibited 

weak seasonality. Therefore, the bivariate VAR models incorporated monthly seasonal dummies to adjust for the 

seasonality.  

The interesting approach is that the study of co-integration and causality are first conducted internally in the 

Auckland and Wellington region, then between the regional centers in Auckland, Wellington and Christchurch on 

the southern island. This approach has some advantages, as it limits the structural differences between areas when 

the research is interregional. If there is a ripple effect present in the market, they expect it to first spread within a 

region before it spreads to the rest of the country. This may also be a possibility on the Norwegian market, were, 

e.g. there may be interregional ripple effects before it spreads towards the rest of the country. 

The Granger causality test is applied within the two regions first. In the Auckland region, it is evident that the 

effect starts in Auckland city and moves towards the rest of the region. The subsequent effect is the strongest 

towards each region from the adjacent region, which supports the theories evolving around geographical proximity 

as an important factor. The results from the Wellington region is not as clear, and there is no obvious ripple effect. 

This may be due to larger structural differences within the Wellington region. The results between the regional 

centers reveal that the price development in each center is fairly independent of the others. This indicates that 
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geographic and economic factors limit the ripple effect of spreading outside of each region. Co-integration is tested 

with bivariate and multivariate Johansen test. Both the bivariate and the multivariate test indicate long-term 

stationarity internally in each region, and thereby co-integration. The possible VECM models created on basis of 

the co-integration test are lastly used to again check for causality. The advantage is that the causality test 

incorporate the co-integration between the areas. The causality effects support that Auckland city and Wellington 

are leading in their respective regions.  

If we summarize the former studies, there is evidence for a ripple effect in the vast majority. Studies regarding the 

UK housing market have been influential for the academic development of understanding ripple effects. In all of 

our included studies, there is evidence of a ripple effect from the southeastern part of the UK. The studies differ 

regarding the origin of the effect, and more specifically if London or the southeastern region is the leaders of the 

market. This may be due to different definitions of the greater London area, and some studies only investigated 

the ripple effect with London as the origin. Therefore, the focus and limitations of each study can provide the 

observed conflicting results. Stevenson confirms the possible effect from the surrounding areas of an economic 

center, where the suburbs of Dublin were the origin of the ripple effect.   

The ripple effect identified in Denmark, Sweden and Finland are interesting for our research, as it may indicate 

that there is ripple movement in Norway. The Swedish and Danish study confirms the importance of the economic 

center for the national development. The Finnish study is more in line with the results from Stevenson, Tsai and 

Alexander & Barrow, where the suburbs of Helsinki affects the city center and are the origin of the ripple effect.  

The study of the Spanish housing market showcases that the economic center can be independent of the rest of the 

market as it is not exposed to the same macroeconomic factors. Tsai also identifies the same segmentation from 

the market for London in the UK housing market. Furthermore, other regions in Spain are independent of the rest 

of the market, due to the large dependence of certain industries, which creates distinctive economic conditions and 

housing markets.   

The importance of economic structures is confirmed by a study of the housing market in New Zealand. The 

structural differences between regions limit the ripple effect to only move within each region. The same results 

are observed in the study of metropolitan areas in the US. The ripple effect internally in each region are stronger 

than between cities distant located from each other. Another perspective regarding economic structures are the 

results from the study of the Pan-Pearl River Delta in China. The results show that the ripple effect is not limited 

between contiguous regions. The causality flows over large distances are argued to be due to economic relations. 

The results throughout our selected studies show that the particularities in terms of geography and internal 

economic structure in each country are decisive for how the ripple effect moves and where it originates. In general, 
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the importance of economic centers, migration, information flows, and exposure to common driving factors from 

our selected theories are the main explanations of the observed ripple effects. Thus, we are confident that we have 

selected a comprehensive theoretical foundation.  

2.3 Overview of models and methods used 
The literature presented provides insights in the possible models, methods, datatypes, etc. that could be useful in 

the our analysis. An overview of the method used are found in Table 2. Table 1 explains each abbreviation.  

Table 1: Abbreviations of each test for theoretical overview 

In addition to the tests in Table 2, Hviid used Global VAR 

to investigate both long-term and short-term dynamics, and 

Chiang & Tsai used SJC Copula to test the ripple effect 

under extreme economic conditions.  

The main tests for investigating the ripple effect are 

causality and co-integration tests. Furthermore, several of 

the articles include an IRF. The Augmented Dickey-Fuller 

tests appears as the best practice to check for stationarity, 

preliminary of the ripple effect study. Every article that 

checks for stationarity has applied this method, while the 

Phillips-Perron and Durbin-Watson methods have been 

applied as a supplement to the ADF test in some of the articles. To investigate the existence of co-integration, two 

methods appear more popular, namely, the Engle-Granger and the Johansen tests. The Engle-Granger tests 

searches for co-integration by using pairwise combinations only, while the Johansen method searches for co-

integration with either multivariate or bivariate models. The majority applied the Johansen test. In general, the 

Granger test is used to find causality. However some use the variation of Granger causality, developed by Toda 

and Yamamoto. The reason is because it accepts the use of non-stationary time series. Furthermore, about half of 

the articles include an IRF to display the volatility and response time of shocks for the different regions/cities in 

question. At last, some other methods have been applied, but they do not appear as common practice.  

 

 

 

Test Abbreviation 

Augmented Dickey-Fuller ADF 

Dickey Fuller DF 

Dickey fuller GLS DFGLS 

Durbin Watson DW 

Phillips Perron PP 

Schmidt Phillips SP 

Toda Yamamoto Granger Causality TY-CG 

Granger Causality CG 

Johansen Test JOH 

ARLD-BOUNDS ARLD 

Engle Granger EG 
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Table 2: Overview of statistical methods in selected literature 

Author(s) Country 

Time 
frame 

 
Stationarity Co-integration 

 
Causality IRF 

Gong et. al. China 2005-2015 ADF and DFGLS JOH and EG TY-CG X 

Hviid Denmark 1987-2016    X 

Oikarinen Finland 1987-2006 ADF JOH CG X 

Teye et. Al. Netherlands 1995-2016 ADF ARDL TY-CG  

Shi, Young & Hargreaves 
New 

Zealand 
1994-2004 ADF JOH CG  

Larraz-Iribas & Alfaro-

Navarro 
Spain 1995-2006 ADF and PP 

ADF, PP, DW 

and JOH 
  

Berg Sweden 1981-1997 DF and PP JOH CG X 

MacDonald & Taylor UK 1969-1987 ADF and DF 
ADF, DF, DW and 

JOH 
 X 

Meen UK 1968-1996 ADF and DW    

Giussani & Hadjimatheou UK 1969-1988 
ADF, DW and 

PP 
ADF, DF and PP CG  

Alexander & Barrow UK 1968-1993 ADF, DF and SP 
JOH 

 
CG  

Tsai UK 1995-2011 PP JOH CG  

Stevenson Ireland 1978-2002 ADF JOH CG  

Chiang & Tsai USA 1998-2012 ADF  CG  

Clapp, Dolde & Tirtiroglu USA      

Nanda & Yeh  1992-2010   CG  
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3. Data  
The source for our data is The Norwegian Housing Price Statistics, provided by a collaboration of Real Estate 

Norway, Finn Eiendom, and Eiendomsverdi. Real Estate Norway is an industry organization for real estate 

agencies in Norway. Their members account for approximately 96 % of all real estate transactions in Norway 

(Eiendom Norge, 2018). Finn Eiendom is the leading marketplace for buying and selling of dwellings in Norway 

(Finn.no, 2018). Eiendomsverdi is a provider of real estate statistics of the Norwegian housing market; they work 

exclusively with updates of the database and the systems concerning real estate statistics in Norway 

(Eiendomsverdi, 2018).  

The database is located on Eiendomsverdi’s website, and cannot be accessed without an account. As students, we 

were granted access based on an application describing our thesis. The database itself consists of detailed 

information of the house price statistics. The statistics range from 1985 to present date. The database registers 

contain information regarding the quantity of residents sold, average selling price, average square meter price of 

the gross living area (GLA), and the percentage difference between selling price and appraised value in the 

generated specific timeframe. Furthermore, the database distinguishes between detached houses, semi-detached 

houses, terraced houses, and apartments. Holiday residents and other properties are also registered, but the 

observations are removed since it is not relevant for our research. In addition, the database allows for specification 

and combinations of counties and municipalities (Eiendomsverdi, 2018). The database comprises all residents 

listed on Finn.no as well as other listings sold through the real estate agency members of Real Estate Norway 

(Eiendom Norge, 2018). The database updates continuously with minor adjustments of the historical observations. 

Our sample is generated between February 20th and March 3rd.   

3.1 Selection of scope of data 
3.1.1 Regions 

As mentioned previously we investigate the Norwegian housing market for ripple effects with a regional and 

metropolitan perspective. The included metropolitan areas and regions are defined and selected as a result of 

several deliberations. In Norway, there are currently 18 administrative regions, called counties. The counties are 

the first-level subdivision of Norway and are the geographical representation between the state of Norway and the 

municipalities. The municipalities are the second-level subdivision, and are 422 in total. The government 

introduced a reform in 2017 that reduce the number of counties to 11. The new sub-division are named regions. 

The regions are to be formed in 2020, except Trøndelag that were formed January 1st 2018. Trøndelag is an 

amalgamation of the former counties Sør-Trøndelag and Nord-Trøndelag, which is located in the middle of 

Norway. We assess both the current counties and the future regions as subdivision for the regional analysis.  
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Our main goal when we divide into the regions is to have an accurate and precise representation of the possible 

ripple effect. This means that we want to keep the current counties if possible, as we believe smaller regions 

provide the most precise understanding of how the ripple effect moves. If the number of sales in our observations 

are not sufficient to create an accurate representation, the respective counties are merged with adjacent counties to 

provide reliable data.   

In the reform, five of the current counties remain as they are today. These are the capital Oslo in the east, Rogaland 

and Møre og Romsdal in the west, where Stavanger is located in Rogaland. Trøndelag continues as a larger merged 

region and Nordland in the north of the country also remain as before. Buskerud, Akershus, and Østfold, which 

are three counties located nearby Oslo, are to be merged into one region called Viken. Vestfold and Telemark 

becomes a new region called Vestfold og Telemark, and the region is located in the eastern part of Norway and 

south-west of Oslo. Oppland and Hedmark are merged into the region Innlandet, which are located north of Oslo. 

Troms and Finnmark, which are the two most northern counties, are to be merged into one region called Troms og 

Finnmark. In the western part of Norway, the counties Hordaland and Sogn and Fjordane are to be merged into 

the region Vestlandet. Lastly, Aust-Agder and Vest-Agder are merged into Agder and are located in the southern 

part of Norway. 

When we select the appropriate division, we aim to have a reliable and precise understanding of the possible ripple 

effect. Therefore, we have considered the number of sales per observation in both the current counties and the 

future regions. We mainly follow the new sub-division that are effectuated in 2020. The deviations are due to lack 

of sales per observation in the new regions or that it creates a more precise understanding of the ripple effect if 

regions from the old sub-division are retained.      

The counties Nordland, Troms, and Finnmark in the Northern part of Norway have a low population density. 

Nordland has 243 335 inhabitants, Troms 166 499 inhabitants, and Finnmark 76 167 inhabitants. The three 

counties combined have a population of 486 001 inhabitants and a size of 112 975,13 km2, which are larger than 

twice the size of Denmark. Since the counties isolated have few average sales and several observations with less 

than 20 reported sales, we have decided to merge the three counties, which we call Nord-Norge.  

The new region called Viken are a consolidation of Buskerud, Akershus, and Østfold. The regions all share a 

border with Oslo, which we suspect might be a starting point for the ripple effects. Each county also has a high-

density population by Norwegian standards. Furthermore, the regions may be the first affected by the ripple effects 

if it origins in Oslo. Therefore, it is valuable to isolate which of the three regions that are affected and how the 

ripple effect moves. These regions are also tightly structural connected with Oslo where many of the inhabitants 
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have the possibility to commute to work while living in either Akershus, Buskerud or Østfold. Since we have more 

than sufficient sales per observation for the entire period, we have decided to keep Buskerud, Akershus, and 

Østfold with the current division. We also keep Telemark and Vestfold with the old sub-division. The 

argumentation made for Viken applies here as well. Both are high-density populated counties and are 

geographically located relatively close to Oslo. In Telemark we find the metropolitan area Skien/Porsgrunn which 

are the eighth largest metropolitan area in Norway and the county have more than sufficient sales per observation. 

Vestfold is even closer located to Oslo and within a distance where it is possible to commute. Tønsberg, which is 

the tenth largest metropolitan area in Norway is located in Vestfold. Therefore, there is high activity in the housing 

market in Vestfold, and we have decided to keep it separate from Telemark.  

Our data contains the regions described above with our argumentation, and the remaining regions follows the 

region reform. Our selection is therefore Oslo, Buskerud, Akershus, Vestfold, Telemark, Agder, Innlandet, 

Trøndelag, Nord-Norge, Vestlandet, Rogaland and Møre og Romsdal. As described, we have included areas that 

together cover all of Norway. A map of the regions and the metropolitan areas can be found in Figure 1. 
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Figure 1: Overview of regions and metropolitan areas 

 

We are as mentioned able to generate data for detached houses, semi-detached houses, terraced houses, and 

apartments. We have decided to analyze the detached house and apartment markets on a regional and metropolitan 

area. The sales per observations are few for semi-detached and terraced houses, and as mentioned this weakens 

the reliability of our conclusions. Furthermore, the market dynamics for apartments and detached houses are 

assumed to be the most differentiated within the possible selection. The characteristics of apartments and detached 

houses attract different buyers, and one can furthermore assume that apartments are to a lager extent located in 

urban areas. By including both, we may identify that there are different ripple movements in each market. This 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 31 

may be present if the characteristics of the housing and the buyers differ to such an extent that it distinguishes the 

markets.  

Based on the theory presented there are indications that the ripple effect is determined by the frequency of sales 

and the relative economic significance between areas. Therefore, we have gathered the average frequency of sales 

for each region and the reported gross product in 2016 for each region in millions in Table 3.  

Table 3: Overview of inhabitants (2017), Gross product in million Norwegian kroner (2016) and average sales per quarter for detached 
houses and apartments per region 1992(Q1)-2017(Q4).    

Region Inhabitants (2017) Gross Product (2016) Detached houses  Apartments 

Oslo 666,759 516,258 253 4075 

Vestlandet 630,229 292,604 702 1209 

Akershus 604,368 252,973 1023 1296 

Nord-Norge 484,647 203,320 834 603 

Rogaland 472,024 233,701 821 866 

Trøndelag 454,596 193,161 694 1027 

Innlandet 385,669 133,854 854 384 

Agder 300,789 111,289 695 695 

Østfold 292,893 93,226 687 566 

Buskerud 279,714 109,140 547 504 

Møre og Romsdal 266,274 119,140 404 387 

Vestfold 247,048 84,560 623 469 

Telemark 173,307 64,448 411 212 

Sources: Inhabitants: (Statistics Norway, 2018)                                                                                                        
Gross product: (Statistics Norway, 2018)                                                                                 
Average sales detached houses and apartments: Eiendomsverdi   

As expected the regions with the most inhabitants are also among the regions with the highest gross product. It is 

interesting that Oslo have a 76.43% larger gross product than Vestlandet which is the second largest. The rest of 

the results are as expected were the gross product is more or less in line with the number of inhabitants. When we 

compare the average sales per quarter, Oslo has interesting results as it has the lowest frequency of sales on the 

detached house market and almost four times as high frequency on the apartment market compared to Akershus 

and Vestlandet. On the detached house market, Akershus have the largest frequency, which may indicate that it is 

a leading region in the market if assymetric information is a decisive factor.    
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3.1.2 Metropolitan areas 

As for the regions, there are several deliberations to consider. The size and number of inhabitants in each city 

differs between sources, and it depends whether the city is defined as the metropolitan area or the city center itself. 

We have used the definition of the metropolitan areas provided by Statistics Norway. The definition of a 

metropolitan area is that as long as there are less than 50 meters between each house, the houses are a part of the 

same metropolitan area. This means that some cities, such as Stavanger and Sandnes, have no division between 

them. This also means that Oslo is connected to several surrounding municipalities in other regions, and the 

metropolitan area of Oslo (henceforth OMA) are by definition much larger in area and inhabitants than the city 

center. This is as expected since the demand for housing is large and the suburbs of Oslo have expanded as the 

demand are incentivizing residential construction.  

OMA, as defined by Statistics Norway, has 988,873 inhabitants compared to the region with 611,442 inhabitants. 

This means that OMA includes parts of several municipalities around Oslo. Statistics Norway do not specify which 

specific parts of the surrounding municipalities that are a part of OMA, only that the municipality has a certain 

amount of inhabitants included. We have been in contact with Statistics Norway, and we were informed that it 

would be difficult for external users to clearly define the borders of the metropolitan area without access to 

Statistics Norway’s internal systems.  

Another important aspect is that we can only generate our data by using combinations of regions and 

municipalities. We cannot generate data for only specific parts of municipalities to create each metropolitan area. 

We have decided to use a threshold value for municipalities reported as a part of each metropolitan area. Due to 

the limitations of the data, we can either include or exclude entire municipalities. Based on the publically available 

information and the properties of the database, we consider it as the most appropriate approach.  

If a municipality is reported as a part of the metropolitan area, we have decided that over 2/3 need to be living in 

the metropolitan area to include it. If less than 2/3 of the inhabitants in a municipality as a whole are considered 

to be living in the metropolitan area of a city, we exclude the entire municipality. The process are explained with 

OMA as an example. OMA is spread across 12 municipalities in the regions of Oslo, Akershus, and Buskerud. In 

some of these municipalities, almost all of the inhabitants are living in OMA, while others have a smaller 

percentage. For instance, Bærum is a municipality in Akershus, which is located west of the region of Oslo. Some 

parts of the municipality of Bærum is included in OMA. According to the definition provided by Statistics Norway, 

110 981 inhabitants in Bærum are living in OMA. The total number of inhabitants in Bærum is 124 008. This 

means that 89.50% of the population in Bærum are living in OMA. Since it is above our threshold, we include the 

entire municipality in our selection. The opposite example is Nittedal municipality, which is located north of the 
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city center. In Nittedal 10 655 of the 23 213 inhabitants are living in OMA. Since only 45,94% of the inhabitants 

live by definition in OMA, we exclude the entire municipality of Nittedal. The calculations for each metropolitan 

area can be found in Appendix 1. We would argue that this is the most precise method to create an accurate 

representation of each metropolitan area with the limitations described. We are also aware of the possible flaws of 

our approach. For instance, in OMA, a total of 31 543 inhabitants are included which are not a part of OMA. Our 

method also excludes 13 808 that should be included. The difficulties of generating the data properly for each city 

would be evident also if we used the city center of each city. The city center is not clearly defined by Statistics 

Norway or other credible sources, and the city centers do not necessarily follow the borders of the respective 

municipality. 

We have included the ten largest metropolitan area in Norway. As mentioned briefly some of the metropolitan 

areas are a combination of two larger city centers. Others are spread across to other municipalities and regions 

than the city center, as described for OMA.   

Our selected metropolitan areas are OMA in the region of Oslo, Drammen in the region of Buskerud, 

Fredriksstad/Sarpsborg in the region of Østfold and Tønsberg from the region of Vestfold from the eastern part of 

Norway. Kristiansand in the region of Agder is the only representative from the southern part of Norway, while 

Stavanger/Sandnes in the region of Rogaland, Ålesund in the region of Møre og Romsdal and Bergen in the region 

Vestlandet are the metropolitan areas located in western Norway. Trondheim, which is the fourth largest 

metropolitan area in Norway is located in the region of Trøndelag, which is in the central part of Norway. There 

are no metropolitan areas from the northern part of Norway. The metropolitan areas are found in Figure 1. 

There are no public information of the gross product generated in Norwegian cities or metropolitan areas, which 

is natural due to the difficulties with defining each city. We can safely say that OMA, based on the city center 

have the highest gross product when comparing with other regions. Thus, it is one of the main economic center in 

the metropolitan research as well. Furthermore, we have included several municipalities from Akershus, which 

increases the number of average sales of detached houses significantly. If we compare our two datasets, Oslo had 

the lowest average sales of detached houses. In the regional analysis, it has the most average sales. Oslo’s dominant 

position in terms of frequency of sales for the apartment market are confirmed when comparing the metropolitan 

areas. Based on the number of sales we can expect the four largest metropolitan areas to be leading, and especially 

Trondheim have a high frequency of sales for apartments compared to the number of inhabitants.   
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Table 4: Overview of inhabitants (2017) and average sales per quarter for detached houses and apartments 1992(Q1)-2017(Q4), 
metropolitan areas 

Metropolitan area Inhabitants Detached houses Apartments 

OMA 986,948 649 4691 

Bergen 278,556 234 961 

StaSan 245,115 355 588 

Trondheim 190,464 164 811 

FreSar 135,248 298 249 

PorSki 104,652 257 170 

Drammen 93,081 150 265 

Kristiansand 89,268 148 291 

Tønsberg 66,670 187 150 

Ålesund 56,208 76 163 

Source: Inhabitants: (Statistics Norway, 2018)                                                                  
Average sales: Eiendomsverdi 

The frequency of the observations is another important aspect that affects the analysis. Ripple effects are price 

movements between area Y and X, and we want to ensure that we can identify the movements as precisely as 

possible. Norway is a rather large country in an international context.  Norway have the sixth largest area in Europe 

and are larger than for example Germany. On the other hand, it has a rather small population of 5.3 million 

inhabitants, which is the 28th largest in Europe. Even though Norway has a small population and large distances, 

we want to measure the ripple effects by using quarterly data. There is a possibility that the ripple effects both 

from an informational and migration perspective might may move slower in Norway compared to other countries, 

due to the long distances and widespread population. On the other hand, the ripple effects can be assumed to move 

faster in some areas. This may be evident in the eastern part of Norway, where the distance between the regions 

and metropolitan areas are short compared to the rest of the country. 39,76% of the population lives in either Oslo, 

Akershus, Østfold, Vestfold, and Buskerud. At the same time, the area is only 6,93% of the total areal. We expect 

the possible ripple effect to move more rapidly between these regions and the metropolitan areas they contain, 

than for example in central and northern Norway.  

If we would generate either half-year or yearly statistics, there is a risk we would not precisely estimate how rapid 

the ripple effects are moving. We also considered using a shorter time interval as, e.g. one month. A monthly 

frequency would be more appropriate to isolate the informational effect on the ripple movements, as explained by 

Tsai, but the low number of sales for each observation could in some cases weaken the reliability of the results.   
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As mentioned previously the database contains house price data dating back to January 1st 1985. The last 

observation is the 4th quarter in 2017. After going through the earliest years in the database, we decided that our 

sample should start in the first quarter in 1992. In the period January 1st 1985 to December 31st 1991 the 

observations do not contain enough sales to provide value to the analysis.  

We have generated quarterly data for the number of sales, average selling price and average square meter price for 

detached houses and apartments from January 1st 1992 until December 31st 2017. Since average selling price and 

square meter price are reported in nominal prices, we have adjusted the prices with the Norwegian consumer price 

index (henceforth: CPI). Since the CPI is listed on a monthly basis, we have used an equally weighted average 

within each quarter.  

Since we want to understand the ripple effect, we have to assess whether the average selling price or the average 

square meter price are most appropriate to understand the house price development. The demand for housing 

changes continuously and that relative price differences make the market adjust. Furthermore, new and renewed 

housing are introduced to the market. The houses that are introduced to the market presumably have a higher 

quality and price than the average in the market. If some areas have a relative large introduction of new apartments 

the increase in the price level not entirely reflect the dynamics on the markets. Since we cannot adjust for the 

introduction of new housing, we have to assume that the average quality is developing in the same manner across 

the market.  

Another important implication is that the average size of the houses sold can differ between each observation in 

each dataset and relatively between the regions and metropolitan areas. The average size is not reported when we 

generate the data, and it affects both the average selling price and the square meter price. The challenge with 

different sizes and thereby prices is even more influential if the number of sales is low in one observation. If the 

sample have few sales, and there are large outliers, the average selling price and average square meter price are 

misleading. When we generate our data, we cannot remove individual sales, and there is a risk for every 

observation, especially when the sales are few, for misleading averages. When the observation has a large number 

of sales, as e.g. in Oslo, we can assume a normal distribution.  

A large outlier can, e.g. be a villa that is significantly larger than the average detached houses. If we apply the 

assumption of ceteris paribus, we can assume that a larger house has a higher price. At the same time, we can also 

assume a larger house have a lower price per square meter. The deviation in percentage on the other hand, are 

larger for the price of the house, than for square meter price. In other words, a large outlier makes the average 

selling price more misleading than average square meter price since the average selling price is more affected by 
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size. Therefore, we use average square meter price as we regard it as more accurate to measure the price 

development.  

The argumentation so far evolves around the fact that a house is a heterogenic good. The characteristics of each 

house always differ, also regarding aspects not discussed so far. If a house has certain characteristics that make it 

more attractive than the average house or a special combination of features, it increases the price. There are also 

houses with highly specific features that are only relevant for a small proportion of the potential buyers. 

Summarized, housing as a good has several implications that we cannot take into account and that may affect our 

results. Due to the high number of average sales in the samples, we assume that there are not any large differences 

in characteristics and attractiveness across the market.    
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4. Historical development of the Norwegian Housing market 

4.1 Key events in the Norwegian housing economy 
In this section, we describe the historical development of the Norwegian housing market. This chapter aim to 

introduce the main events that influenced the period of our dataset. That is, events prior to the beginning of our 

dataset, which formed the basis for the starting point in 1992, as well as all major events throughout the time frame 

of the dataset. We describe the political, economic and societal factors that have affected the housing market.  

In the after-war years, a large population growth resulted in a strong pressure for residential development as there 

had not been built any residences during the war. As a solution, the Norwegian government introduced several 

political means to stimulate residential growth. Husbanken, which is a state-owned bank, distributed loans with 

favorable conditions and long downpayment period to housing cooperatives and private residential developers. 

Furthermore, the municipalities bought plots they sold cheaply to the same housing cooperatives and private 

residential developers. The private households also benefitted from direct and indirect government support through 

mortgages and indirect benefits as low property taxes, VAT compensation and deductibility of mortgage interest. 

The housing market was strictly regulated in this period with heavy government interference in the credit market 

and housing market (Sørvoll, 2011). 

The politics from this period have been a foundation for Norway’s housing politics until today, and might be a 

contributing factor to the high proportion of homeowners in Norway compared to other European countries 

(Sørvoll, 2011). The house prices together with the general economy increased relatively steady until the late 

1970s. The market altered during the beginning of the 1980s as the government removed the strict regulation of 

the housing market and enforced a structural change of the housing market. First with the removal of price fixing 

regulations and subsidies for residential investments through Husbanken. Shortly after, the regulations of the credit 

market were removed. The argumentation at the time was that large subsidies and strong regulations were not 

necessary anymore since the residential investments were large, as well as a general increase in prosperity (Sørvoll, 

2011). The deregulations together with the growth in the overall economy, a record high oil price, and large inflow 

of capital, made the housing market grow substantially (Grytten & Hunnes, 2010). In this period, it was easy to 

obtain loans, and it became very desirable to invest in real estate. The real interest rates after tax were negative 

and it created high investment activity, which in turn caused a credit-financed boom in the economy. The house 

prices increased by 211 percent from 1980 to 1987. The bubble burst after the Dow Jones index fell by 22.6 percent 

the October 19th in 1987, and the subsequent day the Oslo Børs index fell by over 20 percent. This was the 

triggering factor for the banking crisis in Norway, and it exposed the weaknesses in the Norwegian Krone, credit 

market, and the government budgetary deficits. The nominal house prices fell by more than 30 percent from 1987 
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to 1993, and it was the worst real estate crash ever recorded in Norway. The banking sector also faced massive 

losses, and several banks went bankrupt. The banks had losses in the real estate market for the first time since the 

Kristiania crisis from 1899 to 1905. The downturn in the economy continued until 1993 and became the longest 

and most severe financial crisis in Norway (Grytten & Hunnes, 2010). 

After the Norwegian housing market reached the bottom in 1993, it experienced rapid growth until the financial 

crisis in 2008. Several factors could explain the growth, with expanding wealth and purchasing power being the 

major factors. To start with, the number of employed people increased by 23% between 1995 and 2008; this led 

to a decrease in the unemployment rate from 6% to 2,5% for the same period. Furthermore, the Norwegian export 

goods experienced a significant increase in both price and demand compared to the import goods. These 

commodities include oil and metals primarily. This development contributed to increased wage levels and 

purchasing power. To illustrate the growth in wealth, Norway had a 20% higher level of wealth per capita 

compared to the OECD-average in 1995, while in 2007, it had increased to 60% (The Ministry of Finance, 2011). 

In the same period, the key policy rate, dropped from 9,50% in 1992 to 1,92% in 2005, which made it significantly 

cheaper for Norwegian households to buy houses. However, the key policy rate increased between 2005 and 2008 

to 5.32%, with a goal to reduce the investment rate (Norges Bank, 2018). The overall decrease over the period 

resulted in an increase of the residential investment index from approximately 50 to approximately 130. A 

consequence of the rapid increase in residential investments was that Norwegian households had large parts of 

their debt tied up in property, which made them more exposed to fluctuations in real estate prices (Benedictow, 

2005).  

After the global financial crisis in 2008, most countries experienced a drop in house prices and activities. However, 

the fall in Norway was limited viewed in an international perspective. Still, there was a significant change in the 

Norwegian housing market. For instance, the average house prices were 12% lower in December 2008, than in 

June 2007 (The Ministry of Finance, 2011). In addition, the number of unsold residents increased, as well as the 

turnover time increased. The central bank of Norway adjusted the key policy rate down to 1.25% in 2009 in order 

to facilitate more funds for the households. This led to an upswing in the housing market with an increase in 

demand. The economic activity increased in general. The housing market kept increasing after the downfall in 

2008 and reached its old levels again in 2010. In total, Norway handled the global financial crisis well.  

After the housing market events in 2008 had reached normal levels in 2010, Norway experienced a stable increase 

in the house price index until 2014 when the oil prices fell significantly. The central bank of Norway followed the 

same procedure as in 2008; they lowered the key policy rate even more. It fell from 1.49% in 2014 to 1.05% in 

2015. For the housing market, this meant that the banks were able to offer cheap lending terms. As a result, the 
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house price index recovered to normal growth rate quickly and kept increasing until the end of 2016 (Eiendom 

Norge, 2018). The oil crisis affected the Stavanger region the most as this region’s economic activity is highly 

dominated by the oil industry. By looking at the house price index for Stavanger compared to Oslo and Norway 

as a whole, it is clear that the prices in Stavanger have been weakened significantly, while it has been strengthened 

in Oslo (Figure 3 and 4). In addition, the number of unemployed people in Rogaland increased significantly in 

2015 and 2016, while it improved a bit in 2017 (Statistics Norway, 2018). This development suggests that Oslo 

has strengthened its economic position compared to Stavanger.   

From January 1st, 2017, the Norwegian Government instituted new regulations on requirements for mortgage loans. 

Among other things, these regulations included new caps on mortgage loans, stating that the loan cannot exceed 

five times the annual income before tax (The Norwegian Government, 2016). The government expressed their 

concerns about the growth in house prices, and OECD feared for a collapse (OECD, 2018). As a result, the house 

price index experienced an overall drop in 2017. However, it is expected that the regulations become less strict 

from July 1st, 2018, which are assumed to contribute to a stabilization of the house price growth. From January to 

April 2018, the house price index has shown a sign of growth again (Eiendom Norge, 2018), but it is expected that 

the annual average growth of 2018 will be around -1% (Dreyer, 2017). 

4.2 Development of the key figures 
To begin with, we introduce the development of house prices on a national level, where we comment trends and 

breaks, as well as provide an explanation of these patterns. Furthermore, we investigate the house price 

developments on a regional and a metropolitan level. Following this section, we present a factor development 

analysis, where each region and metropolitan area’s development is viewed in relation to the national average. At 

last, we have graphed the number of sales in the different regions and metropolitan areas, where we have 

distinguished between the two major residential categories, namely, detached houses and apartments. 

4.2.1 Development in house prices 

On a national scale, the real house price development is illustrated in Figure 2. The real prices are indexed. The 

first observation, 1992 Q1, operates as the index’ starting point. Each observation is divided by the first 

observation, whereby the starting point of the index have the value of 1. For instance, an interpretation of an index 

value of 1.5 is that the real price levels for that period have increased by 50% compared to the starting point.  
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Figure 2: Indexed development in real average square meter price, detached houses and apartments 1992(Q1)-2017(Q4), national basis, 
index (1992Q1=1) 

 

Source: Eiendomsverdi 

From Figure 2, we observe that there is a fairly steady increase from 1992 until 2007. The OECD average of upturn 

lengths between 1970 – 2010 is estimated at approximately six years. Compared to this, Norway’s upturn length 

of 15 years is relatively long (Bracke, 2011). For the detached houses, one can observe a peak at the second quarter 

of 2008, while apartment prices peaked at the third quarter of 2007. The detached house index experienced a 172% 

increase for that period, while the apartment index grew 208%. These patterns correspond with the arguments 

made about the growth earlier in this chapter, where the rapid growth compared to global levels is emphasized. 

Furthermore, the indices fell in the global financial crisis period before it grew at its old rate again, with a minor 

setback in 2014 due to the oil crisis, until the second quarter of 2017. Various professionals in Norway, including 

CEO of one of the leading real estate agencies and one of the executives of Danske Bank, argued that the lower 

index levels of the last two quarters of 2017 were caused by the governmental regulations on requirements for 

mortgage loans (Lorch-Falch, 2018). The overall changes in patterns correspond accordingly to the arguments 

made earlier, where we explained how the central bank of Norway regulated the key policy rate to facilitate market 

growth.  

In Figure 3 and Figure 4, the real price development are on a regional basis. From the figures, one can observe 

fairly similar patterns for all regions except Rogaland and Nord-Norge. The patterns correspond with the national 

patterns commented above. However, the Oslo-region experienced a higher growth rate than the others. Stavanger 

followed Oslo closely until the oil crisis in 2014, after that, the index level fell until the end of the time frame, 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

1992 1997 2002 2007 2012 2017

Detached houses Apartments



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 41 

while the other regions’ indices kept growing. Recall that the oil sector dominates the economic activity in 

Stavanger and that the unemployment rate grew under the oil crisis. This provides a logical explanation of the drop 

in index levels specific to the Stavanger region. Nord-Norge experienced a sudden drop in late 1996, while it 

followed a growth rate similar the national average after the drop. A possible explanation could be the significant 

rate of migration from Nord-Norge in that particular period, which indicates a less attractive housing market, and 

thereby lower prices (Finansdepartementet, 1998). In general, these figures indicate high levels of correlation as 

the regions follow similar patterns over a long period. However, the reactions to the macroeconomic factors 

suggest that the regions with higher levels of economic activity, such as Oslo, Rogaland, and Vestlandet, are more 

exposed to changes. 

Figure 3: Indexed development in real average square meter price, detached houses 1992(Q1)-2017(Q4), regional basis, index (1992Q1=1) 

   

Source: Eiendomsverdi 
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Figure 4: Indexed development in real average square meter price, apartments 1992(Q1)-2017(Q4), regional basis, index (1992Q1=1) 

   

Source: Eiendomsverdi 

In Figure 5 and 6, the real price index of the metropolitan areas is illustrated. We can observe similar results as for 

the regions. Stavanger/Sandnes follow the same patterns as Rogaland. However, Stavanger/Sandnes possess more 

volatile index levels as the metropolitan area is more directly dependent on the oil sector than the region as a 

whole. Recall that the OMA consists of the region of Oslo as well as a large part of Akershus. This result in a 

dimmed curve for the OMA compared to the regional figure, as Akershus consists of lower index levels than Oslo. 

Bergen and Trondheim follow similar paths as their respective regions, Vestlandet and Trøndelag. As for the 

remaining metropolitan areas, the patterns are characterized by the same movements as their respective regions. 

The arguments for the peaks and breaks are the same as for the regional analysis. In general, we can observe that 

the largest metropolitan areas in each region possess the same movements as their region in total.  
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Source: Eiendomsverdi 

Figure 5: Indexed development in real average square meter price, detached houses 1992(Q1)-2017(Q4), metropolitan area basis, index 
(1992Q1=1) 

Source: Eiendomsverdi 

Figure 6: Indexed development in real average square meter price, apartments 1992(Q1)-2017(Q4), metropolitan area basis, index 
(1992Q1=1) 
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Source: Eiendomsverdi 

To get a broader understanding of the dynamics of the house price developments in Norway, we have estimated 

the factor development, which is the average square meter prices of each region in relation to the national average. 

Figure 7 and 8 depict the price levels of each region, and more interestingly, it displays whether or not some 

regions behave differently from the national patterns. In general, if a region follow the national average, it possess 

a steady and horizontal pattern.  
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Figure 7: Factor development in real average square meter price, detached houses 1992(Q1)-2017(Q4), regional basis 
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Figure 8: Factor development in real average square meter price, apartments 1992(Q1)-2017(Q4), regional basis 

 

Source: Eiendomsverdi 
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are illustrated in Figure 9 and 10 below. 
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Source: Eiendomsverdi 

Figure 9: Factor development in real average square meter price, detached houses 1992(Q1)-2017(Q4), metropolitan area basis 

Source: Eiendomsverdi 

Figure 10: Factor development in real average square meter price, apartments 1992(Q1)-2017(Q4), metropolitan area basis 
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In the light of ripple effects, we have analyzed each region and metropolitan area’s behavior around the peaks and 

bottom points of the financial crisis. We have primarily looked for different response times of the global shock. 

For the metropolitan apartment market, the majority of the cities peaks at the third quarter of 2007. 

Fredrikstad/Sarpsborg and Ålesund peaks a quarter later, while Drammen peaks two quarters later. 

Porsgrunn/Skien seems unaffected by the crisis. Most of the metropolitan areas end their downturns in the last 

quarter of 2008 or the first quarter of 2009. Fredrikstad/Sarpsborg and Tønsberg peaks in the second and third 

quarter of 2009 respectively. For the metropolitan detached house market, OMA, Bergen, Trondheim and 

Fredrikstad/Sarpsborg peaks in the second quarter of 2007, while Drammen, Porsgrunn/Skien, Kristiansand and 

Ålesund peaks a quarter later. Stavanger/Sandnes do not peak until the first quarter of 2008. The downturns end 

in the fourth quarter of 2008 for most metropolitan areas, while it ends in the first quarter of 2009 for OMA and 

Porsgrun/Skien. In Bergen, it ends in the second quarter of 2009.  

For the regional apartment market, we observe that the majority of the regions peak in the third quarter of 2007. 

Buskerud peaks in the second quarter of 2007 as the only region. Rogaland on the other hand, peaks in the fourth 

quarter of 2007, while Vestfold peaks in the first quarter of 2008 as the last region to react. However, some regions 

did not seem affected by the crisis; these include Nord-Norge, Innlandet, Møre og Romsdal and Telemark. It is 

somewhat surprising that Buskerud are the first to react as it has few inhabitants and a low gross product. Whereas 

the fact that Rogaland and Vestfold responded a quarter later than the others is more interesting. The downturn 

ends for most regions in the third quarter of 2008, while it ends in the first quarter of 2009 in Oslo, Akershus, 

Rogaland, Østfold, and Vestfold. For the regional detached house market, the majority of the regions peak at the 

second quarter of 2007. Rogaland, Agder, and Østfold respond a quarter later. Nord-Norge and Møre og Romsdal 

do not respond to the crisis. Furthermore, the downturn ends in the last quarter of 2008 for all regions except for 

Vestlandet.  

From the graphical analysis, we observe that Nord-Norge, Møre og Romsdal, Innlandet, and Telemark responded 

little to the crisis. This could either be explained by the region operating isolated from the rest, or problems with 

the data. Recall that Larraz-Iribas and Alfaro-Navarro found evidence of regions being independent of others in 

the Spanish market. Furthermore, we found that Rogaland responded a quarter later than the majority of the regions 

in both datasets and that Stavanger/Sandnes responded later than the majority in the market of detached houses. 

This could imply that there exists ripple effect towards that area. It is interesting to see if we find similar lagged 

observations, which could indicate ripple effects in the later analyses.   
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4.2.2 Development of sales numbers 

Similar to the previous subchapter, we have focused on detached house and apartments, the results can be seen in 

Figure 11 and 12. For both categories, we can observe significant fluctuations. In general, the first and the fourth 

quarter have the lowest sales numbers, while the second and third quarters have the highest sales numbers. This 

illustrates at what time of the year the activity is at its highest. The patterns are for the most part similar for all 

regions and have been stable at its levels since the beginning of 2000’s, but two movements stand out; the sudden 

jump in apartment sales for Oslo (+ 265%) and the sudden jump in detached house sales for Akershus (+ 273%). 

These occurred between year 2001 (Q1) – 2003 (Q3) and 2000 (Q1) – 2001 (Q3) respectively. We cannot exclude 

that it is due to an increase in reported sales to Eiendomsverdi, and not an increase in the number of sales itself.  

Oslo and Akershus are adjacent and account for about 1/5 of Norway’s population together. However, the regions 

possess different characteristics, which is indicated by the sales numbers. Oslo is characterized by a typical city 

structure with a high share of apartments, while Akershus is characterized by suburb-areas surrounding Oslo, 

dominated by detached houses. As a significant part of Akershus is located in OMA, many residents are generating 

their income from work in Oslo. Thereby, it is somewhat logical that these regions have similar movements in 

sales numbers. Furthermore, higher sales numbers should indicate a more attractive market, thus higher price 

levels. However, as we observed in the previous subchapter, there is no sign of corresponding jumps in real price 

levels in these periods for the above-mentioned regions. An interesting observation is that the jump in sales 

numbers in Akershus started a year before the jump in the Oslo-levels. This could indicate that the housing market 

changes in Akershus are one step ahead of Oslo. If Akershus’ price levels prove to cause the price levels in Oslo 

in the econometric analyses later, the results would be similar to what Oikarinen found in the Finnish market. 
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Source: Eiendomsverdi 

Figure 11: Development in number of sales, detached houses 1992(Q1)-2017(Q4), regional basis 

Source: Eiendomsverdi 

Figure 12: Development in number of sales, apartments 1992(Q1)-2017(Q4), regional basis 
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Source: Eiendomsverdi 

 

Source: Eiendomsverdi 

The sales numbers for apartments and detached houses are to a larger extent unevenly divided between the 

metropolitan areas than for the regions. However, this has a logical explanation as Oslo has the most sales of 

apartments and Akershus has the most sales of detached houses. When Oslo and a large part of Akershus is merged 

into OMA, the metropolitan area differentiates from the rest when it comes to a total number of sales. Furthermore, 

the patterns are the same for the metropolitan areas and their respective regions. Thus, the explanation of the 

fluctuations is the same. The sales numbers of the metropolitan areas can be viewed in Figure 13 and 14. 

Figure 13: Development in number of sales, detached houses 1992(Q1)-2017(Q4), metropolitan area basis 
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Source: Eiendomsverdi 

Figure 14: Development in number of sales, apartments 1992(Q1)-2017(Q4), metropolitan area basis 
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5. Research design 
With this chapter, we aim to explain which methods we use to answer our research question, as well as why we 

have chosen them. By thoroughly explaining the concepts and procedures of each method, the strengths and 

weaknesses of our chosen design can be examined. In order to support or criticize our findings, one must be able 

to understand the principles of the methodology.  

5.1 Seasonality 
Seasonality is a characteristic of a time series that experiences regular and predictable fluctuations that recur on a 

yearly basis. This may be any change or pattern that is repeated every year. It is often present in economic time 

series, and are known as calendar effects. This can be present for house prices, where the house prices can have 

repeated changes that occur at specific seasons. Seasonality can lead to positive residual autocorrelation if the 

dependent variable contains a seasonal pattern that is not accounted for (Brooks, 2014). A time series that contain 

seasonality are incorrectly specified, and the seasonality leads to a positive autocorrelation in the same periods as 

the seasonal effects. Therefore, we may draw the wrong conclusion in our tests if seasonality is present. 

The time series data are seasonally adjusted with the X13-ARIMA-SEATS program, developed by the United 

States Census Bureau in collaboration with the Bank of Spain (Center for Statistical Research and Methodology, 

2017) . Statistics Norway use the X12-ARIMA for seasonal adjustment of house price development, while the 

X13-ARIMA program is currently used by Bank of England  (Statistics Norway, 2018) (Taylor, 2017).  

Seasonal adjustment is required for our analyses, whereas it is not considered as a key part of our research. 

Therefore, we are not going into detail regarding the automatic process behind X13-ARIMA-SEATS or the theory 

behind it. The first part of the automatic transformation is to detect any atypical or non-seasonal effects, which 

must be removed before the seasonal adjustment. These effects can be trading days, working days and moving 

holidays that can lead to a lower quality of the seasonal adjustment. Then, the program detects if there are any 

large outliers in the time series. The final part of the procedure is to remove the seasonality with the ARIMA 

method (autoregressive integrated moving average). As long as it is possible, the final output is estimated to have 

no seasonality, no residual autocorrelation, and normally distributed residuals for each individual time series.  

5.2 Stationarity 
If a time series contains a stochastic process, it is useful to determine whether the process is considered as 

stationary or non-stationary. If a time series data is exposed to changes and it is possible to detect a pattern, it is 

referred to as non-stationary. However, if the data is stable around the same levels over time, with only small 

random fluctuations, it is stationary (Wooldridge, 2016). While looking at a stationary process, it does not matter 
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which period that examined because all observations possess the same characteristics, e.g., probability distribution, 

value level, correlation, etc. A non-stationary process considers previous shocks and developments in their future 

values, while a stationary process is not affected. It is often possible to see if the process is stationary or not 

graphically, since one can often see if there is a trend present (Wooldridge, 2016).  

If the goal is to analyze the relationship between two time series, one of the restrictions is that the dataset is stable 

over time. In other words, the time series cannot change randomly or follow up-/downward trends, and must be 

stationary (Wooldridge, 2016).  

Furthermore, a stationary time series can be classified by different orders of integration. But first, it is useful to 

explain the term, stochastic trend. A series is said to have a stochastic trend if there is a random and unpredictable 

trend attached to it. If a time series has a stochastic trend, the best prediction of the value, 𝑋𝑡+1, is the value of 𝑋𝑡 + 𝑢𝑡, where 𝑢𝑡 is the stochastic trend, which is a random change. A stochastic trend is often referred to as a 

random walk. Now, if a time series, 𝑋𝑡, is integrated of order zero, denoted as 𝐼(0), it means that that it does not 

have a stochastic trend and is stationary. However, if there is a stochastic trend present, the time series need to be 

integrated of higher orders to be stationary. If the series is integrated of order one, denoted 𝐼(1), it has a stochastic 

trend and is stationary in its first difference, ∆𝑋𝑡. The first difference is the difference between 𝑋𝑡 and 𝑋𝑡−1, so ∆𝑋𝑡 = 𝑋𝑡 − 𝑋𝑡−1. For higher orders of integration, it is denoted as follows: 𝐼(𝑑) = ∆𝑑𝑌𝑡 (Stock & Watson, 2015).  

In our analyses, we aim to test for co-integration between the time series. Co-integration is described thoroughly 

in subchapter 5.3, but in short, co-integration is apparent when two or more time series share the same stochastic 

trend. This means that the co-integration tests are depending on the dataset to contain a stochastic trend. Thus, the 

time series cannot be integrated of order zero; it must be integrated of order one or more. However, a time series 

that is integrated of order one is preferable (Stock & Watson, 2015).  

Several approaches can be used to provide evidence of stationarity. One of the most accurate tests is the 

Augmented Dickey-Fuller (ADF) test, which is also the most common approach. The ADF test uses an 

autoregressive model (AR), that is, a linear regression model with lagged values, and tests whether there is a 

stochastic trend present or not. The null hypothesis is that the model has a unit root, which means that the AR-

model has a stochastic trend, i.e., it is non-stationary. Thus, the alternative hypothesis is that the AR-model is 

stationary. Below, the hypotheses and the equation used in the ADF test is illustrated (Stock & Watson, 2015): 

    𝐻0: 𝛿 = 0                                     

    𝐻1: 𝛿 < 0                                     
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                  ∆𝑌𝑡 = 𝛽0 + 𝛿𝑌𝑡−1 + 𝛾1∆𝑌𝑡−1 + 𝛾2∆𝑌𝑡−2 + ⋯ + 𝛾𝑝∆𝑌𝑡−𝑝 + 𝑢𝑡         (1) 

𝑤ℎ𝑒𝑟𝑒 𝛿 = 𝛽1 − 1, 𝑎𝑛𝑑 𝑝 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑎𝑔𝑠 

The number of lags included in the ADF-test varies depending on the dataset. There are no specific rules that 

dictate the number. However, some guidelines are provided. By increasing the number of lags, the probability of 

autocorrelation decreases. However, too many lags result in lower sample power of the test. Too few lags, on the 

other hand, results in an incorrect size of the test. One approach to finding the appropriate number of lags is to 

base it on the frequency of the data. For instance, if the data have a quarterly frequency, approximately four lags 

should be used, while approximately 12 lags should be used for monthly data (Wooldridge, 2016). Alternatively, 

one could let either the Akaike Information Criterion (AIC) or the Bayesian Information Criterion (BIC) dictate 

the number of lags. The formulas are: 

𝐵𝐼𝐶(𝑝) = ln [𝑆𝑆𝑅(𝑝)𝑇 ] + (𝑝 + 1) ln(𝑇)𝑇                                    (2) 

𝐴𝐼𝐶(𝑝) = ln [𝑆𝑆𝑅(𝑝)𝑇 ] + (𝑝 + 1) 2𝑇                                   (3) 

Where SSR are the sum of squared residuals which measures the deviations between the estimated model and the 

actual empirical values (Stock & Watson, 2015). In general, using too many lags provides better results than using 

too few according to studies of the Augmented Dickey-Fuller test (Stock & Watson, 2015). This argues for AIC 

as the preferable choice of the two.   

It should be emphasized that, even though this test is considered as one of the most reliable ones, it is a good 

chance that the results provided by the ADF-method may be misleading. We cannot conclude that a time series 

contain a stochastic process, we can only say that there is insufficient evidence in order to detect a stochastic trend. 

Thus, we consequently say that we fail to reject the null hypothesis of a unit root if the test results indicate the 

presence of a stochastic process (Stock & Watson, 2015).  

To exemplify this process, we have chosen to use the case of OMA. As mentioned above, it is in many cases clear 

whether a time series is stationary or not by observing the data in a figure. By viewing Figure 15, this series 

provides strong indications of a present time trend. 
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Figure 15: Development in LN real average square meter price, apartments, Oslo Metropolitan area 1992(Q1)-2017(Q4) 

 
Source: Eiendomsverdi 

Even though Figure 15 suggests that the data is non-stationary, an augmented Dickey-Fuller test is performed to 

acquire evidence of its presence. To generate reliable results, we need to specify the test-inputs properly. More 

specifically, we need to choose whether to include a time trend, a constant or none of them. Also we need to 

specify the number of lags to be used. Because economic time series often experiences a long-term growth, it is 

recommended to construct an ADF-test with a time trend initially (Stock & Watson, 2015). Because the first 

observation in our dataset is non-zero (the log value of the square meter price of residents), we need to add an 

intercept to the specification. To specify the number of lags we have chosen to use the Akaike Information 

Criterion. However we have constructed a maximum lag limit based on the frequency of the data, plus a couple. 

Thus, a limit at six has been placed as a restriction to the AIC approach. The output is in Figure 16.  
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Figure 16: Output from Augmented Dickey-Fuller test, apartments, Oslo Metropolitan area 1992(Q1)-2017(Q4) 

 
Source: Eiendomsverdi 

First, we check if the time trend (mark number one: “tt”) we added to the specification is significant. If it is not 

significant, we need to re-specify the test without a trend. As we can see, the presence of a time trend is significant 

at a five percent level. Thus, we should keep the current specification. Second, we analyze the test statistic. It is 

given below mark number two in Figure 16. The critical values are printed to the left for mark number three (tau3) 

at 1pct, 5pct, and 10pct level. The critical values used in this software are taken from Hamilton (Hamilton, 1994) 

and Dickey & Fuller (Dickey & Fuller, 1981). In order to reject the null hypothesis, test-stat < critical value. As 

we can see here, the test-stat is higher than the critical values, and we fail to reject the null hypothesis of a unit 

root. Thus, the time series is non-stationary at level values.  

Now that we have established that this is not an I(0) process, we need to check whether or not it is an I(1) process. 

As mentioned above, we need to check for unit root at a higher order of integration. At first differenced levels, we 

get a test-stat of -7.0511 which is lower than the all the critical values, and the process is stationary. Thus, OMA 

follows an I(1) process. By looking at the plotted values of the I(1) process in Figure 17, we can see that the data 

is stationary, with minor fluctuations around zero.  
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Figure 17: Output of differenced LN real average square meter price, apartments, Oslo Metropolitan area 1992(Q2)-2017(Q4) 

 
Source: Eiendomsverdi 

By following this procedure, we have managed to establish which time series that follow an I(0) process and which 

who do not. The results are presented in the analysis chapter.  

5.3 Co-integration  
When we investigate for ripple effects, we are more specifically examining the interactions between regions and 

metropolitan areas across Norway. The co-integration between these areas is an important part of our research in 

order to understand which interactions that are present. If there is co-integration between two areas, it means that 

they share a common stochastic trend. In other words, there is a stable long-term equilibrium relationship between 

the two areas, and they cannot drift too far from each other on a permanent basis (Stock & Watson, 2015). As 

explained in chapter 5.2, when investigating co-integration in financial time series such as house prices, the time 

series must follow an I(1) process or higher. Two variables are co-integrated if there is a linear combination which 

is stationary when the time series are in levels.   

Co-integration analysis is often tested with either: 1) Engle-Grangers two-step estimation method; or 2) Johansen’s 

Maximum Likelihood method using either trace statistics or maximum eigenvalue statistic. 

This study uses the Johansen’s method due to numerous shortfalls of the Engle-Granger test. The first is the 

simultaneous equations bias, which is evident if there is causality running in both directions between X and Y. 

Dual causality are often present in former ripple effect studies.  The method furthermore requires that we normalize 

the dependent variable, and thereby treat X and Y asymmetrically even though there is no theoretical 

argumentation behind the process (Brooks, 2014). Another problem is that the method requires a larger sample 

size to avoid a reduced power of the test. With the finite sample problem, the test can provide different conclusions 
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based on which variable that are treated as dependent and independent. Lastly, there is no possibility for hypothesis 

testing.  

The Johansen test eliminates the problem with simultaneous equation bias, and it is possible to perform hypothesis 

tests (Brooks, 2014). The Johansen test is a maximum likelihood method that can determine the number of co-

integrated vectors in a non-stationary Vector Autoregressive model, more commonly known as VAR model. A 

VAR model is a combination of univariate time series models and simultaneous equation models. For instance, if 

there are two variables in a VAR system, there are also two dependent variables in the model. These variables are 

dependent on its own lagged values as well as the others’ lagged values. Such VAR systems are the foundation of 

the Johansen test. When building a VAR model, one must specify the number of lags to implement (Brooks, 2014). 

As stated in the previous subchapter, more lags reduce the probability of autocorrelation, but it also lowers the 

sample power of the test. Therefore, it is preferable to choose the lowest amount of lags that can remove the 

presence of autocorrelation. The implications of autocorrelation are discussed later in this section. 

Johansen test can be performed either bivariate or multivariate. Bivariate testing is between two variables, and 

multivariate testing is with three or more variables. The Johansen test is restricted to a maximum of 11 variables 

in our statistical software, which would be challenging when testing on a regional level. Furthermore, the degree 

of autocorrelation increased for every variable added to the VAR model in pre-testing. Thus, we have chosen to 

build our models with a bivariate structure, even though we limit the thesis from the possibility to investigate co-

integration within systems containing more variables.  

The Johansen test determined the number of co-integrated vectors in a VAR model. When the test is used on 

bivariate models, the maximum number of co-integrating vectors are one. We use a transitory approach of the 

Johansen test (Oikarinen, 2007). A transitory approach is that the co-integrating vector denoted αβ′𝑌𝑡−1 are placed 

in t-1 instead of t-k. This have no implication for the test statistics or critical values, but it affects the interpretation 

when we test the alpha-coefficient.   ∆𝑌𝑡 = αβ′𝑌𝑡−1 + Γ1∆𝑌𝑡−1 + Γ2∆𝑌𝑡−2 + ⋯ + Γ𝑘−1∆𝑌𝑡−(𝑘−1) + 𝜇𝑡                                           (4) 

𝑌𝑡 = (𝑛 ∗ 1) Vector of the two non-stationary time series in each bivariate test (Brooks, 2014). Γ𝑖 = (𝑛 ∗ 𝑛) matrix of coefficients. 𝛼 = (𝑛 ∗ 𝑟) matrix of error correction coefficients where 𝑟 is the number of co-integrated relationships in the 

variables we are testing in each test, and 0 < 𝑟 < 𝑛. The alpha measures the speed of adjustment that each co-

integrated variable use to adjust back to their equilibrium from the disequilibrium in t-1.  
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𝛽 = (𝑛 ∗ 𝑟) matrix of 𝑟 co-integrating vectors (maximum one), so that 0 < 𝑟 < 𝑛. The beta represents the long-

run equilibrium between the two variables if they are co-integrated.  

There are two test-statistics for co-integration with the Johansen Method; the trace test, and the maximum 

eigenvalue. In practice, there is no difference between using the trace test or the maximum eigenvalue if the test 

is bivariate. Thus the same conclusion are drawn (Lütkepohl, 2005). We have decided to use the trace test 

throughout our paper.  

The trace test has the following hypothesis (Brooks, 2014): 𝐻0: 𝑟 = 0 null hypothesis of no co-integration 𝐻1: 𝑟 > 0 alternative hypothesis of co-integration 

The trace test uses the following formula, and a significant non-zero eigenvalue indicates a significant co-

integrated vector between the variables in our bivariate test.  𝜆𝑡𝑟𝑎𝑐𝑒 (𝑟) =  −𝑇 ∑ ln (1 − 𝜆𝑖)𝑛𝑖=𝑟+1                                        (5) 

The critical values for the test statistic are non-standard and depend on the value of n-r, the number of non-

stationary components and whether a constant is included in the equation. First, if the test statistic reported is 

greater than the critical value, the null hypothesis is rejected (Brooks, 2014). Then, it is tested if 𝑟 ≤ 1, failure to 

reject the new null hypothesis indicates that the co-integrating rank is equal to one. Thus a co-integrated 

relationship is evident. If there is co-integration the VAR model are converted into a Vector Error Correction 

Model or VECM. The VECM includes the term αβ′𝑌𝑡−1 which accounts for the stable long-term equilibrium.  

The critical values are reported with 10%, 5% and 1% level of significance. It is possible to run hypothesis tests 

on the alpha and the beta-value in the VECM. The hypothesis test for beta is not relevant for our assignment as it 

tests in a system if one variable is significant in the co-integration equation (Brooks, 2014). In a bivariate system, 

both variables need to be significant if there is co-integration, thus a beta test would not change the conclusion. 

However, we can run tests on the alpha value in the VECMs between two co-integrated time series. The test 

examines whether one variable drives the other if there is a disequilibrium in t-1. By doing this, we can determine 

if it is only one of the variables that adjust according to the other variable in order to accomplish long-term 

equilibrium. This test can only be performed if R >0. 
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The Alpha hypothesis test is a likelihood ratio test with chi-square distribution with reported p-values. We are not 

going further into detail regarding the methodology behind the alpha test as we consider it outside of the scope of 

this paper. However, we consider the understanding of which region or metropolitan area that are adjusting in a 

co-integration as valuable. For further insights regarding hypothesis testing in VECM-models see Likelihood-

Based Inference in Cointegrated Vector Autoregressive Models by Søren Johansen. 

Due to the possibility of autocorrelation, heteroscedasticity and non-normality in the model, it is necessary to run 

diagnostics on the VAR models before the Johansen test. Bernard Pfaff recommended this set of diagnostic tests 

to ensure the quality of the data (Pfaff, 2008). Autocorrelation is evident when the regressions error term 𝑢𝑡 are 

correlated with 𝑢𝑡−1. With autocorrelation, there is a possibility that the wrong inferences could be made of 

whether a variable is an important element to explain the variations in Y. The coefficient estimates are still 

unbiased, but they are inefficient, and can increase the probability of rejecting the null hypothesis, when it actually 

is true (Brooks, 2014). In order to test for the presence of autocorrelation, we applied the Portmanteau test, which 

is a general test for model-misspecification. We use the Portmanteau test to specify an appropriate number of lags 

in our VAR models. Based on the “frequency of the data” approach for selecting lags that were mentioned earlier, 

we have chosen to set a maximum of six lags, the frequency plus two. In addition, we have set two lags as a 

minimum, which is the lowest number of lags possible in the Johansen test. Further, we have tested each VAR 

model for autocorrelation with two lags to begin with. If it proves no autocorrelation, we have chosen to use two 

lags for that particular VAR model. However, if the model still is autocorrelated, we perform the test with three 

lags, and so forth up to six lags. If a VAR model is autocorrelated at all lag specifications, the VAR model is 

removed from our analyses. That is, for the co-integration-, Granger causality- and impulse response analysis. This 

approach is in line with previous studies (Teye, Knoppel, de Haan, & Elsinga, 2017). This solution minimizes the 

presence of autocorrelation in our case and is, therefore, an appropriate choice of model. Summarized, we use the 

lowest number of lags, denoted k, where the VAR does not contain autocorrelation. 

Heteroscedasticity is a situation where the variance of the errors is not constant. A model with constant errors is 

said to be homoscedastic and provides more precise results. The consequence of heteroscedasticity in a model is 

that the standard error may be wrong and in turn can provide somewhat misleading results. In general, 

homoscedasticity is preferable but not critical in order to proceed with the data for further analyses (Brooks, 2014). 

To test for heteroscedasticity, we are using a multivariate ARCH-LM test on the errors. ARCH is a phenomenon 

where the error variance changes over time instead of changing systematically with the associated independent 

variable. This test identifies to what extent the variance of the error term is constant (Pfaff, 2008).  
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In these models, it is assumed that the error term follows the normal probability density function. However, Jarque 

and Bera suggest that the error term in some cases are in fact non-normal. If such non-normality is present, it can 

have several implications on the results that in sum reduce the accuracy of the estimates. These implications 

include suboptimal estimators, invalid inferential statements and inaccurate conclusions (Jarque & Bera, 2009). 

With this in mind, it seems reasonable to test whether or not our models contain non-normality. To do this, we 

have chosen to use the Jarque-Bera test for non-normality. Note that, we do not remove any model from our 

analyses if they prove to be exposed to non-normality. We only emphasize the presence where it is necessary as it 

reduce the accuracy of the results.  

5.4 Causality 
If a time series is useful to predict another time series in the short term, Granger causality is present. A time series, 

X, Granger causes Y if the past values of X, after controlling for past values of Y, help to predict future values of 

Y. In our research, Y are the price changes in one region and X in another region in a bivariate test. A more precise 

expression would be Granger predictability, but the common expression is Granger causality (Stock & Watson, 

2015). Throughout the thesis, causality or causal effects refer to Granger causality.   

This paper uses a modified test developed by Toda and Yamamoto, which is called TY-CG. The TY-CG test 

provides several advantages when studying the lead-lag effect in our research. The original formulation by Granger 

is only applicable if the series is stationary and needs to be modified if there is co-integration between the time 

series. Testing for Granger-causality using F-statistics, where one or both of the time series are non-stationary, can 

lead to spurious causality (He & Maekawa, 2011). 

The TY-CG test can be applied to VAR models that contains time series that are stationary around a deterministic 

trend, integrated of arbitrary orders, and/or co-integrated (Toda & Yamamoto, 1995). The test can be performed 

on non-differenced series with the usage of the Wald criterion and the Wald-test statistic. To be able to use the 

asymptotic distribution of the Wald test-statistics the TY-CG applies one simple modification. The models test the 

VAR(k) model applied to the co-integration test with d additional lags. The d represents the maximum order of 

integration of the variables in each VAR model from the stationarity test. The test is therefore on an augmented 

VAR(k+d). In the test specification, the augmented VAR(k+d) are used, and the Granger causality tested are on 

the first k lags. This approach secures that the Wald test-statistic can be applied.   

Equation 6 and 7 form the basis of each bivariate test for causal relation as illustrated below. In equation 6, we test 

if the past values of X can predict future values of Y. In equation 7, we test if future values of Y help to predict 

future values of X. 
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       𝑌1𝑡 = 𝐶1 + 𝐵111 𝑌𝑡−1 + 𝛽112 𝑋𝑡−1 + 𝐵121 𝑌𝑡−2 + 𝐵122 𝑋𝑡−2 + ⋯ + 𝐵1𝑘1 𝑌𝑡−𝑘 + 𝐵1𝑘2 𝑋𝑡−𝑘 + 𝜀1𝑡                     (6) 

      𝑋2𝑡 = 𝐶2 + 𝐵211 𝑋𝑡−1 + 𝛽212 𝑌𝑡−1 + 𝐵221 𝑋𝑡−2 + 𝐵222 𝑌𝑡−2 + ⋯ + 𝐵2𝑘1 𝑋𝑡−𝑘 + 𝐵2𝑘2 𝑌𝑡−𝑘 + 𝜀2𝑡                     (7) 

The notation for equation 6 and 7 should be interpreted as follows. 𝐶1 and 𝐶2 are the constants in each equation 

and the subscripts indicates if it the first of the two equations or the second. 𝛽112 𝑋𝑡−1 is the observation of X in the 

previous time period. The beta value are denoted with two in the superscript and it is one of the beta values of X 

on Y we are testing. Furthermore, the first digit in the subscript indicates that it is the first of the two equations 

and the second digit indicates that it is the first beta value for X. We test for all beta values for X up to k decided 

by the number of lags in the VAR model. To make the interpretation more understandable, we can use an example. 

If we have identified that there is no autocorrelation between two of our time series with two lags, the VAR(k) 

model contains two lags. Thereafter, we create a new augmented VAR(k+d) model containing three lags, provided 

that the maximum order of integration is one in the pairwise variables. Thereafter, we test the beta values for the 

two first lags as the last lag have a coefficient of zero.  

The k beta values are tested with the following hypothesis:  𝐻0: 𝐵112 = 𝐵122 =. . . = 𝐵1𝑘2  X has no short-term significance for Y 𝐻1: 𝐵112 ≠ 𝐵122 ≠. . . ≠1𝑘2  ≠ 0 X has a short-term significance for Y 

Causality can run in both directions, and we test in a dual manner. We create a new VAR(k+d) model with X as 

the dependent variable as shown in equation 7. The second equation uses the same method, but we look at the beta 

values for k number of lags for Y and if it can predict 𝑋2𝑡. 

The hypothesis for the second equation is: 𝐻0: 𝐵212 = 𝐵222 =. . . = 𝐵2𝑘2  Y has no short-term significance for X 𝐻1: 𝐵212 ≠ 𝐵222 ≠. . . ≠2𝑘2  ≠ 0 Y has a short-term significance for X 

With a Wald test, one can test whether the beta values have any significance for the model. The tests check if any 

of the independent values in the model can be taken out without changing the results of the model which means 

that the beta values have a value of zero (Gong, Hu, & Boelhouwer, 2016). If we reject the hypothesis, and one or 

several of the beta values are significantly different from zero, we can say that one region/metropolitan area has 

influence or statistically significant effect on another region/metropolitan area. This means that price changes in 

one region/metropolitan area have a short-term predictability on the price changes in another region/metropolitan 
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area. This can be understood as the ripple effect. We are not aware of the possible direction of the ripple effect in 

the Norwegian housing market. Hence we test the effect from Y to X, and vice versa. Furthermore, we are not 

certain of which region the ripple effect originates or how the effect moves. Therefore, we test between all regions. 

Several assumptions needs to be fulfilled to secure the quality of the results of the tests. The assumptions are no 

endogeneity, no perfect multicollinearity, no autocorrelation and that large outliers are unlikely (Stock & Watson, 

2015). Furthermore, the error terms should not contain non-normality, have homoscedastic errors and the variables 

should be independently and identically distributed.   

The assumption of no endogeneity is whether the independent variable is correlated with the error term of the 

model. If present, endogeneity can create inconsistent estimates. This may be due to autocorrelation, which is 

previously discussed. Another possible reason is simultaneous causality. In our study, we may find that Y and X 

Granger causes each other when we investigate for the ripple effect. Since we are testing bivariate tests with 46 

variables, we have decided not to include a qualitative judgment of each pairwise model. We have therefore 

accepted the possible implications of endogeneity.    

The second assumption is no perfect multicollinearity. Perfect multicollinearity is when one of the variables is a 

perfectly linear function of another variable. A more relevant aspect is the case of imperfect multicollinearity. 

Imperfect multicollinearity are evident if two variables are highly correlated and the coefficient of at least one of 

the individual variables are therefore imprecisely estimated due to higher variance. In our study, we assume that 

the house prices in our selected regions and metropolitan areas tend to follow each other to some degree and 

therefore might be correlated. The correlation leads to the t-test statistics, for the independent variable, to be less 

significant, as the other variable can explain the same. We have corrected for the imperfect multicollinearity when 

performing the IRF as we include an error correction term based on the results of the Johansen test. The TY-CG 

approach are robust whether there is co-integration or not, and thereby imperfect multicollinearity as well. 

The assumption of autocorrelation are covered earlier in 5.3. 

The fourth assumption is that large outliers are unlikely. Large outliers are apparent if either 𝑌𝑖, 𝑋𝑖  or both are far 

outside the usual range of data. The definition of a large outlier is made mathematically precise by assuming that 

X and Y have finite kurtosis (Stock & Watson, 2015). If there are large outliers in the data, our results may be 

misleading. As explained earlier, the second step of the seasonality adjustment removes any evident outliers.  

Another assumption is that the X and Y variables in each model (dependent and independent) are independently 

and identically distributed. This assumption holds if the data is collected by simple random sampling. The data 
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may contain autocorrelation between close observations if the data are not randomly sampled. This violate the 

assumption regarding independence between the variables. The implications of autocorrelation are already covered 

above.   

The remaining assumption of normality and homoscedastic errors are covered earlier in 5.3. 

5.5 Impulse response analysis 
To better understand the effect each variable have on each other, one can perform an impulse response analysis. 

This analysis is essentially about testing whether a variable reacts to a shock in another variable, and to what extent 

the variable is affected. An impulse response analysis supplements the Granger causality analysis, as it illustrates 

which variables that are caused by a shock in a specific variable as well as the response time of the responding 

variables. The analysis is an experiment that uses the lagged values of each variable to predict how the variables                    

behaves in the future if there is a shock in one of the variables. In our analysis, a shock is one unit change upwards 

in only one variable. One unit is defined as one standard deviation of the error term in one of the variables in the 

VAR model (Pesaran, 2015). The IRF is constructed in a way were the effect are decreasing with time. To 

exemplify, if there is a shock in the house prices of Oslo, the IRF estimate how much e.g., Akershus’ house prices 

change due to the shock and in what direction. It also provides estimates of the change in each period for a chosen 

time frame. In our analyses, one period is a quarter of a year as this is the frequency of the data. The time frame is 

set to 12 periods, i.e., three years. In the process of specifying the IRF, one must also decide whether to apply an 

orthogonalized or a generalized approach. In the orthogonalized model, the ordering of the variables in the model 

must be organized so that the variables are sorted from the one most affected by the impulse to the one least 

affected by the impulse. In many cases, it can be challenging to organize the variables correctly and thereby 

obtaining a correctly specified model. The generalized method does not consider the ordering of the variables. 

Thus, it removes the risk of misspecification of the model in that way (Pesaran, 2015). We have chosen to apply 

a generalized impulse response function for our estimations; this is in line with Gong et al.’s model choice (Gong, 

Hu, & Boelhouwer, 2016). 

The following calculation example, to a large extent taken from Brooks, illustrates how the function operates in a 

bivariate VAR(1) model (Brooks, 2014): 𝑦𝑡 = 𝐴1𝑦𝑡−1 + 𝑢𝑡                        (8) 

𝑤ℎ𝑒𝑟𝑒 𝐴1 = [0.4 0.10.2 0.3] 
𝑎𝑛𝑑 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑡ℎ𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠  
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The VAR can also be written out using the elements of the matrices and vectors as 

 [𝑦1𝑡𝑦2𝑡] = [0.4 0.10.2 0.3] [𝑦1𝑡−1𝑦2𝑡−1] + [𝑢1𝑡𝑢2𝑡]                      

𝑤ℎ𝑒𝑟𝑒 𝑦1𝑡 𝑎𝑛𝑑 𝑦2𝑡 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑡ℎ𝑒 𝑡𝑤𝑜 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑏𝑖𝑣𝑎𝑟𝑖𝑎𝑡𝑒 𝑉𝐴𝑅 𝑚𝑜𝑑𝑒𝑙 
Consider the effect at time 𝑡 = 0,1, …, of a unit shock to 𝑦1𝑡 at time 𝑡 = 0 

𝑦0 =  [𝑢10𝑢20] = [10]                                    

    𝑦1 = [0.4 0.10.2 0.3] [10] = [0.40.2]                            

 𝑦2 = [0.4 0.10.2 0.3] [0.40.2] = [0.180.14]                            

And so on. As shown, the shock was set to the 𝑦1𝑡 variable. If we set the shock to 𝑦2𝑡 instead, ceteris paribus, it 

look like this: 

𝑦0 =  [𝑢10𝑢20] = [01]                              

      𝑦1 = [0.4 0.10.2 0.3] [01] = [0.10.3]                          

 𝑦2 = [0.4 0.10.2 0.3] [0.10.3] = [0.070.11]                            

And so on.  

This example clearly illustrates how a variable affects the other variable in the VAR model. In order to compute 

the impulse responses, we compute the estimates based on the same VAR models that we have used in co-

integration and Granger causality analyses. However, in the cases where we have found evidence of a co-integrated 

relationship, we have transformed the VECM used in the Johansen test to account for the co-integrated rank in the 

VAR model where it is appropriate.  
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6. Analysis of Ripple Effects  
Our analysis follows the structure described in the research design. Prior to the analysis, the seasonal effects for 

both the regions and the metropolitan areas are removed. The bivariate Johansen test requires all time series to be 

stationary at the same order of integration. Therefore, we test for stationarity preliminary to the analysis. 

Subsequently, we construct the VAR-models required in the analysis and perform autocorrelation, non-normality 

and heteroscedasticity diagnostics of the models. The co-integration test is where we can determine if there is a 

long-term equilibrium between markets. Furthermore, we are able to identify which areas that are adjusting in each 

co-integrated relation to reach equilibrium in the alpha-coefficient test. The results from the co-integration test are 

compared to our results from the causality test. The TY-CG test can be performed regardless of co-integration 

between the time series, and with stationarity in different orders. This approach provides the advantage that we 

can determine if there are short-run causal effects regardless if we are able to test for co-integration. Therefore, 

the test is performed on all regions and metropolitan areas if they are not removed due to autocorrelation. The 

results from the causality test form the main basis of our conclusion. The last part of our analysis simulates and 

forecast shocks to various regions and metropolitan areas with an IRF analysis. The IRF are performed either on 

a VECM converted to a VAR model if there previously have been proved co-integration, or on an original VAR 

model if there is no co-integration present. The IRF displays how one region/metropolitan area respond to a shock 

in another region/metropolitan area. 

Our conclusion is based on various statistical tests, and the significance level determines our final interpretation. 

We have decided to use a significance level of 5% as a threshold for all of our tests and only, if appropriate, report 

findings based on a critical level of 10%. We use the natural logarithm (LN) of the house prices’ values for each 

observation throughout our analysis. The argumentation behind using LN is that we are looking at price changes 

over time. The change in LN between two observations is the same as the percentage change between the same 

observations. 

6.1 Metropolitan analysis – Apartment market 
6.1.1 Seasonality  

In advance of our investigation of ripple effects, the X13-ARIMA-SEATS program ensures that the time series is 

not containing seasonality that may lead to autocorrelation. Each time series are tested and adjusted individually. 

Different seasonal fluctuations, non-seasonal effects and/or outliers might influence each region and metropolitan 

area. Thus, the optimal seasonal adjustment may vary. After the seasonal adjustment, each of the observations is 

updated in accordance with the appropriate model and can be used for further testing. In Figure 18 the 

transformation is graphically illustrated by X13-ARIMA-SEATS for the house price development of apartments 
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in the metropolitan area of Sarpsborg/Skien where the green line is the transformed series compared to the original 

blue one. 

Figure 18: Output from X13-ARIMA-SEATS with original price development (blue line) and seasonally adjusted (green line) for 
Sarspborg/Skien . average square meter prices for apartments 1992(Q1)-2017(Q4), metropolitan area analysis 

 
Source: Eiendomsverdi 

 

 

 

 

 

 

 

Source: Eiendomsverdi 

The advantage of X13-ARIMA-SEATS, as described in the theory of seasonal adjustment, is the removal of 

seasonality, residual autocorrelation and non-normal distribution of the residuals, as far as possible. The test scores 

from these tests are printed in Figure 19. As the example shows, there is weak evidence of residual autocorrelation. 

Since our level of significance threshold is 5%, we will not remove Sarpsborg/Skien from further analysis. 

Figure 19: Output from X13-ARIMA-SEATS with reported seasonality, residual autocorrelation and normality, Sarpsborg/Skien, average 
square meter prices for apartments 1992(Q1)-2017(Q4), metropolitan area analysis 
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However, we note that this may affect our following conclusion. All other metropolitan areas are reported with no 

seasonality, no residual autocorrelation and normal distribution of the residuals for metropolitan area apartments.  

6.1.2 Stationarity 

After the seasonal adjustment, the next step is to establish the order of integration for the different time series. The 

results provided in this chapter follow the procedure described in subchapter 5.1. In Table 5, we have listed all the 

test-statistics for non-differenced variables. All time series have been specified with a time trend at first; however, 

if the time trend was insignificant at a 5% level, we re-specified the test for those metropolitan areas.  

Table 5: Results from Augmented Dickey fuller test at 0. order of integration with and without trend, average square meter prices for 
apartments 1992(Q1)-2017(Q4), metropolitan area analysis 

 

 

 

 

 

 

 

 

Source: Eiendomsverdi 

Table 6: Critical values for Augmented Dickey Fuller test with and without trend 

 

 

 

Source: (Hamilton, 1994) and (Dickey & Fuller, 1981) 

As shown in Table 5, six of the variables did not possess a significant time trend. The different variables are 

assessed by their test-statistic estimated in their respective models. Because co-integrated relations depends on the 

variables to be non-stationary at level values, i.e., cannot follow an I(0) process, it is a requirement that the variable 

fails to reject the null hypothesis in the ADF-test. As stated in subchapter 5.1, the test-statistic must be lower than 

Metropolitan area w/trend w/drift 

OMA -2.7072   

Bergen   -2.2121 

Stavanger/Sandnes   -1.687 

Trondheim   -2.0838 

Fredrikstad/Sarpsborg -2.107   

Porsgrunn/Skien -3.0215   

Drammen -2.7933   

Kristiansand   -2.2543 

Tønsberg   -2.3853 

Ålesund   -3.4007 

Pct. w/trend w/drift 

1% -3.99 -3.46 

5% -3.43 -2.88 

10% -3.13 -2.57 
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the critical values in order to reject the null hypothesis of a present unit root. The critical values differ between a 

specification with and without a time trend. Thus, OMA, Drammen, Fredrikstad/Sarpsborg and Porsgrunn/Skien 

must be assessed against other critical values than the rest. All critical values are listed in Table 6.    

As it appears in Table 5, Ålesund rejects the null hypothesis of a unit root with 95% certainty. It follows an I(0) 

process and is not applicable in the co-integration analysis. The remaining variables fail to reject the null 

hypothesis at level values. In Table 7, the variables have been differenced and tested whether it is an I(1) process 

or not. 

Table 7: Results from Augmented Dickey fuller test at 1. order of integration, average square meter prices for apartments 1992(Q1)-
2017(Q4), metropolitan area analysis 

Metropolitan area Test-statistics  

OMA -5.916 

Bergen -6.0885 

Stavanger/Sandnes -2.5143 

Trondheim -6.7428 

Fredrikstad/Sarpsborg -9.4237 

Porsgrunn/Skien -9.2572 

Drammen -8.751 

Kristiansand -9.7811 

Tønsberg -7.0768 
Source: Eiendomsverdi 

As shown in Table 7, all variables are able to reject the null hypothesis at a 5% level, except for Stavanger/Sandnes. 

Stavanger/Sandnes need to be differenced at least once more in order to become stationary. In our co-integration 

analysis with the Johansen test, all variables must be integrated at the same order (Oikarinen, 2007); this implies 

that this variable must be excluded for the co-integration analyses as it does not satisfy the models’ requirements. 

The remaining variables follow an I(1) process and are thereby applicable to the Johansen test. In sum, we can 

analyze the co-integrating relations between all variables except for Ålesund and Stavanger/Sandnes.  

6.1.3 Lag selection and diagnostics 

VAR models are used in all of our tests. That is, co-integration, Granger causality, and IRF analysis. The 

importance of avoiding autocorrelation was emphasized subchapter 5.3. Thus it is critical to select an appropriate 

number of lags in the VAR models in order to remove its presence. Recall that we have approached the task with 

inspiration from a previous ripple effect study (Teye, Knoppel, de Haan, & Elsinga, 2017), and test for 

autocorrelation with the lowest possible number of lags, two, then increase the lag number by one up to and 

including six lags. In Table 8, we have summarized our conclusion regarding optimal number of lags. We have 
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decided to remove Fredrikstad/Sarpsborg from the rest of the analysis since all models except one are removed 

due to autocorrelation. The lack of viable data makes it difficult to make any reasonable conclusions regarding 

Fredrikstad/Sarpsborg. The interpretation of Table 8 is that each bivariate model is the cell which refers to the city 

in the row and in the column. We have marked the models that are removed due to autocorrelation with “AC” in 

the respective orange cell. The green cells indicate a VAR model are retained and the number in the cell is the 

final number of lags.      

Table 8: Overview of final lags for bivariate VAR-models after Portmanteau test for autocorrelation, average square meter prices for 
apartments 1992(Q1)-2017(Q4), metropolitan area analysis 

MA OMA Bergen StaSan FreSar Trondheim PorSki Drammen Kristiansand Tønsberg Ålesund 

OMA           

Bergen 2          

StaSan 2 2         

Trondheim 2 2 2        

FreSar AC AC AC AC       

PorSki 2 2 2 AC 2      

Drammen 2 2 2 AC 2 2     

Kristiansand 2 2 2 2 2 2 2    

Tønsberg 2 AC 2 AC 2 2 2 2   

Ålesund 3 AC 3 AC AC 3 AC 3 AC  

Source: Eiendomsverdi 

The VAR models are built with a bivariate structure. All the metropolitan areas have been combined with all of 

the other metropolitan areas pairwise. By ignoring all models containing Fredrikstad/Sarpsborg, five cases of 

autocorrelated VAR models remain. Four of the VAR models that have been removed due to autocorrelation 

contained Ålesund. This means that half of the VAR models built with Ålesund must be removed from further 

analyses. Ålesund variable seemingly appeared as reliable in the seasonality adjustment analysis. The pairwise 

results indicate that the VAR models containing Ålesund have a tendency to possess autocorrelation. Apart from 

the Ålesund relations, the model containing Bergen and Tønsberg also possess autocorrelation. In sum, we can 

observe that the dataset has been reduced. which leads to a more narrow analysis of the dynamics in this segment 

of the housing market.  

In addition to the autocorrelation tests, we have run two additional diagnostic tests as described in subchapter 5.1, 

namely heteroscedasticity and non-normality. To begin with, we present the results of heteroscedasticity; the 
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results are summarized in Table 9. The results should be interpreted as follows; “AC” in orange cells are the VAR 

models already removed due to autocorrelation. “NO” in red cells, means that we failed to reject the null hypothesis 

of homoscedasticity. 1% and 5%, in the green cells, indicate the significance level the null hypothesis can be 

rejected. 10% in the yellow cells indicate that we can reject the null hypothesis with weak evidence. The alternative 

hypothesis is heteroscedasticity. Recall that we have chosen 5 percent as the limit for rejecting the null hypothesis. 

However, we believe it provides added value to the analysis to mark which VAR models that is a case of doubt.  

Table 9: Results from ARCH-LM test for heteroscedasticity, average square meter prices for apartments 1992(Q1)-2017(Q4), 
metropolitan area analysis 

MA OMA Bergen StaSan Trondheim PorSki Drammen Kristiansand Tønsberg Ålesund 

OMA          

Bergen 5%         

StaSan 10% 10%        

Trondheim 1% 10% 1%       

PorSki 1% 1% 1% 1%      

Drammen 1% 1% 1% 1% 1%     

Kristiansand 1% 5% 5% 1% 1% 1%    

Tønsberg 1% AC 1% 1% 1% 1% 1%   

Ålesund 1% AC 1% AC 1% AC 1% AC  

Source: Eiendomsverdi 

From the Table 9, the majority of the models indicate a present heteroscedastic nature. As stated in subchapter 5.3, 

this is a disadvantageous result. More specifically, it implies that the standard errors may be wrong and that the 

results might be less precise, and even misleading in some cases. Despite these findings, we choose to proceed 

with the VAR models. Studies have found that the presence of heteroscedasticity does not affect the results of co-

integration tests such as the Johansen method (Cavaliere, Rahbek, & Taylor, 2010). Other studies tested whether 

ARCH effects affected the test results, and found that no significant changes were present (Gonzalo, 1994). 

Furthermore, we have noted that throughout the literature study, Oikarinen is the only one commenting any issues 

regarding heteroscedasticity. Oikarinen argued that its presence does not conflict with his results (Oikarinen, 

2007). Based on former studies, we believe that it is acceptable to proceed with the data. However, we also believe 

that highlighting its existence add value to our research as we have diagnosed the data and discussed its reliability 

afterward.  
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The last diagnostic test is concerning non-normality. Similar to the results of heteroscedasticity, a significant 

amount of non-normal distributions are found. Table 10 displays the results, and it should be interpreted by the 

same logic as the Table 9 showing the heteroscedasticity results.  

Table 10: Results from Jarque-Bera test for non-normality, average square meter prices for apartments 1992(Q1)-2017(Q4), 
metropolitan area analysis 

MA OMA Bergen StaSan Trondheim PorSki Drammen Kristiansand Tønsberg Ålesund 

OMA          

Bergen 1%         

StaSan 1% 1%        

Trondheim 1% 1% 1%       

PorSki 1% 1% 1% 1%      

Drammen 1% 1% 1% 1% 1%     

Kristiansand 5% NO 5% 1% 1% 1%    

Tønsberg 1% AC 1% 1% 1% 1% 1%   

Ålesund 1% AC 1% AC 1% AC 1% AC  

Source: Eiendomsverdi 

From Table 10, we can observe that only one model is normally distributed. As stated in subchapter 5.3, the 

implications are that conclusions might be inaccurate. Again, despite the risks of applying non-normal data, 

Gonzalo argues that its presence would not affect the results provided in co-integration analyses (Gonzalo, 1994). 

In addition, non-normality have not been a focus in the leading research presented in our literature study. By the 

same logic as presented regarding the implications of heteroscedasticity, we believe it is acceptable to proceed 

with the data.  

6.1.4 Co-Integration 

The selected VAR models are tested for bivariate co-integration between each pair of metropolitan areas. The 

Johansen-test determines, as discussed in 5.3, if there is a rank of zero or one co-integrated vectors. If the results 

indicate a rank of one, there is a long-term co-integration between the two respective metropolitan areas. The co-

integration can be interpreted as a stable long-term equilibrium. In accordance with other tests, we conclude based 

on a significance level of five percent. If there is weak evidence, meaning a level of significance between five to 

ten percent, we still conduct a test for the alpha value in the αβ′𝑌𝑡−1vector. The results of the alpha tests provide 

interesting insights in the internal dynamics, even though the evidence for co-integration is weak.    
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The co-integrated relationships between the metropolitan areas are found in Table 11. If the cell is empty, there is 

no evidence for a co-integration relationship. The green cells with “Co-int” are indicating a rank of one and thereby 

a co-integration between the metropolitan areas. If the cell is yellow with “5-10%”, it indicates a test statistic 

between five to ten percent significance of a rank of one. 

Table 11: Results from Johansen test for co-integration, Apartments 1992(Q1)-2017(Q4), average square meter prices for apartments 
1992(Q1)-2017(Q4), metropolitan area analysis 

MA OMA Bergen Trondheim PorSki Drammen Kristiansand Tønsberg 

OMA        

Bergen        

Trondheim        

PorSki        

Drammen 5-10%       

Kristiansand        

Tønsberg Co-int  Co-int     

Source: Eiendomsverdi 

The results for the three co-integrated time series are found in Table 12. The table reports the test statistic and the 

critical values at 10%, 5% and 1% for 𝐻0: 𝑟 = 0. If we can reject that 𝑟 = 0, the alternative hypothesis suggests 

that the rank is one, i.e. co-integration is present. 

Table 12: Reported test-statistics and critical values for Johansen test, average square meter prices for apartments 1992(Q1)-2017(Q4), 
metropolitan area analysis 

Metropolitan areas Test 10% 5% 1% 

OMA-Drammen 17.72 15.66 17.95 23.52 

OMA-Tønsberg 21.26 15.66 17.95 23.52 

Trondheim-Tønsberg 22.33 15.66 17.95 23.52 

Source: Eiendomsverdi 

In the housing market for apartments, there are two co-integrated relations with 5% level of significance and one 

co-integration with weak evidence between 5-10%. Both of Tønsberg’s co-integrations indicate a strong relation, 

and the house prices of Tønsberg cannot drift too far apart from the prices in OMA and Trondheim. The relation 

between OMA and Tønsberg are as expected as they are closely located and in line with our expectation of OMA 

being a leading metropolitan area of the housing market dynamics. The more surprising result is that Trondheim 

and Tønsberg have the most significant indication of co-integration. In contrast to the OMA-Tønsberg relation, 

the co-integration cannot be explained by geographical proximity. It may be due to economic structures or other 
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unknown underlying reasons. Together, there are indications of Trøndelag, OMA, and Tønsberg having a long-

term relation as a group. This is because both Trøndelag and OMA have a significant co-integration with Tønsberg. 

Furthermore, there is weak evidence of co-integration between OMA-Drammen. OMA-Drammen reject the null 

hypothesis with a significance level between 5%-10% and the metropolitan areas are geographically close. 

Summarized there are not many co-integrations in the housing market for apartments.  

The Johansen test for co-integration also includes the possibility to test the alpha value. The alpha value represents 

the adjustment speed back to equilibrium from the disequilibrium in the previous quarter. Therefore, we understand 

how responsive the price change is for each metropolitan area in the co-integrated relation. However, the alpha 

test determines if both areas adjust to reach equilibrium, of if only one adjust according to the other. For all co-

integrated relationships, we found that one variable adjusts according to the other. In the model with OMA and 

Drammen, the alpha test reveals that Drammen adjust to reach equilibrium. Furthermore, we found that Tønsberg 

adjust as well compared to OMA. These findings are somewhat expected as OMA are larger and the main 

economic center. As for the relation between Trondheim and Tønsberg, Tønsberg adjust to reach equilibrium.  

6.1.5 Causality 

The next step in the analysis is to look into the causality effects between the metropolitan areas. If there is causality 

between two or several metropolitan areas in Norway, it determines our conclusions regarding ripple effects. As 

described in subchapter 5.4, we are able to test all of the metropolitan areas even if they follow different orders of 

integration. This means that we can include all metropolitan areas, even Stavanger/Sandnes and Ålesund, which 

could not be tested for co-integration. We believe that the short-term causality effects are still valuable to 

investigate for these metropolitan areas, as the short-term movements provide important insight into the instant 

reaction of the Norwegian market when prices change. The TY-CG formula is the same for every pair of 

metropolitan areas regardless if there is previously proven co-integration or not. Even though the same formula is 

applied, there is a requirement for each co-integrated relation that there is at least one casual link between the 

series. We therefore compare the results, as there are several co-integration links between the metropolitan areas. 

Since the TY-GC test uses an augmented VAR model, the number of lags for each test between the regions have 

“d” additional lags compared to the test for co-integration. This is because we add the maximum order of 

integration in the pairwise test.  

Table 13 show the results of the TY-CG test. The values indicate at what level of significance the null hypothesis 

of no causality is rejected. If the test value is 0.05, there are causality effects with a 5% significance level. Thus, 

there is a causal effect for all test values of 0.05 or less. Furthermore, Table 13 should be interpreted as follows; 

the city’s (from the rows) effect on other cities (from the columns) are marked in green if there is a significant 
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unidirectional causal effect. The cells are marked with “1%” if there is a test value of 0.01 or less. If the cell is 

marked “5%”, the test values is between 0.01 and 0.05. The same interpretation of the test values are used for the 

white cells, only that they are a part of a bilateral relation. The yellow cells indicate test results with weak evidence 

and are marked with “10%”. The test value reported for these causal effects are between 0.05 and 0.1. Red cells 

marked “NO”, have a test value larger than 0.1, and therefore no evidence for Granger causality. The orange cells 

marked “AC” are the models not tested due to autocorrelation. 

Table 13: Results from Toda-Yamamoto Granger Causality test, average square meter prices for apartments 1992(Q1)-2017(Q4), 
metropolitan area analysis 

MA OMA Bergen StaSan Trondheim PorSki Drammen Kristiansand Tønsberg Ålesund 

OMA  NO 5% 10% 1% 1% 1% 1% 1% 

Bergen NO  NO 1% NO NO 1% AC AC 

StaSan 1% 1%  NO 1% 10% 1% 5% 1% 

Trondheim 5% 1% NO  NO 1% 1% NO AC 

PorSki NO NO 1% 1%  NO NO NO NO 

Drammen NO NO NO 1% 5%  NO 1% AC 

Kristiansand NO NO NO 10% 5% NO  1% 5% 

Tønsberg NO AC NO 1% 5% NO 1%  AC 

Ålesund NO AC 10% AC 1% AC 5% AC  

Source: Eiendomsverdi 

Overall, we find either bilateral or unidirectional lead-lag relationships for about half of the metropolitan area pairs 

that are not removed. If we start by examining OMA, there is a unidirectional causal effect towards Drammen, 

Porsgrunn/Skien, Kristiansand, Tønsberg and Ålesund. This indicates that the house prices in OMA are guiding 

all of the other metropolitan areas mentioned. All of these ripple effects are ascertained with a significance level 

of 1%. Common for all of these metropolitan areas is that they are the smallest in our selection and it supports the 

theory that OMA as an economic center is the leading metropolitan area in the ripple effects. Furthermore, it is 

interesting that the effect also is unidirectional towards Kristiansand and Ålesund, which are geographically distant 

from OMA. This may be due to information flows or economic structures. The fact that OMA is governing the 

house prices in the closest and smaller metropolitan areas geographically is in line with our expectations from 

former studies as well. These results indicate that OMA is an initial starter for the ripple effect in Norway for the 

house prices of apartments. The unidirectional effect towards Tønsberg and Drammen supports the results from 

the co-integration analysis, as there has to be causality running in at least one direction in a co-integrated relation.  
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The other larger metropolitan areas show a different picture when it comes to the interpretation of the causal 

effects. OMA has a bilateral relationship with Stavanger/Sandnes, where both metropolitan areas are influencing 

the other. Stavanger/Sandnes and OMA have both a large influence towards the Norwegian economy and thereby 

the house prices. Stavanger/Sandnes as a metropolitan area is heavily affected by the performance of the oil 

industry, and the house prices have, as revealed, decreased together with the oil price after 2013. The linkage 

between Stavanger/Sandnes and OMA is as expected when we take into consideration that they are among the 

largest economic centers in Norway. The fact that Trondheim is unidirectional causing OMA is somewhat more 

surprising. There is weak evidence of 10 percent significance that OMA also causes Trondheim, but we cannot 

draw a solid conclusion on such a weak basis. Trondheim is the 4th largest metropolitan area in Norway and is 

economically instrumental for the middle part of Norway, but we would still expect the effect to go from OMA 

between them. OMA is larger in terms of gross product produced, have more inhabitants and a higher frequency 

of sales in the market.   

Stavanger/Sandnes also shows indications of being a leading factor of the ripple effect, as it is unidirectionally 

affecting five other metropolitan areas, including Bergen. Bergen is the second largest metropolitan area in 

Norway, and the closest metropolitan area geographically, as well as both are considered as large economic centers 

in the western part of Norway. Furthermore, it is unidirectional affecting Ålesund which is also located in the 

western part of Norway. Stavanger/Sandnes furthermore causes Kristiansand and Tønsberg. This supports our 

expectation that Stavanger/Sandnes is, together with OMA, the leading metropolitan area for the housing market 

price development for apartments. The unidirectional effect towards Kristiansand supports the results regarding 

co-integration. There is a unidirectional effect from Porsgrunn/Skien towards Stavanger/Sandnes. The effect is 

unexpected as the latter one is assumed to be a leading economic metropolitan area and have a higher average sale, 

as well as they are geographically distant from each other.  

Bergen are more isolated in terms of casual relationships compared to the other metropolitan areas. Bergen only 

Granger causes Kristiansand unidirectionally, and it is a part of a bilateral relationship with Trondheim. Therefore, 

the TY-CG test provides indications that Bergen is surprisingly isolated from the rest of the housing market, 

especially if we take transaction intensity and assumed economic importance into consideration. Trondheim have 

in addition to Bergen a bilateral causal effect with Drammen. Trondheim only affects Kristiansand unidirectional, 

which are the two metropolitan areas most distant from each other. There is as with some other unidirectional 

effects in this analysis, weak evidence for a bilateral relationship with Kristiansand. Porsgrunn/Skien and Tønsberg 

have a unidirectional effect on Trondheim, which is somewhat surprising, based on the same argumentation as 

with Porsgrunn/Skien on Stavanger/Sandnes. Both metropolitan areas are geographically distant from Trondheim, 

located in the eastern part of Norway. The geographical areas themselves are internally close geographically, 
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where Porsgrunn/Skien is approximately half the size of Trondheim and Tønsberg is about four times as small in 

terms of inhabitants. The unidirectional effect from Tønsberg is in line with the co-integration between the 

metropolitan areas, although their interaction is as expected. A plausible explanation inspired by the literature 

study, is that Tønsberg and Porsgrunn/Skien operates as a proxy for OMA as they both are unidirectional affected 

by Oslo (Stevenson, 2011).  

Besides the linkages we have already described for Drammen, there are unidirectional effects towards 

Porsgrunn/Skien and Tønsberg, where all of them are closely located geographically south of OMA in the eastern 

part of Norway. This result indicates that Drammen is a leading metropolitan area besides OMA internally in the 

eastern part. Porsgrunn/Skien is the metropolitan area that is affected most times by unidirectional effects from 

other metropolitan areas. OMA, Drammen, Kristiansand, Tønsberg, and Ålesund all effect Posgrunn/Skien with a 

significance of 5 percent or less. The results regarding Kristiansand also provides interesting results as the only 

metropolitan area located in the southern part of Norway. Kristiansand is affected unidirectional by the four largest 

metropolitan areas in Norway, where all of the causality effects are with 1 percent significance. The effect goes 

from OMA in the east, Bergen and Stavanger in the west and Trondheim as mentioned earlier. Besides the 

unidirectional towards Kristiansand, there is a bilateral relationship with Tønsberg and Ålesund.    

6.1.6 Impulse Response Analysis 

As stated in subchapter 5.5, the final examination of the dynamics in the Norwegian housing market is with an 

impulse response analysis on the VAR models. The estimation period is set to 12 periods ahead, where one period 

is a quarter of a year. In the analysis, we continue with bivariate VAR models in order to make the results more 

comparable to the co-integration- and Granger causality results. We have run the function with one variable as the 

source of the shock and tested the response of all remaining variables to that particular shock. This has been done 

for all variables separately, which results in a total of 62 bivariate impulse response analyses for this dataset. Due 

to a large number of tests, we present one example of the figures and one example of the numerical outputs. The 

figures of the remaining tests are allocated in Appendix 6. All analyses are commented either individually or as a 

group, depending on what seems appropriate. For this dataset, we have chosen to display the results of the impulse 

response analysis of the VAR model containing OMA and Bergen, with OMA as the source of the impulse. The 

graphical analysis is shown in Figure 20, while the associated numerical estimates are listed in Table 14.  
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Figure 20: Graphical output of a one unit shock on Oslo and the response of Bergen , average square meter prices for apartments 1992(Q1)-
2017(Q4), metropolitan area analysis 

 
Source: Eiendomsverdi 

In Figure 20, the response of OMA itself and Bergen are displayed. The black curves represent the estimated 

effects, while the red dotted bands represent the 95% confidence intervals (CI). A total of 100 simulations have 

been run to produce the estimates. It is interesting to observe how a shock in the OMA region causes further growth 

for two consecutive periods before it starts to adjust towards its original levels. More interestingly, Bergen seems 

to be caused by a shock in OMA. At its peak, Bergen reaches a level of 49% of the initial shock in OMA. 

Furthermore, we observe that there is a lag on the response time of Bergen relative to OMA. In Table 15, we have 

marked in green the periods that experienced growth. From the second quarter to the third quarter, OMA starts 

adjusting back to its original levels, while Bergen keeps growing in the same period, it is not until after the third 

quarter that Bergen starts adjusting back to its original levels. This indicates that Bergen not only is caused by 

house price changes in OMA but also have a lead-lag relationship with OMA, where OMA operates as the lead. 

This observation implies that changes in OMA could be used to predict how and when the house prices in Bergen 

change. This is of course provided that all else are being equal. We also find it sensible to emphasize that more 

frequent observations, e.g., monthly or weekly observations, would provide more precise estimates. This should 
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Source: Eiendomsverdi 

be taken into consideration when analyzing the remaining impulse response analyses, i.e., there is possible that we 

would not be able to observe some of the lead-lag relations that may exist due to the frequency of our dataset.  

Table 14: Numerical output of a one unit shock on Oslo and the response of Bergen, average square meter prices for apartments 
1992(Q1)-2017(Q4), metropolitan area analysis 

For the rest of the IRF analyses where OMA acts as the source of the shock, the 

responses can be separated into two main categories; first, those that follow the 

shock to begin with, and then starts decreasing back to its original values. 

Second, those who follow the shock and starts stabilizing around its peak value. 

The first category includes Trondheim, Porsgrunn/Skien and Bergen. In the 

second category, we find the remaining cities. Except for Porsgrunn/Skien, all 

metropolitan areas are seemingly at a higher price level even three years after 

the shock. However, according to the CI bands, all metropolitan areas except 

for Drammen and Tønsberg have a possibility of ending at its original levels 

after three years. In sum, the IRF analysis indicates that a shock in house prices 

in OMA would affect most of the metropolitan areas to some extent.  

When Bergen is the source of the shock, Kristiansand and Stavanger are 

seemingly affected by the shock, while the remaining metropolitan areas’ 

patterns are estimated around its initial values. A possible explanation could be 

geographical proximity. In the case where Stavanger/Sandnes acts as the 

source, Ålesund and Kristiansand are the ones most affected by the shock, while 

OMA is slightly responsive the first year. The remaining metropolitan areas show little sign of response to the 

shock. Again, geographical proximity seems to be a plausible explanation. As for the case of Trondheim as a 

source of a shock, Kristiansand, Stavanger/Sandnes and Bergen respond significantly, while OMA and Tønsberg 

experience moderate responsiveness. Porsgrunn/Skien is the only one that does not experience any significant 

reaction. There is also no causal effect from Trondheim on Porsgrunn/Skien in the TY-CG test. Drammen 

experiences a jump to begin with before it decreases rapidly to the same low levels as Porsgrunn/Skien. When 

causing a shock in Drammen, OMA and partially Tønsberg, which is neighboring metropolitan areas, respond 

slightly, while the rest are seemingly unaffected by the shock. When we run the test on Porsgrunn/Skien and 

Ålesund as the sources of a shock, the results were the same, more or less. No metropolitan area was significantly 

affected by a shock. With Kristiansand as the source of the shock, Stavanger/Sandnes is significantly caused, while 

Ålesund is caused to a lesser extent. At last, When Tønsberg is the source of a shock, all cities expept for 

Porsgrunn/Skien are slightly affected. .  

t OMA Bergen 

0 1.0000000 0.0000000 

1 1.4109476 0.3719557 

2 1.4901254 0.4814080 

3 1.4253349 0.4907735 

4 1.3032018 0.4561580 

5 1.1644648 0.4052158 

6 1.0275584 0.3507385 

7 0.9002317 0.2984072 

8 0.7851813 0.2505046 

9 0.6827756 0.2077189 

10 0.5923662 0.1700135 

11 0.5129117 0.1370452 

12 0.4432695 0.1083619 
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To summarize, OMA seems to influence all other metropolitan areas, which is somewhat expected. Furthermore, 

we have observed several cases where geographical proximity seems like a plausible explanation for the reaction 

to the shock. In general, the larger cities, measured by transaction intensity and population, tend to affect the 

smaller ones.    

6.1.7 Summary 

In the end, we want to summarize our findings. To begin with, we found that OMA Granger causes all metropolitan 

areas except for Bergen and Trondheim. Furthermore, we observed that Drammen Granger causes Tønsberg, 

Porsgrunn/Skien and Trondheim and that Tønsberg Granger causes Porsgrunn/Skien. The co-integration analysis 

reveals that there exists a long-term equilibrium between OMA and Tønsberg. In addition, the alpha test supports 

the Granger causality analysis as Tønsberg adjusts towards equilibrium. At last, the impulse response analysis 

predicts that a shock in OMA would cause a positive response in most others regions, and that Tønsberg and 

Drammen will stabilize at a higher price level. Based on these findings, it is reasonable to believe that a change in 

house prices in OMA would initiate a ripple effect in the other metropolitan areas, were the effect is the most 

evident in the eastern part. Our findings also suggest that Drammen would pick up on the changes at first, then 

spread towards the other nearby metropolitan areas. A plausible explanation for this finding could be geographical 

proximity, economic ties within the eastern region and spatial dependence. Recall that previous literature 

suggested that higher populated areas would obtain information of the house prices faster due to transaction 

intensity, which would make the higher populated areas adjust first, then the surrounding areas would pick up on 

the development later. Furthermore, the economic centers would be the first areas to react to changes in the 

economy due to more intensive economic activity and more transactions. Thus, economic centers would act as an 

epicenter for a ripple effect. These theories are in line with our observation of OMA as a starting point for a ripple 

effect in the eastern part of Norway. In addition, Oikarinen argued that there would be ripple effects caused by 

migration if the moving costs are low. He further argues that the moving costs are lowest between neighboring 

areas.  

Similar observations were found for Stavanger/Sandnes, as it Granger causes all metropolitan areas except for 

Drammen and Trondheim. The TY-CG test implies that OMA and Stavanger/Sandnes Granger causes each other. 

In contrast to OMA, Stavanger/Sandnes Granger causes Bergen, which could indicate that it is the dominating 

metropolitan area in the western part of Norway. A possible theory could be that OMA and Stavanger/Sandnes, 

which are among the largest economic centers of Norway acts as two separate epicenters that cause ripple effects 

to surrounding metropolitan areas as well as towards each other. Furthermore, we found that Kristiansand is 

heavily Granger caused by others, which is somewhat expected as it is positioned in-between Stavanger/Sandnes 

and OMA. The results may indicate that there are economic structural differences between the eastern and western 
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part of Norway since the ripple effect are the strongest within each area. If the results from New Zealand are 

transmissible, the structural difference limits the strength of the ripple effect outside each area (Shi, Young, & 

Hargreaves, 2009). Regarding Trondheim, we find several unexpected results. For instance, Trondheim is Granger 

causing, OMA, Bergen, Drammen and Kristiansand. Furthermore, it is Granger caused by Porsgrunn/Skien and 

Tønsberg among others. Tønsberg and Trondheim are also co-integrated. We argued that Porsgrunn/Skien and 

Tønsberg might serve as a proxy for OMA, and if so, we are observing a bilateral relation between OMA and 

Trondheim.  

In general, we found that the larger metropolitan areas, based on population and economic contribution, Granger 

causes the smaller metropolitan areas. Bergen is the exception, as it appear isolated. We would expect a larger 

involvement due to the amount of transactions and economic importance.   

6.2 Metropolitan analysis – Detached house market 
6.2.1 Seasonality 

Prior to the analysis tests, we have adjusted the data for seasonality with the same method as for the apartment 

market with X13-ARIMA-SEATS. All of the time series are transformed individually and are reported with no 

seasonality after transformation. The tests for normality and residual autocorrelation shows that the time series for 

OMA and Bergen contains a non-normal distribution of the residuals of 5 percent significance. This means that 

there is a risk of drawing the wrong conclusions as discussed earlier. We have decided to retain Bergen and OMA 

for further testing, as our main concern is to exclude autocorrelation in our models.  

6.2.2 Stationarity 

To establish the variables’ order of integration, we have followed the same procedure as for the apartment market. 

The test-statistics is presented in Table 15.  
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Table 15: Results from Augmented Dickey fuller test at 0. order of integration with and without trend, average square meter prices for 
detached houses 1992(Q1)-2017(Q4), metropolitan area analysis 

Metropolitan area w/trend w/drift 

OMA -2.9647   

Bergen   -2.3767 

Stavanger/Sandnes   -2.1739 

Trondheim   -2.8353 

Fredrikstad/Sarpsborg   -1.5856 

Porsgrunn/Skien   -2.9645 

Drammen   -1.7557 

Kristiansand   -2.5748 

Tønsberg   -3.3217 

Ålesund   -2.1979 

Source: Eiendomsverdi 

From Table 15, it appears that all variables fail to reject the null hypothesis of a unit root except for Tønsberg and 

Porsgrunn/Skien. These variables are considered as stationary at level values and thereby follows an I(0) process. 

Because Tønsberg and Porsgrunn/Skien follow an I(0) process, they are excluded from our co-integration analyses. 

The next step is to see whether the variables are stationary at a first difference level. The test statistics at first order 

of integration is displayed in Table 16. 

Table 16: Results from Augmented Dickey fuller test at 1. order of integration, average square meter prices for detached houses 
1992(Q1)-2017(Q4), metropolitan area analysis 

Metropolitan area Test-statistics  

OMA -6.298 

Bergen -5.0085 

Stavanger/Sandnes -4.1266 

Trondheim -3.5858 

Fredrikstad/Sarpsborg -6.2694 

Drammen -10.2409 

Kristiansand -4.4407 
Ålesund -11.5205 

Source: Eiendomsverdi 

All variables at this level are compared to the critical values with trend. From Table 16, we can observe with 95% 

certainty that all variables reject the null hypothesis and are stationary at a first level difference. This implies that 

these eight variables follows an I(1) process and are suitable for a co-integration analysis.  
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6.2.3 Lag selection and diagnostics 

In comparison to the analysis of apartments, all variables are included for diagnostics testing. However, we observe 

more autocorrelation in this dataset. A summary is displayed in Table 17.  

Table 17: Overview of final lags for bivariate VAR-models after Portmanteau test for autocorrelation, average square meter prices for 
detached houses 1992(Q1)-2017(Q4), metropolitan area analysis 

MA OMA Bergen StaSan Trondheim FreSar PorSki Drammen Kristiansand Tønsberg Ålesund 

OMA           

Bergen 2          

StaSan 2 2         

Trondheim 2 5 4        

FreSar 2 AC 2 AC       

PorSki 5 AC 5 5 2      

Drammen 2 AC 3 6 2 5     

Kristiansand 2 2 2 4 2 3 2    

Tønsberg 5 AC 6 AC AC AC 6 6   

Ålesund 2 2 2 5 2 5 2 2 AC  

Source: Eiendomsverdi 

From the Table 17, we can observe that most autocorrelated models are built around two of the variables, namely 

Bergen and Tønsberg. In the case of Bergen, the results imply that four out of nine models must be excluded from 

the analyses. Common for all of these autocorrelated models, is that they include a metropolitan area located in 

the eastern part of Norway surrounding OMA. This weakens the analysis of the dynamics between the western 

and eastern located metropolitan areas. As for Tønsberg, we see that five out of nine models is autocorrelated, 

while the remaining models requires a high number of lags. Taken together, this could imply that the results 

involving Tønsberg might provide weaker results. At last, we observe that the model containing Trondheim and 

Fredrikstad/Sarpsborg is autocorrelated.  

Now that we have established which VAR models that are affected by autocorrelation, we have run diagnostics 

on the models we want to proceed with. Both heteroscedasticity and non-normality have been investigated by the 

same procedure as described for the apartment market. To begin with, the heteroscedasticity test results are 

presented. An overview is illustrated in Table 18.  
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Table 18: Results from ARCH-LM test for heteroscedasticity, average square meter prices for detached houses 1992(Q1)-2017(Q4), 
metropolitan area analysis 

MA OMA Bergen StaSan Trondheim FreSar PorSki Drammen Kristiansand Tønsberg Ålesund 

OMA           

Bergen 1%          

StaSan 1% 1%         

Trondheim NO 1% NO        

FreSar 1% AC 1% AC       

PorSki 10% AC NO 1% 1%      

Drammen NO AC 1% 1% 5% 1%     

Kristiansand 1% 1% 10% 10% 1% 5% NO    

Tønsberg NO AC 1% AC AC AC 5% NO   

Ålesund 1% 1% 1% 1% 1% 1% 1% 1% AC  

Source: Eiendomsverdi 

As shown in Table 18, a significant number of the models are affected by heteroscedasticity. However, we can 

observe several models of homoscedastic nature in this dataset. This differs from what we found in the analysis 

for the apartment market. Thus, we have a more variation in the results. As mentioned earlier, it is not optimal to 

have heteroscedasticity in the models, but it is also documented that its presence is not critical enough to remove 

the affected models from further research. Thus, we have chosen to proceed with the dataset. 

Table 19: Results from Jarque-Bera test for non-normality, average square meter prices for detached houses 1992(Q1)-2017(Q4), 
metropolitan area analysis 

City OMA Bergen StaSan Trondheim FreSar PorSki Drammen Kristiansand Tønsberg Ålesund 

OMA           

Bergen 1%          

StaSan 1% 1%         

Trondheim 10% 1% NO        

FreSar 1% AC NO AC       

PorSki 1% AC 1% 1% 1%      

Drammen 1% AC 1% NO 1% 1%     

Kristiansand 5% 1% 10% NO 5% 1% 1%    

Tønsberg 1% AC NO AC AC AC NO NO   

Ålesund 1% 1% 1% 1% 1% 1% 1% 1% AC  

Source: Eiendomsverdi 

As for the case of non-normality in Table 19, we can report that the majority of the dataset contains non-normal 

distributions. Recall that non-normality can result in misleading results. It should also be emphasized that the 
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existence of non-normality does not necessarily mean that the analyses are affected, which was supported by 

Gonzalo (Gonzalo, 1994). In sum, we have chosen to proceed with the dataset.  

6.2.4 Co-Integration 

The co-integration analysis for detached house market uses the same Johansen bivariate test as in the apartment 

market analysis. Table 20 for co-integration and the test statistics for the significant co-integrations are interpreted 

the same way.  

Table 20: Results from Johansen test for co-integration, average square meter prices for detached houses 1992(Q1)-2017(Q4), 
metropolitan area analysis 

MA OMA Bergen StaSan Trondheim Drammen FreSar Kristiansand Ålesund 

OMA         

Bergen         

StaSan         

Trondheim         

FreSar         

Drammen Co-int        

Kristiansand   5-10%      

Ålesund 5-10% Co-int Co-int    5-10%  

Source: Eiendomsverdi 

Table 21: Reported test-statistics and critical values for Johansen test, average square meter prices for detached houses 1992(Q1)-
2017(Q4), metropolitan area analysis 

Metropolitan area Test 10% 5% 1% 

OMA-Drammen 24.54 15.66 17.95 23.52 

OMA-Ålesund 16.07 15.66 17.95 23.52 

Bergen-Ålesund 18.26 15.66 17.95 23.52 

StaSan-Ålesund 21.08 15.66 17.95 23.52 

StaSan-Kristiansand 17.64 15.66 17.95 23.52 

Kristiansand-Ålesund 15.80 15.66 17.95 23.52 

 Source: Eiendomsverdi 

The housing market for detached houses has indications of more co-integrations than the apartment market. OMA, 

Stavanger/Sandnes, and Ålesund have indications for several co-integrations even though some are only of weak 

evidence. OMA is co-integrated with Drammen, and their long-term equilibrium is the only one being significant 

at one percent. OMA furthermore have weak evidence for co-integration with the more distant Ålesund. Of the six 
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co-integrations, there are indications that Ålesund, Bergen and Stavanger/Sandnes are co-integrated within the 

same system. This is because Bergen and Stavanger/Sandnes have significant co-integration with Ålesund. 

Therefore, we can draw the conclusion that there is a long-term equilibrium between the three metropolitan areas 

in the western part of Norway. Oslo and Drammen is not considered a part of the group, as there is only weak 

evidence for co-integration between Oslo and Ålesund. Furthermore, there is weak evidence of a long-term 

equilibrium between both Stavanger/Sandnes and Ålesund with Kristiansand. Due to weak evidence, Kristiansand 

appears isolated from the rest.   

Furthermore, the alpha tests reveal that Ålesund are adjusting within all of their co-integrated relations. That is, 

OMA, Bergen, Stavanger/Sandnes and Kristiansand. This suggests that the housing market in Ålesund have little 

effect on others, but adjust accordingly to the development by others. Furthermore, we observe Drammen adjust 

to reach equilibrium with Oslo. At last, we found that Kristiansand and Stavanger/Sandnes both adjust together to 

reach equilibrium. An interesting observation is that the test statistic indicates that Stavanger/Sandnes adjust to a 

larger extent.  

6.2.5 Causality 

When looking at the TY-CG and ripple effects within the house prices for detached houses in our selected 

metropolitan areas, we use the same method and notation as in the analysis of the apartment market, and we get 

the following results: 

Table 22: Results from Toda-Yamamoto Granger Causality test, average square meter prices for detached houses 1992(Q1)-2017(Q4), 
metropolitan area analysis 

MA OMA Bergen StaSan Trondheim FreSar PorSki Drammen Kristiansand Tønsberg Ålesund 

OMA  NO 5% NO 5% NO 1% NO NO 1% 

Bergen 5%  10% NO AC AC AC 1% AC NO 

StaSan 1% 5%  NO NO 10% NO 1% 1% 5% 

Trondheim 1% 1% 1%  AC 1% 1% 5% AC 1% 

FreSar 1% AC NO AC  NO 1% NO AC NO 

PorSki 5% AC 5% NO NO  1% 1% AC 10% 

Drammen 1% AC NO 1% 1% NO  1% 10% NO 

Kristiansand NO NO 1% 1% 10% 1% 5%  NO 10% 

Tønsberg 1% AC NO AC AC AC 1% NO  AC 

Ålesund NO 5% 1% NO 5% 5% 10% NO AC  

Source: Eiendomsverdi 
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Within detached houses, there is a somewhat different picture than with apartments. The percentage of 

unidirectional or bilateral relationships are roughly the same within detached houses, but we observe several 

different patterns. OMA is unidirectionally affected by four other metropolitan areas and is only unidirectional 

affecting Ålesund. Bergen and Trondheim are, as explained earlier, larger metropolitan areas that are large 

contributors to the economic activity in Norway. They are both small metropolitan areas in terms of inhabitants 

and have a low intensity of sales compared to Oslo. The effect towards Oslo are therefore unexpected.  

The results showing that the smaller metropolitan areas, Porsgrunn/Skien and Tønsberg, have a significant 

unidirectional effect on OMA are surprising as well. This contradicts the results from apartment market analysis, 

where the ripple effect goes the other way. This indicates that there may be differences in the market dynamics for 

each type of housing. OMA is also a part of three bilateral relations with Stavanger/Sandnes, Drammen and 

Fredrikstad/Sarpsborg. The linkage with Stavanger/Sandnes is as expected and in line with the results from the 

apartment market analysis. The dual Granger causality relationship with Drammen and Fredrikstad/Sarpsborg are 

as well understandable due to the short distance. The bilateral relationship with Drammen supports our findings 

regarding co-integration.        

Bergen has more significant causal effects than the apartment market, both unidirectionally towards other 

metropolitan areas and from other metropolitan areas. As already mentioned, there is an indication of a ripple 

effect towards OMA, and there is a highly significant effect towards Kristiansand. Furthermore, three metropolitan 

areas unidirectional causes Bergen. Ålesund and Stavanger are the geographically closest metropolitan areas to 

Bergen in our selection, and it is reasonable to assume that there are causal effects between them. The 

unidirectional effect from Ålesund furthermore supports our findings regarding a long-term equilibrium. 

Trondheim is together with OMA the metropolitan area where the difference is the largest compared to apartment 

market. The TY-CG test indicates that there is a ripple effect toward several metropolitan areas. Among the 

metropolitan areas that are unidirectionally caused by Trondheim is the three largest metropolitan areas OMA, 

Stavanger/Sandnes and Bergen. The ripple effect from Trondheim towards OMA is interesting as it is present for 

apartments as well. There are indications that Trondheim is more instrumental in the house price changes for 

detached houses. Furthermore, there are significant unidirectional causal effects towards Ålesund and 

Fredrikstad/Sarpsborg. Lastly, there are two bilateral relationships with Drammen and Kristiansand, which we 

cannot use for conclusions regarding ripple effects.  

Stavanger/Sandnes are, as discussed previously, unidirectional affected by Trondheim. There is also a 

unidirectional effect from Porsgrunn/Skien towards Stavanger/Sandnes, which is more surprising when 

considering the size of the metropolitan areas and the geographical distance. Stavanger/Sandnes are also 
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unidirectional affecting Bergen and Tønsberg. The effect towards Bergen is as expected due to the economic 

importance Stavanger have in the western part of Norway, and the geographical proximity. It can also be argued 

that the effect towards Tønsberg is understandable as Tønsberg is the smallest metropolitan area in our analysis. 

The transaction intensity in the two metropolitan areas may also indicate an information flow. Lastly, Stavanger 

is in bilateral relationships with OMA, Kristiansand, and Ålesund. The results with Kristiansand and Ålesund is 

expected due to geographical proximity and economic relevance, and it supports the findings regarding co-

integration. The dual causality with OMA are already discussed and as expected.    

Drammen and Fredrikstad/Sarpsborg have no indications of a unidirectional ripple effect towards any other 

metropolitan area. They are both part of several bilateral relationships. Drammen has a bilateral effect with OMA, 

Trondheim, Fredrikstad/Sarpsborg and Kristiansand. An interesting result is that both Porsgrunn/Skien and 

Tønsberg unidirectionally affect Drammen. This is the complete opposite of the results for apartments, where there 

are indications that Drammen is a starting metropolitan area for the ripple effect between the smaller metropolitan 

areas in the eastern part of Norway. Based on our results, there are indications that the ripple effect is going from 

Tønsberg internally in eastern part of Norway, as it also causes OMA. This effect is surprising both from an 

information perspective and from economic activity. One possible explanation is spatial dependence since 

Tønsberg is within commuting distance. If there are positive feedback on the house prices from urban development, 

it could explain the ripple effect towards both Oslo and Drammen (Nanda & Yeh, 2014).     

In addition to the three unidirectional effects towards OMA, Stavanger/Sandnes and Drammen, Porsgrunn/Skien 

have one highly significant bilateral relationship with Kristiansand. This is as expected, considering that the two 

metropolitan areas are the ones geographically closest to each other. Lastly, the TY-CG testing shows interesting 

results for Ålesund. As previously mentioned, we would not expect Ålesund to have a unidirectional effect on 

Bergen. Furthermore, Ålesund has a unidirectional effect towards Fredrikstad/Sarpsborg and Porsgrunn/Skien. 

These effects are somewhat unexpected due to the geographical distance and that Ålesund have the lowest 

transaction intensity in the market. However, there are indications of highly significant ripple effects moving from 

OMA to Ålesund, which then affects Fredrikstad/Sarpsborg and Porsgrunn/Skien. There are therefore indications 

that the effect is of a bilateral manner between the eastern and western part of Norway, through the cities 

mentioned.   
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6.2.6 Impulse response Analysis 

As a final investigation of ripple effects in Norway, we have performed an impulse response analysis. The analysis 

follows the same procedure as described in subchapter 5.5. Recall that there were too many separate IRF analyses 

in the analysis of the apartment market to present graphically. Thus, we have chosen to put all the figures in 

Appendix 6. However, we have commented the patterns found for all metropolitan areas.  

In the impulse response analysis where OMA is set as the source of the impulse shock, we observe varied 

responses. To begin with, Drammen, Fredrikstad/Sarpsborg, and Ålesund show significant reactions to a shock in 

OMA as they all reach at least 50% of the initial shock value. The first two can perhaps be explained by 

geographical proximity, while the connection with Ålesund is less clear. There is a unidirectional causal effect 

from Oslo, which supports the findings, and it may be due to information flows and economic ties. Furthermore, 

Kristiansand is affected, but not as much as the three metropolitan areas mentioned above. At last, Tønsberg, 

Porsgrunn/Skien, Trondheim, Stavanger/Sandnes and Bergen show little signs of response to an impulse from 

OMA. What is common for all responses is that they seem to maintain the level of its initial reaction to the shock, 

which contrasts from the observations in the analysis of the apartment market where some of the variables had a 

positive reaction at first, but later started to adjust back to the original level values.  

As for the case where Bergen acts as the source of the impulse, Stavanger/Sandnes, Kristiansand and Ålesund is 

significantly affected. This reaction is almost similar to the one we observed in the apartment market where 

Stavanger/Sandnes and Kristiansand were the ones seemingly affected by the shock. Viewed together, this strongly 

indicates that a change in the house prices of Bergen affect these metropolitan areas as well. Furthermore, OMA 

is slightly affected by the impulse, while Trondheim only shows minor fluctuations around its level values. When 

Stavanger/Sandnes experiences a shock, Ålesund is the only metropolitan area affected. The IRF predicts that 

Ålesund gradually increase until it reaches the full value of the initial shock. OMA respond significantly in the 

second period, but adjust back to its original levels again in the third period. The remaining metropolitan areas are 

not affected at all. When a shock is set to Trondheim, we observe a reaction at all metropolitan areas that are 

significantly higher than at any other analysis so far. The patterns are volatile in all cases; all cities’ price levels 

increase at least two units above their initial level. In comparison to other impulse response analyses done so far, 

this appears as a highly volatile response.  

In the case where Drammen causes the shock, no other metropolitan area show any significant response. When 

Fredrikstad/Sarpsborg provides the impulse, there is little response evident. These are all located in the eastern 

part of Norway. The remaining metropolitan areas do not show any noteworthy response. In the case where 

Porsgrunn/Skien is the source of the shock, OMA and Drammen experience a jump in their levels to begin with 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 90 

but starts adjusting back to original levels after about a year. Stavanger/Sandnes, Kristiansand and Ålesund 

increase their levels and stabilizes there over time. Fredrikstad/Sarpsborg is slightly affected, while Trondheim is 

not affected at all by the impulse. In the impulse response analysis where Kristiansand causes the shock, 

Stavanger/Sandnes and Ålesund are significantly affected by the impulse; this is in line with what we found in the 

equivalent analysis done on apartments. Furthermore, Porsgrunn/Skien is slightly affected. The remaining 

metropolitan areas are not caused by this impulse. With Tønsberg as the source of the impulse, only four out of 

nine IRFs were run due to autocorrelation. However, all metropolitan areas showed responsiveness to the shock. 

OMA, Drammen, and Kristiansand were significantly affected, while Stavanger/Sandnes were slightly affected 

for a shorter period. At last, when a unit shock originates in Ålesund, no other metropolitan area is seemingly 

affected, as they all fluctuate around their initial levels. Stavanger/Sandnes even show a tendency of a negative 

response.  

In sum, we found several observations that could indicate a causal relationship, where geographical proximity 

once again seems to be a vital factor. An interesting observation is that Trondheim seems to cause everyone else, 

while itself do not respond to any shock in other metropolitan areas.  

6.2.7 Summary 

In sum, we have found several unexpected observations in this dataset. First, the house price dynamics related to 

OMA is acting differently from what we observed on the market of apartments. In this dataset, every metropolitan 

area except for Kristiansand and Ålesund are Granger causing OMA, while OMA is only Granger causing four 

out of nine other metropolitan areas. The results contradicts that areas with larger economic importance should be 

the origin of the ripple effect. It furthermore contradicts the importance of asymmetric information and information 

flows since Oslo have the highest transaction intensity in the market. Although, the co-integration and alpha test 

analysis suggests that OMA is co-integrated with Drammen and Ålesund. Both metropolitan areas are adjusting 

according to OMA to reach equilibrium. We are also observing a bilateral Granger causality relationship between 

these two metropolitan areas. Furthermore, we note that Trondheim is Granger causing all metropolitan areas that 

it was tested against. This includes a unidirectional relationship with the three largest metropolitan areas in 

Norway. The impulse response analysis supports this as all other metropolitan areas responded massively to a 

shock in Trondheim, while Trondheim showed little signs of response to impulses coming from other metropolitan 

areas.  

Apart from the relations concerning Trondheim and OMA, there is to a large extent ambiguous result. Kristiansand 

has mainly bilateral relationships, which is contrasting to what we found in the apartment market where they 

mainly were Granger caused by others, but not the other way around. A plausible explanation is that Kristiansand 
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acts as an intermediary between east and west as discussed for the apartments market, and thereby receives and 

initiates causal effects in several directions. A supporting finding is the co-integration analysis and the 

corresponding alpha test, which reveals that Kristiansand and Stavanger/Sandnes are co-integrated, and both 

metropolitan areas adjust to reach long-term equilibrium. Stavanger/Sandnes is also a part of several bilateral 

relationships. Thus, it is less evidence of the metropolitan area operating as an epicenter on the western part of 

Norway as well.  

In general, the largest economic centers show little evidence of being the starting point of ripple effects. Based on 

our research, it seems like Trondheim is the epicenter for the ripple effects in this dataset. Gong et al. suggests that 

an area could cause other non-contiguous regions due to economic relations. This could be an explanation of 

Trondheim’s effect on others. Following a ripple effect from Trondheim, it appears that the ripple effects continues 

to spread across the country. Since Trondheim also have the third lowest transaction intensity in the market, the 

results are unexpected. However, we have not collected any data regarding migration, economic structures or urban 

spatial planning, which is also mentioned as possible factors that could initiate ripple effects. Thus, there is a 

possibility that other factors than being an economic center or having the best access to information of local house 

prices could dictate the starting point of a ripple effect.  

6.3 Regional analysis – Apartment market 
6.4.1 Seasonality 

Seasonality are tested for and the time series are transformed automatically with X13-ARIMA-SEATS as the 

previous sets. All series are reported without seasonality except Østfold. Even after transformation, the series 

contains seasonality with a significance of 5 percent. Therefore, we have removed Østfold from further testing as 

the VAR models containing Østfold would likely contain autocorrelation. Furthermore, there is weak evidence 

with 10 percent significance for non-normal distribution of the residuals for Rogaland and Innlandet. Nord-Norge 

exhibits 10 percent significance of residual autocorrelation. This is above our threshold of 5 percent, but it may 

affect our VAR-models. Lastly, Agder and Møre og Romsdal have 5 percent significant indications for non-normal 

distribution of residuals. We have decided to keep both in our analysis, but this may reduce the accuracy of our 

results as previously discussed.   

6.3.2 Stationarity 

The procedure for finding the order of integration is the same as with the previous sets. By analyzing the test-

statistics listed in Table 23, we can determine whether some of the variables are stationary at level values.  
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Source: Eiendomsverdi 

Table 23: Results from Augmented Dickey fuller test at 0. order of integration with and without trend, average square meter prices for 
apartments 1992(Q1)-2017(Q4), regional analysis 

Region w/trend w/drift 

OS -2.7162  

VL  -2.3415 

AK  -2.4444 

NN -2.0863  

RL  -1.8712 

TR  -1.9018 

IL  -1.0903 

AG  -2.1874 

BU  -1.2246 

MR  -2.2202 

VF -2.4568  

TE  -0.9053 

Source: Eiendomsverdi 

All variables in this dataset fail to reject the null hypothesis and are considered as series with a stochastic trend. 

The test-statistics of the variables after being differenced once are listed in Table 24. 

Table 24: Results from Augmented Dickey fuller test at 1. order of integration, average square meter prices for apartments 1992(Q1)-
2017(Q4), regional analysis 

Region Test-statistics 

OS -6.1347 

VL -5.3098 

AK -6.6321 

NN -7.013 

RL -4.3019 

TR -6.1277 

IL -7.8129 

AG -8.2199 

BU -7.9205 

MR -13.05 

VF -6.5197 

TE -7.8507 
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As shown in the Table 24, all variables follow an I(1) process. 

6.3.3 Lag selection and diagnostics 

Recall from the seasonality analysis that the Østfold variable was excluded from further analyses. Thus, we are 

looking at bivariate combinations of 12 variables. A summary of the results is shown in Table 25.  

Table 25: Overview of final lags for bivariate VAR-models after Portmanteau test for autocorrelation, average square meter prices for 
apartments 1992(Q1)-2017(Q4), regional analysis 

Region OS VL AK NN RL TR IL AG BU MR VF TE 

OS             

VL 2            

AK 2 5           

NN 4 5 AC          

RL 2 2 2 5         

TR 2 2 4 3 2        

IL 2 3 2 AC 2 2       

AG 3 2 3 AC 2 2 5      

BU 2 2 2 2 2 2 2 2     

MR 3 3 3 6 2 2 5 3 3    

VF 2 3 2 5 2 3 3 3 2 3   

TE 2 2 4 AC 2 2 2 2 2 3 3  

Source: Eiendomsverdi 

In general, we can observe that most models are retained. The only variable that experiences some issues is the 

Nord-Norge variable, which had weak evidence for residual autocorrelation when the data were seasonality 

adjusted. In four of the VAR models, autocorrelation seems evident. Even though this prevent us from getting the 

full overview of the housing market dynamics with Nord-Norge, we still believe that we have a sufficient amount 

of useful relations in the dataset as a whole in order to provide satisfying analyses.  
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The test results of the multivariate ARCH-LM test are presented in Table 26.  

Table 26: Results from ARCH-LM test for heteroscedasticity, average square meter prices for apartments 1992(Q1)-2017(Q4), regional 
analysis 

Region OS VL AK NN RL TR IL AG BU MR VF TE 

OS             

VL 5%            

AK 1% NO           

NN 5% NO AC          

RL 1% NO 1% 1%         

TR 1% NO NO 1% NO        

IL 1% 10% 1% AC 1% 1%       

AG 1% 5% NO AC 1% 1% NO      

BU 1% 5% 1% 1% 1% 1% 1% 1%     

MR 1% 5% 1% 1% NO 1% 10% 1% 1%    

VF 1% 1% 1% AC 1% 1% 1% 1% 1% 1%   

TE 1% 1% 1% AC 1% 1% 1% 5% 1% 1% 1%  

Source: Eiendomsverdi 

As shown, in the Table 26, the dataset is dominated by heteroscedastic models. This is similar to what we observed 

for all models in the metropolitan analysis, which could indicate that our input data are affected by 

heteroscedasticity in general. As explained in earlier sections, heteroscedasticity is at best avoided, but it is not 

something that must be avoided in order to apply the data in analytical models such as the Johansen test.  
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Normally distribution of the error terms is another assumption in our models. A summary of the test results 

provided by the Jarque-Bera test for non-normality is illustrated in Table 27. 

Table 27: Results from Jarque-Bera test for non-normality, average square meter prices for apartments 1992(Q1)-2017(Q4), regional 
analysis 

Region OS VL AK NN RL TR IL AG BU MR VF TE 

OS             

VL 1%            

AK 1% NO           

NN 1% 1% AC          

RL 1% 10% NO 1%         

TR 1% 1% NO 1% 1%        

IL 1% 1% 1% AC 1% 1%       

AG 1% 1% 5% AC 1% 1% 1%      

BU 1% 1% 10% 1% 5% 1% 1% 1%     

MR 1% 1% NO 1% 1% 1% 1% 1% 1%    

VF 1% 1% 10% 1% 1% 1% 1% 1% 1% 1%   

TE 1% 1% 1% AC 1% 1% 1% 5% 1% 1% 1%  

Source: Eiendomsverdi 

From Table 27, one can observe that most of the VAR models are non-normally distributed. However, we choose 

to use the models for further analyses due to the argumentation made in previous datasets. 
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6.3.4 Co-integration 

The co-integration analysis for regions uses the same Johansen bivariate test as previously explained. The table 

for co-integrations and the test statistics for relations with a significance below 10% are reported in Table 28.  

Table 28: Results from Johansen test for co-integration, average square meter prices for apartments 1992(Q1)-2017(Q4), regional 
analysis 

Region OS VL AK NN RL TR IL AG BU MR VF TE 

OS             

VL             

AK Co-int            

NN             

RL             

TR             

IL Co-int Co-int Co-int   Co-Int       

AG             

BU 5-10%      Co-int      

MR  Co-int    Co-int       

VF Co-int  Co-int   Co-int Co-int  5-10%    

TE  5-10%    5-10% 5-10%  Co-int    

Source: Eiendomsverdi 

 

 

 

 

 

 

 

 

 

 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 97 

Table 29: Reported test-statistics and critical values for Johansen test, average square meter prices for apartments 1992(Q1)-2017(Q4), 
regional analysis 

Regions Test 10% 5% 1% 

Oslo-Akershus 30.99 15.66 17.95 23.52 

Oslo-Innlandet 19.19 15.66 17.95 23.52 

Oslo-Buskerud 16.13 15.66 17.95 23.52 

Oslo-Vestfold 34.53 15.66 17.95 23.52 

Vestlandet-Innlandet 38.41 15.66 17.95 23.52 

Vestlandet-Telemark 17.60 15.66 17.95 23.52 

Akershus-Innlandet 23.04 15.66 17.95 23.52 

Akershus-Vestfold 22.87 15.66 17.95 23.52 

Trøndelag-Innlandet 33.12 15.66 17.95 23.52 

Trøndelag-Møre og Romsdal 21.14 15.66 17.95 23.52 

Trøndelag-Vestfold 18.62 15.66 17.95 23.52 

Innlandet-Buskerud 25.07 15.66 17.95 23.52 

Innlandet-Telemark 17.59 15.66 17.95 23.52 

Innlandet-Vestfold 19.30 15.66 17.95 23.52 

Buskerud-Telemark 18.98 15.66 17.95 23.52 

Buskerud-Vestfold 17.43 15.66 17.95 23.52 

Vestlandet-Møre og Romsdal 19.96 15.66 17.95 23.52 

Source: Eiendomsverdi 

The co-integration results between the regions show indications that the regional market for apartments is far more 

integrated than the metropolitan markets. If we start by examining Oslo, we can see that it is co-integrated with 

Akershus, Innlandet, and Vestfold directly. Oslo’s relationship with Akershus and Vestfold are highly significant 

with a significance level of 1 percent and both are adjacent to Oslo. Within this group, there is pairwise co-

integration between all four regions. Therefore, we can conclude that the four regions have a shared long-term 

movement. Within this group, there are several co-integrating connections to other regions. If a region is co-

integrated with one of the four regions in the group, it is in principle co-integrated with all of the regions 

(MacDonald & Taylor, 1993). In practice, the effect is assumed weaker for the indirectly co-integrated regions.  

 Innlandet and Vestfold are co-integrated with Trøndelag, and Innlandet are co-integrated with Buskerud. There 

are also weak indications that Oslo and Vestfold are co-integrated with Buskerud. The results are therefore 

indicating that Trøndelag and Buskerud are included in the group even though the regions are not connected with 

all of the regions in the system. Vestlandet have a shared border with Innlandet and Møre og Romsdal and are 

significantly co-integrated with both. Through this connection, we can argue that Vestlandet is a part of the same 
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co-integrated group as well. The last region that is partaker in the long-term equilibrium is Møre og Romsdal 

which are co-integrated with Trøndelag. In this group, we can observe the importance of Innlandet, which are 

adjacent and co-integrated with six of the other regions. The borders with regions in the eastern part, western part 

and their neighbor Trøndelag in the central part of Norway makes Innlandet an important connection in the long-

term equilibrium. In sum, there are evidence for a large co-integrating group containing all regions expect Nord-

Norge, Rogaland and Agder. If we apply the argumentation by Meen, it may indicate that majority of the regions 

are exposed to the same common factors. If so, it may suggest that Nord-Norge, Rogaland and Agder are 

segmented from the rest of the market or not exposed to the same degree (Meen, 1999).    

Finally, the alpha test reveals which region that adjust to reach equilibrium. We observe that in all co-integrating 

relations containing Oslo, the other region adjusts in a disequilibrium. This implies that Akershus, Innlandet, 

Buskerud, and Vestfold adjust to reach a long-term equilibrium. Furthermore, we observe the same results 

involving Vestlandet. That is, Innlandet, Møre og Romsdal, and Telemark adjust to reach equilibrium. As stated 

above, Akershus adjust towards Oslo, but Innlandet and Vestfold adjust towards equilibrium with Akershus. We 

also observe that three of the other regions adjust according to Trøndelag to reach eqilibrium. This includes Møre 

og Romsdal, Telemark and Vestfold. In the model with Trøndelag and Innlandet, neither seem to adjust, which is 

somewhat unexpected. However, the test statistics is relatively close to suggesting that Innlandet adjust, while 

there are no indications that Trøndelag do the same. As it appears, Innlandet adjust in all of their co-integrated 

relations except with Telemark. Buskerud seems to adjust towards Oslo, but both Innlandet and Telemark seems 

to adjust according to Buskerud. In the model with Buskerud and Vestfold, neither seems to adjust. At last, 

Innlandet adjust towards equilibrium with Vestfold. 
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6.3.5 Causality 

As we investigate the possible ripple effects between the regions across Norway, we use the same method with 

TY-CG and notation in Table 30, which gives the following results: 

Table 30: Results from Toda-Yamamoto Granger Causality test, average square meter prices for apartments 1992(Q1)-2017(Q4), 
regional analysis 

Region OS VL AK NN RL TR IL AG BU MR VF TE 

OS  1% 1% 10% 1% NO 1% 1% 1% 1% 1% 5% 

VL NO  NO 5% 10% 1% 1% 1% NO 5% 1% NO 

AK NO 10%  AC NO 5% 1% 1% NO 1% 1% NO 

NN 10% NO AC  5% 10% AC AC 1% NO 1% AC 

RL 1% NO 1% NO  NO 1% 1% NO 1% 1% 1% 

TR 1% 5% 1% NO 1%  1% 1% 5% 5% NO 5% 

IL NO 5% 10% AC NO 1%  5% NO NO 1% 5% 

AG 10% NO NO AC 10% NO 5%  5% 1% 10% 5% 

BU NO 10% 1% NO NO NO 1% 5%  1% 1% 1% 

MR 10% NO NO 1% NO 5% 1% NO 10%  1% 5% 

VF NO NO NO 5% AC 1% 10% 10% 1% 1%  NO 

TE NO NO 1% AC AC NO NO NO 5% 5% 1%  

Source: Eiendomsverdi 

The advantage when examining ripple effects on a regional basis is that we can investigate the effects on a national 

level. Furthermore, as our selected metropolitan areas in many cases are a large proportion of the inhabitants in 

their respective regions, it is interesting to investigate if the patterns are replicating themselves or if the new 

division creates a different understanding of the ripple effect.  

As with the other sets, it is natural to start with the effects running from and to Oslo. It is clear that Oslo is a leading 

region in the ripple effect as it is unidirectional affecting eight of the other regions. All of the unidirectional effects 

are highly significant, except Telemark that is significant on a 5 percent level. Based on these results, there is 

strong evidence that Oslo is governing the house price development for apartments for the majority of the regions. 

The only exception is Rogaland, where Stavanger/Sandnes is located, where there is a highly significant bilateral 

relationship. This is in line with our expectation that Oslo and Stavanger/Sandnes have a strong influence on each 

other. Another interesting aspect of our results is that Oslo does not unidirectionally affect the two most northern 

regions, Trøndelag and Nord-Norge. There is only weak evidence for a bilateral relationship with Nord-Norge, 

and there is a unidirectional effect going from Trøndelag towards Oslo. The effect from Trøndelag is not as 
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expected due to the lower gross product, the number of inhabitants and frequency of sales. However, it is in line 

with the unidirectional effect from Trondheim on OMA in the metropolitan analysis. The significant unidirectional 

effects towards Vestfold, Innlandet and Buskerud, support the findings from the co-integration analysis.   

Vestlandet and Rogaland have indications to be starters for a ripple effect as well and are especially unidirectional 

causing the regions located in the western and southern part of Norway. The region of Vestlandet have indications 

of being instrumental in the ripple effect between the regions. It is only unidirectionally affected by Oslo and 

causes the regions of Møre og Romsdal and Agder, which is located respectively in the western and southern part 

of Oslo. Vestlandet is also causing regions that are distantly located in other parts of the country. These are Nord-

Norge in the northern part and towards Vestfold in the eastern part of Norway. Lastly, there is two bilateral 

relationships with both Trøndelag and Innlandet, which both are located adjacent in the central part of Norway. 

The bilateral relationship with Innlandet and unidirectional effect towards Møre og Romsdal supports the co-

integration results. The pattern involving Rogaland is somewhat similar, where it is unidirectional causing Møre 

og Romsdal and Agder which are relatively close geographically, as well as Akershus, Innlandet, Telemark and 

Vestfold which are more distant. The ripple effect from Rogaland is going towards more than half of the regions 

in Norway, and it is a governing region together with Oslo. The regions that are unidirectional causing Rogaland 

are more surprising. Trøndelag’s causal effect on Rogaland is somewhat understandable due to the similar 

economic activity and transaction frequency. The effect from Nord-Norge is less expected. Nord-Norge is the 

region located furthest away geographically, have approximately the same frequency of sales and a lower gross 

product. The effect may be due to economic structures we are not aware of.  

The results regarding Akershus also indicates some interesting insights. As mentioned previously, parts of 

Akershus were earlier considered as a part of OMA. Since these municipalities are now considered as a part of 

Akershus, we may be able to isolate which effects that goes from central Oslo and the surrounding municipalities. 

Akershus is unidirectional affecting several of the same regions as Oslo; these are Innlandet, Møre og Romsdal, 

Vestfold, and Agder. The unidirectional effect towards Innlandet and Vestfold supports the result regarding co-

integration between them. The ripple effect is going towards fewer regions than Oslo, but there are indications that 

they are affecting several of the same regions.  Furthermore, there are three highly significant unidirectional effects 

towards Akershus, which are from Oslo, Rogaland, and Telemark. Telemark is located geographically next to 

Akershus, and there is naturally that effects are going between them. Oslo and Rogaland are as expected to cause 

the house price in Akershus as well.  

There are unidirectional effects both from and to Nord-Norge. The regions that are unidirectionally causing Nord-

Norge are Vestlandet and Møre og Romsdal. Møre og Romsdal is the second closest region geographically and 
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shares a border with Vestlandet. The results are therefore as expected due to geographical proximity. The 

unidirectional effect from Nord-Norge towards Rogaland is already commented, but Nord-Norge is also causing 

Buskerud in the eastern part of Norway. This is somewhat more surprising due to the large distance between the 

regions and no known economic relation. Lastly, Nord-Norge is in a bilateral relationship with Vestfold, which is 

located next to Buskerud. There are also indications from our TY-CG tests that Trøndelag is a starting point for a 

ripple effect towards several regions. Trøndelag are unidirectional causing Oslo as previously mentioned, and there 

are indications for ripple effect towards Buskerud, Telemark, Rogaland, and Agder. Furthermore, Trøndelag has 

several bilateral relationships with causal effects going both ways. Some of the relationships are with regions that 

are closely geographically located with Trøndelag; these are Møre og Romsdal, Innlandet, and Vestlandet. The 

bilateral relationships with Innlandet and Møre og Romsdal also support our findings from the co-integration 

analysis. Trøndelag also shows indications with effects both ways with Akershus, which is the indicating the same 

effect going from Trøndelag towards to leading regions in eastern Norway. Lastly, the unidirectional effect from 

Vestfold towards Trøndelag is surprising due to the large distance and Vestfold have a far lower gross product. 

The transaction intensity is almost similar. Since Oslo unidirectional affects Vestfold, the results resemble the 

metropolitan analysis. Vestfold may be a proxy of the effect from Oslo, and if so, there is a bilateral relation 

between Oslo and Trøndelag.   

Innlandet is unidirectionally affected by several regions, which is as expected since it shares a border with seven 

of the other regions in our analysis. Oslo, Møre og Romsdal, Akershus, and Buskerud are all causing Innlandet 

unidirectionally with a high significance. Common for all of these regions is that they have a shared border with 

Innlandet and the results regarding Buskerud supports the co-integration result between them. Agder is the only 

region which is unidirectional affecting Innlandet, without sharing border. Innlandet is also unidirectional affecting 

Vestfold and Telemark, where only Telemark has weak indications with ten percent of affecting Innlandet the 

other way. The unidirectional effect towards Vestfold furthermore supports the result from the co-integration 

analysis. Lastly, Innlandet has bilateral relationships with Vestlandet, Agder, and Trøndelag. Summarized, 

Innlandet is highly connected with the other regions. Buskerud is unidirectionally affected by Oslo, Nord-Norge, 

and Trøndelag. The effect from Oslo is discussed above, but it is interesting that Buskerud is unidirectionally 

caused by the two most distant regions. Furthermore, Buskerud has bilateral relationships with Akershus, 

Telemark, Vestfold, and Agder, who all are close to Buskerud geographically. The results regarding Vestfold and 

Telemark supports the findings from the co-integration analysis. Buskerud does also unidirectional affect Møre og 

Romsdal and Innlandet where both effects are highly significant.  

Møre og Romsdal are affected by several other regions in addition to Buskerud. The unidirectional effect from 

Oslo, Vestlandet, Rogaland, and Akershus are mentioned when investigating the respective regions. In addition to 
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these regions, there is a highly significant effect from Agder. Møre og Romsdal are also in bilateral relations with 

Trøndelag, Telemark, and Vestfold. Trøndelag is as expected due to the geographical distance, but it is somewhat 

more surprising with the dual effects with Telemark and Vestfold. Lastly, unidirectional causal effects are running 

from Møre og Romsdal towards Nord-Norge and Innlandet. Both regions are regarded as closely located and are 

therefore as expected. Telemark shows a somewhat similar pattern as Møre og Romsdal, were they receive several 

unidirectional effects. There are indications that the house prices in Telemark are affected unidirectional by Oslo, 

Rogaland, Trøndelag, Innlandet, and Agder. Therefore, Telemark has indications that they are affected by regions 

located in all of the different parts of Norway. Furthermore, Telemark has a bilateral relationship with Møre og 

Romsdal and Buskerud. There are also two highly significant unidirectional effects going to the geographically 

close regions, Akershus and Vestfold. 

The two last regions we have investigated for TY-CG is Agder and Vestfold. Most of the results involving these 

two regions are already accounted for, but it is valuable to look at the different relations combined for each region. 

Agder is unidirectionally affected by Oslo, Akershus, Vestlandet, Innlandet, and Trøndelag. The somewhat 

surprising result is that Trøndelag is influencing Agder as it is the regions which are the second most distant from 

Agder. The same results are evident in the metropolitan apartment analysis, and may indicate that there are either 

information flows or economic ties between them. Furthermore, Agder has a bilateral effect with Innlandet, located 

next to Trøndelag, and Buskerud. There are also unidirectional effects from Agder towards Møre og Romsdal and 

Telemark. There are therefore indications of an effect running both towards and from Agder from the eastern and 

western parts. Vestfold is also a region that is unidirectionally affected by several regions. Oslo, Telemark, and 

Akershus are all regions with more registered sales and are all closely located in eastern Norway. There is also an 

effect from the western regions, Vestlandet and Rogaland. Lastly, we also see indications of a unidirectional effect 

from Innlandet. Vestfold also have one unidirectional effect towards Trøndelag, which is previously discussed. 

Lastly, there is a bilateral relationship with Nord-Norge, Buskerud and Møre og Romsdal. Both Nord-Norge and 

Møre og Romsdal are geographically among the regions that are the most distant and is therefore unexpected.  

6.3.6 Impulse Response Analysis 

The impulse response analysis provides additional information regarding the dynamics between the regions. The 

method and procedure are the same as the previous sets. To begin with, we have investigated the responsiveness 

of an impulse sent from the house price levels in Oslo. Three of the other regions, namely Vestlandet, Trøndelag, 

and Telemark, reacts with a jump in the price levels at first before the price levels start declining. A noteworthy 

response is the response curve of Nord-Norge. We observe that it is almost an inverted version of the remaining 

regions’ development. Thus, it experiences a negative effect when there is a shock in the prices of Oslo. For the 
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remaining regions, a significant increase is predicted by the impulse response function for all regions. In sum, it 

looks like Oslo plays an important role in the house price dynamics.  

When Vestlandet is the source of a shock, Rogaland, Agder and, to some extent, Møre og Romsdal shows the most 

significant response, which is close to the unit shock value of one. Furthermore, Nord-Norge, Akershus and 

partially Oslo experience little responsiveness to the shock. The remaining regions experience moderate but 

significant responses to the impulse. In the case of a shock originating in Akershus, Vestfold, Agder, Møre og 

Romsdal, Buskerud, Innlandet, and Rogaland respond significantly to the change. Vestlandet, Oslo, and Trøndelag 

show limited reactions, while Telemark increases its levels to begin with, but starts declining after six months. An 

impulse from Nord-Norge causes only minor effects as most other regions is stable around its original value. 

However, some of the regions have small but negative reactions to a shock in Nord-Norge. A shock in Rogaland 

causes an immediate jump in the price levels of Vestfold, Telemark and Møre og Romsdal. Vestfold quickly starts 

decreasing, while the latter two maintains the higher level throughout the period. Oslo respond negatively to the 

impulse, while the rest of the regions experiences minor fluctuations around the level value for the whole period. 

In the case of Trøndelag as the source of the impulse, Oslo reacts to a minor degree. Vestlandet, Rogaland, and 

Agder display a large response of almost one unit change upwards, the same as the initial impulse. Nord-Norge 

and Akershus are seemingly not affected by the impulse, while the remaining regions experience moderate 

reactions to the shock. Furthermore, an impulse coming from Innlandet causes moderate responses in Agder, 

Telemark, and Vestfold, where the latter starts decreasing after a short period. The remaining regions are not 

affected. A shock in Buskerud results in moderate responses in Oslo, Rogaland, Møre og Romsdal, Innlandet, 

Agder, Telemark, and Vestfold. That is, an increase up to about 40% of the initial shock value. The other regions 

are not affected. With Møre og Romsdal as the source of the shock, we only observe a noteworthy response in one 

other region, namely Rogaland, where the response was moderate at most. A shock in Telemark does not cause a 

positive response in any other region. The responses are tiny in general. However, the movements are slightly 

negative in most of the models. With Vestfold as the source of a shock, Rogaland, Innlandet, Buskerud and Møre 

og Romsdal are expected to show moderate responsiveness to the shock, while the remaining regions are not 

affected. At last, an impulse originating in Agder causes a significant positive response in Rogaland and a 

moderately positive response in Møre og Romsdal.  

In Sum, most regions are affected by others to some extent. The anomaly is Nord-Norge that appears as relatively 

independent of the others. In a few analyses, Nord-Norge responded or caused other responses. In these cases, 

Nord-Norge seemed to behave opposite of the movements in the other regions.  
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6.3.7 Summary 

The main findings in this dataset are similar to what we observed in the metropolitan analysis of the apartment 

market. Oslo, which is a smaller part of OMA, is Granger causing all other regions except for Trøndelag and Nord-

Norge, while only two regions are Granger causing Oslo. Furthermore, Oslo’s counterparts are adjusting to reach 

equilibrium in all of the co-integrated relations. That is, Akershus, Innlandet, Buskerud, and Vestfold. The impulse 

response analysis showed that an impulse from Oslo causes significant responses throughout the country except 

for Nord-Norge. In addition, Oslo showed little signs of responses to impulses originating in other regions. Similar 

to Oslo, Trøndelag is Granger causing many of the other regions and there are indications that Trøndelag have a 

large impact on the regional market. This support our results from the metropolitan analysis, where Trondheim 

initiates ripple effects as well. Vestlandet and Akershus are mostly Granger causing less populated regions with 

less involvement with less economic activity. The co-integration analysis displays several relationships between 

these two regions with other regions. In all relationships, Vestlandet and Akershus’ counterparts adjust to reach 

equilibrium. If we compare Rogaland’s dynamics in this set with Stavanger/Sandnes’ dynamics in the analysis of 

the metropolitan apartment market, we find that Rogaland has less influence on others. We find that Nord-Norge 

appear independent of the other regions. Similar behavior was found in Larraz-Iribas and Alfaro-Navarro’s 

research on the Spanish market, where they found that regions with distinctive characteristics tend to be segmented 

from the rest of the market. Finally, we observed that Innlandet are co-integrated with seven other regions, whereas 

Innlandet adjust towards equilibrium in all co-integrated relations expect one. Considering the location of 

Innlandet, geographical proximity to several regions are a likely explanation.  

In general, we observe through the TY-GC analyses that the highest populated regions tend to Granger cause the 

less populated ones. The co-integration-, alpha- and impulse response analyses support these findings largely. 

More specifically, we observe indications of ripple effects starting in Oslo. These observations are in line with the 

literature on the field as the highest populated region with most transactions initiates the ripple effect. The fact that 

Oslo is Granger causing more distant regions, such as Vestlandet and Rogaland can be explained by commonalities 

in the economy, as suggested by Gong et al. The effect can also be explained with information flows or that it is 

the economic center, as Oslo have the highest frequency of sales in the market and the largest gross product.   

6.4 Regional analysis – Detached house market 
6.4.1 Seasonality 

The individual time series are all tested and transformed in accordance with the description from previous analysis. 

The X13-ARIMA-13 successfully removed all seasonality and all the time series can be used for further testing. 

The results for non-normality indicates that there are five percent significant non-normal distribution of the 
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residuals for Oslo and Vestlandet. As previously discussed, we retain the variables for further testing. We are 

however aware of the possible implications this might introduce and that there is a risk of obtaining suboptimal 

estimators and misleading results. 

6.4.2 Stationarity 

Prior to the co-integration analysis, it is necessary to establish at what order our selected variables are integrated. 

Recall that the variables cannot be integrated of zero order, as well as the variables must be of the same order to 

be tested for co-integrated relationships. The test statistics are listed in Table 31.  

Table 31: Results from Augmented Dickey fuller test at 0. order of integration with and without trend, average square meter prices for 
detached houses 1992(Q1)-2017(Q4), regional analysis 

Region w/trend w/drift 

OS -3.1715   

VL   -2.6226 

AL   -2.5002 

NN -2.3614   

RL   -2.2982 

TR   -1.6992 

IL   -2.7084 

AG   -3.029 

ØF   -2.2654 

BU   -1.7677 

MR   -1.4748 

VF   -3.7346 

TE   -3.0222 

Source: Eiendomsverdi 

From Table 31, it seems reasonable to believe that Agder, Vestfold, and Telemark follow an I(0) process, that is, 

stationarity at level values. Thus, these variables are not applicable to further co-integration analyses. The 

remaining variables are seemingly in possession of a stochastic trend. Table 32 displays the test-statistics at first 

difference levels.  
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Table 32: Results from Augmented Dickey fuller test at 1. order of integration, average square meter prices for detached houses 
1992(Q1)-2017(Q4), regional analysis 

Region Test-statistics  

OS -8.0241 

VL -7.8243 

AK -6.0154 

NN -5.1121 

RL -4.6708 

TR -5.2877 

IL -3.5487 

ØF -4.2459 

BU -5.5117 

MR -5.9107 
Source: Eiendomsverdi 

As shown, all the remaining variables are fit to be applied in the Johansen test of co-integrated relations.  

6.4.3 Lag selection and diagnostics 

The test for autocorrelation indicates a significant amount of VAR models that possess autocorrelation. In fact, 22 

VAR models must be excluded from further analyses. A summary of the results is shown in Table 33.  

Table 33: Overview of final lags for bivariate VAR-models after Portmanteau test for autocorrelation, average square meter prices for 
detached houses 1992(Q1)-2017(Q4), regional analysis 

Region OS VL AK NN RL TR IL AG ØF BU MR VF TE 

OS              

VL 2             

AK 2 2            

NN 4 2 4           

RL 2 2 2 5          

TR 2 2 3 AC 2         

IL 6 5 AC AC AC 5        

AG 2 2 2 4 2 2 AC       

ØF AC 6 AC AC AC 6 AC 5      

BU 4 2 3 6 AC 2 AC 2 AC     

MR 2 2 2 AC 2 2 AC 2 AC AC    

VF 2 4 4 6 AC 5 6 2 6 6 3   

TE 2 2 2 AC 5 AC AC 2 AC 3 2 5  

Source: Eiendomsverdi 
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From Table 33, we can observe that especially two variables have a lot of autocorrelation in the bivariate VAR 

models. The first one, Østfold was removed as a whole from the Regions AP dataset, and in this dataset, we have 

to exclude eight out of twelve relations. In sum, this reduce our ability to provide evidence of house price dynamics 

relating to Østfold. The four remaining models containing Østfold need a high number of lags in order to remove 

autocorrelation as well. In sum, these findings indicate that there is a significant amount of issues with this region 

and the analyses provided should be taken with precaution. The second variable that experiences a significant 

amount of autocorrelation is Innlandet, where eight relations are affected. Our ability to perform analyses of this 

region are weakened. Nevertheless, in contrast to Østfold, Innlandet have healthy data in the regional apartment 

analysis, which can contribute to an overall understanding of the dynamics. Furthermore, all regions have at least 

one model that must be excluded except for Vestlandet. In sum, we can say that there is a significant amount of 

autocorrelation in the dataset as a whole, but there is still a lot of reliable VAR models that should provide sufficient 

results.  

In order to provide a complete diagnostics report, we have to investigate the presence of heteroscedasticity and 

non-normality. First, the heteroscedasticity test results are discussed. A summary is displayed in Table 34.  

Table 34: Results from ARCH-LM test for heteroscedasticity, average square meter prices for detached houses 1992(Q1)-2017(Q4), 
regional analysis 

Region OS VL AK NN RL TR IL AG ØF BU MR VF TE 

OS              

VL 1%             

AK 5% 5%            

NN NO 1% 1%           

RL 5% 1% 1% NO          

TR 5% NO NO AC 1%         

IL 5% 5% AC AC AC NO        

AG 5% 10% 1% 10% 5% NO AC       

ØF AC 1% AC AC AC 10% AC 5%      

BU 1% 5% 1% 1% AC 5% AC 1% AC     

MR 1% 1% 1% AC 1% 1% AC 1% AC AC    

VF 5% 5% NO 5% AC NO 5% NO 5% 1% 1%   

TE 1% 1% NO AC 1% AC AC 1% AC 1% 1% 1%  

Source: Eiendomsverdi 
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As expected, the majority of the VAR models possess heteroscedasticity. Despite the fact that this could result in 

incorrect standard errors, studies suggest that it is acceptable to proceed with the dataset. Thus, we apply the dataset 

in the co-integration- Granger causality-, and the impulse response analyses.   

Non-normality proves to be more evident than its counterpart. This result is similar to what we have observed in 

the other datasets. Table 35 illustrates the test results. 

Table 35: Results from Jarque-Bera test for non-normality, average square meter prices for detached houses 1992(Q1)-2017(Q4), 
regional analysis 

Region OS VL AK NN RL TR IL AG ØF BU MR VF TE 

OS              

VL 1%             

AK NO 1%            

NN 1% 1% 1%           

RL NO 1% NO NO          

TR NO 1% NO AC NO         

IL NO 1% AC AC AC NO        

AG NO 1% NO 10% 1% NO AC       

ØF AC 1% AC AC AC NO AC 10%      

BU 1% 1% 1% 1% AC 1% AC 1% AC     

MR 1% 1% 1% AC 1% 1% AC 1% AC AC    

VF NO 1% NO 5% AC 1% 10% 5% NO 1% 1%   

TE 5% 1% NO AC 10% AC AC 5% AC 1% 1% 1%  

Source: Eiendomsverdi 

As previous sets many VAR models are non-normal. In line with the argumentation made for previous datasets, 

we continue to use the models for further testing but we are aware of the implications.  
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6.4.4 Co-integration 

The co-integration analysis follows the same procedure as the previous analysis, and the results are interpreted in 

the same manner. The results are found in Table 36 and Table 37. 

Table 36: Results from Johansen test for co-integration, average square meter prices for detached houses 1992(Q1)-2017(Q4), regional 
analysis 

Region OS VL AK NN RL TR IL ØF BU MR 

OS           

VL           

AK Co-int          

NN           

RL           

TR           

IL           

ØF           

BU Co-int          

MR 5-10% Co-int   Co-int      

Source: Eiendomsverdi 

Table 37: Reported test-statistics and critical values for Johansen test, average square meter prices for detached houses 1992(Q1)-
2017(Q4), regional analysis 

Regions Test 10% 5% 1% 

Oslo-Akershus 24.33 15.66 17.95 23.52 

Oslo-Buskerud 29.29 15.66 17.95 23.52 

Oslo-Møre og Romsdal 17.21 15.66 17.95 23.52 

Vestlandet-Møre og Romsdal 19.74 15.66 17.95 23.52 

Rogaland- Møre og Romsdal 28.28 15.66 17.95 23.52 

Source: Eiendomsverdi 

The number of co-integrations is far less than on the apartment market when comparing the regional results, but 

there are some interesting results here as well. All of the co-integrations reported are significant except the weak 

evidence between Oslo and Møre og Romsdal. The interesting outcome of the Johansen test is that we can observe 

two co-integrated groups. Oslo has a highly significant long-term equilibrium with Akershus and Buskerud, two 

regions they have a shared border with. The other group have Møre og Romsdal as the common connection, were 

Møre og Romsdal are co-integrated with Rogaland and Vestlandet. Vestlandet have a common border with both 
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regions, and the co-integration is expected. There is therefore evidence that there is a co-integrated group located 

in the western part of Norway as well. This dataset is the only set where we can observe two different groups 

separate from each other in each part of the country. There is weak evidence of a co-integrated relation between 

Oslo and Møre og Romsdal. Therefore, there is weak indication of co-integration between the two groups as well.  

In the alpha tests, we find that Akershus, Buskerud and Møre og Romsdal adjust in a disequilibrium with Oslo. 

Furthermore, Møre og Romsdal adjust according to the price development in Vestlandet and Rogaland to reach 

equilibrium. 

6.4.5 Causality 

When we investigate the TY-CG between the regions on the detached house market, we use the same method as 

in previous analysis. Table 38 below is with the same setup and provides the same interpretation.  

Table 38: Results from Toda-Yamamoto Granger Causality test, average square meter prices for detached houses 1992(Q1)-2017(Q4), 
regional analysis 

Region OS VL AK NN RL TR IL AG ØF BU MR VF TE 

OS  5% 1% NO NO 1% 1% 5% AC 1% 1% 5% NO 

VL NO  1% NO 1% 5% NO 10% NO 10% 5% 5% 1% 

AK 1% NO  NO 10% 1% AC NO AC 1% 10% NO 1% 

NN NO NO NO  NO AC AC NO AC NO AC NO AC 

RL 1% 1% 5% NO  NO AC 5% AC AC 5% AC NO 

TR 5% 5% 1% AC NO  10% 1% NO NO 10% NO AC 

IL 1% 10% AC AC AC 5%  AC AC AC AC 10% AC 

AG NO NO 5% NO 1% 1% AC  10% 5% 1% 5% 1% 

ØF AC 10% AC AC AC 1% AC 1%  AC AC 1% AC 

BU 1% 5% 1% 1% AC 1% AC 5% AC  AC 5% NO 

MR NO 5% NO AC 10% NO AC 1% AC AC  5% NO 

VF 5% 1% 1% NO AC 1% 5% 5% NO 1% 1%  NO 

TE 5% 10% NO AC NO AC AC 10% AC 10% NO 10%  

Source: Eiendomsverdi 

In general, there are indications that there are not as many leading regions, which are unidirectional causing several 

other regions. Oslo is one of the regions who had indications of being a leading region in our previous analysis. 

For detached houses, the interactions with other regions are somewhat different. Oslo is unidirectional affecting 

three other regions; these are Vestlandet, Møre og Romsdal, and Agder. All of these regions are distantly located 

from Oslo, and it is interesting that Oslo is not affecting the closest regions in eastern Norway. Rogaland and 
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Telemark also unidirectionally affect Oslo, where an effect from Rogaland is as expected. Based on the 

argumentation in the previous sets, we would expect a bilateral relation. The unidirectional effect from Telemark 

is also somewhat surprising. Telemark have the lowest gross product of all regions and have a low amount of 

inhabitants. However, the effect may be due to the higher frequency of sales in Telemark compared to Oslo. Oslo 

is in several bilateral relationships, and in total there are connections with all regions except Nord-Norge. The 

bilateral relationships are with Akershus, Buskerud, and Vestfold in the eastern part and Trøndelag and Innlandet 

in the central part of Norway. The bilateral relation with Akershus and Buskerud are supporting the findings from 

the co-integration analysis.   

Vestlandet is in addition to Oslo unidirectional affect by Buskerud. Both are located in the eastern part of Norway, 

and it is interesting that the regions Telemark and Akershus who are unidirectionally affect by Vestlandet are 

adjacent with Oslo and Buskerud. Therefore, there is indications that there are strong dual effects between 

Vestlandet and the eastern part of Norway, but the effects are going to and from different regions. Vestlandet is 

also in several bilateral relationships, both with regions closely located and more distant. The dual effects with 

Rogaland, Møre og Romsdal and Trøndelag, are all as expected due to the economic ties and proximity between 

Trondheim in Trøndelag, Bergen in Vestlandet and Stavanger in Rogaland. The bilateral relationship with Møre 

og Romsdal supports the findings from the co-integration analysis. There is also one bilateral relationship with the 

smallest region Vestfold.   

Akershus is the region that is unidirectionally affected by the most regions together with Trøndelag and is far less 

dominant than in the apartment market. This is surprising from an asymmetric information perspective as it has 

the highest frequency of sales. Vestlandet, Rogaland, and Vestfold are all causing the house prices in Akershus. It 

is furthermore interesting that the effect is going from only one region closely located, and the effect is from two 

regions in the western part. Akershus is unidirectionally affecting Telemark, which is as expected due relative 

difference in gross product, inhabitants and frequency of sales. The somewhat more surprising result is that no 

effects are going either way with Vestfold, which is geographically close to Akershus. Lastly, there are bilateral 

relationships Rogaland, Trøndelag, and Buskerud in addition to Oslo, which are previously mentioned. Nord-

Norge is isolated as it is only unidirectionally affected by Buskerud. However, five of the relations are not 

examined due to autocorrelation, therefore, it is difficult to interpret the position of Nord-Norge in the market.  

Rogaland is not unidirectionally affected by any regions and are causing Oslo, Akershus and Møre og Romsdal. 

The effect from Rogaland towards the two most populated regions in eastern Norway were both have a larger 

gross product is interesting. There is indications that Rogaland is starting a ripple effect towards an important 

economic part of Norway. Furthermore, the results towards Møre og Romsdal supports the conclusion from the 
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co-integration analysis. Lastly, Rogaland is a part of a bilateral relationship with Vestlandet and Agder 

respectively. In the market for apartments, Trøndelag is unidirectionally affecting several regions. The detached 

housing market results, indicates that Trøndelag is only affected by other regions. The effect from Innlandet is 

understandable as the regions have a shared border, but one would expect Trøndelag to have a stronger effect on 

Innlandet than the weak evidence displayed. There is also a unidirectional effect from Østfold and Buskerud. Both 

are located geographically far away and have approximately half the gross product. Combined there are indications 

that there is a ripple effect going towards Trøndelag from the eastern part of Norway in this market. Lastly, 

Trøndelag is a part of a bilateral relationship with Oslo, Vestlandet, Akershus, and Agder. We cannot conclude 

based on these effects, but it is expected that there is effect going between Trøndelag and several of the largest 

regions. 

Since many of the tests involving Innlandet are removed due to autocorrelation, it is hard to conclude on the 

interconnectivity with the rest of the regions. Besides the unidirectional effect on Trøndelag, there is only evident 

that Innlandet is unidirectionally affected by Vestfold. Østfold have also removed several models due to 

autocorrelation, but the remaining tests indicate that Østfold is unidirectionally affecting Trøndelag, Agder, and 

Vestfold. The effect towards Vestfold and Agder is expected due to the geographical proximity and similar gross 

product. The effect towards Trøndelag is more interesting as explained previously. The unidirectional effects from 

Buskerud are already discussed when looking at the respective regions but combined it is interesting that Buskerud 

as a small region is causing both Vestlandet, Nord-Norge, and Trøndelag which are all regions with larger gross 

product and distantly located geographically. This supports the indication that there are different ripple movements 

in the market for detached houses than apartments. It should be noted that there is weak evidence for a bilateral 

relationship on a ten percent level of significance from Vestlandet. There are no regions that unidirectionally 

affects Buskerud. Buskerud is lastly connected in a bilateral relationship with the closely located Oslo, Akershus, 

and Vestfold which is in line with our expectations of effects going between the regions in the eastern part of 

Norway. Furthermore, there is a dual causal effect between Buskerud and Agder.  

Møre og Romsdal is one of the few regions that are unidirectionally affected by Oslo and are also caused by 

Rogaland as previously discussed. There are no unidirectional effects from Møre og Romsdal, but it is a part of a 

bilateral relationship with Vestlandet, Agder, and Vestfold. We cannot draw any conclusions from these 

relationships, but it does show Møre og Romsdal’s connection with the rest of the market. Telemark is only 

unidirectionally causing one region, which is Oslo as previously discussed. Furthermore, it is unidirectionally 

affected by Vestlandet, Akershus, and Agder. These results are reasonable as Vestlandet and Akershus are regions 

with large gross product and a high frequency of sales. Akershus and Agder have a shared border with Telemark. 
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Furthermore, four of the tests are removed which limits our results, but it is interesting to see that Telemark are 

only in a bilateral relationship with Agder which it has a shared border with. 

The unidirectional effects towards Agder from Oslo and Østfold and towards Akershus and Telemark from Agder 

is previously discussed. It should, however, be mentioned that Agder is in a bilateral relationship with all other 

regions except Nord-Norge and the regions already mentioned. This provide indications that Agder is highly 

involved with the rest of the market, although we cannot conclude on ripple effect from bilateral results. The last 

region in our analysis is Vestfold, and the results are commented from the perspective of the other regions. 

Combined we can see that there are indications for ripple movements from Vestfold to Akershus and Innlandet. 

The most interesting part of the results the unidirectional effect towards Innlandet due to the large distance between 

them and the fact that Innlandet have a larger gross product and higher frequency of sales. Furthermore, there is 

only one unidirectional effect from Buskerud towards Vestfold. As the smallest region in the analysis, one could 

assume there would be more regions unidirectional affecting Vestfold. Lastly, there are bilateral relations with 

Oslo, Vestlandet, Buskerud and Møre og Romsdal.  

6.4.6 Impulse Response Analysis 

Like the analysis of the other three datasets, we have performed an impulse response analysis in the end. The 

procedure is the same as the previous sets. We have chosen to present the impact of each region chronologically, 

starting with the largest. Thus, we begin with Oslo. As it appears, Akershus is the only region that is expected to 

be caused largely by Oslo. Buskerud and Møre og Romsdal are also affected significantly but at a more moderate 

level. Furthermore, Telemark, Trøndelag, and Vestlandet are affected to a small degree. The remaining regions 

are only slightly affected by the impulse. For the case of Vestlandet as source of an impulse, we observe that 

Rogaland, Møre og Romsdal, Telemark, Agder and, to some extent, Trøndelag show moderate responsiveness to 

a shock. As for a shock with origin in Akershus, Oslo responds with a massive jump to begin with before slowly 

decreasing towards slightly negative levels. Nord-Norge is expected to experience a negative response throughout 

the period. Vestlandet, Buskerud, Trøndelag, Møre og Romsdal, and Telemark are significantly affected, but to a 

lesser extent than Oslo. The remaining regions are only slightly affected. When an impulse is put in the Nord-

Norge region, all other regions respond slightly negatively. This corresponds to what we found in the analysis of 

the regional apartment market. An impulse coming from Rogaland are expected to cause a significant positive 

increase in the price levels in Agder and Møre og Romsdal. In addition, Vestlandet experience a slow, but steady 

increase throughout the period, while Nord-Norge experiences a moderate increase. The other regions do not show 

any noteworthy responses. If a shock is started in Trøndelag, we observe that Vestlandet, Møre og Romsdal, and 

Rogaland are the ones most affected by the shock. Akershus and Agder experience a small jump, to begin with, 
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before adjusting back to the original level. Furthermore, Innlandet, Østfold, and Vestfold show signs of negative 

responses at low to moderate levels. The rest of the regions are not particularly affected by the shock.  

In the IRFs where Innlandet causes an impulse, all regions are significantly affected. However, only four regions 

are considered due to autocorrelation. Both Oslo and Vestfold increase their values rapidly before quickly 

declining back towards their original level. Vestlandet and Trøndelag are stable after they first increased in the 

price levels. In the analyses where Østfold is the center of the shock, only four other regions are considered as 

well. The effects are expected to be significantly positive for all responsive regions. However, in Vestfold, the 

effects are decreasing after a few periods. When a shock originates in Buskerud, Oslo and Akershus are the only 

ones significantly affected by the shock, while Trøndelag experiences a more moderate response. In Akershus, the 

price levels start decreasing shortly after it first increased. Vestfold and Nord-Norge are predicted to experience 

negative adjustments to the impulse. The remaining regions are not particularly responsive to the impulse. A shock 

coming from Møre og Romsdal is not affecting any other region. With Telemark as the source of the impulse, 

Møre og Romsdal, Rogaland and Vestlandet experiences a significant increase in their price levels, although the 

levels of Vestlandet are somewhat lower. Vestfold respond significantly in the first period, but quickly adjust 

toward its original value. The other regions are not affected. In the case of Vestfold as a source of a shock, all 

regions except for Oslo are expected to respond in a notable matter. Nord-Norge’s curve is almost inverted 

compared to the others. Furthermore, all other regions increase their levels with approximately 40-60% of the 

initial unit shock. At last, the IRFs with Agder as the origin of an impulse, we observe that Telemark, Trøndelag 

and Vestlandet experiences moderate responses up to 40% of the initial unit shock. Rogaland, Møre og Romsdal, 

Vestfold and Østfold increased even more. However, Østfold started adjusting back to its original value quickly. 

The rest showed little evidence of responses in this scenario. In sum, most regions are affected by other, while 

Nord-Norge acts as either independent or as contrary to the other regions.  

6.4.7 Summary 

Similar to the apartment market, we observe that Oslo is Granger causing the majority of the regions in Norway. 

However, Oslo also receives causal effects from most other regions. This implies that Oslo’s position, as an 

epicenter for the ripple effect, is less evident in the detached house market. Although, the Johansen- and alpha test 

reveals that Akershus, Buskerud and Møre og Romsdal adjust towards Oslo to reach a long-term equilibrium. A 

possible explanation of the difference of Oslo’s influence on the detached house- and apartment markets could be 

the fact that Oslo has significantly higher sales numbers for apartments than the remaining regions, while it has 

the lowest sales numbers of detached houses. There are far more transactions involving apartments than detached 

houses in Oslo, which may indicate that the information regarding prices for apartments adjusts faster than the 

prices in the rest of the market (Clapp, Dolde, & Tirtiroglu, 1995). In other words, the rest of the market use the 
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apartment prices in Oslo when adjusting their respective prices to a larger degree than the detached house prices. 

The low amount of transactions in the detached house market are possible a reason for the less dominant position. 

Furthermore, we observe that Nord-Norge is operating isolated in this market as well, which further implies that 

the region’s distinctive characteristics distinguish its price dynamics from others.  

For the other regions, we observe that the Granger causality is more evenly distributed among all regions, than for 

the apartment market. Thus, there are fewer indications of the highly populated regions causing the less populated 

ones, which is one of the possible dynamics in the ripple effect. For instance, we observe that Vestfold, which is 

the second least populated region and have the second smallest gross product, is involved in five bilateral relations 

and have three unidirectional effects to other regions. A more anticipated observation is the dynamics of Rogaland. 

The region is Granger causing Oslo, Vestlandet, and Akershus, which possess similarities regarding transaction 

intensity and economic contribution. Rogaland is also Granger causing Møre og Romsdal and Agder which both 

are located in the western and southern part of Norway respectively. Furthermore, Rogaland is driving Møre og 

Romsdal in the long-run. Thus, geographical proximity is a plausible explanation. Recall that the only regions 

Granger causing Rogaland is Agder and Vestlandet, which is two neighboring regions.  

In general, there are less clear patterns of ripple effect in this dataset. Apart from Rogaland and Nord-Norge’s 

behavior, the results are largely ambiguous. The IRF analysis indicated that geographical proximity and common 

economic characteristics determine which regions that respond to each other’s price changes. As mentioned earlier, 

previous literature on the field argued that it is a possible explanation.  

6.5 Overall summary 
The purpose of this section is to assemble and compare the findings of each dataset in order to highlight similarities 

and differences. In the literature study, we presented theories suggesting that the starting point of the ripple effect 

would be located in the economic center of the area in focus. This implies that OMA and Oslo would be the 

epicenter of the ripple effect in the metropolitan area- and regional analysis, respectively. For the apartment 

market, OMA and Oslo appear as an epicenter, which is in accordance with the literature. However, OMA and 

Oslo are not as influential on the detached house market. As it appears, OMA and Oslo have several bilateral 

relationships. In general, OMA and Oslo are largely influencing the house prices on the Norwegian house market, 

but the effects are mostly evident from the apartment market. Recall that the Oslo region primarily consist of 

apartment transactions, which could explain the difference. Another noteworthy observation is Rogaland and 

Stavanger/Sandnes’ influence. We observe that these areas are influential initiators of ripple effects, but not as 

influential as Oslo and OMA. We expected Stavanger/Sandnes’ to affect the house prices in other areas, as they 

are heavily associated with the oil sector, which generate substantial contributions to Norway’s GDP. Across the 
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analysis, we consider OMA and Stavanger/Sandnes and their respective regions as two epicenters of the ripple 

effect. Both areas have a large gross product, a relatively high frequency of sales and among the most populated 

areas. Therefore, we observe indications that informational flows and economic activity are determining the ripple 

effect on the Norwegian housing market. The interesting aspect is that the two epicenters seems to have a stronger 

effect within their respective parts of the country. Stavanger/Sandnes/Rogaland are governing the western and 

southern areas, but there is fewer ripple effects toward the eastern regions. The same is evident internally in the 

eastern part, where Oslo/OMA are governing the smaller areas. This may indicate that there are economic 

structural differences between the areas, which limits how strong the effects are outside each area (Shi, Young, & 

Hargreaves, 2009) (Chiang & Tsai, 2016). Another interesting aspect regarding the relation between the eastern 

and western area is the indications that Agder/Kristiansand is an intermediary between the areas. 

Agder/Kristiansand are heavily connected with both the eastern and western part, through bilateral relations and 

unidirectional effects from and towards the area. Together with the relations of Agder/Kristiansand, Oslo/OMA 

and Stavanger/Sandnes/Rogaland have a bilateral relation. These relations combined adjust the price levels in each 

respective area in accordance with each other.  

Furthermore, we observed that Trondheim tend to influence the house price dynamics of other larger metropolitan 

areas, while it is Granger caused by some of the smaller ones. Thus, Trondheim’s position in the market is 

challenging to determine even though there are indications of a large involvement. A plausible explanation, 

suggested by Stevenson is that the smaller metropolitan areas, surrounding OMA, operates as a proxy, which we 

found indications of in the apartment market (Stevenson, 2011). However, Trondheim’s effect on other larger 

metropolitan areas were somewhat unexpected due to smaller gross product and lower frequency of sales. Nord-

Norge appear as independent from the rest of the country and the segmentation are the most evident in the 

apartment market. Based on the literature study, this could be explained by economic and geographical 

distinctiveness.  

If we consider ripple effects in light of geographical proximity, we observe several linkages. For instance, OMA 

affects the house prices in Drammen, Stavanger/Sandnes and Kristiansand are affecting each other, as well as 

many other causality relationships can be explained by geographical proximity. Kristiansand and Agder have 

several bilateral relationships with other surrounding areas, which suggest that geographical proximity is a major 

driving factor for the area. It further supports our argumentation that Kristiansand/Agder operates as an 

intermediary between the eastern and western areas.  

In general, we observed through our analyses that the larger areas, measured by population and economic 

contribution, tend to govern the house price development of the smaller areas. We can arguably claim that Oslo 
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and OMA initiate a ripple effect from the eastern part of Norway, Stavanger/Sandnes and Rogaland initiates the 

movements from the western part, while Trondheim initiate some ripple effects from the middle part of Norway. 

Furthermore, it appears that many bilateral relationships are evident amongst the areas not initiating the ripple 

effect. At last, our findings were to a larger extent in line with the literature for the two analyses of the apartment 

markets, than for the detached house markets. Our main conclusions are graphically illustrated in Figure 22.  

Figure 21: Overview of ripple effects in Norway 
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7. Conclusion 
The aim of this thesis has been to investigate the presence of ripple effects on the Norwegian housing market as 

well as mapping any patterns found to be present. Initially, chapter two provided an overview of the existing 

literature on ripple effects. Several theories of why ripple effects occur were presented. The majority focused on 

geographical proximity, economic contribution to GDP, transaction intensity and economic structures. 

Furthermore, chapter five explained the research design we use to detect ripple effects. We decided to perform a 

co-integration analysis with the Johansen method to identify long-term relations, a corresponding alpha coefficient 

test to identify the adjusting areas, a Toda-Yamamoto Granger causality test to analyze short-term relations, and 

an impulse response analysis to simulate each area’s responsiveness. The choice of methods are in line with 

prevailing research methods on the subject.  

Chapter six present the results of our analyses. For the analysis of the metropolitan apartment market, we found 

abundant evidence suggesting that OMA initiates a ripple effect directly and indirectly through Drammen towards 

the other eastern metropolitan areas. The ripple effects from OMA are seemingly reaching more distant 

metropolitan areas such as Ålesund and Kristiansand. Furthermore, we found evidence of another ripple effect 

originating in Stavanger/Sandnes that spreads mainly towards western and southern cities. In addition, the fact that 

Stavanger/Sandnes and OMA possess a bilateral relationship, provides indications of two epicenters, where OMA 

appears as slightly more influential. Lastly, some tendencies of ripple effects initiated by Trondheim were 

observed, but we argue that Trondheim in fact are Granger caused by OMA through Tønsberg and 

Porsgrunn/Skien, which serves as proxies for OMA. The metropolitan analysis of the detached house market, 

indicated that Trondheim initiates a ripple effect. The results are surprising due to the low transaction intensity 

and relative low number of inhabitants. The effect may be due to information flows or economic structures not 

investigated. Kristiansand appears as an intermediary between the western and eastern metropolitan areas. Based 

on the transaction intensity and relative size, few relationships were in line with our expectations of this market. 

Furthermore, the regional analysis of the apartment market provides evidence of ripple effects originating in Oslo. 

Even though Rogaland is influential on others, the effects are less discernible than Stavanger/Sandnes’ effect on 

the same market. The general finding in the analysis is that the larger regions affect the smaller ones. At last, the 

regional analysis of detached houses provides ambiguous results, where there are few clear patterns. Rogaland 

Granger causes regions with economic similarities such as Oslo, Akershus and Vestlandet. Agder and Møre og 

Romsdal are also Granger caused by Rogaland. Along with Vestlandet, this observation is in line with the theory 

concerning geographical proximity. Agder has several bilateral relationships, which is in line with what we 

observed for Kristiansand. Nord-Norge do not share any patterns with other regions, which is in accordance with 

the results on the apartment market.  
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In conclusion, we have found evidence of ripple effects arising from two perceptible epicenters. One in the 

Oslo/OMA area and one in the Rogaland/Stavanger/Sandnes area. Our result further indicates that the ripple effect 

starting in Oslo/OMA is the most influential. Trondheim seems to initiate the ripple effects to a minor degree. 

Furthermore, we provided evidence of Kristiansand/Agder operating as an intermediary between the eastern and 

western part of Norway. There are furthermore bilateral causal effects between Oslo/OMA and 

Rogaland/Stavanger/Sandnes that may be an influential relation governing the dynamics between the eastern and 

western part. We can also argue that Nord-Norge is largely independent of the other regions. As for the underlying 

explanations of our findings, we want to emphasize the plausibility of economic contribution to GDP, geographical 

proximity, transaction intensity and structural economic ties. An overall observation is that the analyses of the 

apartment market provides results that are largely in line with the existing literature, while the detached house 

market analyses provides results that are more ambiguous.  

Finally, we want to highlight the value of understanding the driving factors of house prices. As no other research 

paper have considered the aspect of ripple effects on the Norwegian housing market, we argue that our results 

contribute to a deeper understanding of the interregional and inter-metropolitan dynamics in the market. Moreover, 

we argue that the findings contribute to a more precise perception of how house prices tend to develop. By 

providing evidence of the typical price movements, those who interact with the real estate market are able to 

incorporate the information in their decision making. Knowing the underlying factors that determines the house 

prices, as well as what to expect of the price development, provides added value.  

Further research could shed more light on the underlying economic structures and mechanisms causing the ripple 

effect. Our research discuss the possibility of asymmetric information and economic structures as possible 

reasons. Further studies of the specific dynamics could create a deeper understanding of the observed ripple 

effect. Specifically, there are indications of a structural economic difference between the eastern and western 

part of Norway, with Agder/Kristiansand operating as an intermediary.  

Another interesting approach for future research is to investigate further the different results in the apartment and 

detached houses market. The characteristics of the different housing types and a more urban location of 

apartments may attract different buyers. This could distinguish the two markets and contribute to different 

dynamics on each respective market. 
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Hui, H.-C. (2010). House price diffusions across three urban areas in Malaysia. International Journal of Housing 

Markets and Analysis(3), pp. 369-379. 

Hvid, S. (2017). A Regional Model of the Danish Housing Market. Danmarks Nationalbank, No. 121, 1-26. 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 123 

International Monetary Fund. (2017). Norway: Selected Issues. IMF Country Report, p. 72. 

Jarque, C. M., & Bera, A. K. (2009). A Test for Normality of Observations and Regression Residuals. International 

Statistical Review, 163-172. 

Kim, Y. S., & Rous, J. J. (2012). House price convergence: Evidence from US state and metropolitan area panels . 

Journal of Housing Economics(21), pp. 169-186. 

Larraz-Iribas, B., & Alfaro-Navarro, J.-L. (2008). Asymetric Behaviour of Spanish Regional House Prices. Int Adv 

Econ Res 14, 407-421. 

Leamer, E. E. (2007). Housing is the Business Cycle. National Bureau of Economic Research. 

Lee, C.-C., & Chien, M.-S. (2011). Empirical Modelling of Regional House Prices and the Ripple Effect. Urban 

Studies(48), pp. 2029-2047. 

Liao, W.-C., Zhao, D., Lim, L. P., & Wong, G. K. (2015). Foreign liquidity to real estate market: Ripple effect and 

housing price dynamics. Urban Studies(52), pp. 138-158. 

Lorch-Falch, S. (2018, 1 1). Tre grunner til at boligprisene vil fortsette å falle i 2018. Retrieved from E24: 

https://e24.no/privat/bolig/tre-grunner-til-at-boligprisene-vil-fortsette-aa-falle-i-2018/24218557 

Luo, Z. Q., Liu, C., & Picken, D. (2007). Housing Price Diffusion Pattern of Australia's State Capital Cities . 

International Journal of Strategic Property Management(11), pp. 227-242. 

Lütkepohl, H. (2005). New Introduction to Multiple Time Series Analysis. Berlin: Spring-Verlag. 

MacDonald, R., & Taylor, M. (1993). Regional House Prices in Britain: Long-run Relationship and Short-run 

Dynamics. Scottish Journal of Political Economy, 40(1), 43-55. 

Meen, G. (1999). Regional House Prices and the Ripple Effect: A New Interpretation. Housing Studies(14), pp. 

733-753. 

Miller, N., Peng, L., & Sklarz, M. (2009, 7 11). House Prices and Economic Growth. J Real Estate Finan Econ, pp. 

522-541. 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 124 

Nanda, A., & Yeh, J.-H. (2014). Spatio-temporal diffusion of residential land prices across Taipei regions. 

Reading: University of Reading. 

Norges Bank. (2018, Februar 1). Norges Bank. Retrieved from Key Policy Rate Annual Average: 

https://www.norges-bank.no/en/Statistics/Interest-rates/Key-policy-rate-annual/ 

OECD. (2018). OECD Economic Surveys: Norway. OECD. 

Oikarinen, E. (2007). Studies on Housing Price Dynamics. Turku School of Economics. 

Oslo Kommune. (2017). Næringsliv, sysselsetting og pendling. Retrieved from Oslo Kommune: 

https://www.oslo.kommune.no/politikk-og-administrasjon/statistikk/boliger-byggevirksomhet-arbeids-

og-naringsliv/naringsliv-sysselsetting-og-pendling/#gref 

Patterson, K. (2011). Unit Root Tests in Time Series Volume 1. Palgrave MacMillan. 

Pesaran, M. H. (2015). Impulse Response Analysis. In M. H. Pesaran, Time Series and Panel Data Econometrics 

(p. 27). Oxford University Press. 

Pfaff, B. (2008). VAR, SVAR and SVEC Models: Implementation Within R Package vars.  

Piazzesi, M., & Schneider, M. (2016). Housing and Macroeconomics. Standford: Standford & NBER. 

Shi, S., Young, M., & Hargreaves, B. (2009). The Ripple Effect of Local House Price Movements in New Zealand. 

Journal of Property Research, 26(1), 1-24. 

Statistics Norway. (2017, 10 13). Boforhold, registerbasert. Retrieved from Statistics Norway: 

https://www.ssb.no/bygg-bolig-og-eiendom/statistikker/boforhold/aar 

Statistics Norway. (2018, 2 14). Folkemengde og befolkningsendringar. Retrieved from Statistics Norway: 

https://www.ssb.no/statbank/table/01223/?rxid=98437971-7f81-46c4-bb83-fd90500c0146 

Statistics Norway. (2018, 2 14). Fylkesfordelt nasjonalregnskap. Retrieved from Statistics Norway: 

https://www.ssb.no/statbank/table/09391/?rxid=f9ad2170-4b9c-4a9d-a357-b20572ebb96e 

Statistics Norway. (2018). Prisindekt for brukte boliger. Retrieved from Statistics Norway: 

https://www.ssb.no/bpi 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 125 

Statistics Norway. (2018, 02 14). Registrerte arbeidsledige. Retrieved from Statistics Norway: 

https://www.ssb.no/statbank/table/10594/chartViewColumn/?rxid=32e323d5-2de6-45f9-8ba8-

3b1847335a02 

Stevenson, S. (2011). House Price Diffusion and Inter-regional and Cross-border House Price Dynamics. Journal 

of Property Research, 21(4), 301-320. 

Stock, J. H., & Watson, M. W. (2015). Introduction to Econometrics. England: Pearson Education Limited. 

Stubager, R., & Sønderskov, K. M. (2011). Forudsætninger For Lineær Regression og Variansanalyse Efter 

Mindste Kvadraters Metode. (5). 

Sørvoll, J. (2011). Norsk boligpolitikk i forandring 1970–2010: Dokumentasjon og debatt. Nova – Norsk institutt 

for forskning om oppvekst, velferd og aldring. 

Tabachnik, B. G., & Fidell, L. S. (2006). Using Multivariate Statistics (5th Edition). Allyn & Bacon. 

Taylor, K. (2017). Seasonal adjustment: 2017 update. London: Bank of England. 

Teye, A., Knoppel, M., de Haan, J., & Elsinga, M. (2017). Amsterdam House Price Ripple Effects in the 

Netherlands. Journal of European Real Estate Research, vol. 10 Issue: 3, 331-345. 

The Ministery of Finance. (2016, December 14). Goverment.no. Retrieved from New regulation on 

requirements for residental mortgage loans: https://www.regjeringen.no/en/aktuelt/new-regulation-

on-requirements-for-residential-mortgage-loans/id2523967/ 

The Ministry of Finance. (2011). Bedre rustet mot finanskriser: Finanskriseutvalgets utredning. Oslo: 

Finansdepartementet. 

The Norwegian Government. (2016, 12 16). Forskrift om krav til nye utlån med pant i bolig 

(boliglånsforskriften). Retrieved from Government.no: 

https://www.regjeringen.no/no/dokumenter/forskrift-om-krav-til-nye-utlan-med-pant-i-bolig-

boliglansforskriften/id2523973/ 

Thornton, D. L., & Batten, D. S. (1984). Lag Length Selection and Granger Causality. FEDERAL RESERVE BANK OF 

ST. LOUIS. 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 126 

Toda, H., & Yamamoto, T. (1995). Statistical inference in vector autoregressions with possibly integrated 

processes. Journal of Econometrics, vol. 66, issue 1-2, 225-250. 

Tsai, I.-C. (2014). Ripple effect in house prices and trading volume in the UK housing market: New viewpoint 

and evidence. Economic Modelling(40), pp. 68-75. 

Tsai, I.-C. (2014, 12 9). Spillover Effect between the Regional and the National Housing Markets in the UK. 

Regional Studies, pp. 1-20. 

Wooldridge, J. (2016). Introductory Econometrics : A Modern Approach . Mason, OH, US: Cengage Learning, Inc. 

Worthington, A. C., & Higgs, H. (2003). Comovementsin UK regional property markets: A multivariate 

cointegration analysis. Journal of Property Investment and Finance, pp. 326-347. 

Yang, Z., & Turner, B. (2004). The dynamics of Swedish national and regional house price movement. Urban 

Policy and Research 22:1, 49-58. 

 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 127 

Appendix 1  

 

 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 128 

 

 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 129 

 

 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 130 

 

 

 

 



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 131 

 

Appendix 2 
In the following appendices, the R-studio codes are explained. We use Porsgrunn/Skien and OMA as an example 

from the metropolitan analysis of the apartment market for all examples. The diagnostics are explained with the 

tests for autocorrelation, non-normality and heteroscedasticity. 

First of all, the time series of OMA and Porsgrunn/Skien are merged with “cbind” and named “OmaBAP5” as it 

is the fifth test in the analysis of Oslo. Thereafter, a VAR model are created with two lags. The formula VAR 

creates the model, where we specify that the first and second variable are the ones to be included. “p=2” 

specifies that we create the VAR model with two lags. “Type=Both” means that we include both a constant and 

trend, as the time series are in levels.  

The autocorrelation test are done with “serial.test” of the created VAR model.  

 

The “serial.test” creates the following output from the Portmanteau test. Since the p-value is 0.62, the VAR 

model are accepted with two lags. If the series contained autocorrelation with a p-value<0.05, the lags would be 

increased to three and so on until a maximum of six lags.  
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The non-normality and heteroscedasticity test are performed on the final VAR model based on the 

autocorrelation test. The “arch.test()” tests if there is heteroscedasticity present. The only input made in the test 

is the specific model that is tested, in this case, “joh.OmaBAP.5.VAR” which is a VAR model consisting of 

OMA and Porsgrunn/Skien. The p-value from the “ARCH (multivariate)” output determines the outcome. 

Because the p-value is below 1%, it means that we can reject the null hypothesis of homoscedasticity at a 

significance level of 1%. Furthermore, the “normality.test” tests for the presence of normality. The p-value in the 

“JB-Test (multivariate)” determines the outcome. As the p-value is below 1% in this test, the null hypothesis of 

normality is rejected at a 1% significance level.  
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Appendix 3 
The following formula ca.jo creates a VECM of OMA and Porsgrunn/Skien. “K=2” indicates that there is two 

variables in the VECM and thereby bivariate. “Type = “trace”” means that we use the trace test to determine if 

there is co-integration between the variables. “Ecdet = “none”” means that there are no constant or trend in the 

co-integrating variable (error correction term) itself. The error correction term are assumed to be stationary 

around zero. “Spec =”transitory””  indicates that the co-integrating vector is placed in t-1.  

 

“Summary(joh.OmaBAP5)” gives the following output from the Johansen test. The values of the test statistics 

indicates that there is no co-integration between OMA and Porsgrunn/Skien, since the test statistics of r=0 is 

lower than the critical values of 1%, 5% and 10%.  
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Appendix 4 
For our example of alpha test, we use OMA and Tønsberg. The co-integration statistics are included in chapter 

6.1.5, so we only report the alpha test itself. In the first line, we built a matrix with two rows and on column. The 

matrix is set to represent the alpha coefficients generated in the corresponding Johansen test. The “alrtest()” tests 

whether the one variable is driving the other into equilibrium. The coefficient given the matrix value of zero is 

the one assumed to drive the other that was given the value of one in the matrix. The “z = ” indicate which 

Johansen test the alpha coefficients shall be collected from, while the “A = “ consider the matrix built earlier. 

The “summary()” prints the output of the test. In the output, the p-value determines the outcome. In this case, the 

p-value is above 0.05, which means that we fail to reject the null hypothesis that one variable (in this case OMA) 

drives the other variable (Tønsberg) in a long-term equilibrium.  
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Appendix 5 
The Toda-Yamamoto Granger causality test are performed on OMA and Porsgrunn/Skien and vice versa.  First, 

the VAR model are created with the same method as when testing for autocorrelation, but the number of lags in 

this case are three, as the maximum order of integration is one for OMA and Porsgrunn/Skien. This is because 

both OMA and Porsgrunn/Skien are following an I(1) processes. In the first “wald.test”, we specify that it is the 

first variable (OMA) that we test to be caused by the second variable (Porsgrunn/Skien). Furthermore, 

“terms=c(2,4)” indicates that we only see the Granger causality from the first two lags and do not include lag 

three.  The results of the test are “P(> X2) = 0.8”, and we fail to reject the null hypothesis of no causal effect.  

 

 

The TY-CG are reproduced to test whether OMA Granger causes Porsgrunn/Skien. The results show that OMA 

Granger causes Porsgrunn/Skien with a significance level of 1%. 
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Appendix 6 

IRF Analysis of the metropolitan market of apartments 

Impulse from OMA: 

 

Impulse from Bergen: 
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Impulse from Stavanger/Sandnes: 

 

Impulse from Trondheim: 

 

 

Impulse from Drammen: 
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Impulse from Porsgrunn/Skien: 

 

Impulse from Kristiansand: 

 

 

Impulse from Tønsberg: 

 

-0.4

0

0.4

0.8

1.2

1.6

0 1 2 3 4 5 6 7 8 9 10 11 12

OMA Bergen Stavanger/Sandnes Trondheim

Porsgrunn/Skien Kristiansand Tønsberg Ålesund

-0.4

0

0.4

0.8

1.2

1.6

0 1 2 3 4 5 6 7 8 9 10 11 12

OMA Bergen Stavanger/Sandnes Trondheim

Drammen Porsgrunn/Skien Tønsberg Ålesund

-0.4

0

0.4

0.8

1.2

1.6

0 1 2 3 4 5 6 7 8 9 10 11 12

OMA Stavanger/Sandnes Trondheim Drammen Porsgrunn/Skien Kristiansand



                                                                                                                     Ripple Effects in House Prices on the Norwegian Market 

 139 

Impulse from Ålesund: 

 

IRF Analysis of the metropolitan market of detached houses 

Impulse from OMA: 

 

Impulse from Bergen: 
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Impulse from Stavanger/Sandnes: 

 

Impulse from Trondheim: 

 

 

Impulse from Drammen: 
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Impulse from Fredrikstad/Sarpsborg: 

 

Impulse from Porsgrunn/Skien: 

 

 

Impulse from Kristiansand: 
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Impulse from Tønsberg: 

 

Impulse from Ålesund: 

 

IRF Analysis of the regional market of apartments 

Impulse from Oslo: 
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Impulse from Vestlandet: 

 

Impulse from Akershus: 

 

Impulse from Nord-Norge: 
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Impulse from Rogaland: 

 

Impulse from Trøndelag: 

 

Impulse from Innlandet: 
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Impulse from Buskerud: 

 

Impulse from Møre og Romsdal: 

 

Impulse from Telemark: 
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Impulse from Vestfold: 

 

Impulse from Agder: 

 

IRF Analysis of the regional market of detached houses 

Impulse from Oslo: 
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Impulse from Vestlandet: 

 

Impulse from Akershus: 

 

Impulse from Nord-Norge: 
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Impulse from Rogaland: 

 

Impulse from Trøndelag: 

 

Impulse from Innlandet: 
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Impulse from Buskerud: 

 

Impulse from Møre og Romsdal: 

 

Impulse from Telemark: 
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Impulse from Vestfold: 

 

Impulse from Agder: 

 

Impulse from Østfold: 
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